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Original article

Mental adaptation to cancer diagnosis and the health locus 
of control in patients undergoing treatment 

Marta Kulpa1, Agata Ciuba2, 3, Tomasz Duda1, Mariola Kosowicz4, Magdalena Flaga-Łuczkiewicz5, 
Beata Stypuła-Ciuba6

1Department of Psychology and Medical Communication, Medical University of Warsaw, Warsaw, Poland 
2Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw, Poland 

3Department of Social Medicine and Public Health, Doctoral School, Medical University of Warsaw, Warsaw, Poland 
4Department of Psycho-oncology, Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw, Poland  

5Dialog Therapy Centre, Warsaw, Poland 
6Department of Cancer & Cardio-Oncology Diagnostics, Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw, Poland

Introduction. �Cancer diagnosis and treatment perspectives pose a serious emotional and behavioral burden for 
the patient, and require adaptation strategies to be adapted. 
Material and methods. �The research consisted of 569 patients aged 19 to 91 undergoing oncological treatment. 
The study used the mini-MAC scale to measure mental adaptation to cancer and the MHLC scale to measure the health 
locus of control. 
Results. �The strategy of anxiety preoccupation was highest in breast cancer. The strategy of helplessness and hope-
lessness achieved the highest value in breast and reproductive organ cancers.  The fighting spirit strategy showed 
the highest value in cancers of the digestive system. The positive re-evaluation strategy was the highest in cancers 
of the head and neck, and digestive system.
Conclusions. �Patients with breast cancer and reproductive organ cancers seem to be at greater risk of developing 
destructive behavior, therefore extended psychological support has to be considered for these patients. 

Key words:� cancer, illness acceptance, quality of life, strategies for coping with the disease, pain management  
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Introduction
Cancer and the need for treatment are significant sources 
of stress for the patient and their family. The crisis of cancer 
and  its treatment pose a serious emotional and behavioral 
burden for the patient, which may contribute to the deve-
lopment of anxiety-depressive disorders and the activation 
of destructive coping strategies. A patient with anxiety-de-
pressive disorders and the feeling that they have no influence 

on their health often results in a lack of faith in the success 
of the therapy and low internal motivation for treatment; this 
may translate into difficulties in the relationship with the do-
ctor. In such situations, encouraging the patient to comply 
with medical recommendations and health education does 
not bring the expected effect because it does not address all 
the causes of the patient’s difficulties [1]. Understanding how 
patient psychologically adapts to cancer and identification 
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of the type of health locus of control in the patient enables for 
better planning of cooperation between doctor and patient. Si-
multaneous patient education and psychotherapy, which can 
develop constructive strategies for coping with the disease, 
help increase patient’s adherence to recommended treatment 
regimens and ensure they maintain them in the long term [2].

The theory of adaptation to neoplastic disease is based 
on the concept of stress in the cognitive-transactional cur-
rent, according to Lazarus and Folkman (1984) [3]. The theory 
assumes that stress experienced as a result of the assessment 
of a stimulus as threatening (cancer disease), entails the use 
of maladaptive methods of coping with stress, which in turn 
may lead to poorer mental adaptation to the disease. Greer 
(2008) [4] defined a model of coping with stress that includes 
five main attitudes of adaptation to cancer: fighting spirit, 
avoidance / denial, fatalism / stoic acceptance, helplessness 
/ hopelessness, anxious preoccupation. The results of studies 
by Greer et al. (1989) [5] indicate that different types of ada-
ptation to a disease are associated with positive or negative 
reactions, motivation to treatment, sense of health control, 
and compliance with medical recommendations. The fighting 
spirit stance is associated with low external and high internal 
locus of control and high social support. The attitude of fata-
lism / stoic acceptance is related to the internal and external 
locus of control which can affect compliance with medical 
recommendations and cooperation with the attending phy-
sician. In this attitude, emotional state should be monitored as 
depressive disorders with resignation and emotional indiffe-
rence may develop, which may falsely give the image of stoic 
acceptance. The helplessness / hopelessness attitude manifests 
itself in a patient with a sense of hopelessness and helples-
sness, passivity, anxiety, and depression, and is associated with 
a high external locus of health control and low social support. 
The attitude of anxious concern is manifested in the patient 
with an anxious attitude towards diagnosis, the diagnostic 
and therapeutic process, and often in hypochondriacal beha-
vior. The avoidance / denial attitude is often associated with 
high anxiety, ambivalent reactions, difficulties in adherence 
to medical recommendations, and low motivation for treat-
ment. In terms of the type of coping strategy and the course 
of disease process, it was found that people adopting attitudes 
classified as fighting spirit showed a higher level of compliance 
with medical recommendations and a longer period of re-
mission and survival than people using the strategy of stoic 
acceptance or a sense of helplessness / hopelessness [5, 6]. 

The health locus of control and self-efficacy beliefs in crisis 
situations are considered to be one of the most important 
predictors of coping with a chronic disease, including cancer. 
Measure of the sense of health control is indicated by three 
main cognitive beliefs: one’s own actions, the actions of others 
in the environment, and chance. The type of beliefs about 
the sense of health control is one of the psychological factors 
determining the quality of coping with the disease, the choice 

of health behaviors, and translates into the patient’s involvement 
in the therapeutic process [7]. Rotter (1954) classified the site 
of health control as internal and external. The inner locus of he-
alth control manifests itself in assigning more responsibility for 
one’s health as a result of one’s own behavior and personal con-
trol over it. People with dominance of the internal sense of health 
control are more assertive in the doctor-patient relationship, 
autonomous in making decisions about their health, and have 
a higher sense of responsibility for their health condition. The in-
ternal locus of control is often associated with the pursuit of in-
creasing the quality of life and health, as well as undertaking 
preventive behaviors aimed at maintaining health. The internal 
locus of control favors the initiation of pro-health behaviors 
by an individual and taking responsibility for their own health. 
The external locus of health control manifests itself in two attitu-
des: belief in the influence of others on one’s health, and belief 
in the impact of an accident on one’s health. The external locus 
of control favors the delegation of responsibility for one’s health 
to others, which may lower one’s own motivation to under-
take preventive and pro-health behaviors. The external locus 
of health control is observed more frequently in chronically ill 
patients. The external locus of control may, however, positively 
affect the therapeutic process and compliance with medical 
recommendations by placing the responsibility for the health 
condition and all competences in this area onto the physician. 
From a therapeutic point of view, the best situation is when 
the patient shows an ambiguous locus of control, i.e. an un-
differentiated type, because at the same time the patient has 
a strong conviction about the influence of others on his health 
(doctor, physiotherapist, nurse), which favors compliance with 
therapeutic recommendations and internal conviction, which 
mobilizes them to undertake effective pro-health activities 
and to remain in them [8, 9]. In Poland and around the world, 
the most frequently used tool for diagnosing the type of health 
locus of control is the MHLC Scale – Multidimensional Health Lo-
cus of Control Scale by Kenneth A. Wallston, Barbara S. Wallston, 
Robert DeVellis (1976; 1978) in the Polish adaptation of Zygfryd 
Juczyński (2012).

Many studies indicate that the emotional state of the pa-
tients and their way of coping with stress during the disease have 
a great influence on their engagement in therapy and the course 
of cancer treatment [10–14]. The assessment of depressive or 
anxiety disorders is insufficient in the psychological diagnosis 
of a patient, therefore, it was expanded to other dimensions. 
The aim of the study was to assess psychological adjustment to 
cancer in patients in the early stage of treatment, and to identify 
those who present maladaptive strategies and to provide them 
with psychological care. The screening assessment of the way 
of coping with stress and the type of localization of health 
control enables the selection of targeted psychotherapeutic 
methods. In turn, these translate into better cooperation betwe-
en the patient and the medical staff and increases chances for 
the  success of the oncological treatment. Therefore, the study 
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used readily available standardized research questionnaires exa-
mining mental adaptation to neoplastic disease and the health 
locus of control. The universality of the selected questionnaires 
allows for future replication of the study and the creation of an 
obligatory screening battery of tests to assess patient functio-
ning in psycho-oncology clinics.

Material and methods 
The study group
The study was carried out among 569 patients aged 19 to 91 
undergoing oncological treatment. The study was conducted 
between January and December 2018. All patients included 
in the study received psychological support during their stay 
at the clinic. The study was voluntary, anonymous, and based 
on a one-time measurement. 

Bioethics Committee 
The research plan received a positive opinion from the Com-
mittee of the Science Department of the Maria Sklodowska-
-Curie National Research Institute of Oncology and was entered 
in the scientific plan, registration number 4.34/2018.

Variable measurement tools
The research questionnaire consisted of author-delivered 
sociodemographic survey questions and standardized to-
ols. Mental adaptation to cancer was measured with the use 
of the Mini-Mental Adjustment to Cancer (mini-MAC) scale in 
the Polish adaptation of Z. Juczyński 2012. 

The scale allows for a determination of what strategies 
the examined patient adopts in relation to cancer. The scale 
consists of 29 items including four scales: 
•	 anxious preoccupation – perceiving the disease as some-

thing threatening, causing uncontrollable anxiety, 
•	 fighting spirit – perceiving the disease as a challenge, 

which involves taking actions to combat the disease, 
•	 helplessness / hopelessness – an attitude indicating pas-

sive surrender to the disease, 
•	 positive reevaluation – a perception of the disease which, 

on the one hand, takes into account the seriousness 
of the situation, and on the other – allows one to find 
hope and appreciate past and present events in life. 
The results of the mini-MAC strategy are in the range 

of 7–28 points, and the higher the score, the greater the in-
tensity of a given cancer coping strategy. Using the mini-MAC 
scale, it is possible to also define two coping behaviors: 
constructive and destructive, resulting from a combination 
of the above. The constructive behavior includes the strategy 
of fighting spirit and positive re-evaluation, and the de-
structive behavior includes the strategy of helplessness / 
hopelessness and anxious preoccupation. The scale is used 
to assess adaptation to cancer, which translates into the be-
havior and emotions of the patient during the treatment 
and rehabilitation process.

The scale diagnoses adaptation strategies towards the di-
sease: anxious preoccupation, helplessness / hopelessness, 
fighting spirit, positive re-evaluation. The results obtained from 
our research were referred to the mean results of analogous 
groups of patients included in the mini-MAC questionnaire 
manual. The results after conversion to standardized scale can 
be interpreted in the sten scale values ​​from 1–10 sten, where 
results in the range 1–4 sten are interpreted as low, 5–6 sten as 
average and results in the range 7–10 sten are considered high.

The health locus of control was measured by the Multidi-
mensional Health Locus of Control Scale (MHLC)  by Kenneth 
A. Wallston, Barbara S. Wallston, Robert DeVellis (1976; 1978) 
in the Polish adaptation of Zygfryd Juczyński (2012), which 
measures 3 dimensions of the health locus of control: internal, 
external, i.e., the influence of others, and chance. The value 
of each of the dimensions is within 6–36 points, and the higher 
the score, the stronger the belief to which the analysis relates. 

Statistical analysis 
The study population was divided into subgroups according 
to the differentiation criteria based on the type of cancer. 
The obtained results were analyzed statistically with the use 
of statistical tests (t-student, single factor analysis of variance). 

Results
569 patients (346 women and 223 men) aged 19 to 91 (mean 
age 54) were examined. The most numerous group of stu-
died patients were those with breast cancer (30.05%) (fig. 1), 

30.05%7.03%

7.03%

9.84%

12.13%

12.48%

12.48%

2.28%
6.68%

breast

head and neck

female genital organs

digestive organs

urinary tract

lungs

soft tissues and 

the nervous system

lymphomas

bines

Figure 1. Tumor location
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Constructive strategies (fig. 3) showed the highest levels in 
tumors of the digestive system (45.60) and the lowest in lung 
tumors (42.9). No statistically significant differences between 
the groups were present. The highest levels of destructive 
strategies were achieved in breast cancers (30.68) and cancers 
of the reproductive organs (29.76), and the lowest values were 
found in cancers of the lymphatic system (24.92) (ANOVA 
p = 0.001). 

Figure 4 shows the health locus of control in subgro-
ups based on cancer type. The analysis of the locus of health 
control (fig. 4) showed that the mean severity of the internal 
sense of health control was 24.83 and that the external locus 
of health control was 26.92, while the belief that health control 
depends on the influence of chance reached a mean value 
of 24.17 in the study population. The conviction about internal 
control (fig. 4) was highest in patients with head and neck (26.8) 
and lung cancer (25.9), and lowest in patients with cancer 
of the lymphatic system (23.16) (ANOVA p = 0.014).

then: patients with cancers of the head and neck (12.48%), 
reproductive organs (12.48%), the digestive system (12.13%), 
and male genital (9.84%). The smallest groups were patients 
with lymphatic system neoplasms (6.68%) and bone neopla-
sms (2.28%). Almost 60% of patients (335 people) came for 
oncological treatment for the first time, while the remaining 
patients were re-exposed due to recurrence of the cancer. 167 
patients (29.35%) were economically active during oncological 
treatment, 116 patients (20.39%) were on sick leave due to 
illness, 87 patients (15.29%) were on a disability pension due 
to disease, and 199 patients were retired (34.97%). 

Figure 2 shows the mean intensity of stress coping styles in 
subgroups based on cancer type. The analysis of the adopted 
strategies as part of mental adaptation to neoplastic disease in 
the studied population of patients (fig. 2.) showed the mean va-
lue of fighting spirit rated as high, positive reevaluation was also 
rated high (21.6), anxious preoccupation rated medium (16.02) 
and helplessness / hopelessness rated low (12.67). The mean 
result in constructive strategies was 44.31 which correspondents 
to 7th sten (high intensity) and mean result in destructive stra-
tegies was 28.69 which corresponds to 4th sten (low intensity) 
(confidence level 0.01). Analysis of the level of coping strategies 
in relation to the treatment stage (fig. 2) showed that the anxious 
preoccupation was significantly (t-student p = 0.014) higher du-
ring the first treatment (19.4) than the next (15.41). No statistically 
significant differences were observed in the level of remaining 
strategies. The strategy of helplessness and hopelessness achie-
ved a higher value during the next treatment due to recurrence 
of the tumor and was 12.70, while during the first treatment it 
was 12.65. The fighting spirit strategy was comparable during 
the first (22.86) and subsequent oncological treatment (22.5), 
and the positive reevaluation strategy was similar in the first 
treatment (21.58) as the subsequent treatment (21.68). Con-
structive strategies during the first treatment reached 44.63 
and  during the next treatment 44.14, which translates into 
7th  sten. The destructive strategies reached a value of 29.10 
during the first treatment, and a value of 28.11 during the next 
treatment, which translates into 4th sten.

Figure 3 presents the coping strategies in subgroups based 
on cancer type. The analysis of coping strategies in relation 
to the type of neoplasms (fig. 3) showed that anxious pre-
occupation was highest in breast cancer (18.1) and lowest in 
lymphatic system neoplasms (ANOVA p = 0.003). The strategy 
of helplessness and hopelessness achieved the highest value 
in breast (13.8) and reproductive organ cancers (13.74) (ANOVA 
p = 0.003). The fighting spirit strategy showed the highest value 
in cancers of the digestive system (23.86) and the lowest value 
in lung cancers (21.1), however, the observed differences were 
not statistically significant. The positive re-evaluation strate-
gy was the highest in cancers of the head and neck (22.27), 
and digestive system (22.06), and the lowest value was found 
in cancers of the lung (20.85) and the lymphatic system (20.91). 
The differences were not statistically significant. 
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The belief about external control (fig. 4) was highest in 
patients with head and neck cancers (28.9) and lowest in pa-
tients with lymphatic system tumors (24.55) (ANOVA p = 0.033). 
The belief that health control (fig. 4) depends on chance was 
highest in patients with neoplasms of soft tissues and the nervo-
us system (25.98), and the lowest level was achieved in patients 
with neoplasms of the urinary system (21.8) (ANOVA p = 0.039).  

Figure 5 shows the dimensions of health locus of control 
in subgroups based on professional activity. The conviction 
about internal control (fig. 5) was highest in professionally ac-
tive patients (25.31) and the lowest in patients who were on 
a pension (24.51) or retired (24.53) (no statistical significance). 
Belief about an external control (fig. 5) was highest in patients on 
a pension (27.78) and the lowest in professionally active patients 
(26.04) (ANOVA p = 0.002). The belief that health control (fig. 5) 
depends on the case was the highest in patients on disability 
(24.80) or retired (24.78), and the lowest level was achieved in 
professionally active patients (23.41) (no statistical significance). 

Discussion 
Cancer diagnosis and the prospect of oncological treatment 
have a negative impact on a patient’s emotional state, causing 
an increase of anxiety. The stress associated with the disease 
requires developing adaptation strategies [15]. Most often, 
patients run two extreme strategies: constructive and de-

structive. Patients with a constructive strategy are positive, 
fight the disease, and are oriented towards a cure. Roesch et 
al. (2005) [16] found that better mental adaptation to cancer is 
associated with the use of task-oriented strategies. This result 
is analogous to those obtained in the presented study, which 
shows that the use of adaptive strategies such as focusing 
on planning or focusing on the positives are associated with 
a positive attitude towards the disease and, at the same time, 
with a lower intensity of negative emotions. In the study, 
the attitude of the fighting spirit was highest in patients with 
diagnosed cancers of the digestive system, while the attitude 
of positive re-evaluation was achieved in patients with head 
and neck neoplasms.

The second, destructive attitude is characterized by anxie-
ty, a sense of helplessness / hopelessness, which translates into 
a lack of faith in recovery and low involvement in the thera-
peutic process. A study by Wootten et al. (2007) [17] indicates 
that focusing on emotions is associated with poorer mental 
adaptation. A similar result was obtained in the presented stu-
dy – the use of strategies such as catastrophizing, rumination, 
and blaming oneself and others is associated with a higher 
severity of anxiety and a greater tendency to perceive the situ-
ation as threatening, and thus with poorer adaptation to the di-
sease. The passive strategy was related to the external locus 
of the sense of control, which means that the patient has a low 
sense of their own influence on the situation, and expects that 
the medical staff will be directive and will take care of them. On 
the other hand, in the case of failure of oncological treatment, 
patients hold third parties responsible. In the study, the attitude 
of helplessness / hopelessness was highest in breast and re-
productive organ cancers, and anxious preoccupation was 
also the highest among breast cancer patients. 

High anxious preoccupation and a sense of helplessness 
/ hopelessness in the case of cancers related to female sexual 
characteristics can have multiple causes. The disease strictly 
affects the perception of a woman’s body, her attractiveness, 
physicality, quality of life in a sexual sense, and the possibility 
of having children, as well as disturbing the hormonal balance. 
It should also be taken into account that cancers related to 
female characteristics also affect intimate relationships, which 
may translate into a fear of rejection and loneliness. 

A study by Chojnacka-Szawłowska (2012) [3] confirmed 
that patients initiating constructive strategies of coping with 
cancer were characterized by a higher quality of life and a bet-
ter prognosis in terms of both survival and remission periods. 
These studies also confirmed that active and confrontational 
strategies have a greater impact on increasing the quality of life 
than strategies with a predominance of passivity and resigna-
tion. The research by Watson (1999) [18] showed that the type 
of attitude taken by patients towards the disease, as well as 
the rates of depression, correlate with the survival of patients 
with neoplastic diseases. Breast cancer patients adopting an 
attitude of helplessness / hopelessness or showing a high 
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level of depression have a significantly lower quality of life 
and have a significantly lower chance of 5-year survival. A study 
by Ośmiałowska (2021) also shows that breast cancer patients 
choosing constructive strategies of coping with the disease 
achieve a higher quality of life score compared to those who 
chose destructive coping strategies [19]. 

It was found in the study that professionally active people 
show the highest sense of internal locus of control and agen-
cy, and achieve the lowest values of external sense of health 
control and the influence of chance. This result indicates that 
patients working professionally during treatment function 
better emotionally and have a better network of social support, 
which ultimately translates into belief in their own agency. This 
group of patients also shows a lower preoccupation with anxie-
ty and a sense of helplessness / hopelessness compared to 
patients who are not professionally active for various reasons.

During the first treatment, patients were most often 
anxious, while during the second treatment, the helples-
sness / hopelessness strategy was most often presented. 
Clinically, this translates into the fact that when confronted 
with a cancer diagnosis, patients need psychological sup-
port and education, while during recurrence, therapy very 
often requires psychiatric treatment due to the development 
of a depressive syndrome. 

The obtained results indicate the good mental adaptation 
of patients to the disease, especially in its first stage. Thus, 
the results provide guidance on what actions should be ta-
ken into account when planning medical and psychological 
interventions to support the process of treatment. First, it 
is worth encouraging patients to deal with the disease in 
a constructive way – planning further actions, learning about 
the course of the disease, and the treatment process. It is also 
worth encouraging patients to look at current events in a bro-
ader context, not to treat the current disease as a situation in 
which they are helpless. When patients are willing to blame 
themselves or others for the situation, it is worth redirecting 
their attention to other less stressful events, reevaluating 
and looking for positives despite the disease. Patients are 
recommended to join associations of cancer patients, where 
they will receive support, a corrective positive experience 
of functioning with the disease, and with others whom they 
co-create a support group. However, the relationship betwe-
en acceptance of illness, quality of life, and pain still needs 
further investigation. It has been constantly confirmed that 
patients with breast cancer and female and male genital can-
cers who have a high level of illness acceptance and a positive 
illness perception display a better quality of life and overall 
functioning [20–22]. 

A study by Kulpa et al. (2019) [23] indicates that constructi-
ve coping strategies translate into the ability to better coping 
with illness-related stress, internal locus of health control, hi-
gher quality of life, and greater patient confidence in treatment 
success. Patients with low self-efficacy often have comorbid 

anxiety and depressive disorders. Anxiety strategies are associa-
ted with an external locus of health control, anxiety disorders, 
and depressive disorders, as well as greater sensitivity to pain 
and more frequent episodes of intractable pain. The internal 
locus of control is associated with a sense of empowerment 
and higher decision-making; this is important because during 
treatment, patients often have to make what is referred to as 
an “informed consent” decision about medical and therapeutic 
procedures. Patients with an internal locus of control over 
their health and a high sense of self-efficacy make decisions 
faster and are consistent in those decisions. Self-efficacy is 
associated with an internal locus of control and intrinsic mo-
tivation, which translates into higher patient engagement 
in the treatment process and a positive attitude toward it; 
moreover, it is also associated with lower rates of treatment 
interruptions or treatment withdrawal due to patient decisions.  
Analysis of the results from our research shows that the asses-
sment of the type of coping strategies and the health locus 
of control in cancer patients are important factors influen-
cing their functioning. The finding of maladaptive strategies 
and the external sense of health control in the patient should 
be an indication for psychological care because the consequ-
ences of such strategies are reactive and anxiety-depressive 
disorders. This will enable the patient to be provided with 
clinical assistance before major depressive disorders develop. 
The possibility of modulating the onset of depressive symp-
toms, especially in high-risk oncology patients, has been pre-
viously noted by Ghanem et al. (2020) [24]. Screening patients 
with the mini-MAC and MHLC tests should be one of the most 
important elements in the prevention of depression and anxie-
ty disorders in patients.

Conclusions
•	 Patients with breast cancer and reproductive organs can-

cers seem to be at greater risk of developing destructive 
copying strategies, therefore, extended psychological sup-
port has to be considered for those patients. 

•	 Because professionally active patients use more construc-
tive coping strategies, it would probably be beneficial to 
support oncological patients in staying occupationally 
active, at least partially. 

•	 Education and psychological support during first treat-
ment should focus on interventions addressing anxiety, 
while during next treatments coping with helplessness / 
hopelessness should be taken in account. 

•	 The type of implemented coping strategy and the he-
alth locus of control in cancer patients are important fac-
tors influencing their functioning during the treatment 
of the disease.

•	 Screening patients with the mini-MAC and MHLC te-
sts should be one of the most important elements in 
the prevention of depression and anxiety disorders 
in patients.
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Very high and very low levels of preoperative absolute 
monocyte count indicate poor long-term survival outcomes 

in patients with pancreatic adenocarcinoma.  
A preliminary study 

Alicja Majos, Adam Durczyński, Janusz Strzelczyk
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Introduction. �We aimed to assess the prognostic significance of preoperative absolute monocyte count (AMC) in 
baseline peripheral blood samples among pancreatic cancer (PC) patients as possible manifest signs of non-optimal 
immunity status.
Material and methods. �PC patients who underwent palliative surgical treatment without earlier chemo- or radio-
-therapy (n = 59). 
Results. �Median AMC was comparable in each subgroup, showing no significant differences. We have adopted an arbitra-
ry trichotomic AMC division: low (<0.4 G/l, n = 9), medium (>0.4 and ≤0.6 G/l, n = 36) and high (>0.6 G/l, n = 14). Optimal 
(medium AMC) and non-optimal (both low and high AMC) was independent and a statistically significant predictor of 
OS. Resectability and optimal AMC constituted best Cox proportional hazard model, being equivalent predictors of OS.
Conclusions. �Baseline AMC status may be an independent predictor of OS in this group of patients. Further research 
is needed to explain the biological nature of this phenomenon more widely.

Key words: �pancreatic cancer, immune system, monocytes, lymphocyte-to-monocyte ratio (LMR), monocyte-to-
lymphocyte ratio (MLR)

How to cite:

Majos A, Durczyński A, Strzelczyk J. Very high and very low levels of preoperative absolute monocyte count indicate poor long-term survival outcomes in patients 
with pancreatic adenocarcinoma. A preliminary study. NOWOTWORY J Oncol 2022; 72: 282–287. 

Introduction 
Pancreatic cancer (PC) is one of the most malignant cancers, 
with the 5-year survival rate approaching 9% [1]. Late onset of 
symptoms, difficulties in pre-surgical diagnosis confirmation 
and low chemosensitivity justify the notoriety of PC [2]. Little is 
known about the exact role of the immune response in driving 
the poor prognosis of PC, apart from the fact that it is consi-
dered relatively low immunogenic [3]. The prognostic value 

of pretreatment AMC as well as the lymphocyte-to-monocyte 
ratio were studied in PC without an unequivocal conclusion. 
Some cancers can secrete GM-CSF and G-CSF, influencing 
directly the white blood cell counts, but this phenomenon has 
not been explored in cases of PC [4]. High pretreatment abso-
lute monocyte count (AMC) generally drives poor prognosis 
factors in many cancers, including PC [5]. There is significant 
evidence that monocytes may influence the course of PC, but 
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their role cannot be easily translated into simple hypothesis 
linking them to pancreatic cancer. In terms of quantity, AMC 
represents the state of the whole organism’s monocyte-asso-
ciated immune forces, associated with the course of neoplastic 
disease with numerous bonds. Therefore, we hypothesize that 
both relatively low and high pretreatment AMC could be linked 
to a poorer course of PC, as it generally reflects the non-optimal 
immunity status of the patient. 

Material and methods
We retrospectively collected data of consecutive PC patients with 
disease preoperatively qualified as resectable, who underwent 

surgical treatment in the General and Transplant Surgery Depart-
ment between the years 2013–2016 without earlier chemo- or 
radio-therapy. Additional inclusion criterium was having PC con-
firmed in postoperative material (n = 59). We analysed their sex, 
age, preoperative AMC (from routine venous blood tests taken 
one day prior to surgery, after admission), tumour location (head/
body-tail), type of performance (resection/non resectable) and 
overall survival (OS). Laboratory norm for AMC was <0.8 × 109/l. 
The study was approved by the local Ethical Committee.

Statistical analysis was conducted using Statistica 13 PL. We 
used the Kaplan-Meier method to estimate survival functions 
and the log-rank test to compare survival curves. To describe 
the size of effect we used hazard ratios (HR) from proportional 
hazard Cox regression models both for uni- and multivariate 
analysis. 

Results
Table I contains detailed study group characteristics. Median 
AMC was comparable in each subgroup, showing no signifi-
cant differences. According to our hypothesis, we searched 
optimal cut-off values using the visual method (based on 
the OS vs. AMC chart, fig. 1). We have adopted an arbitrary 
trichotomic division: 
•	 low (<0.4 G/l, n = 9) AMC, 
•	 medium (>0.4 and ≤0.6 G/l, n = 36) AMC,
•	 high (>0.6 G/l, n = 14) AMC. 

Low AMC corresponded to a high percentage of resec-
tion – 77.8%, (respectively: medium MC – 55.3%, high MC 
– 35.7%). There was no statistically significant correlation be-
tween AMC and age (r = 0.0013, p = 0.992), as well as between 
the AMC subgroup and resectability (p = 0.12).
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Figure 1. AMC distribution among all patients. Dotted lines corresponds with the cut-off points adapter

Table I. Tested parameters in the study group – basic characteristics

Features Number of patients 
(%)

AMC median, 
range

age:
≥60
<60

21 (35.6%)
38 (64.4%)

0.58 (0.20–1.07)
0.56 (0.29–1.00)

sex:
male
female

29 (49.2%)
30 (50.8%)

0.60 (0.29–1.07)
0.50 (0.20–0.80)

location:
head
body-tail

39 (66.1%)
20 (33.9%)

0.52 (0.20–1.07)
0.57 (0.50–0.60)

resectability:
resection
non-resectable

33 (56.0%)
26 (44.0%)

0.54 (0.20–0.90)
0.60 (0.21–1.07)

AMC:
<0.4  (low)
0.4–0.6 (optimum)
>0.6 (high)

9 (15.3%)
36 (61.0%)
14 (23.7%)

–
–
–
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Survival analysis 
The median survival time for low, medium and high AMC was 
respectively: 1; 13.5; 5 months (p = 0.0899; tab. II, fig. 2). AMC 
divided in this way was not a significant predictor of OS, but 
redefined into optimal (medium AMC) and non-optimal (both 
low and high AMC) statistically significant determinants of OS 
(p = 0.009) and an independent predictor of OS. Resectability 
and optimal AMC constituted the best Cox proportional hazard 
model, being equivalent predictors of OS (tab. III, fig. 3).

Discussion
We postulate two main causes for observed low AMC pheno-
menon in our study group: a specific, but of little quantitative 

effect – the process of monocytes migration to the tumour 
tissue and a non-specific, but responsible for a major part of 
this symptom, decrease of monocytes production. 

A low monocyte count may be both isolated monocyto-
penia as well as other forms of leukopenia. Leukopenia, which 
is a secondary immunodeficiency state, may develop in some 
cases of malnutrition [6]. A white blood cell count below 
the normal range was found in 39.7% of anorexia nervosa 
patients [7] and in 62% of hunger-strike patients [8]. 85% of 
PC patients experience a reduction in their body weight [9]. 
Immune system stimulation lead to raising the AMC. High 
AMC patients tend to be younger than others, suggesting 
that personal maximum is a function of the organism’s ava-
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Figure 2. Survival curves for pancreatic cancer patients of low, medium and high AMC. Log-rank p = 0.0899

Table II. Characteristics of the study subgroups in the context of tested parameters and AMC levels

Parameter (n; %) Low AMC Medium AMC High AMC

sex:
male
female

4 (44.4%)
5 (55.6%)

15 (41.7%)
21 (58.3%)

10 (71.4%)
4 (28.6%)

age:
≥60
<60

6 (66.7%)
3 (33.3%)

24 (66.7%)
12 (33.3%)

8 (57.1%)
6 (42.9%)

resectablity:
resection
non-resectable

7 (77.8%)
2 (22.2%)

21 (58.3%)
15 (41.7%)

5 (35.7%)
9 (64.3%)

6-months survival:
yes
no

2 (22.2%)
7 (77.8%)

24 (66.7%)
12 (33.4%)

5 (35.7%)
9 (64.3%)

12-months survival:
yes
no

1 (11.1%)
8 (88.9%)

20 (55.6%)
16 (44.4%)

2 (14.3%)
12 (85.7%)
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of the prognostic group. The trichotomic approach assumes 
an optimal AMC group with good prognosis and extrema 
(low and high AMC) of bad prognosis groups. Bruckner et al. 
described it for the first time in patients with gastric cancer 
in JAMA (1982) [11]. In 2013 Herishanu et al. postulated on it 
in his work on chronic lymphocytic leukemia [10]. Our study 
hypothesis, results and conclusions come in line with their 
papers (cut-offs respectively: 300 and 900; 250 and 750 – the 
exact cut-offs are different, probably because of the study 
group size and specific features, but their middle value stays 
similar). Other authors proposed following single cut-off values: 
for myeloproliferative diseases: 630, 700, 800, 1000, 1500 and 
for solid tumours: 300, 408, 700, 800, 900 [12–19]. Although 
the statistical significance in the Kaplan-Meier survival analysis 
was generally reached, these results cannot be considered 
reproducible. A possible explanation is the skewness of AMC 
distribution (asymmetrical distribution of low and high AMC 
patients) in the studied group and considering only one cut-off 
point idea. Schmidt et al. did not include patients with AMC 
below the norm into his malignant melanoma study, which 
constitutes a bridge between the dichotomic and trichotomic 
approach, as well as can be the result of search for statistical 
significance when it is impossible to reach with single cut-off 
point with those patients included [20].

LMR prognostic ratio context
The pretreatment lymphocyte-to-monocyte ratio was a widely 
tested prognostic factor in many types of cancer, including 
pancreatic cancer. Their general idea of a bad prognosis blood 
phenotype can be presented as following:

ilable resources [10]. The phenomenon of GM-CSF secreting 
tumours also could be responsible for the special prognostic 
role of high monocyte count in patients with PC, but this is not 
in line with our results, as the secretion of GM-CSF was linked 
with an antiangiogenic and antitumour effect, resulting in 
lower mortality; as it has been not investigated in PC yet, this 
option remains only a theoretical possibility [4]. 

Absolute monocyte count was reported to be a predictor 
of outcome, dichotomizing patients into groups with a good 
and bad prognosis. As the rationale comes from AMC trans-
lation into the general anticancer immunity state, in our opi-
nion it is justified to read them in context with each other, 
independently from the studied malignancy type. Until now 
there was only one study discussing this issue in PC patients 
(cut-off 0.6, p = 0.23) [5]. The approach of other authors was 
either dichotomic, or trichotomic, depending on the number 
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Figure 3. Chart illustrating Cox proportional hazard model survival function according to resectability and AMC status

Table III. Cox proportional hazard regression – univariates and the best 
multivariate model

Parameter (n; %) HR (range) p

univariate

sex 0.99 (0.58–1.72) 0.984

age ≥60 0.76 (0.43–1.33) 0.343

resectablity 0.37 (0.21–0.67) 0.0009

low, medium, high AMC 1.07 (0,62–1.87) 0.786

optimal AMC 0.39 (0.22–0.70) 0.001

multivariate 0.00002

resectablity 0.34 (0.18–0.62) 0.0005

optimal AMC 0.36 (0.20–0.65) 0.0007
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lymhocyte count

lymhocyte count > k × monocyte count
monocyte count > k

Where k is the cut-off point set for the particular study 
group, so it is kind of an unfavourable balance between white 
blood cell type counts in peripheral blood. The results are par-
tially repeatable (with relatively similar HR 0.34–0.78 but with 
a wide range of proposed cut-off points 2.05–4.62) [21–28].

Laboratory norms for monocyte (<0.8 × 109/l) and lym-
phocyte (1.0–4.5 × 109/l) counts suggest that a healthy adult 
organism has a few times more lymphocytes than monocytes 
in their peripheral blood. The way of thinking laying under the 
LMR idea raises several doubts. First, any complete theory or 
hypothesis explaining the reason of observed phenomenon 
was presented since now, even though the outcome of many 
studies seems still statistically significant. Secondly, the LMR 
idea omits the problem of patients with very low white 
blood cell counts, which as a form of immunodeficiency has 
obviously undeniably bad prognosis. Thirdly, it puts over the 
cut-off points great deal of the norm. In light of this study’s 
results, bad prognosis of high LMR values can just speak for 
blood morphology phenotypes of good prognosis existence, 
that are not describable using simple linear functions. It is 
possible that their nature is not about the mutual relation-
ship of different white blood cell types, but about their raw, 
effective count and even more importantly, their function. 
A better understanding of the immune system’s importance 
for pancreatic cancer patients will probably lead to finding 
new, precise biomarkers to better personalize treatment 
[29–30].

Limitations of the study
Although the study group size was enough to find our hypo-
thesis statistically significant, it still can underestimate some 
nuances, for example, the exact comparison of low vs. high 
AMC. We also did not analyse the data about chemo- or radio-
-therapy regimens used postoperatively, so we cannot exclude 
that the study is biased by some treatment-related factors. 
As we did not collect the exact TNM, grade, comorbidity or 
BMI, our results cannot be assessed in this context yet. 

Conclusions
We are the first to describe the association between preoperative 
non-optimal AMC and the course of the disease in pancreatic 
adenocarcinoma patients. As the monocyte count seems at 
least a potential predictor of OS, the need for further research 
in this field is crucial. We postulate on not only the existence 
of good prognosis blood morphology profile, but also search 
for a universal marker of the current state of immune system-
-cancer interaction.
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Introduction. �Breast cancer is the most common cancer among women in Poland. The aim of this study was to evalu-
ate the incidence of cardiotoxicity in patients treated with adjunctive trastuzumab, as well as to determine risk factors 
for cardiotoxicity.
Material and methods. �The study covered 100 patients who completed one year of trastuzumab therapy or discon-
tinued treatment due to acute cardiac complications. They underwent an oncological, cardiological, questionnaire 
and laboratory follow-up.
Results. �Acute cardiac complications (CC(+)) occurred in 11 (11%) patients. Patients in the CC(+) group were more likely 
to have hypertension, ischemic heart disease, hypothyroidism, and were more likely to smoke compared to the gro-
up without cardiac complications (CC(–)). They had a lower left ventricular ejection fraction before, during and after 
trastuzumab therapy, and larger left ventricular dimensions in systole and diastole after treatment. The CC(+) received 
a higher dose of anthracyclines compared to CC(–). The NT-proBNP value remained elevated in the CC(+) group after 
treatment, despite normal LVEF values, and was higher than in the CC(–) group.
Conclusions. �Based on the study, type II cardiotoxicity, diagnosed early and treated appropriately, was found to be 
reversible.
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Introduction
Breast cancer treatment outcomes have improved in recent 
years. In many countries, despite an increase in incidence, 
a decrease in mortality from this cancer has been achieved [1]. 
This improvement is due to earlier detection of breast cancer, 

as well as more intensive treatment. The introduction of sys-
temic perioperative treatment (radiotherapy, chemotherapy, 
immunotherapy, and hormone therapy) has reduced the risk of 
recurrence and increased overall survival time for patients with 
early breast cancer. However, this success has been associated 
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with an increased risk of early and late complications. The use 
of anthracyclines – cytostatics with high efficacy in the treat-
ment of breast cancer – is inextricably related to the problem 
of cardiotoxicity, which can be exacerbated by the  use of 
trastuzumab, a human monoclonal antibody directed against 
the HER2 receptor [2]. Therefore, it is very important to correctly 
qualify for various treatments, use possible prophylaxis, and 
monitor the patient’s condition during and after anticancer 
treatment. Such management is aimed at effective treatment 
of the cancer with as few complications as possible.

The aim of this study was to determine the incidence of 
cardiac complications in patients with early breast cancer 
treated with adjuvant trastuzumab, as well as to identify risk 
factors predisposing to cardiotoxicity.

Material and methods
The study, conducted between 2012 and 2014, included 
100 patients (99 women and 1 man) with a diagnosis of HER2-
-positive breast cancer who received trastuzumab after surgery 
as an adjuvant treatment, and who consecutively reported 
to the oncology clinic for a follow-up visit. The patients were 
aged between 34 and 77 years, with a mean age of 55.7 years. 
95 patients received postoperative chemotherapy, the other 
five were not treated with cytostatics due to contraindications. 

After chemotherapy, patients received trastuzumab at 
a saturating dose of 8 mg/kg body weight i.v., followed by 
a maintenance dose of 6 mg/kg body weight i.v. every 21 days. 
Complementary treatments used in the study group are shown 
in table I.

During the follow-up visit, each time a subjective examina-
tion (asking about comorbidities, addictions, medications ta-
ken, oncological treatment used, and internal medicine, as well 
as family history of cancer), physical examination, laboratory 
tests, taking into account potential biomarkers of cardiotoxicity 

(glucose, total cholesterol, TSH, hs-Tnt, NT-proBNP were deter-
mined), and electro- and echocardiographic tests were perfor-
med. In apical projections, the left ventricular ejection fraction 
was calculated based on the biplanar method.

Symptoms of cardiotoxicity during trastuzumab therapy 
were considered to be: a decrease in the left ventricular ejec-
tion fraction (LVEF) to less than 50% , symptoms of heart failure, 
and cardiac arrhythmias.

A retrospective evaluation of the cardiovascular system 
during cancer treatment was conducted based on the echo-
cardiographic results performed before and during trastuzu-
mab therapy.

Statistics
The statistical package statistica.pl ver. 10 and the Excel 2010 
program, which is part of the Microsoft Office package, were 
used to perform statistical analysis of the results.

During the statistical analysis of the results, the following 
statistical tools were used: elements of descriptive statistics, 
comparisons of structure indicators, correlations between 
values of statistical characteristics.

Results
Among the 100 patients who participated in the study, tra-
stuzumab treatment was discontinued in 11 (11%) due to: 
asymptomatic decrease in LVEF to less than 50% (in 9 patients) 
or symptoms of heart failure (in 2 patients). No other symptoms 
of cardiotoxicity were observed.

All patients who developed cardiac complications had 
a left ventricular ejection fraction of at least 50% before therapy, 
and there were no contraindications to anthracycline treat-
ment. During trastuzumab therapy, the left ventricular ejection 
fraction dropped below 50% in 9 patients, to the lowest value 
of 20%, and 2 patients had symptoms of heart failure despite 
normal LVEF values. The patients received between 1 and 12 
administrations of trastuzumab (an average of 6), before they 
developed symptoms of cardiotoxicity (tab. II). Patients with 
cardiac complications received a significantly higher dose of 
anthracyclines compared to patients without cardiac compli-
cations: 441.82 vs. 382.3 mg.

Echocardiographic evaluation of patients
The left ventricular ejection fraction is one of the parameters 
that determines the left ventricular systolic function. It was 
above 50% in all patients participating in the study before 
and after trastuzumab therapy. Its mean value was statistically 
significantly higher in the group without cardiac complica-
tions both before and during treatment, 73.21% vs. 68.55%; 
p = 0.0074 and 64.58% vs. 40.27%; p < 0.0001, respectively. 
There were no statistically significant differences between 
the mean LVEF values in both groups after treatment. 

A decrease in the mean left ventricular ejection fraction 
value was observed during trastuzumab therapy, followed 

Table I. Type of adjuvant treatment used in the study group of patients

Type of treatment Number of patients (%), 
n = 100

chemotherapy 95 (95%)

AC x 4 ± paclitaxel/docetaxel 63 (63 %)

AC x 6 27 (27%)

TAC or FAC x 6 5 (5%)

radiotherapy 61 (61%)

left side 31 (31%)

right side 30 (30%)

complementary hormonal treatment 53 (53%)

tamoxifen 46 (46%)

aromatase inhibitors 7 (7%)

AC – doxorubicin, cyclophosphamide; FAC – fluorouracyl, doxorubicin, 
cyclophosphamide; TAC – docetaxel, doxorubicin, cyclophosphamide
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by an increase after the completion of treatment. However, 
the mean LVEF value after completion of targeted therapy 
was significantly lower in both the group with and without 
cardiac complications than the LVEF value measured before 
trastuzumab therapy (tab. III).

After completion of oncological treatment, during follow-
-up visits, a larger left ventricular dimension in both the systole 
and diastole was observed in the group of patients who had 
cardiac complications compared to the group of patients 
without cardiac complications (tab. IV, V).

Biomarkers (NT-proBNP, hs-Tnt)
The group without cardiovascular complications had 
a statistically significantly lower mean NT-proBNP value 
(154.28 pg/ml) than the group with cardiovascular compli-

cations (369.80 pg/ml), based on results from measurements 
during the follow-up visit (p = 0.0038).

No statistically significant differences were observed in 
hsTnt levels in the group with and without cardiac complica-
tions during the follow-up visit (8.81 vs. 8.61 pg/ml).

Radiotherapy
61 patients received adjuvant irradiation, seven from the 
group with cardiac complications (63.64%) and 54 from 
the group without cardiac complications (60.67%). Irradia-
tion to the left side of the chest was used in three patients 
in the group with cardiac complications (27.27%) and 28 pa-
tients in the group without cardiac complications (31.46%). 
Irradiation to the right side of the chest was used in four 
patients in the group with cardiac complications (36.36%) 

Table II. Characteristics of the group of patients who developed symptoms of cardiotoxicity

Patient LVEF before 
treatment

LVEF during 
treatment

LVEF after 
treatment CHTH used Radiotherapy Number of trastuzumab 

administrations

1 73 30 50 6 x AC + docetaxel L 6

2 65 20 68 4 x AC P 4

3 71 25 50 4 x AC + paclitaxel P 6

4 78 47 70 4 x AC L 12

5 65 45 65 4 x AC P 10

6 69 40 60 6 x AC – 10

7 65 57 51 6 x AC + docetaxel – 1

8 72 60 77 4 x AC – 2

9 71 35 60 4 x AC – 1

10 55 30 60 6 x AC L 11

11 70 40 78 6 x AC P 6

LVEF – left ventricular ejection fraction; L – left side radiotherapy; P – right side radiotherapy; AC – doxorubicin, cyclophosphamide; CHTH – chemotherapy

Table III. Comparison of mean left ventricular ejection fraction (LVEF) values between groups with and without cardiac complications

Period Group without cardiac 
complications (%)

Group with cardiac 
complications (%)

Standard (%)

before treatment 73.21 68.55 50.00

during treatment 64.58 40.27 50.00

after treatment 66.69 62.18 50.00

Table IV. Left ventricular internal dimension in diastole (LVIDD) values after completion of treatment

Period Group without cardiac 
complications (mm)

Number of 
patients (n)

Group with cardiac 
complications (mm)

Number of 
patients (n)

Standard (mm)

echo 1 42.59 89 48.95 11 39.00–59.00

echo 2 41.55 32 49.05 7 39.00–59.00

echo 3 42.80 8 48.48 5 39.00–59.00
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One of the objectives of our study was to determine the 
incidence of acute cardiac complications among patients 
treated with trastuzumab.

Among the 11 patients with cardiotoxicity (11% of the stu-
dy group): two patients had heart failure symptoms in NYHA 
class III/IV with preserved EF, five patients had decreased EF 
below 40%, another four patients had EF values in the range 
of 40–49%.

In the present study, the analysis of cardiotoxicity was 
conducted based on historical standards for diagnosing car-
diovascular incidents in oncology [5]. In 2016, the European 
Society of Cardiology, in its first expert position statement on 
cardiovascular toxicity associated with anticancer treatment, 
indicated the diagnosis of cardiotoxicity when the left ventricu-
lar ejection fraction EF decreases by more than 10 percentage 
points to below normal, i.e., less than 50% [6]. In December 
2021, a new definition of cardiotoxicity proposed by the In-
ternational Cardio-Oncology Society was published [7]. For 
the first time, the diagnosis of the severity of myocardial da-
mage caused by cancer drugs was standardized. Any decrease 
in EF below 40% was defined as severe cardiotoxicity. Such 
a situation occurred in 5 patients in the study population. 
The term severe cardiotoxicity (exactly: cancer therapeutics 
related cardiac dysfunction) is associated with an unfavorable 
prognosis. Indeed, it was shown in a large European registry 
(CARDIOTOX registry) that such EF was significantly associated 
with the risk of premature death from any cause (shorter overall 
survival) [8]. Moderate cardiotoxicity was proposed to include 
the onset of heart failure symptoms requiring intensification 
of cardiac treatment – it should be assumed that this was 
the case for 2 patients in the analyzed population who expe-
rienced NYHA III/IV symptoms despite a normal EF. However, 
moderate cardiotoxicity can also be diagnosed on the basis of 
echocardiography, when EF decreases to the range of 40–49% 
and this was the case in another 4 patients (two of whom had 
borderline EF = 40%).

It should be noted that modern echocardiography was not 
used in the analyzed population along with assessment of GLS 
(global longitudinal strain), i.e. a global longitudinal strain of 
the left ventricle. Indeed, mild cardiotoxicity can be diagnosed 
when GLS decreases by more than 15% from baseline and/or 
there is an increase in biomarkers defined as an increase in 
cardiac troponin I/T above the 99th percentile, BNP ≥ 35 pg/ml, 
NT-proBNP ≥ 125 pg/ml.

and in 26 patients in the group without cardiac complica-
tions (29.21%).

Risk factors
The mean age in the study population was 55.71 ± 9.71 years 
and was statistically significantly higher in the group with 
cardiac complications than in the group of patients without 
complications (60.18 ± 6.31 vs. 55.16 ± 9.94 years), median age 
61 vs. 56 years. Overweight (BMI > 25) was found more often in 
the group of patients with cardiotoxic symptoms than in the 
group without cardiac complications (82% vs. 60%) – figure 1.

Statistically, there were significantly more smokers 
(p = 0.0177), patients with hypothyroidism (p = 0.0215), hy-
pertension (p = 0.0042), and ischemic heart disease (p < 0.0001) 
in the group with cardiac complications than in the group 
without cardiac complications.

Discussion
Over-expression of the HER2 receptor in breast cancer is associa-
ted with a poor prognosis, short time to recurrence, and short ove-
rall survival. When a human antibody directed against the HER2 
receptor was developed in the late 20th century, it was initially 
introduced to treat advanced, then early breast cancer. The addi-
tion of trastuzumab to anthracycline-based chemotherapy proved 
successful. However, an increase in time to progression by 67% 
and an increase in response by 50% in disseminated disease, as 
well as an increase in disease-free time by about 50% and overall 
survival by about 30% in early breast cancer were associated with 
a risk of cardiovascular complications [3, 4]. Therefore, the problem 
of cardiotoxicity has become the main subject of research, not 
only by oncologists, but also by cardiologists.

Table V. Left ventricular internal dimension in systole (LVIDS) values after completion of treatment

Period Group without cardiac 
complications (mm)

Number of 
patients (n)

Group with cardiac 
complications (mm)

Number of 
patients (n)

Standard (mm)

echo 1 27.28 89 35.74 11 21.00–40.00

echo 2 26.96 32 34.15 7 21.00–40.00

echo 3 26.66 8 34.27 5 21.00–40.00

0.00

0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90

0.10

18.5–25<18.5

0.02

0.38

BMI (%)

kt
kt+

0.18

0.60

0.82

≥25

Figure 1. Distribution of the study population by body-mass index (BMI) 
and the presence of cardiac complications
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In the analyzed study, the group without cardiac compli-
cations had statistically significantly lower NT-proBNP levels 
than the group with cardiac complications, while no diffe-
rences were observed in troponin levels. According to recent 
standards, it would be necessary to check how many patients 
with normal EF and no clinical symptoms had an increase in 
biomarkers or GLS changes during oncological treatment.

A number of risk factors for cardiotoxicity were found in 
the analyzed study, their identification is consistent with results 
from other publications. Through the knowledge of these 
risk factors, specific algorithms for the baseline assessment of 
patients before potentially cardiotoxic anticancer treatment 
were developed [9]. Baseline risk stratification is currently deter-
mining the frequency of follow-up testing (echocardiography, 
biomarkers) during and after active cancer treatment [10, 11].

Initial cardiovascular status prior to the start of oncology 
treatment is undoubtedly the most important factor deter-
mining the successful completion of potentially cardiotoxic 
therapy. Comorbidities, addictions, and habits shape overall 
health status. The co-occurrence of certain features in one 
patient may increase the risk of cardiotoxicity during cancer 
treatment, while the same features in another combination 
may have no effect on the cardiovascular system.

The study results on the role of trastuzumab in breast 
cancer treatment (HERA, Kremer et al., Pein et al.) highlighted 
the problem of cardiotoxicity of anti-HER2 therapy, which was 
inextricably related to the cumulative dose of doxorubicin 
[12–14]. In the present study, the mean cumulative dose of 
anthracyclines was significantly higher than the dose above 
which the risk of cardiotoxic complications increased (doxo-
rubicin > 300 mg/m² according to Kremer’s study) and was 
387 mg/m² [13].

The BCIRG 006 trial is a study in which in one arm patients 
received trastuzumab without anthracycline treatment (6 cour-
ses of TCH), while other patients were treated sequentially with 
an AC regimen and docetaxel with or without trastuzumab 
[15]. In our study, 5 patients treated with trastuzumab did not 
receive anthracycline-containing chemotherapy due to cardiac 
contraindications or previous chemotherapy for second breast 
cancer. It is noteworthy that the BCIRG 006 trial showed similar 
efficacy of chemotherapy with and without anthracyclines 
(TCH regimen), with a higher safety profile of chemotherapy 
containing carboplatin and docetaxel [15].

More than 50% of breast cancer cases are diagnosed be-
tween the ages of 50 and 69, at which time the incidence of 
cardiovascular disease also increases. In the Slamon study 
of advanced breast cancer [16], as well as the Russo study [17] 
and the NSABP B – 31 [18], older patients treated with trastuzu-
mab were more likely to be diagnosed with cardiotoxic com-
plications. In Serrano’s study, conducted in 2012 on adjuvant 
treatment of breast cancer in women over 70 years of age, older 
age and associated internal medicine (heart disease, diabetes) 
increased the risk of cardiovascular disease in patients treated 

with trastuzumab [3]. This was confirmed by Russo, who added 
impaired glomerular filtration in the kidneys, which increases 
with age, to the list of risk factors [17]. In contrast, in the Na-
umann study mentioned above, age was not an independent 
factor in the occurrence of cardiac incidents, but in a subgroup 
analysis of patients who experienced cardiac complications 
(15.72%), an inverse correlation was observed between age 
and time to complications [14]. Similar conclusions were drawn 
on the basis of our study, the age of the patients remained 
unaffected by cardiovascular risk. However, in the subgroup 
analysis, patients over 60 years of age predominated among 
those with cardiac complications (72.73%).

Conclusions
According to our study, the return of LVEF to normal and the 
alleviation of heart failure symptoms in all patients indicate 
the reversibility of type II cardiotoxicity. Regular echocardiogra-
phic examinations during trastuzumab therapy are extremely 
important. Rapid detection of asymptomatic and symptomatic 
complications as well as immediate implementation of cardiac 
therapy can prevent permanent heart damage. Therefore, it 
seems crucial to search for new diagnostic methods to isolate 
the group of patients at high risk of cardiac complications in 
order to safely carry out oncological treatment.

Conflict of interest: none declared

Mikołaj Bartoszkiewicz
Poznan University of Medical Sciences 
Department of Immunobiology
ul. Fredry 10
61-701 Poznań, Poland
e-mail: m.bartoszkiewicz@ump.edu.pl

Received: 4 Aug 2022  
Accepted: 12 Aug 2022

References
1.	 Fahad Ullah M. Breast Cancer: Current Perspectives on the  Disease 

Status. Adv Exp Med Biol. 2019; 1152: 51–64, doi: 10.1007/978-3-030-
20301-6_4, indexed in Pubmed: 31456179.

2.	 Nicolazzi MA, Carnicelli A, Fuorlo M, et al. Anthracycline and trastuzu-
mab-induced cardiotoxicity in breast cancer. Eur Rev Med Pharmacol 
Sci. 2018; 22(7): 2175–2185, doi: 10.26355/eurrev_201804_14752, 
indexed in Pubmed: 29687878.

3.	 Serrano C, Cortés J, De Mattos-Arruda L, et al. Trastuzumab-related 
cardiotoxicity in the elderly: a role for cardiovascular risk factors. Ann 
Oncol. 2012; 23(4): 897–902, doi: 10.1093/annonc/mdr348, indexed 
in Pubmed: 21828361.

4.	 Pein F, Sakiroglu O, Dahan M, et al. Cardiac abnormalities 15 years and 
more after adriamycin therapy in 229 childhood survivors of a solid 
tumor at the Institue Gustave Roussy. Br J Cancer. 2004; 91: 37–44, doi: 
10.1038/sj.bjc.6601904 , indexed in Pubmed: 15162142.

5.	 Opolski G, Krzakowski M, Szmit S, et al. Task Force of National Con-
sultants in Cardiology and Clinical Oncology. [Recommendations 
of National Team of Cardiologic and Oncologic Supervision on 
cardiologic safety of patients with breast cancer. The prevention and 
treatment of cardiovascular complications in breast cancer. The Task 
Force of National Consultants in Cardiology and Clinical Oncology for 
the elaboration of recommendations of cardiologic proceeding with 
patients with breast cancer]. Kardiol Pol. 2011; 69(5): 520–530, indexed 
in Pubmed: 21594854.

http://dx.doi.org/10.1007/978-3-030-20301-6_4
http://dx.doi.org/10.1007/978-3-030-20301-6_4
https://www.ncbi.nlm.nih.gov/pubmed/31456179
http://dx.doi.org/10.26355/eurrev_201804_14752
https://www.ncbi.nlm.nih.gov/pubmed/29687878
http://dx.doi.org/10.1093/annonc/mdr348
https://www.ncbi.nlm.nih.gov/pubmed/21828361
http://dx.doi.org/10.1038/sj.bjc.6601904
https://www.ncbi.nlm.nih.gov/pubmed/15162142
https://www.ncbi.nlm.nih.gov/pubmed/21594854


293

6.	 Zamorano JL, Lancellotti P, Rodriguez MD, et al. ESC Scientific Document 
Group. 2016 ESC Position Paper on cancer treatments and cardiova-
scular toxicity developed under the auspices of the ESC Committee 
for Practice Guidelines: The Task Force for cancer treatments and 
cardiovascular toxicity of the European Society of Cardiology (ESC) . 
Eur Heart J. 2016; 37(36): 2768–2801, doi: 10.1093/eurheartj/ehw211, 
indexed in Pubmed: 27567406.

7.	 Herrmann J, Lenihan D, Armenian S, et al. Defining cardiovascular to-
xicities of cancer therapies: an International Cardio-Oncology Society 
(IC-OS) consensus statement. Eur Heart J. 2022; 43(4): 280–299, doi: 
10.1093/eurheartj/ehab674, indexed in Pubmed: 34904661.

8.	 López-Sendón J, Álvarez-Ortega C, Zamora Auñon P, et al. Classification, 
prevalence, and outcomes of anticancer therapy-induced cardiotoxici-
ty: the CARDIOTOX registry. Eur Heart J. 2020; 41(18): 1720–1729, doi: 
10.1093/eurheartj/ehaa006, indexed in Pubmed: 32016393.

9.	 Lyon AR, Dent S, Stanway S, et al. Baseline cardiovascular risk asses-
sment in cancer patients scheduled to receive cardiotoxic cancer 
therapies: a position statement and new risk assessment tools from the 
Cardio-Oncology Study Group of the Heart Failure Association of the 
European Society of Cardiology in collaboration with the International 
Cardio-Oncology Society. Eur J Heart Fail. 2020; 22(11): 1945–1960, doi: 
10.1002/ejhf.1920, indexed in Pubmed: 32463967.

10.	 Čelutkienė J, Pudil R, López-Fernández T, et al. Role of cardiovascular 
imaging in cancer patients receiving cardiotoxic therapies: a position 
statement on behalf of the Heart Failure Association (HFA), the European 
Association of Cardiovascular Imaging (EACVI) and the Cardio-Oncology 
Council of the European Society of Cardiology (ESC). Eur J Heart Fail. 2020; 
22(9): 1504–1524, doi: 10.1002/ejhf.1957, indexed in Pubmed: 32621569.

11.	 Pudil R, Mueller C, Čelutkienė J, et al. Role of serum biomarkers in cancer 
patients receiving cardiotoxic cancer therapies: a position statement 

from the Cardio-Oncology Study Group of the Heart Failure Association 
and the Cardio-Oncology Council of the European Society of Cardiology 
. Eur J Heart. 2020; 22(11): 1966–1983, doi: 10.1002/ejhf.2017, indexed 
in Pubmed: 33006257.

12.	 Joensuu H, Kellokumpu-Lehtinen PL, Bono P, et al. Adjuvant docetaxel 
or vinorelbine with or without trastuzumab for breast cancer. N Eng 
J Med. 2006; 354(9): 809–820, doi: 10.1056/NEJMoa053028, indexed 
in Pubmed: 16495393.

13.	 Brouwer CAJ, Gietema JA, van den Berg MP, et al. Long-term cardiac 
follow-up in survivors of a malignant bone tumour. Ann Oncol. 2006; 
17(10): 1586–1591, doi: 10.1093/annonc/mdl156, indexed in Pubmed: 
16857723.

14.	 Naumann D, Russius V, Margiotta C, et al. Factors predicting trastuzu-
mab-related cardiotoxicity in a real-world population of women with 
HER2 breast cancer. Anticancer Res. 2013; 33(4): 1717–1720, indexed 
in Pubmed: 23564821.

15.	 Slamon D, Eiermann W, Robert N, et al. Breast Cancer International 
Research Group. Adjuvant trastuzumab in HER2-positive breast cancer. 
N Engl J Med. 2011; 365(14): 1273–1283, doi: 10.1056/NEJMoa0910383, 
indexed in Pubmed: 21991949.

16.	 Slamon D, Eirmann W, Robert N, et al. Adjuvant trastuzumab in HER2-
-positive breast cancer. N Engl J Med. 2011; 365: 1273–83.

17.	 Russo G, Cioffi G, Do Le, et al. Role of renal function on the development 
of cardiotoxicity. Intern Emerg Med. 2012; 7(5): 439–446, doi: 10.1007/
s11739-012-0794-9, indexed in Pubmed: 22714882.

18.	 Grela-Wojewoda A, Niemiec J, Sas-Korczyńska B, et al. Adjuvant 
combined therapy with trastuzumab in patients with HER2 positive 
breast cancer and cardiac alterations: implications for optimal cardio 
oncology care. Pol Arch Intern Med. 2022; 132(4): 16204, doi: 10.20452/
pamw.16204, indexed in Pubmed: 35089680.

http://dx.doi.org/10.1093/eurheartj/ehw211
https://www.ncbi.nlm.nih.gov/pubmed/27567406
http://dx.doi.org/10.1093/eurheartj/ehab674
https://www.ncbi.nlm.nih.gov/pubmed/34904661
http://dx.doi.org/10.1093/eurheartj/ehaa006
https://www.ncbi.nlm.nih.gov/pubmed/32016393
http://dx.doi.org/10.1002/ejhf.1920
https://www.ncbi.nlm.nih.gov/pubmed/32463967
http://dx.doi.org/10.1002/ejhf.1957
https://www.ncbi.nlm.nih.gov/pubmed/32621569
http://dx.doi.org/10.1002/ejhf.2017
https://www.ncbi.nlm.nih.gov/pubmed/33006257
http://dx.doi.org/10.1056/NEJMoa053028
https://www.ncbi.nlm.nih.gov/pubmed/16495393
http://dx.doi.org/10.1093/annonc/mdl156
https://www.ncbi.nlm.nih.gov/pubmed/16857723
https://www.ncbi.nlm.nih.gov/pubmed/23564821
http://dx.doi.org/10.1056/NEJMoa0910383
https://www.ncbi.nlm.nih.gov/pubmed/21991949
http://dx.doi.org/10.1007/s11739-012-0794-9
http://dx.doi.org/10.1007/s11739-012-0794-9
https://www.ncbi.nlm.nih.gov/pubmed/22714882
http://dx.doi.org/10.20452/pamw.16204
http://dx.doi.org/10.20452/pamw.16204
https://www.ncbi.nlm.nih.gov/pubmed/35089680


294

Review article

Prehabilitation as an extra approach to usual care  
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�Prehabilitation seems to be an important issue in oncology. The main purpose of prehabilitation is to improve a patient’s 
physical and psychological condition at the beginning of and during cancer treatment. Prehabilitation also reduces the 
risk of potential complications, average length of stay at hospital, stress and risk of depression, and improves quality of life. 
Prehabilitation activities should be individualized. Multimodal prehabilitation is more recommended and it can include 
a spectrum of interventions like: general conditioning exercise, targeted exercise, nutritional interventions, psychological 
interventions, smoking cessation and education. There is a lack of clinical trials concerning prehabilitation. Therefore 
new studies are still needed to standardize protocols for different types of cancer and clinical situations, and to estimate 
the efficacy of prehabilitation programs.
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Introduction
Cancer diagnosis is a difficult and stressful time for a patient. 
The cancer patient undergoes aggressive diagnostic proce-
dures followed by severe, strenuous, prolonged treatment 
(surgery, chemotherapy, radiotherapy, immunotherapy, hor-
mone therapy) depending on the cancer type, localization, and 
clinical stage. Cancer treatment affects the patient’s physical, 
emotional, and nutritional status due to medical and psycho-
logical complications [1]. The cancer itself and oncological 
treatments are associated with a loss of appetite, weight loss, 
weakness, loss of muscle mass and muscle function [2]. Cancer 
treatment complications may delay or preclude further treat-
ment, reduce patients’ quality of life and generate increased 
costs for the health service. The unawareness of patients may 
increase the rate of psychological distress. Cancer rehabilitation 
is well established. It is well-known that exercise programs 

during and after therapy can improve quality of life and reduce 
depression in cancer patients [3]. However, special person-
-centered care seems to be necessary for cancer patients 
to support their physical, emotional, informational, spiritual, 
and social needs from the point of diagnosis, during treatment, 
and to follow-up [4].

Proper perioperative care was recognized as an important 
component of comprehensive surgical treatment back in 
the 1990s. The first perioperative care protocol to improve 
surgical outcomes was done for colorectal surgery (Enhanced 
Recovery After Surgery – ERAS) [5]. This protocol has been 
revised, improved, and adapted for surgery in other locations 
[6]. It includes, among other things, nutritional interventions, 
smoking and alcohol cessation, encouragement of physical 
activity and relaxation, anemia management, and detailed 
patient information about various aspects of treatment. ERAS 
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recommends implementation of preparations for surgery 
from the first visit to the surgical outpatient clinic and opti-
mal use of time to surgery to improve the patient’s general 
condition.

Prehabilitation is a relatively new method in medicine, 
but it seems to be an important issue particularly in oncology. 
The first research concerning prehabilitation among cancer 
patients was published since about 10 years ago. Cancer pre-
habilitation is defined as “a process on the continuum care 
that occurs between the time of cancer diagnosis and the 
beginning of acute treatment and includes physical and psy-
chological assessments that establish a baseline functional 
level, identifies impairments, and provides targeted interven-
tions that improve a patient’s health to reduce the incidence 
and severity of current and future impairments” [7]. The main 
purpose of prehabilitation is to improve the patient’s physical 
and psychological condition at the beginning and during 
cancer treatment. Effects of prehabilitation were determined 
in some studies. The authors identified the influence of preha-
bilitation on physical activity levels, muscle strength, muscle 
and bone mass, total muscle/fat ratio, BMI, mental well-being, 
quality of life, postoperative complications, morbidity, average 
length of stay at hospital, disease-free survival, and reducing 
costs [8–20]. Cancer diagnosis can affect patients to carry 
out critical behavior modifications (e.g., exercise, smoking 
cessation). People often rethink their lives and are open for 
lifestyle changes [21]. It also seems that there is a need for 
education, providing more information because patients often 
have problems with processing the information and making 
decisions at the time of diagnosis [22]. Certainly, prehabilitation 
should make patients feel cared for and guided by a schedule. 
But on the other hand Giles and Cumminis [23] claimed that 
patients are too upset and worried with their diagnosis to 
take part in training and they are not psychologically able 
to modify their lifestyle. A program conducted improperly 
may even occasionally worsen the psychological condition. 
The authors suggested that prehabilitation may increase the 
social inequalities in cancer survival due to less involvement 
of lower social classes [23]. It might be consider that additional 
activities could be an extra stress for patients. The question 
arises as to what interventions to introduce into patient’s 
care: diet and/or exercises and/or smoking cessation and/or 
psychological consultations. Patients who receive too many 
recommendations and are unable to fulfill them may have 
a poorer quality of life. However, accurate informing of patients 
at the time of diagnosis seems to play a main role. Patients 
should not feel pressured, they should learn the purpose and 
potential effects of prehabilitation to avoid disappointment or 
blame for treatment failure due to noncompliance with the 
prehabilitation program.

Prehabilitation is also a challenge in practice due to the li-
mited time from diagnosis to treatment and the need to 
organize effective activities based on patient compliance. 

Because of the limited time available for prehabilitation prior 
to oncological treatment, primarily surgery, patients need to 
be quickly included into a prehabilitation program and be 
motivated to adhere to it quickly and effectively. 

There is a lack of clinical trials concerning prehabilitation. 
In many countries the health care system is unable to pro-
vide the prehabilitation programs as a routine practice due 
to financial and organizational constraints [24]. It is difficult to 
introduce quickly and provide prehabilitation interventions 
in a short interval between diagnosis and the start of therapy 
since there are no standardized methods. Moreover, it is chal-
lenging to establish a prehabilitation scheme that will have an 
effect, especially in the short term.

Types of prehabilitation
Prehabilitation may involve single or multiple interventions. 
Generally physical exercise is a crucial factor in multidiscipli-
nary cancer care [25]. But the implementation of a nutritional 
and psychological intervention into a prehabilitation program 
may impact clinical outcomes [26–28]. Multimodal prehabi-
litation can include a broad spectrum of interventions like: 
general conditioning exercises, targeted exercises, nutritional 
interventions, psychological interventions, smoking cessation, 
and education [18]. There are some data that multimodal 
prehabilitation programs including psychological, nutritional, 
and physical intervention are associated with better functional 
outcomes when compared with single interventions. Patients 
better tolerate exercise programs together with dietary sup-
plementation [29]. Psychological interventions could reinforce 
patient’s motivation for physical and nutritional interventions, 
while physical exercise could reduce anxiety and depression 
[30]. 

Individualized prehabilitation should be provided. It se-
ems to be important to educate and engage patients about 
the prehabilitation program. 

Physical intervention
There are recommendations to combine exercises with stan-
dard oncological treatments to improve physical and psycho-
logical well-being for all types of cancer [16]. Physical inte-
rventions include general conditioning exercises or targeted 
exercises and could also be used as prehabilitation. General 
conditioning exercises and cardiovascular fitness are useful for 
strengthening and increasing tolerance to cancer treatment, 
as well as reducing postoperative complications. Exercise inte-
rventions may  also include aerobic, yoga, Qi-gong, and Tai-Chi 
[31]. Targeted exercises concerning body region which could 
be related with dysfunction after treatment, for example blad-
der exercises to prevent post-operative urinary incontinence. 

Patients may undergo physical training to improve therapy 
outcomes and health-related quality of life [11]. Better post-
-operative results and shorter length of hospital stay were as-
sociated with physical activities before surgery [10, 17]. Women 
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with breast cancer, physically active before surgery, have 85% 
greater chance of returning to a baseline physical condition 
3 weeks after surgery than inactive patients [32]. Targeted exer-
cises would be associated with a reduction in absences from 
work [33]. Rao et al. [14] showed lower anxiety among women 
with breast cancer who partook in yoga prior to surgery. 

Prehabilitation training may improve  the 6-minute walk 
test (6MWT), which is used to measure functional capaci-
ty. The results of 6MWT was associated with post-operative 
morbidity and complications [34]. Cavalheri et al. [35] showed 
that non-small cell lung cancer patients who exercised before 
surgery demonstrated greater 6MWT than inactive patients; 
they had decreased risk of pulmonary complications by 67%, 
shorter time with an intercostal catheter, and a reduced ho-
spital stay. Morano et al. [36] also showed that preoperative 
exercise training among lung cancer patients significantly 
decreases the time of hospitalization, time of need for a chest 
tube, and  pulmonary complications. Exercise intervention 
before operations reduced complications after abdominal 
surgery [37]. Significantly higher heart rate, oxygen uptake, 
peak power output were reported in the group of colorectal 
cancer patients who had undergone a 4-week course of ae-
robic exercise prehabilitation before surgery in comparison 
to patients who did not receive exercise training [38]. Physical 
prehabilitation may improve muscular strength and reduce the 
frequency of sarcopenia. Prehabilitation could change body 
composition. Analysis of body composition demonstrated that 
in a case of esophageal cancer, patients’ exercise interventions 
reduced overall fat mass and reduced fat-to-muscle ratio [39]. It 
could influence the hospital stay, postoperative complications, 
the risk of infection, and the need for assisted ventilation rela-
ted to additional medical costs and rate of readmission [8, 9]. 

Meta-analysis showed that aerobic high-intensity interval 
training (HIIT) in prehabilitation programs is effective, safe 
and feasible among cancer patients. HIIT is defined as a di-
scontinuous endurance exercise characterized by a relatively 
short time of high-intensity exercises between periods of rest 
or low-intensity activity during recovery [40]. This method 
significantly improved cardiovascular fitness, measured by 
peak oxygen uptake in comparison to usual care. HIIT has 
been shown to have beneficial effects on quality of life, mood, 
emotional and pain state, as well as cognitive health [41–42]. 

VO2 peak is an independent predictor for surgical compli-
cations and the survival of non-small cell lung cancer patients 
[43]. Recent studies showed that intervention combined with 
moderate- and high-intensive training (maximum heart rate 
70–80%) is an optimal exercise program to improve 6-minutes 
walk distant (6MWT) and clinical outcomes of cancer surgery 
patients [44, 45]. High-intensity training is more effective to 
increase cardiorespiratory function in a limited time from dia-
gnosis to operation [46]. 

However, there are no established schedule  of exercises 
(type, duration, frequency, composition of activities) [47]. 

Nutritional intervention
It is recommended to assess nutritional status before major 
surgery. Perioperative nutritional support therapy is indicated 
in patients with malnutrition and those at nutritional risk. 
Patients with severe nutritional risk shall receive nutritional 
therapy prior to major surgery in a period of 7 to 14 days. 
Severe nutritional risk has been defined according to the 
ESPEN working group as the presence of at least one of 
the following criteria: weight loss >10% within 6 months, BMI 
<18.5 kg/m2, SGA (subjective global assessment) grade C or 
NRS (nutritional risk screening) >5, serum albumin <30 g/l 
[48]. ESPEN recommend that the total energy expenditure 
of cancer patients is similar to healthy subjects and generally 
ranging between 25 and 30 kcal/kg/day [49]. According to 
ESPEN guidelines, protein intake should be above 1 g/kg/day 
and, if possible up to 1.5 g/kg/day [49].

Nutritional supplementation in cancer patients is mainly 
aimed at increasing protein for higher efficiency of exercise and 
functional capacity [19]. Preoperative protein supplementation 
has a positive impact on outcomes, including bone mass 
increase and 6MWT improvement [19–20, 50].

Nutritional prehabilitation alone and in combination with 
exercise significantly shortens the length of hospital stay after 
colorectal surgery [51]. Results of randomized clinical trial and 
meta-analysis showed that among malnourished patients 
who received nutritional intervention before a gastrointestinal 
operation, complications after surgery were reduced by 20% 
[52]. Kabata et al. [53] conducted a prospective study among 
patients who underwent abdominal cancer surgery. Patients 
who partook in a nutritional intervention for 14 days prior to 
the operation had significantly less number and severity of 
complications in comparison to patients without nutritional 
intervention; their level of protein was stable after surgery.

Psychological intervention
Cancer diagnosis naturally influences the emotional well-being 
of patients. Patients often experience anxiety and shock at the 
time of diagnosis. Existential questions, self-blame, fears for the 
future, and loss of control usually accompanies cancer patients 
thoughts at this time. Distress during the wait for surgery may 
have an adverse effect on recovery and cause higher risk of 
mortality [54–55]. Psychological intervention provided imme-
diately after cancer diagnosis could help patients to adjust 
to the current situation. The standard of care in US includes 
distress screening to assess the psychological functioning of 
patients [56]. It was reported that stress management training 
before surgery among women with breast cancer reduced 
depression, tiredness, and anxiety [14, 15]. Stress management 
includes relaxation techniques such as meditation, breathing, 
yoga, muscle relaxation and strategies for coping with stress 
and problem solving [57]. Distress connected with cancer 
surgery is correlated with education levels, family support, 
and preoperative education. 
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in other randomized clinical trials, the impact of multimodal 
prehabilitation (exercise, nutritional and psychological inte-
rventions) on postoperative complications among colorectal 
cancer patients was not confirmed [69, 72].  

Targeted prehabilitation among colorectal cancer patients 
may influence strengthening functional capacity and result 
in better outcomes by reducing delays in beginning the ad-
juvant therapy [73]. Trépanier et al. [12] showed that 4 weeks 
trimodal prehabilitation (exercise, nutritional and psychosocial 
counseling) improved 5-year disease-free survival in patients 
with stage III colorectal cancer at (p = 0.044). Aerobic exercise 
seems to be an independent predictor of disease recurrence 
and mortality among colon cancer patients [74].

In the case of colorectal cancer surgery, patients who 
underwent any prehabilitation intervention had significantly 
shorter hospital stays [51]. 

Prostate cancer
Patients who were offered pelvic floor muscle training prior to 
a prostatectomy had significantly higher urinary continence 
one and three months after the operation, in comparison to 
patients who received usual care [75–77]. Continence-related 
quality of life was significantly improved at one and three 
months after the operation [76]. Patients who underwent 
physical therapy and a pelvic floor exercise program before 
and after a prostatectomy, and continued this program at 
home twice a day after surgery, were more likely to rega-
in continence earlier then control group at 12 weeks post 
operation [75].  

Burgio et al. [78] among patients using preoperative beha-
vioral training prior to prostatectomy showed the significant 
decrease in time to achieve continence (p = 0.03) and a re-
duction in the number of patients with leakage at endpoint 
6 months after operation (p = 0.04) in comparison to patients 
who started training first after operation. The impact on return 
to work and usual activities or quality of life was not reported. 
The preoperative biofeedback combined with a postoperative 
program of perineal physiokinesitherapy improved recovery of 
continence [76]. Prehabilitation also had an impact on anxiety 
among prostate cancer patients [79].

Breast cancer
Rehabilitation for breast cancer patients undergoing opera-
tion and radiotherapy is most commonly introduced after 
oncological treatment. It is focused on restoring the function 
of the shoulder and upper limb using mobility and flexibility 
exercises. The systematic review demonstrated that an exercise 
program conducted before breast cancer surgery may improve 
the shoulder’s range of motion, grip strength, function reco-
very and reduce pain, but postoperative rehabilitation should 
be continued to aid recovery [80]. 

General conditioning exercises are also very important 
for well-being among breast cancer patients. Rao et al. [14] 

Depression, anxiety, and fear can have adverse impacts on 
recovery, with complications among patients who have abdo-
minal surgery [58–59]. Patients with breast cancer, who partook 
in yoga or supportive care before treatment and continued 
after surgery and during radiotherapy and chemotherapy, 
experienced less anxiety [14].

Psychological prehabilitation programs based on stress 
management, relaxation methods delivered in at least four 
45–60 minutes sessions appear to improve quality of life after 
surgery among cancer patients [60]. 

Changes in lifestyle
Smoking cessation is recommended after cancer diagnosis to 
reduce postoperative complications, infection, disease recur-
rence, and even mortality [61, 62]. It was noted that patients 
who stopped smoking before surgery demonstrated lower risk 
of complications and better functional status and well-being 
after operation [63]. Smoking cessation among breast cancer 
patients may improve adherence to adjuvant chemotherapy 
[64]. Female smokers after breast cancer resection with recon-
struction showed a greater risk of complications, infection, 
and failure of reconstruction [65-67]. Smoking is noted as 
a predictive factor of distress [68]. 

Prehabilitation interventions in different cancer 
localizations
Prehabilitation research focuses on patients undergoing surge-
ry for colorectal cancer, prostate cancer, and less often breast 
cancer, lung cancer, and bladder cancer patients. Mainly the pre-
habilitation program is introduced before surgery, but there are 
also some studies relate to radiotherapy and chemotherapy.

Colorectal cancer
Trimodal prehabilitation (exercise, nutritional and psychosocial 
counseling) used before colorectal cancer resection significan-
tly improves functional capacity, physical fitness, and 6MWT 
[69, 70]. The results of randomized control trials in colorectal 
cancer patients treated by operation showed that physical fit-
ness as measured by the 6-min walking test was significantly hi-
gher in patients with 4-weeks prehabilitation than in the group 
of patients who underwent rehabilitation first after operation 
[69]. In an international multi-center, prospective, randomized 
trial, the positive impact of 4 weeks multimodal prehabilitation 
(an individualized exercise programs, breathing techniques, 
dietician consultation, protein supplementation, smoking ces-
sation program, psychological intervention after screening for 
anxiety and depression) on a group of 714 colorectal surgery 
cancer patients was established. Dimeo et al. [71] showed 
that 86% of patients with prehabilitation in comparison to 
40% of patients without prehabilitation recovered to baseline 
function 4 weeks after operation (p < 0.01). By strengthening 
the  functional capacity (6MWT) and postoperative compli-
cations, quality of life and survival may be improved [13]. But 
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showed that yoga, prior to breast operation, lower states 
and traits of anxiety. In Canada, Brahmbhatt et al. [81] carried 
out a study among 22 women who underwent breast cancer 
surgery, receiving individualized exercise (aerobic exercise 
and upper quadrant-specific resistance training) before bre-
ast operation. All participants subjectively noted beneficial 
effects and did not consider discontinuation from exercises 
and rather planned to continue the training program. Parti-
cipants also claimed that they would recommend it to other 
patients before surgery. The 6MWT significantly increased 
from baseline to the preoperative assessment, there was 
a small decrease in 6MWT in the 6-week postoperative asses-
sment and this again significantly increased 3 months after 
surgery. There are suggestions that psychological screening 
and intervention immediately after breast cancer diagnosis 
can help improve psychological and social status [82]. Breast 
cancer patients, who received stress management training 
before operations, experienced a reduction in depression 
and fatigue shortly after surgery [83].

A cardioprotective effect was observed in animals that 
underwent exercises in the prechemotherapy period. Kirkham 
et al. [84] showed that breast cancer patients who did aerobic 
exercise 24 hours before doxorubicin, experienced a less severe 
decline in cardiac function after chemotherapy. 

In general, multimodal prehabilitation for breast cancer 
treatment (general conditioning and targeted exercise, nutri-
tional optimization, stress reduction, smoking cessation) may 
reduce postoperative complications, enhance the effect of 
adjuvant therapy, enhance usual activities,  facilitate a return to 
work, and mitigate psychological and physiological reactions 
to surgery [85–87].

Lung cancer
The results of a randomized controlled trial conducted by 
Liu et al. [88] showed that a 2-week multimodal prehabilita-
tion program before surgery in lung cancer patients (aerobic 
and resistance exercises, respiratory training, nutrition coun-
seling with protein supplementation, psychological guidance) 
was associated with higher perioperative functional capacity 
(as measured by 6MWT). But there were no differences in lung 
function, postoperative complications, and length of stay in 
hospital. Lai et al. [89] showed that pre-operative short-term 
(one week) comprehensive pulmonary rehabilitation training 
can improve the pulmonary resistance of patients with mild 
to moderate chronic obstructive pulmonary disease and ac-
celerate rapid recovery of patients after surgery. Moreover, 
in a study published by Stefanelli et al. [90], high-intensity 
prehabilitation (3 weeks) improved the physical performan-
ce of patients with chronic obstructive pulmonary disease 
and non-small-cell lung cancer (NSCLC) undergoing surgical 
resection. Coast et al. [91] demonstrated significant improve-
ments in the depression score among lung cancer patients 
after the prehabilitation program. However, most authors did 

not notice changes in the quality of life [89, 92, 93]. Significant 
quality of life improvements was observed only by Huang et 
al. [94] and Peddle et al. [92]. In the systemic review and meta-
-analysis from 2019, including 676 participants at stage I–IV 
NCSLC from 10 studies [95], significant positive results were 
found in functional capacity (6MWT, VO2 peak, dyspnoea) and 
pulmonary complications among lung cancer patients who 
have undergone prehabilitation (moderate intensity aerobic, 
resistance, inspiratory muscle training). There were improve-
ments regarding mental wellness, but the results were not sta-
tistically significant. The systematic review conducted by Garcia 
et al. [96] reported that preoperative exercise training in lung 
cancer patients significantly enhanced pulmonary function. 
Another systematic review [97] showed that moderate and 
intense preoperative exercise therapy among patients qualified 
to lung surgery had a beneficial impact, not only on physical 
fitness, but also on quality of life (not significant). Prehabilita-
tion in lung cancer patients undergoing surgery may reduce 
postoperative complications [95–97]. Exercise training in lung 
cancer patients leads to a lower risk of pulmonary complication 
by 67% in comparison with the control group, improved 6MWT, 
and a shorter time of intercostal catheter need [98]. Among 
advanced lung cancer patients, physical capacity, anxiety and 
well-being, and quality of life were improved [99–100]. Pre-
habilitation for lung cancer patients decreased the length of 
hospital stay after surgery [96–97].

Other cancers
Minnella et al. [101], in a randomized clinical trial, showed that 
multimodal prehabilitation statistically improved perioperative 
functional capacity (as measured by 6MWT) in esophagoga-
stric cancer patients. Patients got individualized home-based 
exercise training programs and aerobic exercise, food-based 
dietary advice was provided, and protein supplements were 
prescribed. Patients after prehabilitation more often experien-
ced an improvement in their condition before operation in 
comparison to patients without prehabilitation (62% vs. 4%) 
as well as after surgery (52% vs. 6%). There were no statistically 
significant differences in complication rates and length of 
hospital stay. 

In the case of head and neck cancer patients, prehabi-
litation includes some specific exercises: general stretching, 
motion exercises and specific swallowing exercises. Some trials 
showed positive functional outcomes, while other studies did 
not confirm that [102]. It seems that exercise should begin as 
soon as head and neck cancer is diagnosed, and should take 
place before surgery and continue after the operation [102].

There was no significant benefits for bladder cancer pa-
tients treated with radical cystectomy of peri-operative exer-
cise [103]. However analysis from 2020 [104] showed a trend 
toward improved physical condition and psychological well-
-being with the use of prehabilitation in bladder cancer pa-
tients before radical cystectomy. 
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Prehabilitation vs. rehabilitation
Meta-analysis carried out by Treanor et al. [105], comparing 
prehabilitation with standard care for cancer patients, found 
that preoperative interventions significantly improved physical 
well-being, quality of life, mood, and immune function in pro-
state cancer patients, while reducing  the length of hospital stay 
and post-operative complications among lung cancer patients. 
In breast cancer patients who underwent prehabilitation with 
psychosocial intervention, there was a significantly lower level 
of distress, anxiety, depression (3 months after surgery) and less 
distress related to losing the breast, the partner’s response and 
worries one year after surgery were also reported [105].

Conclusions
There is growing evidence that multimodal prehabilitation 
(exercises, nutritional consultation with protein supplemen-
tation, psychological support and smoking cessation) may 
improve the treatment outcomes for cancer patients, espe-
cially surgery. The systemic reviews showed that use of pre-
habilitation programs is more effective than standard care for 
cancer patients before the start of cancer therapy [25, 41, 60, 
105]. Prehabilitation is important not only in improving the 
patient’s overall physical condition before cancer treatment, 
but also for reducing the risk of potential complications, stress 
and risk of depression, and improving the quality of life (tab. I). 
A structured prehabilitation program for cancer patients, im-
plemented early on from diagnosis, allows patients to actively 
participate in preparing for treatment, gives them a sense of 
empowerment, increases motivation and helps them feel 
cared for. Prehabilitation is feasible and safe – no adverse 
effects of prehabilitation were noted [91]. However, there are 
no standardized prehabilitation guidelines. There is a huge 
heterogeneity in type, intensity, duration, timing, and supervi-
sion of prehabilitation programs. Multimodal prehabilitation is 
more recommended, but it seems that prehabilitation activities 
should be individualized.

New studies are still needed to standardize protocols in 
different cancer types and clinical situations and to estimate 
the efficacy of prehabilitation programs. 
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�For many decades palliation (radiotherapy, chemotherapy or symptomatic treatment) was the only therapeutic solu-
tion for locally very advanced head and neck cancer. In the mid 70s, H. Buncke carried out pioneering microvascular 
reconstructive surgery (MRS) as a radical treatment. Since that time, the MRS has been accepted around the world as 
a successful radical therapy, not only for head and neck (H&N) cancers. A part of the H&N cancers need however post-
-MRS radiotherapy (RT). Based on the 20 year experience of the Institute of Oncology in Gliwice with MRS (about 2500 
patients), D. Bula has defined local recurrence risk factors. Dutch studies convincingly documented the prognostic value 
of the estimated molecular profiles of the resected margins as additional risk factors. The use of conventional 2.0 Gy/
fraction post-MRS-RT result in a high risk of the inserted reconstructive flap necrosis or rejection. Therefore, a novel IMRT-
-VMAT technique with 50 Gy given in 1.5–1.6 Gy/fraction has been designed which allows to almost eliminate the flap 
from the irradiated volume and therefore minimizes recurrence and/or flap rejection to almost zero. The present paper 
shows objectively selected a cluster of patients being the candidate to post-MRS safe and effective VMAT radiotherapy.
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When and why did MRS begin?
Worldwide, nearly 600 000 patients are annually diagnosed with 
squamous cell head and neck cancer and about 60% of them 
have locally very advanced disease with or without infiltration 
(destruction) of local bone structures [T4N0(+)]. Locoregional 
recurrence are the predominant most failure resulted from un-
controlled microdisease. For decades, palliative radiotherapy or 

symptomatic pain release therapy have been used as the only 
solution. As the result overall survival (OS) was only estimated 
but not the cure rate, because it has never been achieved [1, 2]. 
Generally, 5-year OS was low, on average about 10–15% (fig. 1, 
bottom survival curves) which raised to about 30–35% after radio-
therapy combined with concurrent chemotherapy (usually single 
agent – cisplatin). The rate of patients with symptomatic therapy, 
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mainly painkillers, has still remained pretty high and patients qu-
ality of life was usually very poor. Patients with advanced tumors, 
often accompanied with pathologic bone (mandible or maxilla) 
infiltration and local necrotic lesions had no chance to be cured.

Incidentally, large tumor regression after palliative che-
moradiation led to radicalization of therapeutic procedures 
(surgery), which sometimes (rarely) resulted in local tumor 
control, however with a high risk of local recurrence. Therefore, 
the overall rate of local tumor control with disease-free survi-
val was very low (a few percent) and lasted not longer than 
2–3 years. For the majority of very advanced head and neck 
(H&N) cancer patients prognosis was not optimistic and al-
though palliative therapy resulted in prolonged survival, their 
quality of life became worse and worse and was accompanied 
with increasing pain and deteriorating speech, in addition 
to problems swallowing and eating. Such poor perspectives 
for palliative therapeutic options lasted for many decades 
till the 70s.

In 1973, a significant breakthrough was initiated by Harry 
Buncke’s pioneering work in which he transferred an island 
flap to reconstruct defect in the upper part of the feet. In the 
same year, Daniel and Taylor [3] repeated this reconstructive 
microvascular surgery. They, with many other pioneers [4–10] 
developed core principles of reconstructive microsurgery 
which are still pertinent today. This therapeutic procedure 
has quickly spread across US, European and Far South-East 
medical and oncology centers.

Microvascular reconstructive surgery (MRS) of locally 
advanced, not only head and neck cancers, should be con-
sidered as a milestone step because it has offered a radical 
outcome and long-term local tumor control, instead of the 
previous palliation and short-term survival. In the Institute of 
Oncology in Gliwice in 2000, the MRS has enriched methods 

and techniques of oncological surgery, and during the last 
20 years about 2500 patients with advanced head and neck 
and other localization were successfully treated using the 
MRS. The  overall 5-year disease-free survival rate increased 
to 88–90% (fig. 1, top curve) which clearly testifies to the tre-
mendous improvements compared with previous results of 
palliative therapy. At the beginning of the MRS, the use of sim-
ple flaps gradually progressed into perforator, prefabricated, 
prelaminated, and chimeric flaps. Theoretically any tissue of 
any size from the body can be harvested using 135 different 
flaps, among which there are 65 types of free flaps. It allows 
the choice of a proper one for individual patient. Hidalgo et 
al. [11] pointed out that only seven free-flap donor sites are 
sufficient to solve 98% of microsurgical problems in oncology. 

Although MRS has been a highly effective local therapy, the-
re is still about 10–15% risk of local tumor recurrence and a few 
percent of postoperative local complications (flap necrosis). 
Thus, there is undoubtedly room for postoperative radiotherapy 
(RT), but it is still an open question whether all or only carefully 
selected patients need this RT as adjuvant therapy.

When should post-MRS radiotherapy should be 
applied?
Bula [12] analyzed the results of MRS in 119 patients with locally 
very advanced midface cancer, among which 85% were in sta-
ge T4N0(+)  and in 63% of them four or more anatomical struc-
tures were involved. In 18 patients (10%), radicalism of surgical 
margins was defined as uncertain (very narrow margins?). One 
may ask what such uncertainty means. It is rather subjective 
than objective criterion for choosing post-op. RT. Using taxo-
nomic statistics, the author established patient clusters with 
high and low risk of local recurrence. The cluster of patients 
with uncertain surgical margins, overweighed, with resection 
defect IIIA according Cordeiro scale [7, 8] and resected tumor 
size larger than 18 cm2 strongly correlated with a high (about 
90%) risk of local recurrence. On the contrary, cluster with ra-
dical margins (negative), normal weight, resection defect type 
IIA and a tumor size of about 4–8 cm2 significantly (p < 0.001) 
correlated with almost no risk of local recurrence. 

Therefore, patients from the first cluster likely seem to 
be candidates for postoperative RT. However, an important 
question arises as to whether the risk factor and parameters 
established by Bula can be considered as sufficient and ade-
quate predictors for the post-MRS radiotherapy. 

Studies of Nees et al. [13], Van Houten [14, 15] and Grave-
land [16], all from Vrije University Medical Center in Amsterdam 
(The Netherlands), have focused their studies on the molecular 
characteristics of minimal residual disease in surgical margins of 
head and neck cancer patients. Graveland [16] used two 5 µm 
sections from all surgical margins, which were histologically 
examined as to whether they were molecularly positive or 
negative. The specimens were used for immunohistochemical 
staining of the overexpression of the p53 gene and Ki-67 gene. 

Figure 1. Survival after palliative radiotherapy (RT) or chemoradiation 
(RT + CHT) compared with disease-free survival (DFS) after microvascular 
reconstructive surgery (MRS) with or without adjuvant RT
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A representative example of p53 and Ki-67-positive fields is 
shown in the figure 2.

The p53 and Ki-67-positive but histologically negative mar-
gins are the results of the cascade amplification of the EGFR, 
cyclin D1, cathepsin D, Cox-2, 9 p51, 3p, 17p 13, 11q 11 genes 
with LOH (loss of heterozygosity) which lead to gradual altera-
tion of normal epithelial cells through hyperplasia and dysplasia 
to cancer cells (fig. 3, bottom part), clinically occurring as local 
recurrence of the primary tumor, although it has incorrectly 
been diagnosed the second primary tumor (SPT). Such local 

recurrences (LR) develop from preneoplastic fields consisting of 
genetically altered normal mucosa cells that were not complete-
ly excised and they occur very early, during the first 10 months of 
the follow-up [13]. The results of the studies of Van Houten et al. 
[14, 15] have convincingly shown that cases with histologically 
negative but molecularly (p53, Ki-67, HPV) positive margins result 
in a significant (p < 0.017) decrease of the 5-year disease-free 
survival by about 30%, compared with cases with both mole-
cular and histological negative margins (fig. 3).

Results of the Dutch studies clearly encourage to supple-
ment surgical margins with molecular staining as a significant 
predictor of high risk of local recurrence after the MRS, which 
is more precise of the LR than the “uncertain margins” defined 
by Bula [12]. Together with the high risk cluster factors defi-
ned by this author, they could increase the precision of indivi-
dual selection of high LR risk patients to post-MRS radiotherapy.

Methods and technique of post-MRS 
radiotherapy 
Traditionally, the beam(s) of a single-or-two-field stationary 
irradiation of post-reconstructive area cover(s) both the in-
serted flap (block of healthy tissues) and the block of normal 
tissues surrounding the flap (fig. 4). It sounds illogical to include 
the flap into the irradiated area because it is a locus of minor 
resistance (locus minoris resistantiae) of normal tissue island. 
Although the risk of the LR may decrease, on the other hand, 
the uncreased risk of the post irradiation flap necrosis and/or 
rejection significantly increases, after conventional 2.0 Gy frac-
tionated radiotherapy.

Figure 2. Example of immunohistochemical staining with: (A) a p53 
positive field and (B) positive Ki-67 immunostaining [reprinted from 
Graveland et al. [16] with permission]

Figure 3.  Local recurrence-free survival in relation to the molecular 
margin status (reprinted from Van Houten et al. Clin Cancer Res 2006; 6: 
3803–3816, with permission)
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Figure 6. Example of vertical VMAT dose distribution of 50 ± 5 Gy in 30–31 
fractions within the ring of normal tissues surrounding the inserted flap 
and sharp dose fraction gradient to above ≤0.35 Gy per fraction deposited 
in the periphery of the flap tissue

gradient dose to almost zero within the inserted flap (fig. 6). 
An important point of such dose planning is that the dose per 
fraction should be not higher than 1.5–1.6 Gy which results 
in of dose per fraction reduced to 0.35 Gy within margins of 
the inserted flap. It allows to minimize or even eliminate the 
risk of the flap necrosis or rejection. 

Summarizing, the recurrence risks factors defined by Bula 
[12] supplemented by an estimation of the molecular status 
of the respective margins increase the objective selection of 
patients as proper candidates to post-MRS adjuvant radiothe-
rapy. The choice of the VMAT technique with the GTVS (ring 
of normal tissues surrounding the inserted reconstructive 
flap) total dose of about 50 Gy in 1.5–1.6 Gy dose per fraction 
seems to be the optimal solution for post-MRS radiotherapy 
as it likely lowers (even to zero) the risk of the inserted flap 
necrosis or rejection, and provides long term disease-free su-
rvival of patients with locally advanced head and neck cancer. 
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Modern linear accelerators offer the use of a variety of 
intensity modulated RT (IMRT) techniques with non-uniform 
dose distribution using multileaf collimators (MLC). One such 
sophisticated technique is volumetric-modulated arc therapy 
(VMAT), which produces satisfactory dose distribution (fig. 5) 
to optimize the field shapes and beam intensities using 
a number of gantry angles. A significant advantage of the 
VMAT delivery is a reduction of the overall treatment time 
compared with conventional IMRT. For post-MRS adjuvant 
radiotherapy, the VMAT technique seems to be an optimal 
solution. This technique allows to plan the highest dose de-
posited in a ring of normal tissues surrounding the inserted 
flap likely containing microlesions of normal cells with po-
tential genetic progression into cancer cells, and a sharp dose 

Figure 5. Example of VMAT radiotherapy technique with a single arc 
dose planning
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�Advanced gastric cancer (AGC) is characterized by high mortality. The survival is estimated as 14.2 months. The treat-
ment of choice in the early stages of GC is surgery. Due to high potential of malignancy, postoperative chemotherapy 
is usually administered. Novel methods of treatment involve immunotherapeutic agents (IA). The new therapies seem 
to be a hopeful perspective for patients with advanced GC. In this review, we present the outcomes of clinical trials 
in GC treatment with IA and their mechanisms of action. Furthermore, we present the benefits and shortcomings of 
immunotherapy and describe potential directions for future research.
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Introduction
Gastric cancer (GC) is the fifth most common diagnosed mali-
gnancy with 1.1 million new cases in 2020 [1]. A surgical proce-
dure is a crucial part of the treatment [2]. Adjuvant chemothe-
rapy is usually administered postoperatively. Advanced gastric 
cancer (AGC), defined by extensive infiltration of adjacent tissue 
or metastasis, has a poor prognosis. Currently, chemotherapy 
plays a key role in AGC management. The median overall su-
rvival of AGC is estimated as 14.2 months [3]. Due to the low 
effectiveness of chemotherapy, immunotherapy is considered 
as a promising, novel part of AGC treatment. The aim of this 
paper is to report outcomes of several clinical trials in phase I, II, 
and III. We have made an attempt to present the mechanisms of 
action of various IA and provide valuable insights into the clinical 
implementation of these state-of-the art treatment agents.

Strategy for advanced gastric cancer treatment
For the first line treatment, it is recommended to use a platin 
agent (e.g. cisplatin) and fluoropyrimidine (e.g. 5-fluoroura-
cil) in human epidermal growth factor receptor 2 (HER2) 
negative tumor. Cisplatin and oxaliplatin share similar effi-
cacy. However, they differ in terms of adverse events (AE). 
Cisplatin treatment is associated with renal dysfunction and 
thromboembolic complications while oxaliplatin may cause 
neuropathy and diarrhea [4]. In HER2-positive cancer, trastu-
zumab is added to standard chemotherapy. Trastuzumab is an 
anti-HER2 monoclonal antibody. It was proven that combined 
therapy increases overall survival compared to chemotherapy 
alone in the ToGa trial [5]. In the second line treatment ramu-
cirumab – an anti-vascular endothelial growth factor (VEGFR) 
monoclonal antibody may be administered. [6]. Third line 
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treatment may be considered in progression of the disease 
despite prior therapy. Figure 1 presents the strategy of AGC 
treatment based on guidelines of the National Comprehen-
sive Cancer Network (NCCN) [7].

Anti-HER2 inhibitors
HER2 is a member of epidermal growth factor receptors which 
are tyrosine kinases. HER1, HER3 and HER4 are other members 
of this group. All receptors have an extracellular domain, trans-
membrane region and intracellular tyrosine kinase with carboxy-
-terminal region. While ligands of HER1, 3, and 4 receptors have 
been identified, ligands of HER2 are still unknown (fig. 2) [8, 9]. 
HER2 is a proto-oncogene, and its function is to stimulate cell 
proliferation and inhibit apoptosis. Expression of this tyrosine 
kinase was found in the gastrointestinal tract, breast, kidney, 
and heart. Overexpression of HER2 is present in types of breast 
and GC (range from 4.4% to 53.4%) [10]. To identify HER2 over-
-expression in GC, immunohistochemistry and fluorescence 
in situ hybridization (FISH) is used. Expression is classified into 
three groups: negative: 0+/1+; equivocal: 2+ or positive: 3+ [11]. 

Trastuzumab 
It is considered that patients with HER2 overexpression IHC2+ 
or IHC3+ are eligible to be treated with trastuzumab [12]. 

It is an IgG1 anti-HER2 monoclonal antibody that binds to 
the extracellular domain of the receptor and suppresses can-
cer cells proliferation and survival. Furthermore, trastuzumab 
indirectly stimulates antibody dependent cellular cytotoxicity 
(ADCC) [13]. Since trastuzumab was evaluated as safe and 
efficient in the ToGa trial, several other agent combinations 
with trastuzumab are currently being assessed. However, it 
still remains the only target therapy in the first line treatment. 
Based on the outcomes, the Food and Drug Administration 
(FDA) has approved trastuzumab in HER2-positive GC. Despite 
the promising results of the ToGa trial, poorer survival has 
been observed in routine clinical use of trastuzumab [14]. 
Xelox is composed of oral capecitabine and intravenous 
oxaliplatin. This combination is one of the most frequently 
applied regimens [15]. Two phase II clinical trials evaluated the 
outcomes of combination XELOX + trastuzumab (tab. I) [16, 
17]. Favorable toxicity and promising outcomes were repor-
ted (OS 21 vs. 13.8 months). A recent phase II study evaluated 
the efficacy of trastuzumab in combination with docetaxel 
and capecitabine as a first line treatment. It has shown high 
efficacy (median overall survival 20.9 months) and safety 
(absence of major AE other than neutropenia, leukopenia, 
and hand-foot syndrome). Moreover, tumor shrinkage was 
observed in most of the patients [18]. 

HER2 testing

ramucirumab 
pacilitaxel
docetaxel 
irinotecan

targeted therapies

positive:  
chemotherapy 
trastuzumab

negative: 
fluoropyrimidine 
platinum doublet

second line treatment

first line  
treatment

third line treatment

Figure 1. Treatment strategy for advanced gastric cancer according to 
the National Comprehensive Cancer Network (NCCN)

HER2 – human epidermal growth factor receptor 2; EGFR – epidermal growth factor 
receptor; ERK – extracellular signal regulated kinase; PI3K – phosphatidylinositol-3- 
-kinase; mTOR – mammalian target of rapamycin
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Trastuzumab deruxtecan 
Trastuzumab deruxtecan (DS-8201) is a novel treatment agent 
composed of a HER2 monoclonal antibody covalently connec-
ted to the topoisomerase I inhibitor.  The mechanism of action 
is based on  inhibition of DNA replication. [19]. Shitara K. et al. 
performed phase I and phase II clinical trials to evaluate the effect 
of trastuzumab deruxtecan on patients with GC. Both studies 
proved that conjugate monoclonal antibodies have manageable 
toxicity and high efficacy. In the latter, the objective response 
rate in the study group was 43% and 12% in the control group. 
Furthermore, in both studies tumor shrinkage was observed. 
The most frequent non-hematopoietic AE were nausea and de-
creased appetite, while decreased neutrophil count and anemia 
were the most common hematopoietic AEs [20, 21]. 

Trastuzumab emtansine 
Trastuzumab emtansine (TE) is another novel agent com-
posed of an anti-HER2 antibody and microtubule inhibitor 
(DM1). After internalization and lysosome destruction, cy-
totoxin is released and DM1 binds to tubulin which causes 
apoptotic cell death (fig. 3) [22]. A large randomized control 
phase II/III trial (GATSBY) assessed the trastuzumab emtansine 
efficacy in 107 centers. However, there was no improvement 
of overall survival in patients treated with TE compared to 
taxane (docetaxel). Possible explanations include primary or 
acquired resistance of cancer cells (e.g. due to efflux of em-
tansine) or disruption of binding to the tubulin [23]. Several 
treatment agents are being developed for cancers resistant 
to trastuzumab emtansine. 

Table I. Representation of currently recruiting or ongoing clinical trials with the use of anticancer agents mentioned in this review

ID Treatment agents Study  
design

Number of  
participants

Treatment line

NCT05152147 zanidatamab/ tislelizumab/ 
tislelizumab + chemotherapy

phase III 714 first

NCT03929666 zanidatamab + chemotherapy phase II 362 first

NCT05274048 neratinib + trastuzumab deruxtecan phase I 18 one prior line of chemotherapy + 
HER2 directed therapy

NCT04768686 pembrolizumab + FLX475 phase II 90 second and third

NCT04745988 pembrolizumab + lenvatinib phase II 30 first

NCT03321630 pembrolizumab + lenvatinib phase II 24 second or further

NCT04249739 pembrolizumab phase II 93 first

NCT04592211 pembrolizumab +
olaparib + pacilitaxel

phase Ib/II 71 second

NCT04882241 pembrolizumab + chemotherapy vs. 
placebo + chemotherapy

phase III 120 first

NCT03488667 pembrolizumab +
mFOLFOX

phase II 40 first

NCT04782791 nivolumab + SOX vs. nivolumab phase II 30 first

NCT03784040 nivolumab + OTSGC-A24 vs. 
nivolumab + OTSGC-A24 + 

ipilimumab

phase Ib 40 –

NCT05111626 nivolumab + bemarituzumab
nivolumab + bemarituzumab + 

mFOLFOX6 vs. placebo + nivolumab 
+ mFOSFOX6

part 1: phase Ib
part 2: phase III

702 –

NCT03995017 nivolumab + rucaparib + 
ramucirumab vs. rucaparib + 

ramucirumab

phase I
phase II

61 second or third

NCT03443856 nivolumab + ipilimumab vs. 
chemotherapy

phase II 240 second

NCT03979131 avelumab + chemotherapy phase II 37 –

NCT03966118 avelumab + ramucirumab + 
pacilitaxel

phase II 59 second

NCT04893252 durvalumab + vactosertib phase II 55 third

NCT04817826 durvalumab + tremelimumab phase II 31 first
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Pertuzumab
Pertuzumab is another drug that might be combined with tra-
stuzumab. It is a monoclonal antibody that binds to the ECD2 
epitope of HER2. It suppresses heterodimerization of HER2 with 
other members of epidermal growth factor receptors (HER1, 
3, 4). Thus, combined with trastuzumab, efficacy could be 
increased [29]. In phase III, a randomized, placebo-controlled 
JACOB trial study group was composed of pertuzumab, trastu-
zumab, and chemotherapy while the control group included 
placebo, trastuzumab, and chemotherapy. Progression-free 
survival was significantly increased in the study group (8.5 vs. 
7.0; p = 0.0001), while no statistical difference was observed 
in overall survival (17.5 vs. 14.2; p = 0.057). Overall, the most 
common AE, was diarrhea. Neutropenia was the most frequent 
grade 3–5 AE [30]. Phase II randomized INNOVATION trial is 
currently being performed to assess the efficacy of pertuzu-
mab + trastuzumab with chemotherapy vs. trastuzumab + 
chemotherapy vs. chemotherapy [31]. 

Margetuximab
Margetuximab is a novel monoclonal anti-HER2 antibody 
which is a trastuzumab derivative. It binds to the same domain 
as trastuzumab. However, its Fc1 region has been engineered 
to have increased affinity to stimulatory CD16A on NK cells. 
In addition, it has weaker affinity to suppressing CD32B found 
on macrophages and NK cells. Thus, it improves the immune 
identification of cancer cells [32]. Results of the phase Ib–II 
CP-MGAH22–05 study with the use of margetuximab with 
pembrolizumab (anti-PD1 antibody) suggest that a new che-
motherapy-free treatment strategy might be considered [33]. 
Currently, the MAHOGANY phase II/III trial is being performed 

XMT-1522 
XMT-1522 is a novel antibody drug conjugate (ADC) composed 
of an anti-HER2 antibody that binds to different regions of the 
HER2 epitope (not competing with trastuzumab) and F-hydro-
xypropylamide (AF-HPA) which is an inhibitor of tubulin poly-
merization. According to the study performed by Le Joncour 
V. et al., XMT-1522 proves high efficacy against breast and GC 
cells resistant to TE in mouse xenograft models and in vitro [24]. 

Trastuzumab duocarbazine 
Trastuzumab duocarbazine (SYD985) is an ADC agent com-
posed of a monoclonal antibody and duocarmycin payload. It 
contains DNA binding and alkylating molecules and eventually 
causes cell death [25]. According to the study with mouse 
xenograft models, 1 mg/kg SYD985 equals to 5 mg/kg of 
trastuzumab in antitumor activity [26]. 

Zanidatamab
Zanidatamab (ZW25) is a novel anti-HER2 bispecific antibody 
which is considered effective in various types of cancers. It binds 
to two HER2 epitopes: ECD2 (pertuzumab binding domain) and 
ECD4 (trastuzumab binding domain) [27]. These novel anti-HER2 
antibodies and ADCs should be considered in patients resistant 
to trastuzumab. Several clinical trials  have evaluated the efficacy 
of zanidatamab in GC (NCT05152147, NCT03929666).

Dactolisib
Dactolisib (BEZ235) is a dual PI3K/ mTOR inhibitor which spe-
cifically targets HER2(+) GC cells. It has shown high efficacy 
in xenograft models compared to trastuzumab. Furthermore, 
some modest synergy with trastuzumab was observed [28]. 

Figure 3. Mechanism of antibody drug conjugate (ADC)
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which will evaluate margetuximab + retifanlimab + chemo-
therapy / no chemotherapy vs. margetuximab + tebotelimab 
+ chemotherapy as a first line treatment for GC [34]. 

Tyrosine kinase inhibitors (TKI)
Tyrosine kinases regulate cell functions and constitute a he-
terogenous group of proteins. They take part in cell cycle 
and angiogenesis processes. Abnormal function of tyrosine 
kinases is associated with neoplastic development. Treatment 
agents targeting tyrosine kinases are called pan-HER inhibitors.

Afatinib
Afatinib, an inhibitor of receptor tyrosine kinases. Its mecha-
nism is based on suppression of autophosphorylation in EGFR 
dimer which inhibits the signaling pathway [35]. An in vitro 
study has proven its suppressing mechanism on tyrosine kina-
ses in overexpressed HER2 GC cells. In addition, it is suggested 
to use afatinib in case of trastuzumab resistance [36]. Afatinib, 
in combination with cisplatin and 5-fluorouracil, as a first line 
treatment did not increase efficacy in the phase II clinical trial. 
However, a favorable safety profile was observed which may 
replace toxic chemotherapeutic agents [37].

Lapatinib
Lapatinib is another tyrosine kinase inhibitor. It binds to 
the cytoplasmic ATP-binding site of HER1 and HER2 kinases 
which inhibits signaling cascades. Dual targeting of lapati-
nib may overcome resistance to anti-HER2 antibodies and 
achieve higher efficacy compared to mono-targeting agents 
[38]. In a phase II randomized placebo-controlled trial (EORTC 
40071), the addition of lapatinib to ECF/X (epirubicin, ci-
splatin, 5-fluorouracil / capecitabine) did not provide any 
improvement in efficacy [39]. Furthermore, two phase III 
clinical trials (LOGIC, TyTAN) showed that lapatinib combined 
with capecitabine, oxaliplatin or pacilitaxel do not increase 
overall survival [40, 41]. 

Neratinib
Neratinib is an irreversible pan-HER inhibitor. While it has been 
approved in the treatment of breast cancer, limited studies 
evaluated its effect on GC. In GC cell lines study, promising 
results were obtained. Comprehensive HER inhibition redu-
ced cell proliferation and decreased the invasive character of 
cancer cells [42]. 

Poziotinib
Poziotinib (HM781-36B) is another pan-HER inhibitor which 
achieved promising results in phase I clinical trial in patients 
with solid organ tumors. The maximal tolerated dose was 
established as 24 mg/day and 18 mg/day in intermittent 
or continuous dosing schedule respectively [43]. In a phase 
I/II clinical trial, poziotinib combined with pacilitaxel and 
trastuzumab showed good efficacy and beneficial toxicity. 
Furthermore, 62.5% of patients experienced tumor shrin-
kage [44]. 

Programmed cell death 1
PD-1 (CD279), discovered in 1992, is an inhibitor of innate 
and adaptive immune responses. It is similar in 15% and 20% 
to CD28 and CTLA4 respectively. PD-1 is located on macro-
phages, NK cells, B cells, T cells and dendritic cells [45]. PD-L1 
(CD274) and PD-L2 (CD273) are ligands of PD-1. PD-L1 is 
expressed on hematopoietic and non-hematopoietic cells 
(e.g. heart, muscle, lung, liver) while PD-L2 is mainly expressed 
on antigen presenting cells (APC) [46]. PD-1 stimulation after 
binding to PD-L1 leads to T cells’ immunological tolerance 
(fig. 4). This mechanism involves kinases dephosphorylation 
(SHP2) which inhibits TCR and CD28 signaling [47]. Expression 
of CD274 was found in various types of tumors. Therefore, tu-
mor cells create an immunosuppressive environment which 
allows to avoid lysis [48]. Overexpression of PD-L1 in GC cells 
is associated with several factors such as lymph-node meta-
stasis, depth of infiltration, microsatellite instability, and EBV 

T cell activation
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tumor immune evasion T cell reactivation

Figure 4. T cell activation after stimulation of TCR and costimulation from CD28 (A). Mechanism of the tumor immune evasion programmed death receptor 
(PD-1) and programmed death ligand 1 (PD-L1) (B). Introduction of PD-1 and PD-L1 monoclonal antibodies reactivates T cell (C)
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infection [49]. Furthermore, higher expression of CD274 on 
macrophages was found in tumors with increased secretion 
of CXCL8 [50]. However, heterogeneity in PD-L1 expression 
is observed among different gastric cell lines which might 
be associated with different genomic mutations (e.g. TP53, 
SMAD4, KRAS) [51].

Pembrolizumab
Pembrolizumab (MK-3475) is an IgG4 monoclonal antibody 
which targets PD-1 and inhibits binding to PD-L1 and PD-L2 
[52]. In phase II (KEYNOTE 059) trial, pembrolizumab was eva-
luated as monotherapy in post second line treatment. Thera-
peutic success of third line chemotherapy treatment is usually 
marginal. Thus, new agents are required to increase the benefits 
in case second line treatment fails. Pembrolizumab achieved 
promising results; 42.6% of enrolled patients experienced tumor 
size reduction [53]. In KEYNOTE-061, a randomized, phase III trial,  
pembrolizumab did not improve overall survival compared to 
pacilitaxel in patients with a PD-L1 combined positive score ≥1. 
However, it is suggested that pembrolizumab might achieve 
greater efficacy with patients with increased PD-L1 expression 
or with better performance status [54]. In 2022, an updated 
KEYNOTE-061 trial showed that pembrolizumab was associated 
with an increased 24-month survival rate but did not statisti-
cally increase OS compared to pacilitaxel. A benefit was also 
observed in patients with PD-L1 abundance [55]. In KEYNOTE 
062, a phase III randomized controlled trial, pembrolizumab 
was used as monotherapy and compared to chemotherapy 
or added to chemotherapy. Results showed that pembrolizu-
mab did not increase median overall survival, but it was non 
inferior compared to chemotherapy. On the other hand, fewer 
AE were observed. However, the survival benefit was signifi-
cant in the case of CPS ≥10 and high microsatellite instability 
tumors [56].  Promising results were reached in KEYNOTE 659, 
a phase IIb trial, where pembrolizumab was combined with S-1 
and oxaliplatin and used in first line treatment. The objective 
response rate was 73.9% in PD-L1 CPS >1 and <10 subgroups 
while 71% in CPS >10 [57]. Currently, KEYNOTE-811, a phase II, 
randomized, placebo-controlled trial is being performed. It will 
assess first line treatment efficacy of pembrolizumab, or placebo 
combined with trastuzumab and chemotherapy in HER2(+) 
GC [58]. A large phase III clinical trial with 1542 participants 
(KEYNOTE-859) will evaluate the efficacy of pembrolizumab 
combined with chemotherapy in HER2-negative GC as first 
line treatment [59].

Nivolumab
Nivolumab (ONO-4538) is IgG4 monoclonal antibody which 
targets PD-1. Consequently, PD-1/PD-L1 and PD-1/PD-L2 si-
gnaling pathways are blocked [60]. In ATTRACTION-2, a phase 
III randomized placebo-controlled trial, the efficacy and safety 
of nivolumab was compared to placebo in patients with at 
least two previous chemotherapy treatments. Results proved 

nivolumab prolongs progression-free survival and overall su-
rvival (HR 0.60; 0.49–0.75); p < 0.0001 and HR 0.63; 0.51–0.78; 
p < 0.0001, respectively) [61]. In ATTRACTION-3, a phase III 
trial, nivolumab was compared to chemotherapy in second 
line treatment. The addition of nivolumab was associated with 
a significant increase of OS (10.9 vs. 8.4 months; p = 0.019). 
Furthermore, survival enhancement was achieved regardless 
of PD-L1 expression [62]. Evaluating the efficacy of nivolumab 
as a first line treatment was also performed. ATTRACTION-4, 
a phase II clinical trial, showed high responsive rate in patients 
treated with nivolumab with S1 and oxaliplatin, as well as in 
patients with nivolumab, capecitabine, and oxaliplatin (66.7% 
and 70.6% respectively) [63]. A recent phase III clinical trial with 
724 patients did not improve OS in HER negative GC compa-
red to chemotherapy. On the other hand, an improvement in 
progression-free survival was identified [64]. 

Avelumab
Avelumab is an IgG1 antibody which binds to PD-L1 and re-
moves the suppression of T cells. There are several ongoing 
clinical trials evaluating avelumab as a first, second or perio-
perative treatment agent [65]. In JAVELIN Gastric 300, a phase 
III, randomized trial (third line avelumab vs. chemotherapy), 
avelumab did not increase progression-free survival or overall 
survival. However, fewer AE were observed in the avelumab 
group compared to chemotherapy [66]. In JAVELIN Gastric 
100, another phase III randomized clinical trial, avelumab did 
not show superiority in OS compared to chemotherapy in 
patients previously treated with chemotherapy. However, this 
treatment agent may be potentially successful in patients 
with higher expression of PD-L1. In addition, in this trial fewer 
grade 3 AE were observed as well (12.8% vs. 32.8% in the 
chemotherapy group) [67]. 

Durvalumab
Durvalumab is another anti-PD-L1 monoclonal antibody. Curren-
tly, monotherapy is used to treat unresectable stage III lung cancer. 
However, durvalumab has shown activity towards hepatocellular 
and GC as well [68]. In a phase Ib/IIb clinical trial, the efficacy of 
darvalumab was assessed as monotherapy or combined with 
tremelimumab (anti-CTLA-4). Response rates were low in all 
approaches. However, a combination of two treatment agents 
resulted in a 1-year survival rate [69]. Recently, PRODIGE 59-DU-
RIGAST, a phase II study has begun. It will evaluate FOLFIRI with 
durvalumab and tremelimumab as a second line treatment in 
AGC [70]. MATTERHORN III is another study evaluating durvalu-
mab compared to chemotherapy in resectable GC [71].

Chimeric antigen receptor
The application of chimeric antigen receptors (CAR) is a mecha-
nism used to allow T cells to recognize tumor-specific antigens. 
Host’s lymphocytes are modified using viral vectors and, after 
the introduction of CAR, are reinfused to the circulatory system. 
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This would allow them to destroy cancer cells (fig. 5). The next 
generation of CARs have costimulatory domains or secrete 
cytokines that are able to remodel tumor environments, such 
as interleukin-12 (fourth generation – TRUCKs) [72]. Its presence 
in tumor tissue increases the activity of CD8+ cells, prolongs 
expansion of T cells, and suppresses exhaustion and apoptosis 
of immune cells. Additionally, IL-12 enhances NK cells and 
macrophages infiltration to targeted tissue [73]. CAR T cells 
treatment is associated with specific AE. Firstly, those might be 
associated with cells expressing certain antigens recognized 
by CARs – on-target effects. B cell aplasia is an example of AE 
which might develop after the introduction of CARs that reco-
gnize B cell antigens – CD19 or CD20. However, such AE can 
be reversed by suppressing the infusion of modified T cells or 
by eliminating target cells if the treatment is directed towards 
solid organ cancers [74]. One of the most frequent off-target 
AE is cytokine release syndrome (CRS). Cytokines from CAR T 
cells or the host’s immune cells might induce CRS. Symptoms 
usually involve high fever, tachycardia, headache or malaise 
among others [75]. Several CAR T cells were developed to 
assess the potential treatment of GC. For instance, antitumor 
activity of CAR recognizing CLDN18.2, an isoform of claudin-18 

which has been considered as potential target, was evaluated. 
In vitro and in vivo trials have proven that modified T cells could 
lyse GC cells that express CLDN18.2 [76]. 

Challenges and future directions
Ongoing clinical trials including the mentioned agents are 
listed in table I. Despite the extensive benefits of immuno-
therapy, resistance to HER2 and PD-1 inhibitors is a significant 
barrier which needs to be addressed. Mechanisms of resistance 
are unclear and not fully understood. Elimination of those 
obstacles would make GC cells more potent for therapy. A re-
cent study by Sampera A. et al. found that HER2 resistance 
is associated with enhanced activity of two signal pathways 
(Pi3K/mTOR and MAPK/ERK) along with elevated expression of 
other members of the HER family. Pan-HER inhibitors effectively 
reversed trastuzumab resistance [77]. Normal epithelial cell-
-specific-1 (NES1) is one of the genes considered as responsible 
for inducing resistance to HER2 inhibitors. Overexpression of 
NES1 and activation of Pi3K/mTOR pathway has been found 
in resistant cells. Combining trastuzumab and PI3K/mTOR in-
hibitor could reduce resistance and block tumor growth [78].
The coiled-coin protein named GSE1 and human epidermal 
growth factor receptor-2 (ERBB2) have also been linked with 
trastuzumab resistance and greater risk of metastasis [79, 80]. 
Wang D.S. et al. suggest that noninvasive analysis of circulating 
tumor DNA (ctDNA) can demonstrate intrinsic or acquired 
resistance and offer personalized treatment [81]. Furthermore, 
anti-HER2 treatment agents induce expression of certain ge-
nes, such as HAS2 and SHB which could be used as predictive 
markers for trastuzumab response [82].

Microsatellites are repeated sequences of nucleotides 
which compose 3% of the human genome [83]. A mismatch 
repair system takes part in correcting errors which occurred 
during division of cell and DNA replication. Defects of this 
system can result in multiple mutations in microsatellites [84]. 
Microsatellite instability (MSI) has been linked with various 
neoplasms, including GC. The MSI phenotype is associated 
with expression of abundant neoantigens which stimulates an 
immunological response. Moreover, expression of PD-L1 has 
been identified in MSI tumor cells which makes it susceptible 
to ICI [85]. The clinical benefit of pembrolizumab has been 
demonstrated in metastatic MSI tumors [86]. The NCT04817826 
clinical trial (INFINITY) will evaluate the efficacy of tremelimu-
mab and durvalumab in the treatment of MSI GC. Wang Y.L. 
et al. have confirmed that MSI GC showed higher PD-1/PD-L1 
expression compared to microsatellite stable (MSS) tumors 
[87]. GC can be additionally classified using the status of the 
Epstein-Barr virus (EBV). EBV is associated with the develop-
ment of various neoplasms including GC, nasopharyngeal 
carcinoma or lymphomas. It is considered that 2–20% of all 
GC cases are EBV positive [88]. The Epstein-Barr virus(+) GC is 
associated with higher expression of PD-1L compared to EBV(–) 
cells [89]. Several clinical trials are being performed to evaluate 

Figure 5. Chimeric antigen therapy (CAR) generations and antitumor 
mechanism
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the efficacy of pembrolizumab in EBV(+) GC (NCT03257163, 
NCT05166577). Therefore, MSI and EBV(+) can be considered 
as beneficial markers in ICI treatment. MicroRNAs (miRNA) are 
other significant regulators of cancer genes which has been 
related to treatment resistance. Phosphatase and tensin homo-
logue (PTEN) counteracts PI3K pathway. MiRNA-221/222 and 
miRNA-214 target PTEN and promote GC invasion [90]. Activity 
of miR-105-5 has been correlated with reduced expression of 
PD-L1 [91]. Circular RNA (circRNA) are covalently closed RNA 
fragments generated by back-splicing. Features of circRNA are 
not fully understood but they take part in gene transcription 
and interact with proteins. Furthermore, circRNA has been as-
sociated with cancer progression [92]. CircDLG1 has been iden-
tified in PD-1 resistant GC and enhanced invasion and immune 
evasion of cancer cells [93].

Despite recent advances in immunotherapy, multiple me-
chanisms of immune evasion remain unknown. Future studies 
should concentrate on overcoming resistance to known and 
tested treatment agents, such as trastuzumab or pembrolizu-
mab. Trials with anti-HER2 agents combined with PI3K/mTOR 
inhibitors should be performed. Furthermore, it is necessary to 
identify potential targets in MSS and EBV(–) GC. Better under-
standing of miRNA and circRNA could reveal novel possibilities 
and treatment options. Additionally, novel potential targets are 
being evaluated: membrane mucin MUC17 (NCT04117958); 
methyl methanesulfonate and ultraviolet-sensitive gene 81 
(MUS81) [94] or claudin 18.2 (CLDN18.2) [95]. 

Conclusions
Outcomes of many clinical trials are highly hopeful. The majo-
rity of the mentioned trials show the benefits of combination 
IA with chemotherapy compared to chemotherapy alone. 
Additionally, immunotherapy may constitute or support drugs 
in part of first, second or third line treatment. Adverse effects 
are related to treatment strategy and depend on whether they 
are in combination with chemotherapy. However, IA seem to 
be safer than chemotherapeutic agents. The achieved results 
from the clinical trials are promising enough to consider imple-
menting immunotherapy in AGC management. Nevertheless, 
further studies toward evaluating the mechanisms of resistan-
ce to anti-HER2 antibodies and ICI are needed. In certain cases, 
a combination of treatment agents with various mechanisms 
of action may overcome resistance. 

Conflict of interest: none declared

Przemysław Dymek
Pomeranian Medical University 
Department of General and Oncological Surgery
ul. Unii Lubelskiej 1
71-252 Szczecin, Poland
e-mail: przemyslaw.dymek97@gmail.com

Received: 16 Jun 2022 
Accepted: 3 Aug 2022

References
1.	 Morgan E, Arnold M, Camargo MC, et al. The current and future inci-

dence and mortality of gastric cancer in 185 countries, 2020-40: A po-
pulation-based modelling study. EClinicalMedicine. 2022; 47: 101404, 
doi: 10.1016/j.eclinm.2022.101404, indexed in Pubmed: 35497064.

2.	 Kenig J, Richter P. Treatment of gastric cancer in the older population. 
Nowotwory. Journal of Oncology. 2021; 71(4): 245–250, doi: 10.5603/
njo.2021.0044.

3.	 Hu HM, Tsai HJ, Ku HY, et al. Survival outcomes of management in me-
tastatic gastric adenocarcinoma patients. Sci Rep. 2021; 11(1): 23142, 
doi: 10.1038/s41598-021-02391-z, indexed in Pubmed: 34848751.

4.	 Smyth E, Nilsson M, Grabsch H, et al. Gastric cancer. Lancet. 2020; 
396(10251): 635–648, doi: 10.1016/s0140-6736(20)31288-5.

5.	 Bang YJ, Van Cutsem E, Feyereislova A, et al. ToGA Trial Investigators. 
Trastuzumab in combination with chemotherapy versus chemotherapy 
alone for treatment of HER2-positive advanced gastric or gastro-oeso-
phageal junction cancer (ToGA): a phase 3, open-label, randomised 
controlled trial. Lancet. 2010; 376(9742): 687–697, doi: 10.1016/S0140-
-6736(10)61121-X, indexed in Pubmed: 20728210.

6.	 Szklener K, Piwoński M, Żak K, et al. Management of hepatocellular 
carcinoma with novel immunotherapeutic agents and prospects for 
the future. Nowotwory. Journal of Oncology. 2021; 71(6): 391–400, 
doi: 10.5603/njo.2021.0073.

7.	 Biagioni A, Skalamera I, Peri S, et al. Update on gastric cancer treatments 
and gene therapies. Cancer Metastasis Rev. 2019; 38(3): 537–548, doi: 
10.1007/s10555-019-09803-7, indexed in Pubmed: 31486976.

8.	 Arienti C, Pignatta S, Tesei A. Epidermal Growth Factor Receptor Family 
and its Role in Gastric Cancer. Front Oncol. 2019; 9: 1308, doi: 10.3389/
fonc.2019.01308, indexed in Pubmed: 31850207.

9.	 Iqbal N, Iqbal N. Human Epidermal Growth Factor Receptor 2 (HER2) 
in Cancers: Overexpression and Therapeutic Implications. Mol Biol Int. 
2014; 2014: 852748, doi: 10.1155/2014/852748, indexed in Pubmed: 
25276427.

10.	 Boku N. HER2-positive gastric cancer. Gastric Cancer. 2014; 17(1): 1–12, 
doi: 10.1007/s10120-013-0252-z, indexed in Pubmed: 23563986.

11.	 Palle J, Rochand A, Pernot S, et al. Human Epidermal Growth Factor 
Receptor 2 (HER2) in Advanced Gastric Cancer: Current Knowledge 
and Future Perspectives. Drugs. 2020; 80(4): 401–415, doi: 10.1007/
s40265-020-01272-5, indexed in Pubmed: 32077003.

12.	 Abrahao-Machado LF, Scapulatempo-Neto C. HER2 testing in gastric 
cancer: An update. World J Gastroenterol. 2016; 22(19): 4619–4625, doi: 
10.3748/wjg.v22.i19.4619, indexed in Pubmed: 27217694.

13.	 Croxtall JD, McKeage K. Trastuzumab: in HER2-positive metastatic 
gastric cancer. Drugs. 2010; 70(17): 2259–2267, doi: 10.2165/11205900-
000000000-00000, indexed in Pubmed: 21080742.

14.	 Merchant SJ, Kong W, Gyawali B, et al. Effectiveness of Trastuzumab 
in Routine Clinical Practice: A Population-based Study of Patients 
with HER-2-positive Oesophageal, Gastroesophageal and Gastric 
Cancer. Clin Oncol (R Coll Radiol). 2021; 33(3): 202–207, doi: 10.1016/j.
clon.2020.07.013, indexed in Pubmed: 32747152.

15.	 Cheng X, Lu Yi. A review of capecitabine-based adjuvant therapy for 
gastric cancer in the Chinese population. Future Oncol. 2018; 14(8): 
771–779, doi: 10.2217/fon-2017-0558, indexed in Pubmed: 29252007.

16.	 Ryu MH, Yoo C, Kim JG, et al. Multicenter phase II study of trastuzu-
mab in combination with capecitabine and oxaliplatin for advanced 
gastric cancer. Eur J Cancer. 2015; 51(4): 482–488, doi: 10.1016/j.
ejca.2014.12.015, indexed in Pubmed: 25661103.

17.	 Rivera F, Romero C, Jimenez-Fonseca P, et al. Phase II study to evaluate 
the efficacy of Trastuzumab in combination with Capecitabine and Oxa-
liplatin in first-line treatment of HER2-positive advanced gastric cancer: 
HERXO trial. Cancer Chemother Pharmacol. 2019; 83(6): 1175–1181, doi: 
10.1007/s00280-019-03820-7, indexed in Pubmed: 30927036.

18.	 Wang F, Liu TS, Yuan XL, et al. Trastuzumab plus docetaxel and capeci-
tabine as a first-line treatment for HER2-positive advanced gastric or 
gastroesophageal junction cancer: a phase II, multicenter, open-label, 
single-arm study. Am J Cancer Res. 2020; 10(9): 3037–3046, indexed 
in Pubmed: 33042632.

19.	 Keam SJ. Trastuzumab Deruxtecan: First Approval. Drugs. 2020; 80(5): 
501–508, doi: 10.1007/s40265-020-01281-4, indexed in Pubmed: 
32144719.

20.	 Shitara K, Iwata H, Takahashi S, et al. Trastuzumab deruxtecan (DS-
-8201a) in patients with advanced HER2-positive gastric cancer: 
a dose-expansion, phase 1 study. Lancet Oncol. 2019; 20(6): 827–836, 
doi: 10.1016/S1470-2045(19)30088-9, indexed in Pubmed: 31047804.

21.	 Shitara K, Bang YJ, Iwasa S, et al. DESTINY-Gastric01 Investigators. Trastu-
zumab Deruxtecan in Previously Treated HER2-Positive Gastric Cancer. 

mailto:przemyslaw.dymek97@gmail.com
http://dx.doi.org/10.1016/j.eclinm.2022.101404
https://www.ncbi.nlm.nih.gov/pubmed/35497064
http://dx.doi.org/10.5603/njo.2021.0044
http://dx.doi.org/10.5603/njo.2021.0044
http://dx.doi.org/10.1038/s41598-021-02391-z
https://www.ncbi.nlm.nih.gov/pubmed/34848751
http://dx.doi.org/10.1016/s0140-6736(20)31288-5
http://dx.doi.org/10.1016/S0140-6736(10)61121-X
http://dx.doi.org/10.1016/S0140-6736(10)61121-X
https://www.ncbi.nlm.nih.gov/pubmed/20728210
http://dx.doi.org/10.5603/njo.2021.0073
http://dx.doi.org/10.1007/s10555-019-09803-7
https://www.ncbi.nlm.nih.gov/pubmed/31486976
http://dx.doi.org/10.3389/fonc.2019.01308
http://dx.doi.org/10.3389/fonc.2019.01308
https://www.ncbi.nlm.nih.gov/pubmed/31850207
http://dx.doi.org/10.1155/2014/852748
https://www.ncbi.nlm.nih.gov/pubmed/25276427
http://dx.doi.org/10.1007/s10120-013-0252-z
https://www.ncbi.nlm.nih.gov/pubmed/23563986
http://dx.doi.org/10.1007/s40265-020-01272-5
http://dx.doi.org/10.1007/s40265-020-01272-5
https://www.ncbi.nlm.nih.gov/pubmed/32077003
http://dx.doi.org/10.3748/wjg.v22.i19.4619
https://www.ncbi.nlm.nih.gov/pubmed/27217694
http://dx.doi.org/10.2165/11205900-000000000-00000
http://dx.doi.org/10.2165/11205900-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/21080742
http://dx.doi.org/10.1016/j.clon.2020.07.013
http://dx.doi.org/10.1016/j.clon.2020.07.013
https://www.ncbi.nlm.nih.gov/pubmed/32747152
http://dx.doi.org/10.2217/fon-2017-0558
https://www.ncbi.nlm.nih.gov/pubmed/29252007
http://dx.doi.org/10.1016/j.ejca.2014.12.015
http://dx.doi.org/10.1016/j.ejca.2014.12.015
https://www.ncbi.nlm.nih.gov/pubmed/25661103
http://dx.doi.org/10.1007/s00280-019-03820-7
https://www.ncbi.nlm.nih.gov/pubmed/30927036
https://www.ncbi.nlm.nih.gov/pubmed/33042632
http://dx.doi.org/10.1007/s40265-020-01281-4
https://www.ncbi.nlm.nih.gov/pubmed/32144719
http://dx.doi.org/10.1016/S1470-2045(19)30088-9
https://www.ncbi.nlm.nih.gov/pubmed/31047804


316

N Engl J Med. 2020; 382(25): 2419–2430, doi: 10.1056/NEJMoa2004413, 
indexed in Pubmed: 32469182.

22.	 Ballantyne A, Dhillon S. Trastuzumab emtansine: first global approval. 
Drugs. 2013; 73(7): 755–765, doi: 10.1007/s40265-013-0050-2, indexed 
in Pubmed: 23620199.

23.	 Thuss-Patience PC, Shah MA, Ohtsu A, et al. Trastuzumab emtansine 
versus taxane use for previously treated HER2-positive locally advanced 
or metastatic gastric or gastro-oesophageal junction adenocarcinoma 
(GATSBY): an international randomised, open-label, adaptive, phase 
2/3 study. Lancet Oncol. 2017; 18(5): 640–653, doi: 10.1016/S1470-
2045(17)30111-0, indexed in Pubmed: 28343975.

24.	 Le Joncour V, Martins A, Puhka M, et al. A Novel Anti-HER2 Antibo-
dy-Drug Conjugate XMT-1522 for HER2-Positive Breast and Gastric 
Cancers Resistant to Trastuzumab Emtansine. Mol Cancer Ther. 2019; 
18(10): 1721–1730, doi: 10.1158/1535-7163.MCT-19-0207, indexed in 
Pubmed: 31292166.

25.	 Xu Z, Guo D, Jiang Z, et al. Novel HER2-Targeting Antibody-Drug Con-
jugates of Trastuzumab Beyond T-DM1 in Breast Cancer: Trastuzumab 
Deruxtecan(DS-8201a) and (Vic-)Trastuzumab Duocarmazine (SYD985). 
Eur J Med Chem. 2019; 183: 111682, doi: 10.1016/j.ejmech.2019.111682, 
indexed in Pubmed: 31563805.

26.	 Rinnerthaler G, Gampenrieder SP, Greil R. HER2 Directed Antibody-
-Drug-Conjugates beyond T-DM1 in Breast Cancer. Int J Mol Sci. 2019; 
20(5), doi: 10.3390/ijms20051115, indexed in Pubmed: 30841523.

27.	 ZW25 Effective in HER2-Positive Cancers. Cancer Discov. 2019; 9(1): 8, 
doi: 10.1158/2159-8290.CD-NB2018-162, indexed in Pubmed: 30504239.

28.	 Zhu Y, Tian T, Zou J, et al. Dual PI3K/mTOR inhibitor BEZ235 exerts 
extensive antitumor activity in HER2-positive gastric cancer. BMC 
Cancer. 2015; 15: 894, doi: 10.1186/s12885-015-1900-y, indexed in 
Pubmed: 26560145.

29.	 Richard S, Selle F, Lotz JP, et al. Pertuzumab and trastuzumab: the ra-
tionale way to synergy. An Acad Bras Cienc. 2016; 88 Suppl 1: 565–577, 
doi: 10.1590/0001-3765201620150178, indexed in Pubmed: 27275646.

30.	 Tabernero J, Hoff PM, Shen L, et al. Pertuzumab plus trastuzumab and 
chemotherapy for HER2-positive metastatic gastric or gastro-oeso-
phageal junction cancer (JACOB): final analysis of a double-blind, 
randomised, placebo-controlled phase 3 study. Lancet Oncol. 2018; 
19(10): 1372–1384, doi: 10.1016/S1470-2045(18)30481-9, indexed in 
Pubmed: 30217672.

31.	 Wagner AD, Grabsch HI, Mauer M, et al. EORTC-1203-GITCG - the “INNO-
VATION”-trial: Effect of chemotherapy alone versus chemotherapy plus 
trastuzumab, versus chemotherapy plus trastuzumab plus pertuzumab, 
in the perioperative treatment of HER2 positive, gastric and gastro-
esophageal junction adenocarcinoma on pathologic response rate: 
a randomized phase II-intergroup trial of the EORTC-Gastrointestinal 
Tract Cancer Group, Korean Cancer Study Group and Dutch Upper 
GI-Cancer group. BMC Cancer. 2019; 19(1): 494, doi: 10.1186/s12885-
019-5675-4, indexed in Pubmed: 31126258.

32.	 Kreutzfeldt J, Rozeboom B, Dey N, et al. The trastuzumab era: current 
and upcoming targeted HER2+ breast cancer therapies. Am J Cancer 
Res. 2020; 10(4): 1045–1067, indexed in Pubmed: 32368385.

33.	 Catenacci D, Kang YK, Park H, et al. Margetuximab plus pembrolizumab 
in patients with previously treated, HER2-positive gastro-oesopha-
geal adenocarcinoma (CP-MGAH22–05): a single-arm, phase 1b–2 
trial. Lancet Oncol. 2020; 21(8): 1066–1076, doi: 10.1016/s1470-
2045(20)30326-0.

34.	 Catenacci DVt, Rosales M, Chung HC, et al. MAHOGANY: margetuximab 
combination in HER2+ unresectable/metastatic gastric/gastroesopha-
geal junction adenocarcinoma. Future Oncol. 2021; 17(10): 1155–1164, 
doi: 10.2217/fon-2020-1007, indexed in Pubmed: 33263418.

35.	 Wecker H, Waller CF. Afatinib. Recent Results Cancer Res. 2018; 211: 199–
215, doi: 10.1007/978-3-319-91442-8_14, indexed in Pubmed: 30069769.

36.	 Ebert K, Zwingenberger G, Barbaria E, et al. Effects of trastuzumab and 
afatinib on kinase activity in gastric cancer cell lines. Mol Oncol. 2018; 
12(4): 441–462, doi: 10.1002/1878-0261.12170, indexed in Pubmed: 
29325228.

37.	 Zarkavelis G, Samantas E, Koliou GA, et al. AGAPP: efficacy of first-
-line cisplatin, 5-fluorouracil with afatinib in inoperable gastric 
and gastroesophageal junction carcinomas. A Hellenic Coopera-
tive Oncology Group study. Acta Oncol. 2021; 60(6): 785–793, doi: 
10.1080/0284186X.2021.1912822, indexed in Pubmed: 34003074.

38.	 Voigtlaender M, Schneider-Merck T, Trepel M. Lapatinib. Recent Results 
Cancer Res. 2018; 211: 19–44, doi: 10.1007/978-3-319-91442-8_2, 
indexed in Pubmed: 30069757.

39.	 Moehler M, Schad A, Maderer A, et al. EORTC Gastrointestinal Tract Can-
cer Group. Lapatinib with ECF/X in the first-line treatment of metastatic 

gastric cancer according to HER2neu and EGFR status: a randomized 
placebo-controlled phase II study (EORTC 40071). Cancer Chemother 
Pharmacol. 2018; 82(4): 733–739, doi: 10.1007/s00280-018-3667-8, 
indexed in Pubmed: 30105460.

40.	 Press MF, Ellis CE, Gagnon RC, et al. Lapatinib in Combination With 
Capecitabine Plus Oxaliplatin in Human Epidermal Growth Factor 
Receptor 2-Positive Advanced or Metastatic Gastric, Esophageal, or 
Gastroesophageal Adenocarcinoma: TRIO-013/LOGiC--A Randomi-
zed Phase III Trial. J Clin Oncol. 2016; 34(5): 443–451, doi: 10.1200/
JCO.2015.62.6598, indexed in Pubmed: 26628478.

41.	 Satoh T, Xu RH, Chung HC, et al. Lapatinib plus paclitaxel versus paclita-
xel alone in the second-line treatment of HER2-amplified advanced ga-
stric cancer in Asian populations: TyTAN--a randomized, phase III study. 
J Clin Oncol. 2014; 32(19): 2039–2049, doi: 10.1200/JCO.2013.53.6136, 
indexed in Pubmed: 24868024.

42.	 Hamzehlou S, Momeny M, Zandi Z, et al. Anti-tumor activity of neratinib, 
a pan-HER inhibitor, in gastric adenocarcinoma cells. Eur J Pharmacol. 
2019; 863: 172705, doi: 10.1016/j.ejphar.2019.172705, indexed in 
Pubmed: 31574259.

43.	 Kim TM, Lee KW, Oh DY, et al. Phase 1 Studies of Poziotinib, an Irre-
versible Pan-HER Tyrosine Kinase Inhibitor in Patients with Advanced 
Solid Tumors. Cancer Res Treat. 2018; 50(3): 835–842, doi: 10.4143/
crt.2017.303, indexed in Pubmed: 28859471.

44.	 Kim TY, Han HS, Lee KW, et al. A phase I/II study of poziotinib combined 
with paclitaxel and trastuzumab in patients with HER2-positive advan-
ced gastric cancer. Gastric Cancer. 2019; 22(6): 1206–1214, doi: 10.1007/
s10120-019-00958-4, indexed in Pubmed: 30945121.

45.	 Han Y, Liu D, Li L. PD-1/PD-L1 pathway: current researches in cancer. 
Am J Cancer Res. 2020; 10(3): 727–742, indexed in Pubmed: 32266087.

46.	 Qin W, Hu L, Zhang X, et al. The Diverse Function of PD-1/PD-L Pa-
thway Beyond Cancer. Front Immunol. 2019; 10: 2298, doi: 10.3389/
fimmu.2019.02298, indexed in Pubmed: 31636634.

47.	 Wu X, Gu Z, Chen Y, et al. Application of PD-1 Blockade in Cancer 
Immunotherapy. Comput Struct Biotechnol J. 2019; 17: 661–674, doi: 
10.1016/j.csbj.2019.03.006, indexed in Pubmed: 31205619.

48.	 Patel SP, Kurzrock R. PD-L1 Expression as a Predictive Biomarker in 
Cancer Immunotherapy. Mol Cancer Ther. 2015; 14(4): 847–856, doi: 
10.1158/1535-7163.MCT-14-0983, indexed in Pubmed: 25695955.

49.	 Gu L, Chen M, Guo D, et al. PD-L1 and gastric cancer prognosis: 
A systematic review and meta-analysis. PLoS One. 2017; 12(8): 
e0182692, doi: 10.1371/journal.pone.0182692, indexed in Pub-
med: 28796808.

50.	 Lin C, He H, Liu H, et al. Tumour-associated macrophages-derived 
CXCL8 determines immune evasion through autonomous PD-L1 
expression in gastric cancer. Gut. 2019; 68(10): 1764–1773, doi: 10.1136/
gutjnl-2018-316324, indexed in Pubmed: 30661053.

51.	 Wang X, Wu WKK, Gao J, et al. Autophagy inhibition enhances PD-L1 
expression in gastric cancer. J Exp Clin Cancer Res. 2019; 38(1): 140, doi: 
10.1186/s13046-019-1148-5, indexed in Pubmed: 30925913.

52.	 Kamath SD, Kalyan A, Benson AlB. Pembrolizumab for the treatment 
of gastric cancer. Expert Rev Anticancer Ther. 2018; 18(12): 1177–1187, 
doi: 10.1080/14737140.2018.1526084, indexed in Pubmed: 30280940.

53.	 Fuchs CS, Doi T, Jang RW, et al. Safety and Efficacy of Pembrolizumab 
Monotherapy in Patients With Previously Treated Advanced Gastric 
and  Gastroesophageal Junction Cancer: Phase 2 Clinical KEYNO-
TE-059 Trial. JAMA Oncol. 2018; 4(5): e180013, doi: 10.1001/jamaon-
col.2018.0013, indexed in Pubmed: 29543932.

54.	 Shitara K, Özgüroğlu M, Bang YJ, et al. KEYNOTE-061 investigators. Pem-
brolizumab versus paclitaxel for previously treated, advanced gastric 
or gastro-oesophageal junction cancer (KEYNOTE-061): a randomised, 
open-label, controlled, phase 3 trial. Lancet. 2018; 392(10142): 123–133, 
doi: 10.1016/S0140-6736(18)31257-1, indexed in Pubmed: 29880231.

55.	 Fuchs CS, Özgüroğlu M, Bang YJ, et al. Pembrolizumab versus paclitaxel 
for previously treated PD-L1-positive advanced gastric or gastroeso-
phageal junction cancer: 2-year update of the randomized phase 3 
KEYNOTE-061 trial. Gastric Cancer. 2022; 25(1): 197–206, doi: 10.1007/
s10120-021-01227-z, indexed in Pubmed: 34468869.

56.	 Shitara K, Cutsem EV, Bang YJ, et al. Efficacy and Safety of Pembrolizu-
mab or Pembrolizumab Plus Chemotherapy vs Chemotherapy Alone 
for Patients With First-line, Advanced Gastric Cancer. JAMA Oncol. 
2020; 6(10): 1571–1580, doi: 10.1001/jamaoncol.2020.3370, indexed 
in Pubmed: 32880601.

57.	 Kawazoe A, Yamaguchi K, Yasui H, et al. Safety and efficacy of pem-
brolizumab in combination with S-1 plus oxaliplatin as a first-line 
treatment in patients with advanced gastric/gastroesophageal junc-
tion cancer: Cohort 1 data from the KEYNOTE-659 phase IIb study. Eur 

http://dx.doi.org/10.1056/NEJMoa2004413
https://www.ncbi.nlm.nih.gov/pubmed/32469182
http://dx.doi.org/10.1007/s40265-013-0050-2
https://www.ncbi.nlm.nih.gov/pubmed/23620199
http://dx.doi.org/10.1016/S1470-2045(17)30111-0
http://dx.doi.org/10.1016/S1470-2045(17)30111-0
https://www.ncbi.nlm.nih.gov/pubmed/28343975
http://dx.doi.org/10.1158/1535-7163.MCT-19-0207
https://www.ncbi.nlm.nih.gov/pubmed/31292166
http://dx.doi.org/10.1016/j.ejmech.2019.111682
https://www.ncbi.nlm.nih.gov/pubmed/31563805
http://dx.doi.org/10.3390/ijms20051115
https://www.ncbi.nlm.nih.gov/pubmed/30841523
http://dx.doi.org/10.1158/2159-8290.CD-NB2018-162
https://www.ncbi.nlm.nih.gov/pubmed/30504239
http://dx.doi.org/10.1186/s12885-015-1900-y
https://www.ncbi.nlm.nih.gov/pubmed/26560145
http://dx.doi.org/10.1590/0001-3765201620150178
https://www.ncbi.nlm.nih.gov/pubmed/27275646
http://dx.doi.org/10.1016/S1470-2045(18)30481-9
https://www.ncbi.nlm.nih.gov/pubmed/30217672
http://dx.doi.org/10.1186/s12885-019-5675-4
http://dx.doi.org/10.1186/s12885-019-5675-4
https://www.ncbi.nlm.nih.gov/pubmed/31126258
https://www.ncbi.nlm.nih.gov/pubmed/32368385
http://dx.doi.org/10.1016/s1470-2045(20)30326-0
http://dx.doi.org/10.1016/s1470-2045(20)30326-0
http://dx.doi.org/10.2217/fon-2020-1007
https://www.ncbi.nlm.nih.gov/pubmed/33263418
http://dx.doi.org/10.1007/978-3-319-91442-8_14
https://www.ncbi.nlm.nih.gov/pubmed/30069769
http://dx.doi.org/10.1002/1878-0261.12170
https://www.ncbi.nlm.nih.gov/pubmed/29325228
http://dx.doi.org/10.1080/0284186X.2021.1912822
https://www.ncbi.nlm.nih.gov/pubmed/34003074
http://dx.doi.org/10.1007/978-3-319-91442-8_2
https://www.ncbi.nlm.nih.gov/pubmed/30069757
http://dx.doi.org/10.1007/s00280-018-3667-8
https://www.ncbi.nlm.nih.gov/pubmed/30105460
http://dx.doi.org/10.1200/JCO.2015.62.6598
http://dx.doi.org/10.1200/JCO.2015.62.6598
https://www.ncbi.nlm.nih.gov/pubmed/26628478
http://dx.doi.org/10.1200/JCO.2013.53.6136
https://www.ncbi.nlm.nih.gov/pubmed/24868024
http://dx.doi.org/10.1016/j.ejphar.2019.172705
https://www.ncbi.nlm.nih.gov/pubmed/31574259
http://dx.doi.org/10.4143/crt.2017.303
http://dx.doi.org/10.4143/crt.2017.303
https://www.ncbi.nlm.nih.gov/pubmed/28859471
http://dx.doi.org/10.1007/s10120-019-00958-4
http://dx.doi.org/10.1007/s10120-019-00958-4
https://www.ncbi.nlm.nih.gov/pubmed/30945121
https://www.ncbi.nlm.nih.gov/pubmed/32266087
http://dx.doi.org/10.3389/fimmu.2019.02298
http://dx.doi.org/10.3389/fimmu.2019.02298
https://www.ncbi.nlm.nih.gov/pubmed/31636634
http://dx.doi.org/10.1016/j.csbj.2019.03.006
https://www.ncbi.nlm.nih.gov/pubmed/31205619
http://dx.doi.org/10.1158/1535-7163.MCT-14-0983
https://www.ncbi.nlm.nih.gov/pubmed/25695955
http://dx.doi.org/10.1371/journal.pone.0182692
https://www.ncbi.nlm.nih.gov/pubmed/28796808
http://dx.doi.org/10.1136/gutjnl-2018-316324
http://dx.doi.org/10.1136/gutjnl-2018-316324
https://www.ncbi.nlm.nih.gov/pubmed/30661053
http://dx.doi.org/10.1186/s13046-019-1148-5
https://www.ncbi.nlm.nih.gov/pubmed/30925913
http://dx.doi.org/10.1080/14737140.2018.1526084
https://www.ncbi.nlm.nih.gov/pubmed/30280940
https://www.ncbi.nlm.nih.gov/pubmed/29543932
http://dx.doi.org/10.1016/S0140-6736(18)31257-1
https://www.ncbi.nlm.nih.gov/pubmed/29880231
http://dx.doi.org/10.1007/s10120-021-01227-z
http://dx.doi.org/10.1007/s10120-021-01227-z
https://www.ncbi.nlm.nih.gov/pubmed/34468869
http://dx.doi.org/10.1001/jamaoncol.2020.3370
https://www.ncbi.nlm.nih.gov/pubmed/32880601


317

J Cancer. 2020; 129: 97–106, doi: 10.1016/j.ejca.2020.02.002, indexed 
in Pubmed: 32145474.

58.	 Chung HC, Bang YJ, S Fuchs C, et al. First-line pembrolizumab/placebo 
plus trastuzumab and chemotherapy in HER2-positive advanced gastric 
cancer: KEYNOTE-811. Future Oncol. 2021; 17(5): 491–501, doi: 10.2217/
fon-2020-0737, indexed in Pubmed: 33167735.

59.	 Tabernero J, Bang YJ, Van Cutsem E, et al. KEYNOTE-859: a Phase III study 
of pembrolizumab plus chemotherapy in gastric/gastroesophageal 
junction adenocarcinoma. Future Oncol. 2021; 17(22): 2847–2855, doi: 
10.2217/fon-2021-0176, indexed in Pubmed: 33975465.

60.	 Kono K, Nakajima S, Mimura K. Current status of immune checkpoint 
inhibitors for gastric cancer. Gastric Cancer. 2020; 23(4): 565–578, doi: 
10.1007/s10120-020-01090-4, indexed in Pubmed: 32468420.

61.	 Kang YK, Boku N, Satoh T, et al. Nivolumab in patients with advanced 
gastric or gastro-oesophageal junction cancer refractory to, or intole-
rant of, at least two previous chemotherapy regimens (ONO-4538-12, 
ATTRACTION-2): a randomised, double-blind, placebo-controlled, 
phase 3 trial. Lancet. 2017; 390(10111): 2461–2471, doi: 10.1016/S0140-
6736(17)31827-5, indexed in Pubmed: 28993052.

62.	 Kato K, Cho BC, Takahashi M, et al. Nivolumab versus chemotherapy 
in patients with advanced oesophageal squamous cell carcinoma 
refractory or intolerant to previous chemotherapy (ATTRACTION-3): 
a multicentre, randomised, open-label, phase 3 trial. Lancet Oncol. 
2019; 20(11): 1506–1517, doi: 10.1016/S1470-2045(19)30626-6, indexed 
in Pubmed: 31582355.

63.	 Boku N, Ryu MH, Kato K, et al. Safety and efficacy of nivolumab in 
combination with S-1/capecitabine plus oxaliplatin in patients with 
previously untreated, unresectable, advanced, or recurrent gastric/
gastroesophageal junction cancer: interim results of a randomized, 
phase II trial (ATTRACTION-4). Ann Oncol. 2019; 30(2): 250–258, doi: 
10.1093/annonc/mdy540, indexed in Pubmed: 30566590.

64.	 Kang YK, Chen LT, Ryu MH, et al. Nivolumab plus chemotherapy versus 
placebo plus chemotherapy in patients with HER2-negative, untreated, 
unresectable advanced or recurrent gastric or gastro-oesophageal 
junction cancer (ATTRACTION-4): a randomised, multicentre, double-
-blind, placebo-controlled, phase 3 trial. Lancet Oncol. 2022; 23(2): 
234–247, doi: 10.1016/S1470-2045(21)00692-6, indexed in Pubmed: 
35030335.

65.	 Roviello G, D’Angelo A, Generali D, et al. Avelumab in gastric cancer. 
Immunotherapy. 2019; 11(9): 759–768, doi: 10.2217/imt-2019-0011, 
indexed in Pubmed: 31060469.

66.	 Bang YJ, Ruiz EY, Van Cutsem E, et al. Phase III, randomised trial of 
avelumab versus physician’s choice of chemotherapy as third-line 
treatment of patients with advanced gastric or gastro-oesophageal 
junction cancer: primary analysis of JAVELIN Gastric 300. Ann Oncol. 
2018; 29(10): 2052–2060, doi: 10.1093/annonc/mdy264, indexed in 
Pubmed: 30052729.

67.	 Moehler M, Dvorkin M, Boku N, et al. Phase III Trial of Avelumab Main-
tenance After First-Line Induction Chemotherapy Versus Continuation 
of Chemotherapy in Patients With Gastric Cancers: Results From 
JAVELIN Gastric 100. J Clin Oncol. 2021; 39(9): 966–977, doi: 10.1200/
JCO.20.00892, indexed in Pubmed: 33197226.

68.	 Bang YJ, Golan T, Dahan L, et al. Ramucirumab and durvalumab for 
previously treated, advanced non-small-cell lung cancer, gastric/gastro-
-oesophageal junction adenocarcinoma, or hepatocellular carcinoma: 
An open-label, phase Ia/b study (JVDJ). Eur J Cancer. 2020; 137: 272–284, 
doi: 10.1016/j.ejca.2020.06.007, indexed in Pubmed: 32827847.

69.	 Kelly RJ, Lee J, Bang YJ, et al. Safety and Efficacy of Durvalumab and Tre-
melimumab Alone or in Combination in Patients with Advanced Gastric 
and Gastroesophageal Junction Adenocarcinoma. Clin Cancer Res. 
2020; 26(4): 846–854, doi: 10.1158/1078-0432.CCR-19-2443, indexed 
in Pubmed: 31676670.

70.	 Evrard C, Louvet C, Hajbi FEl, et al. PRODIGE 59-DURIGAST trial: A ran-
domised phase II study evaluating FOLFIRI + Durvalumab ± Tremeli-
mumab in second-line of patients with advanced gastric cancer. Dig 
Liver Dis. 2021; 53(4): 420–426, doi: 10.1016/j.dld.2020.11.036, indexed 
in Pubmed: 33358124.

71.	 Janjigian YY, Van Cutsem E, Muro K, et al. MATTERHORN: phase III study 
of durvalumab plus FLOT chemotherapy in resectable gastric/gastro-
esophageal junction cancer. Future Oncol. 2022; 18(20): 2465–2473, doi: 
10.2217/fon-2022-0093, indexed in Pubmed: 35535555.

72.	 Yu S, Yi M, Qin S, et al. Next generation chimeric antigen receptor 
T cells: safety strategies to overcome toxicity. Mol Cancer. 2019; 
18(1): 125, doi: 10.1186/s12943-019-1057-4, indexed in Pubmed: 
31429760.

73.	 Chmielewski M, Abken H. TRUCKs: the fourth generation 
of CARs. Expert Opin Biol Ther. 2015; 15(8): 1145–1154, doi: 
10.1517/14712598.2015.1046430, indexed in Pubmed: 25985798.

74.	 June CH, Sadelain M. Chimeric Antigen Receptor Therapy. N Engl 
J Med. 2018; 379(1): 64–73, doi: 10.1056/NEJMra1706169, indexed in 
Pubmed: 29972754.

75.	 Brudno JN, Kochenderfer JN. Toxicities of chimeric antigen receptor T 
cells: recognition and management. Blood. 2016; 127(26): 3321–3330, 
doi: 10.1182/blood-2016-04-703751, indexed in Pubmed: 27207799.

76.	 Jiang H, Shi Z, Wang P, et al. Claudin18.2-Specific Chimeric Antigen 
Receptor Engineered T Cells for the Treatment of Gastric Cancer. J Natl 
Cancer Inst. 2019; 111(4): 409–418, doi: 10.1093/jnci/djy134, indexed 
in Pubmed: 30203099.

77.	 Sampera A, Sánchez-Martín FJ, Arpí O, et al. HER-Family Ligands Promo-
te Acquired Resistance to Trastuzumab in Gastric Cancer. Mol Cancer 
Ther. 2019; 18(11): 2135–2145, doi: 10.1158/1535-7163.MCT-19-0455, 
indexed in Pubmed: 31484705.

78.	 Tang L, Long Z, Zhao Na, et al. NES1/KLK10 promotes trastuzumab 
resistance via activation of PI3K/AKT signaling pathway in gastric 
cancer. J Cell Biochem. 2018; 119(8): 6398–6407, doi: 10.1002/jcb.26562, 
indexed in Pubmed: 29231994.

79.	 Wang W, Wang S, Xu AM, et al. Overexpression of GSE1 Related to Tra-
stuzumab Resistance in Gastric Cancer Cells. Biomed Res Int. 2021; 2021: 
8834923, doi: 10.1155/2021/8834923, indexed in Pubmed: 33623790.

80.	 Wang S, Zhao Y, Song Y, et al. ERBB2D16 Expression in HER2 Positive 
Gastric Cancer Is Associated With Resistance to Trastuzumab. Front 
Oncol. 2022; 12: 855308, doi: 10.3389/fonc.2022.855308, indexed in 
Pubmed: 35463314.

81.	 Wang DS, Liu ZX, Lu YX, et al. Liquid biopsies to track trastuzumab 
resistance in metastatic HER2-positive gastric cancer. Gut. 2019; 68(7): 
1152–1161, doi: 10.1136/gutjnl-2018-316522, indexed in Pubmed: 
30269082.

82.	 Ebert K, Haffner I, Zwingenberger G, et al. Combining gene expression 
analysis of gastric cancer cell lines and tumor specimens to identify 
biomarkers for anti-HER therapies-the role of HAS2, SHB and HBEGF. 
BMC Cancer. 2022; 22(1): 254, doi: 10.1186/s12885-022-09335-4, inde-
xed in Pubmed: 35264144.

83.	 Sawaya S, Bagshaw A, Buschiazzo E, et al. Microsatellite tandem 
repeats are abundant in human promoters and are associated with 
regulatory elements. PLoS One. 2013; 8(2): e54710, doi: 10.1371/journal.
pone.0054710, indexed in Pubmed: 23405090.

84.	 Baretti M, Le DT. DNA mismatch repair in cancer. Pharmacol Ther. 
2018; 189: 45–62, doi: 10.1016/j.pharmthera.2018.04.004, indexed in 
Pubmed: 29669262.

85.	 Puliga E, Corso S, Pietrantonio F, et al. Microsatellite instability in Ga-
stric Cancer: Between lights and shadows. Cancer Treat Rev. 2021; 95: 
102175, doi: 10.1016/j.ctrv.2021.102175, indexed in Pubmed: 33721595.

86.	 Marabelle A, Le DT, Ascierto PA, et al. Efficacy of Pembrolizumab in 
Patients With Noncolorectal High Microsatellite Instability/Mismatch 
Repair-Deficient Cancer: Results From the Phase II KEYNOTE-158 Study. 
J Clin Oncol. 2020; 38(1): 1–10, doi: 10.1200/JCO.19.02105, indexed in 
Pubmed: 31682550.

87.	 Wang YL, Gong Y, Lv Z, et al. Expression of PD1/PDL1 in gastric cancer 
at different microsatellite status and its correlation with infiltrating 
immune cells in the tumor microenvironment. J Cancer. 2021; 12(6): 
1698–1707, doi: 10.7150/jca.40500, indexed in Pubmed: 33613757.

88.	 Saito M, Kono K. Landscape of EBV-positive gastric cancer. Gastric Can-
cer. 2021; 24(5): 983–989, doi: 10.1007/s10120-021-01215-3, indexed 
in Pubmed: 34292431.

89.	 Lima Á, Sousa H, Medeiros R, et al. PD-L1 expression in EBV associated 
gastric cancer: a systematic review and meta-analysis. Discov Oncol. 2022; 
13(1): 19, doi: 10.1007/s12672-022-00479-0, indexed in Pubmed: 35318527.

90.	 Alessandrini L, Manchi M, De Re V, et al. Proposed Molecular and miRNA 
Classification of Gastric Cancer. Int J Mol Sci. 2018; 19(6), doi: 10.3390/
ijms19061683, indexed in Pubmed: 29882766.

91.	 Chen Di, Ping S, Xu Y, et al. Non-Coding RNAs in Gastric Cancer: From 
Malignant Hallmarks to Clinical Applications. Front Cell Dev Biol. 2021; 9: 
732036, doi: 10.3389/fcell.2021.732036, indexed in Pubmed: 34805143.

92.	 Li W, Liu JQ, Chen M, et al. Circular RNA in cancer development and im-
mune regulation. J Cell Mol Med. 2022; 26(6): 1785–1798, doi: 10.1111/
jcmm.16102, indexed in Pubmed: 33277969.

93.	 Chen DL, Sheng H, Zhang DS, et al. The circular RNA circDLG1 pro-
motes gastric cancer progression and anti-PD-1 resistance through 
the regulation of CXCL12 by sponging miR-141-3p. Mol Cancer. 2021; 
20(1): 166, doi: 10.1186/s12943-021-01475-8, indexed in Pubmed: 
34911533.

http://dx.doi.org/10.1016/j.ejca.2020.02.002
https://www.ncbi.nlm.nih.gov/pubmed/32145474
http://dx.doi.org/10.2217/fon-2020-0737
http://dx.doi.org/10.2217/fon-2020-0737
https://www.ncbi.nlm.nih.gov/pubmed/33167735
http://dx.doi.org/10.2217/fon-2021-0176
https://www.ncbi.nlm.nih.gov/pubmed/33975465
http://dx.doi.org/10.1007/s10120-020-01090-4
https://www.ncbi.nlm.nih.gov/pubmed/32468420
http://dx.doi.org/10.1016/S0140-6736(17)31827-5
http://dx.doi.org/10.1016/S0140-6736(17)31827-5
https://www.ncbi.nlm.nih.gov/pubmed/28993052
http://dx.doi.org/10.1016/S1470-2045(19)30626-6
https://www.ncbi.nlm.nih.gov/pubmed/31582355
http://dx.doi.org/10.1093/annonc/mdy540
https://www.ncbi.nlm.nih.gov/pubmed/30566590
http://dx.doi.org/10.1016/S1470-2045(21)00692-6
https://www.ncbi.nlm.nih.gov/pubmed/35030335
http://dx.doi.org/10.2217/imt-2019-0011
https://www.ncbi.nlm.nih.gov/pubmed/31060469
http://dx.doi.org/10.1093/annonc/mdy264
https://www.ncbi.nlm.nih.gov/pubmed/30052729
http://dx.doi.org/10.1200/JCO.20.00892
http://dx.doi.org/10.1200/JCO.20.00892
https://www.ncbi.nlm.nih.gov/pubmed/33197226
http://dx.doi.org/10.1016/j.ejca.2020.06.007
https://www.ncbi.nlm.nih.gov/pubmed/32827847
http://dx.doi.org/10.1158/1078-0432.CCR-19-2443
https://www.ncbi.nlm.nih.gov/pubmed/31676670
http://dx.doi.org/10.1016/j.dld.2020.11.036
https://www.ncbi.nlm.nih.gov/pubmed/33358124
http://dx.doi.org/10.2217/fon-2022-0093
https://www.ncbi.nlm.nih.gov/pubmed/35535555
http://dx.doi.org/10.1186/s12943-019-1057-4
https://www.ncbi.nlm.nih.gov/pubmed/31429760
http://dx.doi.org/10.1517/14712598.2015.1046430
https://www.ncbi.nlm.nih.gov/pubmed/25985798
http://dx.doi.org/10.1056/NEJMra1706169
https://www.ncbi.nlm.nih.gov/pubmed/29972754
http://dx.doi.org/10.1182/blood-2016-04-703751
https://www.ncbi.nlm.nih.gov/pubmed/27207799
http://dx.doi.org/10.1093/jnci/djy134
https://www.ncbi.nlm.nih.gov/pubmed/30203099
http://dx.doi.org/10.1158/1535-7163.MCT-19-0455
https://www.ncbi.nlm.nih.gov/pubmed/31484705
http://dx.doi.org/10.1002/jcb.26562
https://www.ncbi.nlm.nih.gov/pubmed/29231994
http://dx.doi.org/10.1155/2021/8834923
https://www.ncbi.nlm.nih.gov/pubmed/33623790
http://dx.doi.org/10.3389/fonc.2022.855308
https://www.ncbi.nlm.nih.gov/pubmed/35463314
http://dx.doi.org/10.1136/gutjnl-2018-316522
https://www.ncbi.nlm.nih.gov/pubmed/30269082
http://dx.doi.org/10.1186/s12885-022-09335-4
https://www.ncbi.nlm.nih.gov/pubmed/35264144
http://dx.doi.org/10.1371/journal.pone.0054710
http://dx.doi.org/10.1371/journal.pone.0054710
https://www.ncbi.nlm.nih.gov/pubmed/23405090
http://dx.doi.org/10.1016/j.pharmthera.2018.04.004
https://www.ncbi.nlm.nih.gov/pubmed/29669262
http://dx.doi.org/10.1016/j.ctrv.2021.102175
https://www.ncbi.nlm.nih.gov/pubmed/33721595
http://dx.doi.org/10.1200/JCO.19.02105
https://www.ncbi.nlm.nih.gov/pubmed/31682550
http://dx.doi.org/10.7150/jca.40500
https://www.ncbi.nlm.nih.gov/pubmed/33613757
http://dx.doi.org/10.1007/s10120-021-01215-3
https://www.ncbi.nlm.nih.gov/pubmed/34292431
http://dx.doi.org/10.1007/s12672-022-00479-0
https://www.ncbi.nlm.nih.gov/pubmed/35318527
http://dx.doi.org/10.3390/ijms19061683
http://dx.doi.org/10.3390/ijms19061683
https://www.ncbi.nlm.nih.gov/pubmed/29882766
http://dx.doi.org/10.3389/fcell.2021.732036
https://www.ncbi.nlm.nih.gov/pubmed/34805143
http://dx.doi.org/10.1111/jcmm.16102
http://dx.doi.org/10.1111/jcmm.16102
https://www.ncbi.nlm.nih.gov/pubmed/33277969
http://dx.doi.org/10.1186/s12943-021-01475-8
https://www.ncbi.nlm.nih.gov/pubmed/34911533


318

94.	 Li C, Shen Q, Zhang P, et al. Targeting MUS81 promotes the anticancer 
effect of WEE1 inhibitor and immune checkpoint blocking combination 
therapy via activating cGAS/STING signaling in gastric cancer cells. J Exp 
Clin Cancer Res. 2021; 40(1): 315, doi: 10.1186/s13046-021-02120-4, 
indexed in Pubmed: 34625086.

95.	 Sahin U, Türeci Ö, Manikhas G, et al. FAST: a randomised phase II study 
of zolbetuximab (IMAB362) plus EOX versus EOX alone for first-line 
treatment of advanced CLDN18.2-positive gastric and gastro-oesopha-
geal adenocarcinoma. Ann Oncol. 2021; 32(5): 609–619, doi: 10.1016/j.
annonc.2021.02.005, indexed in Pubmed: 33610734.

http://dx.doi.org/10.1186/s13046-021-02120-4
https://www.ncbi.nlm.nih.gov/pubmed/34625086
http://dx.doi.org/10.1016/j.annonc.2021.02.005
http://dx.doi.org/10.1016/j.annonc.2021.02.005
https://www.ncbi.nlm.nih.gov/pubmed/33610734


319

Radiotherapy in the combined treatment
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�Combined radiotherapy and chemotherapy is a standard procedure in radical treatment of many cancers. The objective 
of chemoradiotherapy is to increase loco-regional control, to reduce the risk of distant metastases and to prolong survival, 
and thus to improve treatment efficiency with less mutilating therapies. Concurrent chemoradiotherapy, however, is 
more toxic than chemotherapy and radiotherapy alone or sequential application of these methods. Optimalisation of 
combined treatment requires further research. New possibilities arise with inclusion of targeted treatment and immu-
notherapy in classical chemoradiotherapy. 
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Historically, the first method of treating neoplasms was surgery. 
Inclusion of radiation in neoplasm therapies allowed combina-
tion of those two methods. For several decades, radiotherapy 
supplementing surgery affected improvement of loco-regional 
control. Unfortunately, a range of factors specific for the tumour 
itself and for the patient limited efficiency of surgery alone, 
radiotherapy alone, and combination of the two methods as 
well. Among these factors, one should list impossibility to re-
move excessive tissue volumes and inability to deliver the high 
radiation dose to the target area due to the threat of permanent 
damage to healthy tissues. Inability of efficient anti-cancer the-
rapy using only local treatment methods is also associated with 
infiltration of surrounding tissues beyond outside the primary 
tumour, metastases to distant organs and micro-metastases. 
The concept of multi-modal oncological treatment including 
systemic treatment created a chance to surpass the limitations 
involved in surgery and radiotherapy.

Currently, combination of radiotherapy and chemotherapy 
is a standard procedure in radical treatment of many cancers 
[1–3]. The objective of chemoradiotherapy is to increase loco-
-regional control, to reduce the risk of distant metastases and to 

prolong survival, and thus to improve treatment efficiency. It is 
assumed that combination of these methods makes the tre-
atment less mutilating, allowing for preservation of organs 
and their functions [4, 5].

Chemoradiotherapy was applied for the first time in the 
early 1950s. The first cytostatic agent used in combination with 
radiotherapy was 5-fluorouracil [6]. Before the end of the 1950s, 
5-fluorouracil was successfully implemented in combination 
with radiotherapy in treatment of gastrointestinal cancers, 
cervical cancers and head and neck cancers [7].

Originally, it was believed that radiotherapy and chemo-
therapy are interdependent in terms of efficiency and toxici-
ty. The theoretical background for combining radiotherapy 
and chemotherapy was developed in 1979 by Steel and Pe-
ckham [8]. They described four potential ways how combined 
therapy might improve the therapeutic index, now known as 
Steel Paradigm: 
•	 spatial cooperation, 
•	 toxicity independence, 
•	 better protection of normal tissues, 
•	 enhancement of tumour response [4, 5, 8]. 
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Spatial cooperation
The concept of spatial cooperation assumes that radiotherapy 
and chemotherapy act entirely independently from each other. 
Radiotherapy acts loco-regionally, destroying the primary neo-
plastic tumour, while the systemic therapy is mainly focused 
on destroying micro-metastases. According to the concept 
of spatial cooperation, no interaction between chemothe-
rapy and radiotherapy is needed – radiotherapy has local 
effect and chemotherapy acts on disease outside a radiation 
field and these effects accumulate. This approach to bene-
fits of chemoradiotherapy can be illustrated with sequential 
chemotherapy and radiotherapy in breast cancer, as well as 
prophylactic brain radiation after completing chemotherapy 
in small-cell lung cancer. 

Toxicity independence
Originally Steel and Peckham [8] assumed that as toxicity of 
cytostatic agents and radiation do not overlap, it would possible 
to kill cancer cells without enhancement of the toxic effect to 
healthy tissue. The concept of spatial cooperation provided exac-
tly for independent toxicity of radiotherapy and chemotherapy, 
enabling relevant protection of healthy tissues and enhanced 
response to treatment with concurrent application of the two 
methods. However, this was not achieved in clinical practice. 
It was shown that concurrent introduction of chemotherapy 
and radiotherapy increases side effects of the anticancer therapy. 
In fakct toxicity adds up and moreover radiation can cause che-
mosensitisation or chemotherapy can cause radiosensitisation 
[4]. The standard of practice is to avoid direct overlap of toxicity 
of cytostatic agents and radiotherapy (e.g. methotrexate with 
radiation to the brain or bleomycin with radiation to lungs). 

Protection of normal tissues
Another concept associated with combining chemotherapy and 
radiotherapy, as proposed by Steel and Peckham [8] involved 
a process targeted at protection of healthy tissues from adverse 
effects of radiation (radioprotective properties). However, no 
chemical substances have been identified that would protect 
normal tissues from adverse effects of radiotherapy, thus affec-
ting the therapeutic index. A limited success was achieved with 
amifostine – it was only shown to reduce the risk of xerostomia 
after radiotherapy of the head and neck cancers [9]. 

Enhancement of tumour response 
It seems that an important role in combination of chemothe-
rapy and radiotherapy is radiation sensitisation effect of some 
cytostatic agents, which increases local efficiency of radiation. 
Better loco-regional control concurrent with systemic effect 
of cytostatic effects may also reduce the potential to meta-
stasise. Radiosensitising effect of chemotherapy with respect 
to radiotherapy suggests enhanced efficiency in the case of 
concurrent application of the two methods as compared to 
their sequential use [4, 5]. 

Through the ionisation mechanism, radiotherapy causes 
directly or indirectly physical and chemical changes in the 
cell – mainly in its DNA. Theoretically, radiation sensitisation 
can be achieved by a range of interactions: 
•	 direct increase of cell sensitivity to radiotherapy by da-

maging DNA, 
•	 inhibiting accelerated repopulation, 
•	 inhibiting cell repair, 
•	 accumulation of cells in the radio-sensitive phase, or 
•	 elimination of cells in the radio-resistant phase, 
•	 improvement of cell oxidation [4, 5, 10–12]. 

Damaging DNA
Radiobiological principle of “radiosensitiser” provided that 
a drug would enhance post-radiation DNA damage. If 
a drug particle connects to DNA of a cancer cell or causes 
DNA damage itself, it increases DNA sensitivity to damage 
caused by radiation. Such drugs include 5-fluorouracil 
and cisplatin. 

Inhibiting accelerated repopulation 
When there is a partial cell loss caused by radiation, other 
cancer cells respond with accelerated repopulation. Cytotoxic 
or even cytostatic drugs have anti-proliferation effect and con-
currently with radiation they may prevent accelerated repo-
pulation of cancer cells between each radiotherapy fractions. 
This increases the tumour’s sensitivity to radiation, and thus 
increasing chances for local recovery [13].

Inhibiting damage repair
Cancer cells which can effectively repair DNA damage display 
significant resistance to radiation. This is why compounds 
which interrupt transduction of the DNA damage repair signal 
may exacerbate the toxic effect of irradiation by inhibiting 
repair of sub-lethal and potentially lethal damages. Some 
chemotherapeutical agents disturb biosynthesis of nucleoti-
des – for example 5-fluorouracil, gemcitabine, methotrexate, 
etoposide, cisplatin. Further, compounds which intervene in 
cell cycle may inhibit DNA repair indirectly. 

Affecting cell distribution in the cell cycle
The highest sensitivity to radiation is recorded in cells in the G2 
and M phases of the cell cycle and the lowest – in the S phase. 
A range of chemotherapeutical agents are phase-specific. 
Radiation efficiency is increased by compounds which may 
accumulate cells in radiation-sensitive phases and those which 
may eliminate cells from radiation-resistant phases. Taxanes 
and nucleoside analogues, as well as modified pyrimidines 
seem to have exactly this effect [14, 15].

Improvement of cell oxidation
Solid tumours contain areas of lower-oxidation cells. Hypoxia 
reduces efficiency of radiotherapy, as its effect relies mainly 
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on generating free radicals. This is why drugs which reduce 
hypoxia may increase efficiency of radiation. Through cyto-
toxic effect, chemotherapy may simply reduce tumour size, 
thus reducing parenchymal pressure and making oxygen flow 
into cells easier. Further, with the death of quickly proliferating 
cells, hypoxic cells get closer to vessels [16]. Additionaly, such 
drugs as nitroimidazole compounds may imitate / replace 
oxygen in hypoxic areas, reducing the negative effects of 
hypoxia [17].

Different sensitivity to treatment of different cell clones           
A never concept explaining the benefits of chemoradiotherapy 
assumes that radiotherapy and chemotherapy kill various cell 
clones independently from each other [13]. With the hetero-
genous nature of cancers, some neoplastic cells are resistant 
to radiation, but they may prove to be sensitive toconcurrent 
administered chemical compound. An example of such co-
operation may be found in application of hypoxic cytotoxins, 
e.g. tirapazamine in combined therapy of the head and neck 
cancers. 

The cytotoxic agents improving effectiveness of 
radiotherapy 
Antimetabolites 
5-fluorouracil affects cell distribution in the cell cycle, in-
fluencing cells in the S phase of the cell cycle, which are 
radiation resistant. It also causes re-oxygenation of hypoxic 
cells [12, 15, 18]. Administration of 5-fluorouracil during ra-
diotherapy by continous infusion or orally is more efficient 
than in bolus [19]. 

Alkylating drugs 
Mitomycin C inhibits DNA and RNA synthesis by interrupting 
cross bonds, mainly at guanine and cytosine pairs. Although 
mitomycin C is not cell cycle-specific, it arrests cells in the G2/M 
phase of the cycle. In combination with radiation, mitomycin 
C acts as radiosensitiser for cells in hypoxia and prevents re-
population [20–23]. 

Temozolomide damages DNA by DNA methylation in the 
position of 0-6 guanine. The methylation triggers the abnormal 
DNA repair pathvay, leading to increased cell sensitivity to irra-
diotion and leads them to the apoptosis [24, 25]. Additionaly 
temozolomide inhibits repopulation of cancer cells [12, 18].

Platinum-base drugs 
Cisplatin consolidates DNA damages induced by irradiation 
– potentially repairable changes (e.g. interruption of the DNA 
strand) become lethal damage. It inhibits DNA synthesis and 
transcription, inhibiting repair of post-radiation damage to 
DNA [12, 26–28]. Cisplatin acts both in well oxidated and 
hypoxic cells [29]. Meanwhile, radiation facilitates cisplatin 
penetration into cancer cells and formation of its active me-
tabolites [30–32].

Drugs affecting microtubules of the spindle 
apparatus 
Vinca alkaloids affect the cell cycle itself – they cause depoly-
merisation of microtubules and interrupt functioning of the 
mitotic spindle. This results in arresting cells in the radiothera-
py-sensitive M phase. They also inhibit repair of radiotherapy-
-induced DNA damage [33].

Taxanes stabilise microtubules, thus inhibiting centroso-
mes, which leads to deceleration of mitosis and cumulation of 
cells in G2 and M phases of the cell cycle [12, 33–35]. Taxanes 
reduce parenchymal pressure and thus allow better oxidation 
of cancer cells, making them more sensitive to irradiation [12, 
16, 34]. Taxanes induce apoptosis [12, 35].

Topoisomerase inhibitors
Etoposide and topotecan inhibit repair of post-radiation DNA 
damage, they arrest cells in G2 phase, process single breaks 
of DNA strands into double ones [12, 36, 37].

Examples of application  
of chemoradiotherapy 
There are various ways to combine chemotherapy with ra-
diotherapy. Chemotherapy can be applied as neoadjuvant or 
adjuvant therapy, as sequential / alternating with radiotherapy 
or concurrent with radioteherapy. 

Anal cancer 
In the 1970s for the first time it was showed that anal cancer 
can be cured effectively with chemoradiotherapy applying 
5-fluorouracil and mitomycin C without a surgical treatment 
[38]. Two out of three patients treated with 5-fluorouracil, 
mitomycin C and radiation achieved full pathologic response 
and progression-free survival was 14 months [38]. These results 
were confirmed in further studies [39–42]. The EORTC phase 
III study showed that chemoradiotherapy with 5-fluorouracil 
and mitomycin C provides better local control and longer 
colostomy-free survival as compared to radiotherapy alone 
[40]. The reduction of risk of death related to the anal cancer 
and  prolongation of overall survival (7.6 vs. 5.4 years) was 
observed [43]. Patients who received 5-fluorouracil and mi-
tomycin C significantly less frequently underwent colostomy, 
and 4-year progression-free survival in this group is higher as 
compared to patients treated with 5-fluorouracil only (73% 
and 51%, respectively) [44]. Concurrent chemoradiotherapy 
based on 5-fluorouracil and mitomycin C is currently con-
sidered standard management of the anal cancer. Modern 
radiotherapy techniques allow reduction of toxicity, but they 
do not contribute to improvement of overall survival [45].

Rectal cancer 
Four big trials indicated that addition of chemotherapy to 
the preoperative radiotherapy in the rectal cancer in stage II 
and III, increases the rate of complete responses and improve 
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with non-small cell lung cancer treated with concurrent 
chemoradiotherapy is almost 5% higher that with sequential 
treatment, reaching 15%. Concurrent therapy is associated 
with a high risk of oesophageal toxicity and pneumonia. Cur-
rently, standard treatment of the locally advanced inoperable 
non-small cell lung cancer involves concurrent platin-based 
chemotherapy and radiotherapy. 

Urinary bladder cancer 
Concurrent chemoradiotherapy was shown to ensure better 
survival as compared to radiotherapy alone in the case of 
invasive urinary bladder cancer [73]. However, compared to 
radical cystectomy, chemoradiotherapy is associated with 
lower median of overall survival (32.8 vs. 36.1 months) [74, 75]. 

Head and neck cancers 
The first study which showed significant advantage of 
the  combined treatment with 5-fluorouracil and cisplatin 
as compared to radiotherapy alone was done for nasopha-
ryngeal cancers (five-year overall survival of 67% and 37% 
respectively) [76]. There were over 100 randomised studies 
concerning chemoradiotherapy of head and neck cancers, 
showing absolute increase of five-year overall survival by 
6.5%, prolonged time to progression, improved local con-
trol and increased chance of organ preservation [77]. Better 
results were achieved with concurrent than sequential che-
moradiotherapy – both as the radical therapy and as post-
-operative treatment [78–80]. Currently a standard method 
of treating patients with locally advanced head and neck 
cancers is concurrent cisplatin-based chemoradiotherapy. 
However, this management is associated with intensified 
early and late adverse effects.

Conclusions 
It has been demonstrated that chemoradiotherapy brings 
significant benefits in local control of the disease, organ pre-
servation and overall survival of patients with some cancers.

However, concurrent chemoradiotherapy is more toxic 
than chemotherapy alone and radiotherapy alone or sequ-
ential application of these methods. This concerns both early 
and late complications and it may have negative impact on the 
patients’ quality of life. Further studies are needed to optimise 
combined treatment. Nowadays, addition of targeted treat-
ment and immunotherapy to chemoradiotherapy is already 
changing  standardsof cancer treatments There are many 
trials underway to assess effectiveness and potential toxicity 
of particular scheme combinations.

The basic prerequisite for good combined treatment of 
cancer is proper diagnosis and its comprehensive organization, 
giving the opportunity to make the right clinical decisions by 
multidisciplinary teams.

Conflict of interest: none declared

local control [46–50]. Preoperative chemoradiotherapy was 
shown to be more effective than post-operative chemoradio-
therapy with respect to local control and sphincter preserva-
tion. This aproche was less toxic than adjuvant treatment [51]. 
Neoadjuvant chemoradiotherapy is nowadays a standard in 
treatment of locally advanced rectal cancer.

Oesophageal cancer 
The RTOG study (85–01) showed that radiotherapy combined 
with chemotherapy (5-fluorouracil and cisplatin) improved 
significantly the five-year overall survival (26% vs. 0%) [52, 
53]. This was also confirmed by newer studies [54, 55] and 
a meta-analysis [56]. Preoperative chemoradiotherapy affects 
improved results of the surgical treatment. The CALGB 9781 
study showed that patients treated with neoadjuvant che-
moradiotherapy had significantly better prognosis (median 
overall survival of 54 vs. 21.6 months; 5-year overall survival of 
39% vs. 16%) [57]. Similar findings were recorded in the study 
published by van Hagen et al. (median overall survival of 49.4 vs. 
24 months; 5-year overall survival of 47% vs. 34%) [58]. Preope-
rative chemoradiotherapy contributed to significant reduction 
of the locoregional recurrence as compared to surgery only 
(from 34% to 14%) [59]. The current standard of treatment of 
the locally advanced oesophageal cancer is  surgery preceded 
by chemoradiotherapy or chemoradiotherapy  alone(cisplatin 
with docetaxel or paclitaxel).

Cervical cancer
A large randomised trial found that cisplatin-based chemo-
radiotherapy improved disease-free survival as compared 
to neoadjuvant chemotherapy followed by a radical surgery 
(77% vs. 69%) [60]. Many randomised studies showed better 
rate of disease-free survival and overall survival with chemo-
radiotherapy as compared to radiotherapy alone in locally 
advanced cervical cancer [61–64]. For the locally advanced 
cervical cancer chemoradiotherapy has become a standard 
treatment. Currently, the following is seen as the most pro-
mising scheme: neoadjuvant chemotherapy (carboplatin / 
paclitaxel) and then chemoradiotherapy [65, 66]. Although 
it has been found that chemoradiotherapy is associated 
with significantly higher risk of toxicity to the rectum, uri-
nary bladder and vagina three months after the treatment, 
after two years the risk was not higer (with the exception of 
vaginal toxicity) [60].

Non-small cell lung cancer
Three big randomised trials published in the 1990s sho-
wed improvement in treatment results of locally advanced 
non-small cell lung cancer with application of sequential 
chemotherapy and radiotherapy [67–69]. With sequential 
chemoradiotherapy, an increase of five-year overall survival 
was recorded from 5% to 10% [67, 70, 71]. Auperin et al. 
showed in 2010 [72] that five-year overall survival of patients 



323

Monika Rucińska
University of Warmia and Mazury in Olsztyn 
Collegium Medicum 
Department of Oncology 
al. Wojska Polskiego 37
10-277 Olsztyn, Poland
e-mail: m_rucinska@poczta.onet.pl

Received: 11 Aug 2022 
Accepted: 24 Aug 2022

References 
1.	 https://www.nccn.org/professionals/physician_gls/pdf/.
2.	 https://www.esmo.org/guidelines.
3.	 https://www.asco.org/practice-patients/guidelines.
4.	 Willey C, Yang EH, Bonner J. Interaction of Chemotherapy and Radiation. 

Clinical Radiation Oncology. 2016: 63–79.e4, doi: 10.1016/b978-0-323-
24098-7.00004-6.

5.	 Rallis KS, Lai Yau THo, Sideris M. Chemoradiotherapy in Cancer Treat-
ment: Rationale and Clinical Applications. Anticancer Res. 2021; 41(1): 
1–7, doi: 10.21873/anticanres.14746, indexed in Pubmed: 33419794.

6.	 HEIDELBERGER C, CHAUDHURI NK, DANNEBERG P, et al. Fluorinated 
pyrimidines, a new class of tumour-inhibitory compounds. Nature. 
1957; 179(4561): 663–666, doi: 10.1038/179663a0, indexed in Pubmed: 
13418758.

7.	 Rich TA, Shepard RC, Mosley ST. Four decades of continuing innovation 
with fluorouracil: current and future approaches to fluorouracil chemo-
radiation therapy. J Clin Oncol. 2004; 22(11): 2214–2232, doi: 10.1200/
JCO.2004.08.009, indexed in Pubmed: 15169811.

8.	 Steel GG, Peckham M. Exploitable mechanisms in combined radiothe-
rapy-chemotherapy: The concept of additivity. Int J Radiat Oncol Biol 
Phys. 1979; 5(1): 85–91, doi: 10.1016/0360-3016(79)90044-0, indexed 
in Pubmed: 422420.

9.	 Kouvaris JR, Kouloulias VE, Vlahos LJ. Amifostine: the first selective-
-target and broad-spectrum radioprotector. Oncologist. 2007; 12(6): 
738–747, doi: 10.1634/theoncologist.12-6-738, indexed in Pubmed: 
17602063.

10.	 Seiwert TY, Salama JK, Vokes EE. The concurrent chemoradiation para-
digm--general principles. Nat Clin Pract Oncol. 2007; 4(2): 86–100, doi: 
10.1038/ncponc0714, indexed in Pubmed: 17259930.

11.	 Morgan MA, Parsels LA, Maybaum J, et al. Improving the efficacy of che-
moradiation with targeted agents. Cancer Discov. 2014; 4(3): 280–291, 
doi: 10.1158/2159-8290.CD-13-0337, indexed in Pubmed: 24550033.

12.	 Bentzen SM, Harari PM, Bernier J. Exploitable mechanisms for com-
bining drugs with radiation: concepts, achievements and future 
directions. Nat Clin Pract Oncol. 2007; 4(3): 172–180, doi: 10.1038/
ncponc0744, indexed in Pubmed: 17327857.

13.	 CHOY H. Chemotherapy and irradiation interaction. Seminars in Onco-
logy. 2003; 30(4 Suppl 9): 3–10, doi: 10.1016/s0093-7754(03)00268-9, 
indexed in Pubmed: 12908132.

14.	 Choy H, Rodriguez F, Koester S, et al. Investigation of taxol as 
a potential radiation sensitizer. Cancer. 1993; 71(11): 3774–
3778, doi:  10.1002/1097-0142(19930601)71:11<3774::aid-
-cncr2820711147>3.0.co;2-0, indexed in Pubmed: 8098270.

15.	 McGinn CJ, Kinsella TJ. The experimental and clinical rationale for 
the use of S-phase-specific radiosensitizers to overcome tumor cell 
repopulation. Semin Oncol. 1992; 19(4 Suppl 11): 21–28, indexed in 
Pubmed: 1509278.

16.	 Milas L, Hunter N, Mason KA, et al. Tumor reoxygenation as a mechanism 
of taxol-induced enhancement of tumor radioresponse. Acta Oncol. 
1995; 34(3): 409–412, doi: 10.3109/02841869509093999, indexed in 
Pubmed: 7779432.

17.	 Hentosh P. Induction and repair of DNA damage in gamma-irradiated 
human lymphoblasts: irradiation in the presence and absence of 
misonidazole. Radiat Res. 1988; 115(3): 436–447, indexed in Pubmed: 
3262883.

18.	 Seiwert TY, Salama JK, Vokes EE. The concurrent chemoradiation para-
digm--general principles. Nat Clin Pract Oncol. 2007; 4(2): 86–100, doi: 
10.1038/ncponc0714, indexed in Pubmed: 17259930.

19.	 O’Connell MJ, Martenson JA, Wieand HS, et al. Improving adjuvant 
therapy for rectal cancer by combining protracted-infusion fluoroura-
cil with radiation therapy after curative surgery. N Engl J Med. 1994; 
331(8): 502–507, doi: 10.1056/NEJM199408253310803, indexed in 
Pubmed: 8041415.

20.	 Heinrich MC, Hoatlin ME, Zigler AJ, et al. DNA cross-linked-induced 
G2/M arrest in group C Fanconi anemia lymphoblasts reflects normal 
checkpoint function. Blood. 1998; 91: 275–287, indexed in Pubmed: 
9414295.

21.	 De Ridder M, Van Esch G, Engels B, et al. Hypoxic tumor cell ra-
diosensitization: role of the iNOS/NO pathway. Bull Cancer. 2008; 
95(3): 282–291, doi: 10.1684/bdc.2008.0592, indexed in Pubmed: 
18390408.

22.	 Sugiyama K, Shimizu M, Akiyama T, et al. UCN-01 selectively en-
hances mitomycin C cytotoxicity in p53 defective cells which is 
mediated through S and/or G2 checkpoint abrogation. International 
Journal of Cancer. 2000; 85(5): 703–709, doi: 10.1002/(sici)1097-
-0215(20000301)85:5<703::aid-ijc17>3.0.co;2-7, indexed in Pubmed: 
10699952.

23.	 Budach W, Paulsen F, Welz S, et al. Mitomycin C in combination with 
radiotherapy as a potent inhibitor of tumour cell repopulation in a hu-
man squamous cell carcinoma. Br J Cancer. 2002; 86(3): 470–476, doi: 
10.1038/sj.bjc.6600081, indexed in Pubmed: 11875717.

24.	 Stupp R, Hegi ME, Gilbert MR, et al. Chemoradiotherapy in malignant 
glioma: standard of care and future directions. J Clin Oncol. 2007; 
25(26): 4127–4136, doi: 10.1200/JCO.2007.11.8554, indexed in Pub-
med: 17827463.

25.	 Palanichamy K, Chakravarti A. Combining drugs and radiotherapy: 
from the bench to the bedside. Curr Opin Neurol. 2009; 22(6): 
625–632, doi: 10.1097/WCO.0b013e3283327d33, indexed in Pubmed: 
19770758.

26.	 Howle J, Gale G. CIS-dichlorodiammineplatinum (II). Biochemical 
Pharmacology. 1970; 19(10): 2757–2762, doi: 10.1016/0006-
2952(70)90102-4.

27.	 Taylor D, Tew K, Jones J. Effects of cis-dichlorodiammine platinum (II) on 
DNA synthesis in kidney and other tissues of normal and tumour-be-
aring rats. Eur J Cancer (1965). 1976; 12(4): 249–254, doi: 10.1016/0014-
2964(76)90103-1, indexed in Pubmed: 954790.

28.	 Corda Y, Job C, Anin MF, et al. Transcription by eucaryotic and proca-
ryotic RNA polymerases of DNA modified at a d(GG) or a d(AG) site by 
the antitumor drug cis-diamminedichloroplatinum(II). Biochemistry. 
1991; 30(1): 222–230, doi: 10.1021/bi00215a032 , indexed in Pubmed: 
1988023.

29.	 Vokes EE, Weichselbaum RR. Concomitant chemoradiotherapy: 
rationale and clinical experience in patients with solid tumors. J Clin 
Oncol. 1990; 8(5): 911–934, doi: 10.1200/JCO.1990.8.5.911, indexed in 
Pubmed: 2185342.

30.	 Hennequin C, Favaudon V. Biological basis for chemo-radiotherapy 
interactions. Eur J Cancer. 2002; 38(2): 223–230, doi: 10.1016/s0959-
8049(01)00360-4, indexed in Pubmed: 11803139.

31.	 Amorino G, Freeman M, Carbone D, et al. Radiopotentiation by the 
oral platinum agent, JM216: role of repair inhibition. Int J Radiat Oncol 
Biol Phys. 1999; 44(2): 399–405, doi: 10.1016/s0360-3016(99)00033-4, 
indexed in Pubmed: 10760436.

32.	 Wilson GD, Bentzen SM, Harari PM. Biologic basis for combining drugs 
with radiation. Semin Radiat Oncol. 2006; 16(1): 2–9, doi: 10.1016/j.
semradonc.2005.08.001, indexed in Pubmed: 16378901.

33.	 Perez EA. Microtubule inhibitors: Differentiating tubulin-inhibiting 
agents based on mechanisms of action, clinical activity, and resistance. 
Mol Cancer Ther. 2009; 8(8): 2086–2095, doi: 10.1158/1535-7163.MCT-
09-0366, indexed in Pubmed: 19671735.

34.	 Schiff PB, Horwitz SB. Taxol stabilizes microtubules in mouse fibroblast 
cells. Proc Natl Acad Sci U S A. 1980; 77(3): 1561–1565, doi: 10.1073/
pnas.77.3.1561, indexed in Pubmed: 6103535.

35.	 Creane M, Seymour CB, Colucci S, et al. Radiobiological effects of 
docetaxel (Taxotere): a potential radiation sensitizer. Int J Radiat Biol. 
1999; 75(6): 731–737, doi: 10.1080/095530099140078, indexed in 
Pubmed: 10405003.

36.	 Bristow RG, Hill RP. Molecular and cellular basis of radiotherapy. In: 
Tannock IF, Hill RP. ed. The Basic Science of Oncology. McGraw-Hill, 
Montreal 1991: 295–321.

37.	 Lloyd RV, Duling DR, Rumyantseva GV, et al. Microsomal reduction of 
3-amino-1,2,4-benzotriazine 1,4-dioxide to a free radical. Mol Pharma-
col. 1991; 40(3): 440–445, indexed in Pubmed: 1654517.

38.	 Nigro ND, Vaitkevicius VK, Considine B. Combined therapy for cancer 
of the anal canal: a preliminary report. Dis Colon Rectum. 1974; 17(3): 
354–356, doi: 10.1007/BF02586980, indexed in Pubmed: 4830803.

39.	 Sischy B, Doggett RL, Krall JM, et al. Definitive irradiation and che-
motherapy for radiosensitization in management of anal carcinoma: 
Interim report on Radiation Therapy Oncology Group study no. 8314. 
J Natl Cancer Inst. 1989; 81: 850–856.

https://www.nccn.org/professionals/physician_gls/pdf/
https://www.esmo.org/guidelines
https://www.asco.org/practice-patients/guidelines
http://dx.doi.org/10.1016/b978-0-323-24098-7.00004-6
http://dx.doi.org/10.1016/b978-0-323-24098-7.00004-6
http://dx.doi.org/10.21873/anticanres.14746
https://www.ncbi.nlm.nih.gov/pubmed/33419794
http://dx.doi.org/10.1038/179663a0
https://www.ncbi.nlm.nih.gov/pubmed/13418758
http://dx.doi.org/10.1200/JCO.2004.08.009
http://dx.doi.org/10.1200/JCO.2004.08.009
https://www.ncbi.nlm.nih.gov/pubmed/15169811
http://dx.doi.org/10.1016/0360-3016(79)90044-0
https://www.ncbi.nlm.nih.gov/pubmed/422420
http://dx.doi.org/10.1634/theoncologist.12-6-738
https://www.ncbi.nlm.nih.gov/pubmed/17602063
http://dx.doi.org/10.1038/ncponc0714
https://www.ncbi.nlm.nih.gov/pubmed/17259930
http://dx.doi.org/10.1158/2159-8290.CD-13-0337
https://www.ncbi.nlm.nih.gov/pubmed/24550033
http://dx.doi.org/10.1038/ncponc0744
http://dx.doi.org/10.1038/ncponc0744
https://www.ncbi.nlm.nih.gov/pubmed/17327857
http://dx.doi.org/10.1016/s0093-7754(03)00268-9
https://www.ncbi.nlm.nih.gov/pubmed/12908132
http://dx.doi.org/10.1002/1097-0142(19930601)71:11%3c3774::aid-cncr2820711147%3e3.0.co;2-0
http://dx.doi.org/10.1002/1097-0142(19930601)71:11%3c3774::aid-cncr2820711147%3e3.0.co;2-0
https://www.ncbi.nlm.nih.gov/pubmed/8098270
https://www.ncbi.nlm.nih.gov/pubmed/1509278
http://dx.doi.org/10.3109/02841869509093999
https://www.ncbi.nlm.nih.gov/pubmed/7779432
https://www.ncbi.nlm.nih.gov/pubmed/3262883
http://dx.doi.org/10.1038/ncponc0714
https://www.ncbi.nlm.nih.gov/pubmed/17259930
http://dx.doi.org/10.1056/NEJM199408253310803
https://www.ncbi.nlm.nih.gov/pubmed/8041415
https://www.ncbi.nlm.nih.gov/pubmed/9414295
http://dx.doi.org/10.1684/bdc.2008.0592
https://www.ncbi.nlm.nih.gov/pubmed/18390408
http://dx.doi.org/10.1002/(sici)1097-0215(20000301)85:5%3c703::aid-ijc17%3e3.0.co;2-7
http://dx.doi.org/10.1002/(sici)1097-0215(20000301)85:5%3c703::aid-ijc17%3e3.0.co;2-7
https://www.ncbi.nlm.nih.gov/pubmed/10699952
http://dx.doi.org/10.1038/sj.bjc.6600081
https://www.ncbi.nlm.nih.gov/pubmed/11875717
http://dx.doi.org/10.1200/JCO.2007.11.8554
https://www.ncbi.nlm.nih.gov/pubmed/17827463
http://dx.doi.org/10.1097/WCO.0b013e3283327d33
https://www.ncbi.nlm.nih.gov/pubmed/19770758
http://dx.doi.org/10.1016/0006-2952(70)90102-4
http://dx.doi.org/10.1016/0006-2952(70)90102-4
http://dx.doi.org/10.1016/0014-2964(76)90103-1
http://dx.doi.org/10.1016/0014-2964(76)90103-1
https://www.ncbi.nlm.nih.gov/pubmed/954790
http://dx.doi.org/10.1021/bi00215a032
https://www.ncbi.nlm.nih.gov/pubmed/1988023
http://dx.doi.org/10.1200/JCO.1990.8.5.911
https://www.ncbi.nlm.nih.gov/pubmed/2185342
http://dx.doi.org/10.1016/s0959-8049(01)00360-4
http://dx.doi.org/10.1016/s0959-8049(01)00360-4
https://www.ncbi.nlm.nih.gov/pubmed/11803139
http://dx.doi.org/10.1016/s0360-3016(99)00033-4
https://www.ncbi.nlm.nih.gov/pubmed/10760436
http://dx.doi.org/10.1016/j.semradonc.2005.08.001
http://dx.doi.org/10.1016/j.semradonc.2005.08.001
https://www.ncbi.nlm.nih.gov/pubmed/16378901
http://dx.doi.org/10.1158/1535-7163.MCT-09-0366
http://dx.doi.org/10.1158/1535-7163.MCT-09-0366
https://www.ncbi.nlm.nih.gov/pubmed/19671735
http://dx.doi.org/10.1073/pnas.77.3.1561
http://dx.doi.org/10.1073/pnas.77.3.1561
https://www.ncbi.nlm.nih.gov/pubmed/6103535
http://dx.doi.org/10.1080/095530099140078
https://www.ncbi.nlm.nih.gov/pubmed/10405003
https://www.ncbi.nlm.nih.gov/pubmed/1654517
http://dx.doi.org/10.1007/BF02586980
https://www.ncbi.nlm.nih.gov/pubmed/4830803


324

40.	 Bartelink H, Roelofsen F, Eschwege F, et al. Concomitant radiotherapy 
and chemotherapy is superior to radiotherapy alone in the treatment 
of locally advanced anal cancer: results of a phase III randomized trial 
of the European Organization for Research and Treatment of Cancer 
Radiotherapy and Gastrointestinal Cooperative Groups. J Clin Oncol. 
1997; 15(5): 2040–2049, doi: 10.1200/JCO.1997.15.5.2040, indexed in 
Pubmed: 9164216.

41.	 Gunderson LL, Winter KA, Ajani JA, et al. Long-term update of US GI 
intergroup RTOG 98-11 phase III trial for anal carcinoma: survival, 
relapse, and colostomy failure with concurrent chemoradiation invo-
lving fluorouracil/mitomycin versus fluorouracil/cisplatin. J Clin Oncol. 
2012; 30(35): 4344–4351, doi: 10.1200/JCO.2012.43.8085, indexed in 
Pubmed: 23150707.

42.	 Kachnic LA, Winter K, Myerson RJ, et al. RTOG 0529: a phase 2 eva-
luation of dose-painted intensity modulated radiation therapy in 
combination with 5-fluorouracil and mitomycin-C for the reduction of 
acute morbidity in carcinoma of the anal canal. Int J Radiat Oncol Biol 
Phys. 2013; 86(1): 27–33, doi: 10.1016/j.ijrobp.2012.09.023, indexed in 
Pubmed: 23154075.

43.	 Northover J, Glynne-Jones R, Sebag-Montefiore D, et al. Chemoradiation 
for the treatment of epidermoid anal cancer: 13-year follow-up of the 
first randomised UKCCCR Anal Cancer Trial (ACT I). Br J Cancer. 2010; 
102(7): 1123–1128, doi: 10.1038/sj.bjc.6605605, indexed in Pubmed: 
20354531.

44.	 Flam M, John M, Pajak TF, et al. Role of mitomycin in combination with 
fluorouracil and radiotherapy, and of salvage chemoradiation in the 
definitive nonsurgical treatment of epidermoid carcinoma of the anal 
canal: results of a phase III randomized intergroup study. J Clin Oncol. 
1996; 14(9): 2527–2539, doi: 10.1200/JCO.1996.14.9.2527, indexed in 
Pubmed: 8823332.

45.	 Prasad RN, Elson J, Kharofa J. The effect of dose escalation for large 
squamous cell carcinomas of the anal canal. Clin Transl Oncol. 2018; 
20(10): 1314–1320, doi: 10.1007/s12094-018-1863-y, indexed in Pub-
med: 29623585.

46.	 Boulis-Wassif S, Gerard A, Loygue J, et al. Final results of a randomized 
trial on the treatment of rectal cancer with preoperative radiotherapy 
alone or in combination with 5-fluorouracil, followed by radical sur-
gery trial of the european organization on research and treatment of 
cancer gastrointestinal tract cancer cooperative group. Cancer. 1984; 
53(9): 1811–1818, doi: 10.1002/1097-0142(19840501)53:9<1811::aid-
-cncr2820530902>3.0.co;2-h, indexed in Pubmed: 6423263.

47.	 Bosset JF, Collette L, Calais G, et al. EORTC Radiotherapy Group Trial 
22921. Chemotherapy with preoperative radiotherapy in rectal cancer. 
N Engl J Med. 2006; 355(11): 1114–1123, doi: 10.1056/NEJMoa060829, 
indexed in Pubmed: 16971718.

48.	 Bujko K, Nowacki MP, Nasierowska-Guttmejer A, et al. Long-term results 
of a randomized trial comparing preoperative short-course radiothera-
py with preoperative conventionally fractionated chemoradiation for 
rectal cancer. Br J Surg. 2006; 93(10): 1215–1223, doi: 10.1002/bjs.5506, 
indexed in Pubmed: 16983741.

49.	 Gérard JP, Conroy T, Bonnetain F, et al. Preoperative radiotherapy with 
or without concurrent fluorouracil and leucovorin in T3-4 rectal can-
cers: results of FFCD 9203. J Clin Oncol. 2006; 24(28): 4620–4625, doi: 
10.1200/JCO.2006.06.7629, indexed in Pubmed: 17008704.

50.	 Ceelen W, Fierens K, Van Nieuwenhove Y, et al. Preoperative chemora-
diation versus radiation alone for stage II and III resectable rectal cancer: 
a systematic review and meta-analysis. Int J Cancer. 2009; 124(12): 
2966–2972, doi: 10.1002/ijc.24247, indexed in Pubmed: 19253365.

51.	 Sauer R, Becker H, Hohenberger W, et al. German Rectal Cancer Study 
Group. Preoperative versus postoperative chemoradiotherapy for 
rectal cancer. N Engl J Med. 2004; 351(17): 1731–1740, doi: 10.1056/
NEJMoa040694, indexed in Pubmed: 15496622.

52.	 Herskovic A, Martz K, al-Sarraf M, et al. Combined chemotherapy and 
radiotherapy compared with radiotherapy alone in patients with cancer 
of the esophagus. N Engl J Med. 1992; 326(24): 1593–1598, doi: 10.1056/
NEJM199206113262403, indexed in Pubmed: 1584260.

53.	 Cooper JS, Guo MD, Herskovic A, et al. Chemoradiotherapy of locally 
advanced esophageal cancer: long-term follow-up of a prospective 
randomized trial (RTOG 85-01). Radiation Therapy Oncology Group. 
JAMA. 1999; 281(17): 1623–1627, doi: 10.1001/jama.281.17.1623, 
indexed in Pubmed: 10235156.

54.	 Hulshof MC, Geijsen ED, Rozema T, et al. Randomized Study on Dose 
Escalation in Definitive Chemoradiation for Patients With Locally Ad-
vanced Esophageal Cancer (ARTDECO Study). J Clin Oncol. 2021; 39(25): 
2816–2824, doi: 10.1200/JCO.20.03697, indexed in Pubmed: 34101496.

55.	 Crehange G, M’vondo C, Bertaut A, et al. Exclusive Chemoradiotherapy 
With or Without Radiation Dose Escalation in Esophageal Cancer: 
Multicenter Phase 2/3 Randomized Trial CONCORDE (PRODIGE-26). 
International Journal of Radiation Oncology*Biology*Physics. 2021; 
111(3): S5, doi: 10.1016/j.ijrobp.2021.07.045.

56.	 Wong R, Malthaner R. Combined chemotherapy and radiotherapy 
(without surgery) compared with radiotherapy alone in localized 
carcinoma of the esophagus. Cochrane Database Syst Rev. 2006(1): 
CD002092, doi: 10.1002/14651858.CD002092.pub2, indexed in Pub-
med: 16437440.

57.	 Tepper J, Krasna MJ, Niedzwiecki D, et al. Phase III trial of trimodality 
therapy with cisplatin, fluorouracil, radiotherapy, and surgery compared 
with surgery alone for esophageal cancer: CALGB 9781. J Clin Oncol. 
2008; 26(7): 1086–1092, doi: 10.1200/JCO.2007.12.9593, indexed in 
Pubmed: 18309943.

58.	 van Hagen P, Hulshof MC, van Lanschot JJB, et al. CROSS Group. Pre-
operative chemoradiotherapy for esophageal or junctional cancer. 
N Engl J Med. 2012; 366(22): 2074–2084, doi: 10.1056/NEJMoa1112088, 
indexed in Pubmed: 22646630.

59.	 Oppedijk V, van der Gaast A, van Lanschot JJB, et al. Patterns of re-
currence after surgery alone versus preoperative chemoradiotherapy 
and surgery in the CROSS trials. J Clin Oncol. 2014; 32(5): 385–391, doi: 
10.1200/JCO.2013.51.2186, indexed in Pubmed: 24419108.

60.	 Gupta S, Maheshwari A, Parab P, et al. Neoadjuvant Chemotherapy 
Followed by Radical Surgery Versus Concomitant Chemotherapy and 
Radiotherapy in Patients With Stage IB2, IIA, or IIB Squamous Cervical 
Cancer: A Randomized Controlled Trial. J Clin Oncol. 2018; 36(16): 1548–
1555, doi: 10.1200/JCO.2017.75.9985, indexed in Pubmed: 29432076.

61.	 Whitney CW, Sause W, Bundy BN, et al. Randomized comparison of 
fluorouracil plus cisplatin versus hydroxyurea as an adjunct to radiation 
therapy in stage IIB-IVA carcinoma of the cervix with negative para-
-aortic lymph nodes: a Gynecologic Oncology Group and Southwest 
Oncology Group study. J Clin Oncol. 1999; 17(5): 1339–1348, doi: 
10.1200/JCO.1999.17.5.1339, indexed in Pubmed: 10334517.

62.	 Rose PG, Bundy BN, Watkins EB, et al. Concurrent cisplatin-based radio-
therapy and chemotherapy for locally advanced cervical cancer. N Engl 
J Med. 1999; 340(15): 1144–1153, doi: 10.1056/NEJM199904153401502, 
indexed in Pubmed: 10202165.

63.	 Keys HM, Bundy BN, Stehman FB, et al. Cisplatin, radiation, and adjuvant 
hysterectomy compared with radiation and adjuvant hysterectomy 
for bulky stage IB cervical carcinoma. N Engl J Med. 1999; 340(15): 
1154–1161, doi: 10.1056/NEJM199904153401503, indexed in Pubmed: 
10202166.

64.	 Peters WA, Liu PY, Barrett RJ, et al. Concurrent chemotherapy and 
pelvic radiation therapy compared with pelvic radiation therapy 
alone as adjuvant therapy after radical surgery in high-risk early-stage 
cancer of the cervix. J Clin Oncol. 2000; 18(8): 1606–1613, doi: 10.1200/
JCO.2000.18.8.1606, indexed in Pubmed: 10764420.

65.	 McCormack M, Kadalayil L, Hackshaw A, et al. A phase II study of weekly 
neoadjuvant chemotherapy followed by radical chemoradiation for 
locally advanced cervical cancer. Br J Cancer. 2013; 108(12): 2464–2469, 
doi: 10.1038/bjc.2013.230, indexed in Pubmed: 23695016.

66.	 Tripathi A, Rawat S. Comparative Study of Neoadjuvant Chemotherapy 
Followed by Definitive Chemoradiotherapy Versus Definitive Chemo-
radiotherapy Alone in Locally Advanced Carcinoma of Cervix. J Obstet 
Gynaecol India. 2019; 69(6): 546–552, doi: 10.1007/s13224-019-01236-0, 
indexed in Pubmed: 31844371.

67.	 Dillman RO, Seagren SL, Propert KJ, et al. A randomized trial of induction 
chemotherapy plus high-dose radiation versus radiation alone in stage 
III non-small-cell lung cancer. N Engl J Med. 1990; 323(14): 940–945, 
doi: 10.1056/NEJM199010043231403, indexed in Pubmed: 2169587.

68.	 Sause WT, Scott C, Taylor S, et al. Radiation Therapy Oncology Group 
(RTOG) 88-08 and Eastern Cooperative Oncology Group (ECOG) 4588: 
preliminary results of a phase III trial in regionally advanced, unresecta-
ble non-small-cell lung cancer. J Natl Cancer Inst. 1995; 87(3): 198–205, 
doi: 10.1093/jnci/87.3.198, indexed in Pubmed: 7707407.

69.	 Le Chevalier T, Arriagada R, Quoix E, et al. Radiotherapy alone ver-
sus combined chemotherapy and radiotherapy in nonresectable 
non-small-cell lung cancer: first analysis of a randomized trial in 
353 patients. J Natl Cancer Inst. 1991; 83(6): 417–423, doi: 10.1093/
jnci/83.6.417, indexed in Pubmed: 1847977.

70.	 O’Rourke N, Roqué I Figuls M, Farré Bernadó N, et al. Concurrent 
chemoradiotherapy in non-small cell lung cancer. Cochrane Database 
Syst Rev. 2010(6): CD002140, doi: 10.1002/14651858.CD002140.pub3, 
indexed in Pubmed: 20556756.

http://dx.doi.org/10.1200/JCO.1997.15.5.2040
https://www.ncbi.nlm.nih.gov/pubmed/9164216
http://dx.doi.org/10.1200/JCO.2012.43.8085
https://www.ncbi.nlm.nih.gov/pubmed/23150707
http://dx.doi.org/10.1016/j.ijrobp.2012.09.023
https://www.ncbi.nlm.nih.gov/pubmed/23154075
http://dx.doi.org/10.1038/sj.bjc.6605605
https://www.ncbi.nlm.nih.gov/pubmed/20354531
http://dx.doi.org/10.1200/JCO.1996.14.9.2527
https://www.ncbi.nlm.nih.gov/pubmed/8823332
http://dx.doi.org/10.1007/s12094-018-1863-y
https://www.ncbi.nlm.nih.gov/pubmed/29623585
http://dx.doi.org/10.1002/1097-0142(19840501)53:9%3c1811::aid-cncr2820530902%3e3.0.co;2-h
http://dx.doi.org/10.1002/1097-0142(19840501)53:9%3c1811::aid-cncr2820530902%3e3.0.co;2-h
https://www.ncbi.nlm.nih.gov/pubmed/6423263
http://dx.doi.org/10.1056/NEJMoa060829
https://www.ncbi.nlm.nih.gov/pubmed/16971718
http://dx.doi.org/10.1002/bjs.5506
https://www.ncbi.nlm.nih.gov/pubmed/16983741
http://dx.doi.org/10.1200/JCO.2006.06.7629
https://www.ncbi.nlm.nih.gov/pubmed/17008704
http://dx.doi.org/10.1002/ijc.24247
https://www.ncbi.nlm.nih.gov/pubmed/19253365
http://dx.doi.org/10.1056/NEJMoa040694
http://dx.doi.org/10.1056/NEJMoa040694
https://www.ncbi.nlm.nih.gov/pubmed/15496622
http://dx.doi.org/10.1056/NEJM199206113262403
http://dx.doi.org/10.1056/NEJM199206113262403
https://www.ncbi.nlm.nih.gov/pubmed/1584260
http://dx.doi.org/10.1001/jama.281.17.1623
https://www.ncbi.nlm.nih.gov/pubmed/10235156
http://dx.doi.org/10.1200/JCO.20.03697
https://www.ncbi.nlm.nih.gov/pubmed/34101496
http://dx.doi.org/10.1016/j.ijrobp.2021.07.045
http://dx.doi.org/10.1002/14651858.CD002092.pub2
https://www.ncbi.nlm.nih.gov/pubmed/16437440
http://dx.doi.org/10.1200/JCO.2007.12.9593
https://www.ncbi.nlm.nih.gov/pubmed/18309943
http://dx.doi.org/10.1056/NEJMoa1112088
https://www.ncbi.nlm.nih.gov/pubmed/22646630
http://dx.doi.org/10.1200/JCO.2013.51.2186
https://www.ncbi.nlm.nih.gov/pubmed/24419108
http://dx.doi.org/10.1200/JCO.2017.75.9985
https://www.ncbi.nlm.nih.gov/pubmed/29432076
http://dx.doi.org/10.1200/JCO.1999.17.5.1339
https://www.ncbi.nlm.nih.gov/pubmed/10334517
http://dx.doi.org/10.1056/NEJM199904153401502
https://www.ncbi.nlm.nih.gov/pubmed/10202165
http://dx.doi.org/10.1056/NEJM199904153401503
https://www.ncbi.nlm.nih.gov/pubmed/10202166
http://dx.doi.org/10.1200/JCO.2000.18.8.1606
http://dx.doi.org/10.1200/JCO.2000.18.8.1606
https://www.ncbi.nlm.nih.gov/pubmed/10764420
http://dx.doi.org/10.1038/bjc.2013.230
https://www.ncbi.nlm.nih.gov/pubmed/23695016
http://dx.doi.org/10.1007/s13224-019-01236-0
https://www.ncbi.nlm.nih.gov/pubmed/31844371
http://dx.doi.org/10.1056/NEJM199010043231403
https://www.ncbi.nlm.nih.gov/pubmed/2169587
http://dx.doi.org/10.1093/jnci/87.3.198
https://www.ncbi.nlm.nih.gov/pubmed/7707407
http://dx.doi.org/10.1093/jnci/83.6.417
http://dx.doi.org/10.1093/jnci/83.6.417
https://www.ncbi.nlm.nih.gov/pubmed/1847977
http://dx.doi.org/10.1002/14651858.CD002140.pub3
https://www.ncbi.nlm.nih.gov/pubmed/20556756


325

71.	 Rowell NP, O’rourke NP. Concurrent chemoradiotherapy in non-small 
cell lung cancer. Cochrane Database Syst Rev. 2004(4): CD002140, doi: 
10.1002/14651858.CD002140.pub2, indexed in Pubmed: 15495029.

72.	 Aupérin A, Le Péchoux C, Rolland E, et al. Meta-analysis of concomitant 
versus sequential radiochemotherapy in locally advanced non-small-
-cell lung cancer. J Clin Oncol. 2010; 28(13): 2181–2190, doi: 10.1200/
JCO.2009.26.2543, indexed in Pubmed: 20351327.

73.	 Ghate K, Brennan K, Karim S, et al. Concurrent chemoradiotherapy 
for bladder cancer: Practice patterns and outcomes in the general 
population. Radiother Oncol. 2018; 127(1): 136–142, doi: 10.1016/j.
radonc.2017.12.009, indexed in Pubmed: 29306498.

74.	 Haque W, Verma V, Butler EB, et al. Radical Cystectomy Chemoradiation 
for Muscle-invasive Bladder Cancer: Impact of Treatment Facility and 
Sociodemographics. Anticancer Res. 2017; 37(10): 5603–5608, doi: 
10.21873/anticanres.11994, indexed in Pubmed: 28982876.

75.	 Ritch CR, Balise R, Prakash NS, et al. Propensity matched comparative 
analysis of survival following chemoradiation or radical cystectomy for 
muscle-invasive bladder cancer. BJU Int. 2018; 121(5): 745–751, doi: 
10.1111/bju.14109, indexed in Pubmed: 29281848.

76.	 Al-Sarraf M, LeBlanc M, Giri PG, et al. Chemoradiotherapy versus radio-
therapy in patients with advanced nasopharyngeal cancer: phase III ran-

domized Intergroup study 0099. J Clin Oncol. 1998; 16(4): 1310–1317, 
doi: 10.1200/JCO.1998.16.4.1310, indexed in Pubmed: 9552031.

77.	 Pignon JP, le Maître A, Maillard E, et al. MACH-NC Collaborative Group. 
Meta-analysis of chemotherapy in head and neck cancer (MACH-NC): 
an update on 93 randomised trials and 17,346 patients. Radiother 
Oncol. 2009; 92(1): 4–14, doi: 10.1016/j.radonc.2009.04.014, indexed 
in Pubmed: 19446902.

78.	 Forastiere AA, Goepfert H, Maor M, et al. Concurrent chemotherapy and 
radiotherapy for organ preservation in advanced laryngeal cancer. N 
Engl J Med. 2003; 349(22): 2091–2098, doi: 10.1056/NEJMoa031317, 
indexed in Pubmed: 14645636.

79.	 Bernier J, Domenge C, Ozsahin M, et al. European Organization for 
Research and Treatment of Cancer Trial 22931. Postoperative irradiation 
with or without concomitant chemotherapy for locally advanced head 
and neck cancer. N Engl J Med. 2004; 350(19): 1945–1952, doi: 10.1056/
NEJMoa032641, indexed in Pubmed: 15128894.

80.	 Cooper JS, Pajak TF, Forastiere AA, et al. Radiation Therapy Oncology 
Group 9501/Intergroup. Postoperative concurrent radiotherapy and 
chemotherapy for high-risk squamous-cell carcinoma of the head 
and neck. N Engl J Med. 2004; 350(19): 1937–1944, doi: 10.1056/NEJ-
Moa032646, indexed in Pubmed: 15128893.

http://dx.doi.org/10.1002/14651858.CD002140.pub2
https://www.ncbi.nlm.nih.gov/pubmed/15495029
http://dx.doi.org/10.1200/JCO.2009.26.2543
http://dx.doi.org/10.1200/JCO.2009.26.2543
https://www.ncbi.nlm.nih.gov/pubmed/20351327
http://dx.doi.org/10.1016/j.radonc.2017.12.009
http://dx.doi.org/10.1016/j.radonc.2017.12.009
https://www.ncbi.nlm.nih.gov/pubmed/29306498
http://dx.doi.org/10.21873/anticanres.11994
https://www.ncbi.nlm.nih.gov/pubmed/28982876
http://dx.doi.org/10.1111/bju.14109
https://www.ncbi.nlm.nih.gov/pubmed/29281848
http://dx.doi.org/10.1200/JCO.1998.16.4.1310
https://www.ncbi.nlm.nih.gov/pubmed/9552031
http://dx.doi.org/10.1016/j.radonc.2009.04.014
https://www.ncbi.nlm.nih.gov/pubmed/19446902
http://dx.doi.org/10.1056/NEJMoa031317
https://www.ncbi.nlm.nih.gov/pubmed/14645636
http://dx.doi.org/10.1056/NEJMoa032641
http://dx.doi.org/10.1056/NEJMoa032641
https://www.ncbi.nlm.nih.gov/pubmed/15128894
http://dx.doi.org/10.1056/NEJMoa032646
http://dx.doi.org/10.1056/NEJMoa032646
https://www.ncbi.nlm.nih.gov/pubmed/15128893


326

Rare neoplasms in oncology

 SDH-deficient gastrointestinal stromal tumours

Piotr Rutkowski1, Katarzyna Seliga2, Maria Dębiec-Rychter3

1Department of Soft Tissue/Bone Sarcoma and Melanoma, Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw, Poland  
2Molecular and Translational Oncology Department, Maria Skłodowska-Curie National Research Institute of Oncology, Warsaw, Poland  

3Department of Human Genetics, KU Leuven and University Hospitals Leuven, Leuven, Belgium

�Gastrointestinal stromal tumours (GIST) comprise a heterogeneous group of the most common mesenchymal neoplasms 
of the gastrointestinal tract. The majority of GIST are induced by activating, mutually exclusive mutations of two genes – 
KIT and PDGFRA (platelet-derived growth factor receptor-alpha). However, approximately 10–15% of GISTs lack oncogenic KIT 
or PDGFRA mutations and these tumours are often called “wild type” (WT) GISTs. The SDH-deficient GISTs form a distinctive 
subset of tumours accounting for 20–40% of KIT/PDGFRA WT GIST, which results from the loss of function mutations in the 
genes encoding the SDH enzyme complex. The true frequency of SDH-deficient GISTs was reported to be approximately 
7.4 to 7.7%. These tumours usually occur in the stomach (most commonly in the antrum) and have a spectrum of beha-
viour from indolent to progressive. In most cases the molecular mechanism behind the SDH-deficient GISTs is connected 
to germline mutations. SDHA germline mutations occur in approximately 30% of the SDH-deficient GIST, those in SDHB, 
SDHC, and SDHD appear in 20–30% of patients. 
�The SDH-mutated GISTs do not respond well to the commonly used targeted therapy, with no objective tumour 
response to imatinib. Taking into account the biological features of SDH-deficient GIST, new therapies of potential in-
terest comprise PI3K/AKT/mTOR inhibitors, heat-shock protein inhibitors, HIF1-α targeting agents, epigenetic modifiers 
and demethylating agents. However, further research is necessary in these fields.

Key words:� gastrointestinal stromal tumour, SDH-deficient GIST, Carney Triad, Carney-Stratakis syndrome, TKI, 
SDHA/SDHB/SDHC/SDHD mutations, targeted therapy, imatinib, regorafenib
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Introduction
Gastrointestinal stromal tumours (GIST) comprise a heteroge-
neous group of the most common mesenchymal neoplasms 
of the gastrointestinal tract. Most GIST are related to activating, 
somatic, mutually exclusive mutations of two genes – KIT 
and PDGFRA (platelet-derived factor receptor-alpha), which 
are early oncogenic events during GIST development [1–3]. 
Advances in the understanding of molecular events underlying 
GIST tumorigenesis have led to an awareness of the essential 
role of KIT and PDGFRA oncoproteins as diagnostic and thera-

peutic targets, and to the paradigm for molecularly targeted 
therapy. However, approximately 10–15% of GISTs lack onco-
genic KIT or PDGFRA mutations and these tumours are often 
called “wild type” (WT) GISTs (fig. 1) [4–5]. They are indistinct 
from KIT/PDGFRA-mutated tumours in terms of morphology, 
anatomic localization and the expression of two diagnostic 
immunohistochemical markers (KIT and DOG-1). Importantly, 
from a molecular point of view and based on their succinate 
dehydrogenase (SDH) immunohistochemical status, WT GISTs 
are heterogeneous group of tumours that can be classified 
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into two main subtypes: SDH-competent and SDH-deficient 
tumours (fig. 2) [6–8]. The SDH-competent group constitutes 
mainly GIST related to neurofibromatosis type 1 (von Recklin-
ghausen disease) [9, 10], but also includes rare tumours that 
carry oncogenic fusions of neurotrophic tyrosine kinase (NTRK), 
BRAF and fibroblast growth factor receptor (FGFR) genes [12, 
13], as well as more aggressive and occurring in older patients 
WT GISTs harbouring somatic mutations in NF-1, BRAF, NRAS, 
HRAS, KRAS, EGFR1, MAX, MEN1and PIK3CA genes [10, 14, 15]. 
In some of these WT cases (especially paediatric), overexpres-
sion of the insulin-like growth factor 1 receptor (IGF1R) has 
been observed [16].

Clinical and molecular features of SDH-deficient 
GISTs
SDH-deficient GISTs form a distinctive subset of tumours ac-
counting for 20–40% of KIT/PDGFRA WT GIST, which results 
from the loss of function mutations in the genes encoding 
the SDH enzyme complex. The true frequency of SDH-deficient 
GISTs was reported to be approximately 7.4 to 7.7%  [17, 18]. 
These tumors comprise the majority of pediatric GISTs, a low 
percentage of sporadic cases, and two classes of syndromic 
GISTs – Carney triad and Carney-Striatakis syndrome [5, 7, 8, Figure 1. Molecular subtypes in GIST. Based upon Schaefer et al. [6] 
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SDHCepi – 3.9%
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KIT – 75.0%
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BRAF – 0.5%

other – 0.2%
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Figure 2. SDH-component and SDH-deficient sub-classification of GISTs [4, 9] 

CT – Carney traid; CSS – Carney-Stratakis syndrome; SDH-defiecient* – screening by immunohistochemistry; CT** – in some cases mutation described; SDH – succinate 
dehydrogenase; GIST – gastrointestinal stromal tumours
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19, 20]. They are characterized by a predominant location in 
the stomach, multifocality, propensity for lymphatic spread 
and often indolent clinical behaviour even in metastatic di-
sease [21, 22]. 

SDH-deficient GISTs usually develop early in childhood 
and in adolescents/young adults [2]. However, patients in 
their forties or fifties may also emerge with an initial diagnosis 
of SDH-deficient GIST. Females are reported to be dispropor-
tionately affected. SDH-deficient GISTs usually occur in the 
stomach (most commonly the antrum) and have a spectrum 
of behaviour from indolent to progressive. The summary of 
the main characteristics of SDH-deficient GIST is presented 
in table I and II. Over 80% of pediatric GIST has inactivating 
mutations in SDH subunits [23, 24].

Succinate dehydrogenase (SDH, also known as mitochon-
drial complex II or succinate-ubiquinone oxydoreductase) is 
a highly conserved heterotetrameric enzyme complex (com-
posed of four protein subunits – SDHA, SDHB, SDHC, and SDHD, 
encoded by nuclear genes, mapped to 5p15.22, 1p36.13, 1q23.3 
and 11q23.1, respectively), which acts at the interphase of 
the tricarboxylic acid cycle and electron transport chain. SDH is 
the only enzyme that is concurrently both a functional member 
of both the Krebs cycle and the electron transport chain (ETC), 
where it provides electrons for oxidative phosphorylation [24].

The SDH-complex takes part in the Krebs cycle with subu-
nit A (SDHA), a flavoprotein, which is the catalytic unit respon-
sible for the conversion of succinate to fumarate, and Subunit 
B (SDHB), which is an iron-sulfur- protein participating in the 
electron transport chain for the oxidation of ubiquinone to 

ubiquinol. Together SDHA and SDHB make up the main cata-
lytic component of the complex, while the other two subunits 
(SDHC and SDHD) are two integral membrane proteins, ancho-
ring the complex to the inner mitochondrial membrane [25]. 
Additionally, the succinate dehydrogenase assembly factor 
2 (SDHAF2) is required for the flavination and thus normal 
function of SDHA [26].

Genetic or epigenetic alterations in any of the subunits 
lead to an accumulation of succinate, which is a competitive in-
hibitor of α-ketoglutarate-dependent dioxygenases (including 
the TET family of 5-methylcytosine hydroxylases). Members 
of the TET family are active DNA demethylases that convert 
5-methylcytosine to 5-hydroxymethylcytosine, and inhibition 
of their activities can lead to aberrant DNA methylation obse-
rved in GISTs [27]. A genome-wide DNA methylation analysis 
of SDH-deficient GISTs revealed higher DNA hypermethylation 
than in GISTs with KIT mutation [28]. 

Carney triad (CT) is a very rare disease characterized by 
the synchronous or metachronous occurrence of at least three 
different tumour entities, i.e GIST, paraganglioma and pulmo-
nary chondroma [29]. Carney triad is never inherited, affects 
mostly females and the symptoms occur in young adults. Most 
cases of CT show down-regulation of SDH through site-specific 
hypermethylation (epigenetic downregulation) of the SDHC 
gene [27], which leads to downstream activation of the HIF 
signalling pathway by accumulation of succinate, causing 
stabilization of HIF1-α that controls oncogene transcription. 
Activated cellular pathways leading to increased angiogenesis 
and cellular proliferation are activated [31].

Table I. Summary of the main characteristics of SDH-deficient GIST 

Characteristics 

clinical •	 rare
•	 more often developing in young patients and women
•	 commonly developing in the stomach and small intestine
•	 more often diagnosed in emergency settingsprimary resistance to imatinib is common 
•	 GIST with SDH mutations tend to metastasize, including to the lymph nodes and less frequently to the liver, usually 

growing slowly 
•	 indolent growth causes that standard risk classifications do not apply to SDH-deficient GIST
•	 many are related to hereditary syndromes, i.e. Carney triad or Carney-Stratakis syndrome

pathological •	 frequently epithelioid/mixed morphology, SDHB loss detected by immunohistochemistry, regularly express KIT and its 
pathway is activated, insulin-like growth factor 1 receptor (IGF1R) is overexpressed

molecular •	 KIT/PDGFRA wild type, loss of function mutations in SDHA, SDHB, SDHC or SDHD in approximately 80% of cases 

Table II. Anatomic distribution, frequency and treatment response of the SDHB-immunonegative/SDH-deficient GISTs

Genetics Frequency The most frequent anatomic location Systemic treatment

SDHB IHC(−)/SDH-deficient SDHA/B/C/D mutations (CSS) 2% stomach •	 limited responses to 
imatinib

•	 possible response to other 
TKIs (limited data)

part of the CT * 1% stomach

SDHA mutation (young adults) stomach

sporadic paediatric WT GIST 1% stomach

CSS – Carney-Stratakis Syndrome; CT – Carney triad; * – most cases show promotor hypermethylation
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Liver metastases are common (fig. 3). Morphologically, these 
tumours are epithelioid or mixed epithelioid/spindled [34]. 

The molecular mechanism behind the SDH-deficient GISTs 
is connected to germline mutations. Germline mutations in 
SDHA occur in approximately 30% of the SDH-deficient GIST, 
those in SDHB, SDHC and SDHD occur in 20–30% of cases 
(tab. III) [34, 36–38].

The most common SDHA mutation detected in SDH-
-deficient GISTs patients is the c.91C>T (p.Arg31Ter) substitu-
tion. Simultaneous allelic loss at the SDHA locus at 5p15 has 
been described; in this scenario the tumour follows a classic 
2-hit hypothesis, with SDHA acting as tumour suppressor 
[8, 41, 42]. The loss of SDHA protein expression may result 

Carney-Stratakis syndrome (CSS) is characterized by ga-
stric multifocal GISTs and paragangliomas [19], showing an 
autosomal dominant inheritance pattern with incomplete 
penetrance. It affects both males and females during childho-
od and adolescence. Succinate dehydrogenase deficiency is 
caused by inactivating germline mutations or large deletions in 
the SDHB, SDHC or SDHD (rarely SDHA) genes encoding the cor-
responding subunits B, C or D of the SDH enzyme [29, 32, 33]. 

In contrast to CT, in patients with CSS, DNA methylation 
patterns were identified only at a few of the CpGs located 
close to the SDHB gene [27]. In these patients, the SDHC gene 
promoter was completely unmethylated in all screened CpG 
sites, supporting the hypothesis that the CSS is in fact a diffe-
rent entity from CT [28]. 

The most practical way to identify the loss of SDHB is to 
find SDH-deficient tumours with the use of immunohistoche-
mistry (IHC) [17]. Immunohistochemical expression of SDHB 
becomes negative whenever there is bi-allelic inactivation 
of any component of SDH, which is very rare in the absence 
of syndromic disease[35]. Unfortunately, only approximately 
30% of SDH-deficient GISTs demonstrate loss of expression 
for SDHB and SDHA by IHC. Furthermore, tumours with loss 
of SDHB expression by IHC can be subdivided into 2 groups: 
tumours with SDH gene mutations and those with a loss of 
SDHB by immunostaining but without SDH mutations. Those 
with SDH mutations occurring in young adults are gastric in 
location, and have a female preponderance [8].

Loss of function of the succinate dehydrogenase complex 
characterizes other rare human tumours including some para-
gangliomas, renal carcinomas and pituitary adenomas. Along 
with GISTs, they can all be characterized as SDH-deficient tumo-
urs [36]. From a histopathological perspective, SDH-deficient 
GISTs show characteristic morphologic features including a mul-
tinodular growth pattern, the occurrence of multiple tumours, 
lymphovascular involvement and lymph node metastasis [37]. 

Figure 3. Computed tomography imaging demonstrating SDH-deficient 
gastric GIST with extensive liver metastases

Table III. SDHA/B/C/D mutations detected in SDH-deficient GISTs [5, 32, 
33, 39, 41, 42]   

Gene Exon Mutation

SDHA 2 c.113A>T
c.91C>T

4 c.356G>A

5 c.457-2_457del
c.512G>A

6 c.628C>T
c.698G>T
c.770G>C

9 c.1151C>G

12 c.1663+3G>C

13 c.1754G>A
c.1766G>A

14 c.1799G>A

SDHB 1 c.17 42dup

2 c.137G>A

3 c.274T>A

4 c.380T>G
c.423+1G>A
c.423+20T>A

6 c.600G>T

7 c.725G>A

SDHC 1 c.1A>G
c.6delT

4 c.380A>G
c.301delT
c.224G>A

5 c.397C>T
c.405+1G>A

6 c.455G>C

SDHD 1 c.34G>A polymorphism

4 c.416T>C
c.352delG
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from both truncating and missense germline mutations. 
SDHA-mutation associated GISTs occur at an older age than 
other SDH-deficient GISTs, with a median age of 34 years at 
presentation [39, 40].

SDHB-, SDHC-, and SDHD-mutation associated tumours 
occur in a minority of cases (20–30%). Most of these SDH 
mutations are germline. Approximately 20% of patients with 
these SDH subunit mutations also develop paragangliomas 
[5, 41]. The remaining 50% of the SDH-deficient GIST (wi-
thout a germline SDHA/B/C/D variants) are caused by CpG 
island hypermethylation in the promoter region of the SDHC 
gene, which is also referred to as a “SDHC epimutation” [28, 40]. 
SDHC epimutations can be associated with Carney’s triad as 
previously described [43]. The lifetime penetrance of GIST in 
asymptomatic SDH genes mutation carriers is not known [36].

Therapy
SDH-deficient GISTs behave as an indolent disease and most 
patients survive with disease progression with a median su-
rvival time of 10 years[44]. Studies have found that current 
risk stratification criteria might not be appropriate for use on 
this type of GIST [22]. Despite low overall mortality, disease 
progression and recurrence occur frequently. The results of 
a retrospective analysis from the NIH Pediatric and Wild-type 
GIST clinic reported in 2017 revealed that 76 WT GIST patients, 
who underwent surgery, had a median event-free survival 
(EFS) of 2.5 years, with 71% of patients experiencing tumour 
recurrence or disease progression [44]. The EFS was negatively 
impacted by an elevated mitotic index and the presence of 
metastases. Noteworthy, negative resection margins and neo-
adjuvant or adjuvant treatment did not appear to affect EFS. 
The localized cases of SDH-deficient GIST should be treated 
with surgery as it is the essential and only potentially curati-
ve modality. All surgical decisions should be individualized 
and morbidities weighed against the benefits of resection. 
Generally, in SDH-deficient GIST with pathologically enlarged 
nodes, lymphadenectomy must be considered, but in cases 
of multifocal disease, extensive surgery (as total gastrectomy) 
related to significant morbidities is not recommended to redu-
ce the risk of recurrence in the stomach [45]. In GIST patients 
with SDH-deficiency, the risk of paraganglioma is increased 
and diagnostic tests should be considered prior to surgery.

The role of adjuvant therapy with imatinib in even the the-
oretically higher risk group of this GIST subtype is not establi-
shed, as WT GIST have no confirmed benefit from postopera-
tive imatinib therapy. 

The introduction of imatinib mesylate, a small-molecule se-
lective inhibitor of receptor tyrosine kinase, has revolutionized 
the therapy of advanced (inoperable and/or metastatic) GIST 
[46, 75], and subsequently imatinib was applied in adjuvant 
therapy after resection of high risk GIST [47]. In cases of GIST 
progression on imatinib therapy, the commonly used strategy 
is to introduce alternative molecular targeted agents such as 

sunitinib, regorafenib and ripretinib [48–50]. Nevertheless, KIT 
and PDGFRA mutational status strongly correlates with the re-
sponse and progression-free survival (PFS) in GIST patients 
treated with imatinib. It has been observed that systemic 
treatment in metastatic WT GIST showed no objective tumo-
ur response to imatinib, and superior response to sunitinib, 
especially in the pediatric GIST group [51]. That said, there was 
still an inferior response to all tyrosine kinase inhibitors when 
compared to KIT-mutated GIST [40]. Specifically, SDH-deficient 
tumours are not well recognized in terms of sensitivity to 
tyrosine kinase inhibitors in large phase II and III clinical trials. 
As mentioned previously, it is implied that SDH-mutated GISTs 
do not respond well to the commonly used targeted therapy, 
with no objective tumour response to imatinib [8]. Reliable 
clinical research on pure populations of SDH-deficient GIST is 
uncommon because these tumours are rare, and they are well 
identified relatively recently. These factors, together with the 
commonly observed slow growth of these tumours, make col-
lection of reliable data concerning their natural clinical course 
and biology, as well as their response to drugs, very difficult, as 
time lapses of apparent disease stability could be independent 
of the drug activity [52, 53].Interestingly, a subgroup analysis 
in the EORTC phase III trial 62005 with the use of imatinib has 
demonstrated that KIT/PDGFRA wild-type GIST patients had 
a 76% greater risk of death compared with KIT exon 11 mutants 
[54]. In phase I/II study in 97 patients with metastatic imatinib-
-resistant GISTs (including nine WT GIST patients), sunitinib 
was shown to be more active in KIT exon 9 mutations and 
WT GISTs compared with KIT exon 11 mutations. In another 
study, a potential response to pazopanib (an inhibitor of KIT, 
PDGFRA, VEGFR) was demonstrated in heavily pretreated pa-
tients, although only five WT GIST patients were recruited in 
this phase II study [55]. In studies using imatinib in the adjuvant 
setting, subanalyses of WT GISTs in both the ACOSOG Z9001 
trial (32 patients) [56] and the SSGXVIII (19 patients) [57] did 
not detect any benefit. 

A recent report from the NIH Pediatric and Wildtype GIST 
Clinic demonstrated that the vast majority of the patients 
gained no clinical benefit from imatinib; only one out of 
49 patients treated with imatinib mesylate had partial remis-
sion [4]. On the other hand, in the same study, seven out of 
38 patients with SDH-deficient GISTs showed responses to 
sunitinib (one complete, three partial, three mixed). Our multi-
centre series of paediatric/young adult patients with advanced 
KIT/PDGFRA WT GISTs confirmed some clinical benefits of 
sunitinib (strong antiangiogenic inhibitor) in this population 
[58]. These data were similar to a series of Janeway et al. in 
paediatric GIST patients, in which longer time to progression 
on sunitinib as compared to prior imatinib therapy was obse-
rved [59]. Similarly, Murray noticed that sunitinib therapy had 
better outcomes in this type of GIST than imatinib. In a single 
institution study on SDH-deficient GIST, Liu et al. [18] reported 
four patients with disease progression during imatinib treat-
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ment after initial resection, who all achieved disease control 
after changing therapy to sunitinib. It is suggested that the 
absence of functional SDH complex drives increased the va-
scular endothelial growth factor receptor (VEGFR) and insulin 
growth factor receptor (IGF1R) signalling via hypoxia-inducible 
factor HIF1-α transcriptional activity. This mechanism may be 
related to the efficacy of sunitinib, which inhibits both VEGFR 
and IGF1R, targeting these receptors and HIF2α, or their down-
stream effectors, making rationale for the use of antiangiogenic 
drugs. In another study, six patients with SDH-deficient GIST 
experienced clinical benefit from regorafenib, with tumour 
response (33.3%) or stable disease for at least 16 weeks [60]. 
This study, reported by Ben-Ami and co-workers, found po-
tential improvement of PFS with regorafenib in patients with 
unresectable SDH-deficient GIST after failure of prior therapy 
with a tyrosine kinase inhibitor. 

Overexpression of insulin-like growth factor receptor type 
1 (IGFR1) at the protein level has also been observed in the 
majority of SDH deficient GISTs, with the exact molecular 
mechanism remaining unknown [16, 61, 62]. Since WT GIST 
frequently overexpress IGF1R, the SARC 022 phase II trial tested 
a new kinase inhibitor, linsitinib, with properties of potent inhi-
bition of IGF1R [63]. Unfortunately, preliminary findings were 
not promising, with no objective response observed. PFS at 
9 months was only 52%. Succinate dehydrogenase deficiency 
is related to hypermethylation of the genes involved in chro-
matin cell differentiation, thus the use of DNA hypomethylating 
agents is under investigation for these tumours [64]. There is 
currently a recruiting phase II clinical trial with the use of a new-
-generation DNA methyltransferase inhibitor, guadecitabine 
(SGI-110), in non-KIT/PDGFRA-mutated GIST and SDH-deficient 
paragangliomas and pheochromocytomas (NCT03165721). 
There are also other clinical trials operating specifically for 
SDH-deficient tumours, one using the glutaminase inhibitor 
CB-839 (NCT02071862) and one using a new-generation DNA 
methyltransferase inhibitor [65]. These trials are ongoing, and 
the results have not been yet disclosed. The hypermethylation 
status correlates with aberrant expression of FGF4, disrupting 
the binding of CTCF at DNA regions located on the boundaries 
of the FGF3/FGF4 locus; it was also recently discovered that 
FGFR1/FGFR2 receptors, and FGF4, FGF2, FGF7, and FGF10 
ligands are highly expressed in SDH-deficient GIST [66, 67]. 
These may lead to novel potential treatment strategies using 
selective FGF/FGFR inhibitors, which is being currently tested 
in the frame of a clinical trial (NCT04595747).

Taking into account the biological features of SDH-deficient 
GIST, the new therapies of potential interest comprise PI3K/
AKT/mTOR inhibitors, heat-shock protein inhibitors, HIF1-α 
targeting agents, epigenetic modifiers and demethylating 
agents. However, further researches are necessary in this fields.

The next possible target is related to the fact that SDH-
-deficient GIST typically feature widespread DNA methyla-
tion [68]. The actual occurrence of MGMT methylation in 

these tumours potentially predispose them to respond to 
alkylating drugs [69]. Recent and very interesting molecular 
data indicate that O-6-methylguanine-DNA methyltransferase 
(MGMT) promoter methylation is markedly prevalent in SDH-
-deficient GIST, suggesting sensitivity to alkylating agents. 
One of the examples is temozolomide, an alkylating agent, 
which is ineffective in unselected GIST patient populations 
[70–72]. However, the study on 15 patients with paragan-
glioma and pheochromocytoma showed that 50% of SDHB-
-mutated patients had a partial response to temozolomide 
[73], while none of the SDHB wildtype patients had partial 
responses. These data suggest that SDHB mutations may be 
a kind of biomarker for sensitivity to temozolomide in para-
ganglioma and pheochromocytoma, which share genomic 
mutations and inheritance patterns to SDH-deficient GIST. 
Similarly, the report of Yebra et al., presented during the 2019 
Annual Meeting of the Connective Tissue Oncology Society, 
demonstrated therapeutic vulnerability of SDH-deficient GI-
STs to temozolomide, with a 40% rate of objective responses 
among five patients treated with this drug [70]. Phase II study 
(NCT03556384) is ongoing [74]. Further preclinical and clinical 
research on SDH-deficient GISTs is needed.

Conclusions
To summarize the possible options of systemic therapy in 
SDH-deficient GIST, they have a high rate of primary resistan-
ce to various TKI. That said, even though related often to the 
indolent course of the disease, these tumours demonstrate 
some responsiveness to regorafenib and sunitinib. Further 
research with agents directed against other possible targets 
in SDH-deficient GIST are necessary.

Conflict of interest: none declared

Piotr Rutkowski 
Maria Sklodowska-Curie National Research Institute of Oncology
Department of Soft Tissue/Bone Sarcoma and Melanoma
ul. Roentgena 5
02-781 Warszawa, Poland
e-mail: piotr.rutkowski@pib-nio.pl

Received: 16 Aug 2022 
Accepted: 13 Sep 2022

References
1.	 Corless CL, Barnett CM, Heinrich MC. Gastrointestinal stromal tumours: 

origin and molecular oncology. Nat Rev Cancer. 2011; 11(12): 865–878, 
doi: 10.1038/nrc3143, indexed in Pubmed: 22089421.

2.	 Rutkowski P, Przybył J, Wozniak A, et al. Targeted Therapy in Gastrointe-
stinal Stromal Tumors. Current Clinical Pathology. 2015: 163–196, doi: 
10.1007/978-1-4939-2047-1_14.

3.	 Blay JY, Kang YK, Nishida T, et al. Gastrointestinal stromal tumours. 
Nat Rev Dis Primers. 2021; 7(1): 22, doi: 10.1038/s41572-021-00254-5, 
indexed in Pubmed: 33737510.

4.	 Boikos SA, Pappo AS, Killian JK, et al. Molecular Subtypes of KIT/PDGFRA 
Wild-Type Gastrointestinal Stromal Tumors: A Report From the National 
Institutes of Health Gastrointestinal Stromal Tumor Clinic. JAMA Oncol. 
2016; 2(7): 922–928, doi: 10.1001/jamaoncol.2016.0256, indexed in 
Pubmed: 27011036.

mailto:piotr.rutkowski@pib-nio.pl
http://dx.doi.org/10.1038/nrc3143
https://www.ncbi.nlm.nih.gov/pubmed/22089421
http://dx.doi.org/10.1007/978-1-4939-2047-1_14
http://dx.doi.org/10.1038/s41572-021-00254-5
https://www.ncbi.nlm.nih.gov/pubmed/33737510
http://dx.doi.org/10.1001/jamaoncol.2016.0256
https://www.ncbi.nlm.nih.gov/pubmed/27011036


332

5.	 Janeway KA, Kim SuY, Lodish M, et al. NIH Pediatric and Wild-Type GIST Cli-
nic. Defects in succinate dehydrogenase in gastrointestinal stromal tumors 
lacking KIT and PDGFRA mutations. Proc Natl Acad Sci U S A. 2011; 108(1): 
314–318, doi: 10.1073/pnas.1009199108, indexed in Pubmed: 21173220.

6.	 Schaefer IM, Mariño-Enríquez A, Fletcher JA. What is New in Gastro-
intestinal Stromal Tumor? Adv Anat Pathol. 2017; 24(5): 259–267, doi: 
10.1097/PAP.0000000000000158, indexed in Pubmed: 28632504.

7.	 Wang JH, Lasota J, Miettinen M. Succinate Dehydrogenase Subunit B 
(SDHB) Is Expressed in Neurofibromatosis 1-Associated Gastrointestinal 
Stromal Tumors (Gists): Implications for the SDHB Expression Based 
Classification of Gists. J Cancer. 2011; 2: 90–93, doi: 10.7150/jca.2.90, 
indexed in Pubmed: 21479127.

8.	 Ibrahim A, Chopra S. Succinate Dehydrogenase-Deficient Gastrointesti-
nal Stromal Tumors. Arch Pathol Lab Med. 2020; 144(5): 655–660, doi: 
10.5858/arpa.2018-0370-RS, indexed in Pubmed: 31169996.

9.	 Brčić I, Argyropoulos A, Liegl-Atzwanger B. Update on Molecular Gene-
tics of Gastrointestinal Stromal Tumors. Diagnostics (Basel). 2021; 11(2), 
doi: 10.3390/diagnostics11020194, indexed in Pubmed: 33525726.

10.	 Maertens O, Prenen H, Debiec-Rychter M, et al. Molecular pathogenesis 
of multiple gastrointestinal stromal tumors in NF1 patients. Hum Mol 
Genet. 2006; 15(6): 1015–1023, doi: 10.1093/hmg/ddl016, indexed in 
Pubmed: 16461335.

11.	 Miettinen M, Fetsch JF, Sobin LH, et al. Gastrointestinal stromal 
tumors in patients with neurofibromatosis 1: a clinicopathologic 
and molecular genetic study of 45 cases. Am J Surg Pathol. 2006; 
30(1): 90–96, doi: 10.1097/01.pas.0000176433.81079.bd, indexed 
in Pubmed: 16330947.

12.	 Hostein I, Faur N, Primois C, et al. BRAF mutation status in gastroin-
testinal stromal tumors. Am J Clin Pathol. 2010; 133(1): 141–148, doi: 
10.1309/AJCPPCKGA2QGBJ1R, indexed in Pubmed: 20023270.

13.	 Shi E, Chmielecki J, Tang CM, et al. FGFR1 and NTRK3 actionable 
alterations in “Wild-Type” gastrointestinal stromal tumors. J Transl 
Med. 2016; 14(1): 339, doi: 10.1186/s12967-016-1075-6, indexed in 
Pubmed: 27974047.

14.	 Lasota J, Felisiak-Golabek A, Wasag B, et al. Frequency and clinicopa-
thologic profile of PIK3CA mutant GISTs: molecular genetic study of 
529 cases. Mod Pathol. 2016; 29(3): 275–282, doi: 10.1038/modpa-
thol.2015.160, indexed in Pubmed: 26796526.

15.	 Klug LR, Khosroyani HM, Kent JD, et al. New treatment strategies for 
advanced-stage gastrointestinal stromal tumours. Nat Rev Clin Oncol. 
2022; 19(5): 328–341, doi: 10.1038/s41571-022-00606-4, indexed in 
Pubmed: 35217782.

16.	 Tarn C, Rink L, Merkel E, et al. Insulin-like growth factor 1 receptor 
is a potential therapeutic target for gastrointestinal stromal tumors. 
Proc Natl Acad Sci U S A. 2008; 105(24): 8387–8392, doi: 10.1073/
pnas.0803383105, indexed in Pubmed: 18550829.

17.	 Miettinen M, Wang ZF, Sarlomo-Rikala M, et al. Succinate dehydro-
genase-deficient GISTs: a clinicopathologic, immunohistochemical, 
and molecular genetic study of 66 gastric GISTs with predilection to 
young age. Am J Surg Pathol. 2011; 35(11): 1712–1721, doi: 10.1097/
PAS.0b013e3182260752, indexed in Pubmed: 21997692.

18.	 Liu W, Zeng X, Wu X, et al. Clinicopathologic study of succinate-dehy-
drogenase-deficient gastrointestinal stromal tumors: A single-institu-
tional experience in China. Medicine (Baltimore). 2017; 96(32): e7668, 
doi: 10.1097/MD.0000000000007668, indexed in Pubmed: 28796048.

19.	 Carney JA, Stratakis CA. Familial paraganglioma and gastric stromal 
sarcoma: a new syndrome distinct from the Carney triad. Am J Med 
Genet. 2002; 108(2): 132–139, doi: 10.1002/ajmg.10235, indexed in 
Pubmed: 11857563.

20.	 Prakash S, Sarran L, Socci N, et al. Gastrointestinal stromal tumors in 
children and young adults: a clinicopathologic, molecular, and genomic 
study of 15 cases and review of the literature. J Pediatr Hematol Oncol. 
2005; 27(4): 179–187, doi: 10.1097/01.mph.0000157790.81329.47, 
indexed in Pubmed: 15838387.

21.	 Pantaleo MA, Lolli C, Nannini M, et al. Good survival outcome of 
metastatic SDH-deficient gastrointestinal stromal tumors harboring 
SDHA mutations. Genet Med. 2015; 17(5): 391–395, doi: 10.1038/
gim.2014.115, indexed in Pubmed: 25188872.

22.	 Mason EF, Hornick JL. Conventional Risk Stratification Fails to Predict 
Progression of Succinate Dehydrogenase-deficient Gastrointestinal 
Stromal Tumors: A Clinicopathologic Study of 76 Cases. Am J Surg 
Pathol. 2016; 40(12): 1616–1621, doi: 10.1097/PAS.0000000000000685, 
indexed in Pubmed: 27340750.

23.	 Gill AJ. Succinate dehydrogenase (SDH)-deficient neoplasia. Histo-
pathology. 2018; 72(1): 106–116, doi: 10.1111/his.13277, indexed in 
Pubmed: 29239034.

24.	 Pitsava G, Settas N, Faucz FR, et al. Carney Triad, Carney-Stratakis Syn-
drome, 3PAS and Other Tumors Due to SDH Deficiency. Front Endocrinol 
(Lausanne). 2021; 12: 680609, doi: 10.3389/fendo.2021.680609, indexed 
in Pubmed: 34012423.

25.	 Sun F, Huo X, Zhai Y, et al. Crystal structure of mitochondrial respira-
tory membrane protein complex II. Cell. 2005; 121(7): 1043–1057, doi: 
10.1016/j.cell.2005.05.025, indexed in Pubmed: 15989954.

26.	 Huang S, Millar AH. Succinate dehydrogenase: the complex roles 
of a simple enzyme. Curr Opin Plant Biol. 2013; 16(3): 344–349, doi: 
10.1016/j.pbi.2013.02.007, indexed in Pubmed: 23453781.

27.	 Haller F, Moskalev EA, Faucz FR, et al. Aberrant DNA hypermethylation 
of SDHC: a novel mechanism of tumor development in Carney triad. 
Endocr Relat Cancer. 2014; 21(4): 567–577, doi: 10.1530/ERC-14-0254, 
indexed in Pubmed: 24859990.

28.	 Killian JK, Kim SuY, Miettinen M, et al. Succinate dehydrogenase muta-
tion underlies global epigenomic divergence in gastrointestinal stromal 
tumor. Cancer Discov. 2013; 3(6): 648–657, doi: 10.1158/2159-8290.
CD-13-0092, indexed in Pubmed: 23550148.

29.	 Settas N, Faucz FR, Stratakis CA. Succinate dehydrogenase (SDH) de-
ficiency, Carney triad and the epigenome. Mol Cell Endocrinol. 2018; 
469: 107–111, doi: 10.1016/j.mce.2017.07.018, indexed in Pubmed: 
28739378.

30.	 Gill AJ. Succinate dehydrogenase (SDH) and mitochondrial dri-
ven neoplasia. Pathology. 2012; 44(4): 285–292, doi: 10.1097/
PAT.0b013e3283539932, indexed in Pubmed: 22544211.

31.	 Yebra M, Bhargava S, Kumar A, et al. Establishment of Patient-Derived 
Succinate Dehydrogenase-Deficient Gastrointestinal Stromal Tumor 
Models for Predicting Therapeutic Response. Clin Cancer Res. 2022; 
28(1): 187–200, doi: 10.1158/1078-0432.CCR-21-2092, indexed in 
Pubmed: 34426440.

32.	 Belinsky MG, Rink L, von Mehren M. Succinate dehydrogenase defi-
ciency in pediatric and adult gastrointestinal stromal tumors. Front 
Oncol. 2013; 3: 117, doi: 10.3389/fonc.2013.00117, indexed in Pubmed: 
23730622.

33.	 Miettinen M, Killian JK, Wang ZF, et al. Immunohistochemical loss of 
succinate dehydrogenase subunit A (SDHA) in gastrointestinal stromal 
tumors (GISTs) signals SDHA germline mutation. Am J Surg Pathol. 
2013; 37(2): 234–240, doi: 10.1097/PAS.0b013e3182671178, indexed 
in Pubmed: 23282968.

34.	 Miettinen M, Lasota J. Succinate dehydrogenase deficient gastrointe-
stinal stromal tumors (GISTs) - a review. Int J Biochem Cell Biol. 2014; 
53: 514–519, doi: 10.1016/j.biocel.2014.05.033, indexed in Pubmed: 
24886695.

35.	 Lv BB, Li JM, Yao ZG, et al. Succinate dehydrogenase deficient gastro-
intestinal stromal tumor in a three month old boy with a fatal clinical 
course: a case report and review of literature. Diagn Pathol. 2021; 16(1): 
14, doi: 10.1186/s13000-021-01077-4, indexed in Pubmed: 33612108.

36.	 MacFarlane J, Seong KC, Bisambar C, et al. A review of the tumour 
spectrum of germline succinate dehydrogenase gene mutations: 
Beyond phaeochromocytoma and paraganglioma. Clin Endocrinol 
(Oxf ). 2020; 93(5): 528–538, doi: 10.1111/cen.14289, indexed in 
Pubmed: 32686200.

37.	 Miettinen M, Lasota J. Gastrointestinal stromal tumors: pathology and 
prognosis at different sites. Semin Diagn Pathol. 2006; 23(2): 70–83, doi: 
10.1053/j.semdp.2006.09.001, indexed in Pubmed: 17193820.

38.	 Pantaleo MA, Astolfi A, Indio V, et al. SDHA loss-of-function mutations 
in KIT-PDGFRA wild-type gastrointestinal stromal tumors identified 
by massively parallel sequencing. J Natl Cancer Inst. 2011; 103(12): 
983–987, doi: 10.1093/jnci/djr130, indexed in Pubmed: 21505157.

39.	 Pantaleo MA, Astolfi A, Urbini M, et al. GIST Study Group. Analysis of all 
subunits, SDHA, SDHB, SDHC, SDHD, of the succinate dehydrogenase 
complex in KIT/PDGFRA wild-type GIST. Eur J Hum Genet. 2014; 22(1): 
32–39, doi: 10.1038/ejhg.2013.80, indexed in Pubmed: 23612575.

40.	 Nannini M, Rizzo A, Indio V, et al. Targeted therapy in deficient 
GIST. Ther Adv Med Oncol. 2021; 13: 17588359211023278, doi: 
10.1177/17588359211023278, indexed in Pubmed: 34262616.

41.	 Pantaleo MA, Urbini M, Schipani A, et al. Germline Variants in Adult 
Patients With -Mutant Gastrointestinal Stromal Tumor. Front Oncol. 
2021; 11: 778461, doi: 10.3389/fonc.2021.778461, indexed in Pubmed: 
35059314.

42.	 Wagner AJ, Remillard SP, Zhang YX, et al. Loss of expression of SDHA 
predicts SDHA mutations in gastrointestinal stromal tumors. Mod Pa-
thol. 2013; 26(2): 289–294, doi: 10.1038/modpathol.2012.153, indexed 
in Pubmed: 22955521.

43.	 Casey RT, Ten Hoopen R, Ochoa E, et al. SDHC epi-mutation testing 
in gastrointestinal stromal tumours and related tumours in clinical 

http://dx.doi.org/10.1073/pnas.1009199108
https://www.ncbi.nlm.nih.gov/pubmed/21173220
http://dx.doi.org/10.1097/PAP.0000000000000158
https://www.ncbi.nlm.nih.gov/pubmed/28632504
http://dx.doi.org/10.7150/jca.2.90
https://www.ncbi.nlm.nih.gov/pubmed/21479127
http://dx.doi.org/10.5858/arpa.2018-0370-RS
https://www.ncbi.nlm.nih.gov/pubmed/31169996
http://dx.doi.org/10.3390/diagnostics11020194
https://www.ncbi.nlm.nih.gov/pubmed/33525726
http://dx.doi.org/10.1093/hmg/ddl016
https://www.ncbi.nlm.nih.gov/pubmed/16461335
http://dx.doi.org/10.1097/01.pas.0000176433.81079.bd
https://www.ncbi.nlm.nih.gov/pubmed/16330947
http://dx.doi.org/10.1309/AJCPPCKGA2QGBJ1R
https://www.ncbi.nlm.nih.gov/pubmed/20023270
http://dx.doi.org/10.1186/s12967-016-1075-6
https://www.ncbi.nlm.nih.gov/pubmed/27974047
http://dx.doi.org/10.1038/modpathol.2015.160
http://dx.doi.org/10.1038/modpathol.2015.160
https://www.ncbi.nlm.nih.gov/pubmed/26796526
http://dx.doi.org/10.1038/s41571-022-00606-4
https://www.ncbi.nlm.nih.gov/pubmed/35217782
http://dx.doi.org/10.1073/pnas.0803383105
http://dx.doi.org/10.1073/pnas.0803383105
https://www.ncbi.nlm.nih.gov/pubmed/18550829
http://dx.doi.org/10.1097/PAS.0b013e3182260752
http://dx.doi.org/10.1097/PAS.0b013e3182260752
https://www.ncbi.nlm.nih.gov/pubmed/21997692
http://dx.doi.org/10.1097/MD.0000000000007668
https://www.ncbi.nlm.nih.gov/pubmed/28796048
http://dx.doi.org/10.1002/ajmg.10235
https://www.ncbi.nlm.nih.gov/pubmed/11857563
http://dx.doi.org/10.1097/01.mph.0000157790.81329.47
https://www.ncbi.nlm.nih.gov/pubmed/15838387
http://dx.doi.org/10.1038/gim.2014.115
http://dx.doi.org/10.1038/gim.2014.115
https://www.ncbi.nlm.nih.gov/pubmed/25188872
http://dx.doi.org/10.1097/PAS.0000000000000685
https://www.ncbi.nlm.nih.gov/pubmed/27340750
http://dx.doi.org/10.1111/his.13277
https://www.ncbi.nlm.nih.gov/pubmed/29239034
http://dx.doi.org/10.3389/fendo.2021.680609
https://www.ncbi.nlm.nih.gov/pubmed/34012423
http://dx.doi.org/10.1016/j.cell.2005.05.025
https://www.ncbi.nlm.nih.gov/pubmed/15989954
http://dx.doi.org/10.1016/j.pbi.2013.02.007
https://www.ncbi.nlm.nih.gov/pubmed/23453781
http://dx.doi.org/10.1530/ERC-14-0254
https://www.ncbi.nlm.nih.gov/pubmed/24859990
http://dx.doi.org/10.1158/2159-8290.CD-13-0092
http://dx.doi.org/10.1158/2159-8290.CD-13-0092
https://www.ncbi.nlm.nih.gov/pubmed/23550148
http://dx.doi.org/10.1016/j.mce.2017.07.018
https://www.ncbi.nlm.nih.gov/pubmed/28739378
http://dx.doi.org/10.1097/PAT.0b013e3283539932
http://dx.doi.org/10.1097/PAT.0b013e3283539932
https://www.ncbi.nlm.nih.gov/pubmed/22544211
http://dx.doi.org/10.1158/1078-0432.CCR-21-2092
https://www.ncbi.nlm.nih.gov/pubmed/34426440
http://dx.doi.org/10.3389/fonc.2013.00117
https://www.ncbi.nlm.nih.gov/pubmed/23730622
http://dx.doi.org/10.1097/PAS.0b013e3182671178
https://www.ncbi.nlm.nih.gov/pubmed/23282968
http://dx.doi.org/10.1016/j.biocel.2014.05.033
https://www.ncbi.nlm.nih.gov/pubmed/24886695
http://dx.doi.org/10.1186/s13000-021-01077-4
https://www.ncbi.nlm.nih.gov/pubmed/33612108
http://dx.doi.org/10.1111/cen.14289
https://www.ncbi.nlm.nih.gov/pubmed/32686200
http://dx.doi.org/10.1053/j.semdp.2006.09.001
https://www.ncbi.nlm.nih.gov/pubmed/17193820
http://dx.doi.org/10.1093/jnci/djr130
https://www.ncbi.nlm.nih.gov/pubmed/21505157
http://dx.doi.org/10.1038/ejhg.2013.80
https://www.ncbi.nlm.nih.gov/pubmed/23612575
http://dx.doi.org/10.1177/17588359211023278
https://www.ncbi.nlm.nih.gov/pubmed/34262616
http://dx.doi.org/10.3389/fonc.2021.778461
https://www.ncbi.nlm.nih.gov/pubmed/35059314
http://dx.doi.org/10.1038/modpathol.2012.153
https://www.ncbi.nlm.nih.gov/pubmed/22955521


333

practice. Sci Rep. 2019; 9(1): 10244, doi: 10.1038/s41598-019-46124-9, 
indexed in Pubmed: 31308404.

44.	 Weldon CB, Madenci AL, Boikos SA, et al. Surgical Management of 
Wild-Type Gastrointestinal Stromal Tumors: A Report From the Na-
tional Institutes of Health Pediatric and Wildtype GIST Clinic. J Clin 
Oncol. 2017; 35(5): 523–528, doi: 10.1200/JCO.2016.68.6733, indexed 
in Pubmed: 28029307.

45.	 NCCN Clinical Practice Guidelines in O ncology (NCCN Guidelines ®) Ga-
strointestinal Stromal Tumors (GISTs) Version 1.2022. https://www.nccn.
org/guidelines/guidelines-detail?category=1&id=1507 (01.08.2022).

46.	 Demetri GD, von Mehren M, Blanke CD, et al. Efficacy and safety of 
imatinib mesylate in advanced gastrointestinal stromal tumors. N Engl 
J Med. 2002; 347(7): 472–480, doi: 10.1056/NEJMoa020461, indexed in 
Pubmed: 12181401.

47.	 Rutkowski P, Ziętek M, Cybulska-Stopa B, et al. The analysis of 3-year 
adjuvant therapy with imatinib in patients with high-risk molecular 
profiled gastrointestinal stromal tumors (GIST) treated in routine 
practice. Eur J Surg Oncol. 2021; 47(5): 1191–1195, doi: 10.1016/j.
ejso.2020.08.004, indexed in Pubmed: 32826113.

48.	 Reichardt P, Kang YK, Rutkowski P, et al. Clinical outcomes of patients 
with advanced gastrointestinal stromal tumors: safety and efficacy 
in a worldwide treatment-use trial of sunitinib. Cancer. 2015; 121(9): 
1405–1413, doi: 10.1002/cncr.29220, indexed in Pubmed: 25641662.

49.	 Demetri G, Reichardt P, Kang YK, et al. Efficacy and safety of regorafenib 
for advanced gastrointestinal stromal tumours after failure of imatinib 
and sunitinib (GRID): an international, multicentre, randomised, pla-
cebo-controlled, phase 3 trial. Lancet. 2013; 381(9863): 295–302, doi: 
10.1016/s0140-6736(12)61857-1.

50.	 Blay JY, Serrano C, Heinrich M, et al. Ripretinib in patients with advanced 
gastrointestinal stromal tumours (INVICTUS): a double-blind, rando-
mised, placebo-controlled, phase 3 trial. Lancet Oncol. 2020; 21(7): 
923–934, doi: 10.1016/s1470-2045(20)30168-6.

51.	 Murray M, Hatcher H, Jessop F, et al. Treatment of wild-type gastroin-
testinal stromal tumor (WT-GIST) with imatinib and sunitinib. Pediatr 
Blood Cancer. 2008; 50(2): 386–388, doi: 10.1002/pbc.21312, indexed 
in Pubmed: 17729245.

52.	 Neppala P, Banerjee S, Fanta PT, et al. Current management of succinate 
dehydrogenase-deficient gastrointestinal stromal tumors. Cancer Me-
tastasis Rev. 2019; 38(3): 525–535, doi: 10.1007/s10555-019-09818-0, 
indexed in Pubmed: 31773431.

53.	 Mei L, Smith SC, Faber AC, et al. Gastrointestinal Stromal Tumors: 
The GIST of Precision Medicine. Trends Cancer. 2018; 4(1): 74–91, doi: 
10.1016/j.trecan.2017.11.006, indexed in Pubmed: 29413424.

54.	 Debiec-Rychter M, Sciot R, Le Cesne A, et al. EORTC Soft Tissue and Bone 
Sarcoma Group, Italian Sarcoma Group, Australasian GastroIntestinal 
Trials Group. KIT mutations and dose selection for imatinib in patients 
with advanced gastrointestinal stromal tumours. Eur J Cancer. 2006; 
42(8): 1093–1103, doi: 10.1016/j.ejca.2006.01.030, indexed in Pubmed: 
16624552.

55.	 Ganjoo KN, Villalobos VM, Kamaya A, et al. A multicenter phase II stu-
dy of pazopanib in patients with advanced gastrointestinal stromal 
tumors (GIST) following failure of at least imatinib and sunitinib. Ann 
Oncol. 2014; 25(1): 236–240, doi: 10.1093/annonc/mdt484, indexed 
in Pubmed: 24356634.

56.	 Corless CL, Ballman KV, Antonescu CR, et al. Pathologic and molecular 
features correlate with long-term outcome after adjuvant therapy of 
resected primary GI stromal tumor: the ACOSOG Z9001 trial. J Clin On-
col. 2014; 32(15): 1563–1570, doi: 10.1200/JCO.2013.51.2046, indexed 
in Pubmed: 24638003.

57.	 Joensuu H, Eriksson M, Sundby Hall K, et al. Adjuvant Imatinib for 
High-Risk GI Stromal Tumor: Analysis of a Randomized Trial. J Clin 
Oncol. 2016; 34(3): 244–250, doi: 10.1200/JCO.2015.62.9170, indexed 
in Pubmed: 26527782.

58.	 Rutkowski P, Magnan H, Chou AJ, et al. Treatment of gastrointestinal 
stromal tumours in paediatric and young adult patients with sunitinib: 
a multicentre case series. BMC Cancer. 2017; 17(1): 717, doi: 10.1186/
s12885-017-3727-1, indexed in Pubmed: 29110655.

59.	 Janeway KA, Albritton KH, Van Den Abbeele AD, et al. Sunitinib tre-
atment in pediatric patients with advanced GIST following failure of 

imatinib. Pediatr Blood Cancer. 2009; 52(7): 767–771, doi: 10.1002/
pbc.21909, indexed in Pubmed: 19326424.

60.	 Ben-Ami E, Barysauskas CM, von Mehren M, et al. Long-term follow-up 
results of the multicenter phase II trial of regorafenib in patients with 
metastatic and/or unresectable GI stromal tumor after failure of stan-
dard tyrosine kinase inhibitor therapy. Ann Oncol. 2016; 27(9): 1794–
1799, doi: 10.1093/annonc/mdw228, indexed in Pubmed: 27371698.

61.	 Janeway KA, Zhu MJ, Barretina J, et al. Strong expression of IGF1R 
in pediatric gastrointestinal stromal tumors without IGF1R genomic 
amplification. Int J Cancer. 2010; 127(11): 2718–2722, doi: 10.1002/
ijc.25247, indexed in Pubmed: 20162573.

62.	 Mahadevan D, Sutton GR, Arteta-Bulos R, et al. Phase 1b study of safety, 
tolerability and efficacy of R1507, a monoclonal antibody to IGF-1R in 
combination with multiple standard oncology regimens in patients 
with advanced solid malignancies. Cancer Chemother Pharmacol. 
2014; 73(3): 467–473, doi: 10.1007/s00280-013-2372-x, indexed in 
Pubmed: 24390424.

63.	 Mehren Mv, George S, Heinrich M, et al. Results of SARC 022, a phase 
II multicenter study of linsitinib in pediatric and adult wild-type (WT) 
gastrointestinal stromal tumors (GIST). J Clin Oncol. 2014; 32(15_suppl): 
10507–10507, doi: 10.1200/jco.2014.32.15_suppl.10507.

64.	 Flavahan WA, Drier Y, Johnstone SE, et al. Altered chromosomal to-
pology drives oncogenic programs in SDH-deficient GISTs. Nature. 
2019; 575(7781): 229–233, doi: 10.1038/s41586-019-1668-3, indexed 
in Pubmed: 31666694.

65.	 Ricci R, Martini M, Ravegnini G, et al. Preferential MGMT methylation could 
predispose a subset of KIT/PDGFRA-WT GISTs, including SDH-deficient 
ones, to respond to alkylating agents. Clin Epigenetics. 2019; 11(1): 2, doi: 
10.1186/s13148-018-0594-9, indexed in Pubmed: 30616628.

66.	 Indio V, Schipani A, Nannini M, et al. Gene Expression Landscape of 
SDH-Deficient Gastrointestinal Stromal Tumors. J Clin Med. 2021; 10(5), 
doi: 10.3390/jcm10051057, indexed in Pubmed: 33806389.

67.	 Astolfi A, Pantaleo MA, Indio V, et al. The Emerging Role of the FGF/FGFR 
Pathway in Gastrointestinal Stromal Tumor. Int J Mol Sci. 2020; 21(9), 
doi: 10.3390/ijms21093313, indexed in Pubmed: 32392832.

68.	 Lou L, Zhang W, Li J, et al. Abnormal MGMT Promoter Methylation in 
Gastrointestinal Stromal Tumors: Genetic Susceptibility and Association 
with Clinical Outcome. Cancer Manag Res. 2020; 12: 9941–9952, doi: 
10.2147/CMAR.S269388, indexed in Pubmed: 33116851.

69.	 Ravegnini G, Ricci R. Succinate Dehydrogenase-Deficient Ga-
strointestinal Stromal Tumors: Small Steps Toward Personalized 
Medicine? Epigenet Insights. 2019; 12: 2516865719842534, doi: 
10.1177/2516865719842534, indexed in Pubmed: 31020269.

70.	 Yebra M, Bhargava S, Kumar A, et al. Human succinate dehydrogenase-defi-
cient gastrointestinal stromal tumors are seinsitive to temozolomide via in-
duction of ER stress and DNA damage: 10. https://www.ctos.org/Portals/0/
PDF/2020%20CTOS%20Prelim%20Program_FINAL.pdf (01.08.2022).

71.	 Trent JC, Beach J, Burgess MA, et al. A two-arm phase II study of temo-
zolomide in patients with advanced gastrointestinal stromal tumors 
and other soft tissue sarcomas. Cancer. 2003; 98(12): 2693–2699, doi: 
10.1002/cncr.11875, indexed in Pubmed: 14669291.

72.	 Garcia del Muro X, Lopez-Pousa A, Martin J, et al. Spanish Group for 
Research on Sarcomas. A phase II trial of temozolomide as a 6-week, 
continuous, oral schedule in patients with advanced soft tissue 
sarcoma: a study by the Spanish Group for Research on Sarcomas. 
Cancer. 2005; 104(8): 1706–1712, doi: 10.1002/cncr.21384, indexed in 
Pubmed: 16134177.

73.	 Hadoux J, Favier J, Scoazec JY, et al. SDHB mutations are associated with 
response to temozolomide in patients with metastatic pheochromo-
cytoma or paraganglioma. Int J Cancer. 2014; 135(11): 2711–2720, doi: 
10.1002/ijc.28913, indexed in Pubmed: 24752622.

74.	 Glod J, Arnaldez FI, Wiener L, et al. A Phase II Trial of Vandetanib 
in Children and Adults with Succinate Dehydrogenase-Deficient 
Gastrointestinal Stromal Tumor. Clin Cancer Res. 2019; 25(21): 
6302–6308, doi: 10.1158/1078-0432.CCR-19-0986, indexed in 
Pubmed: 31439578.

75.	 Dudzisz-Śledź M, Rutkowski P. Advances in the management of gastro-
intestinal stromal tumors (GISTs). Nowotwory. Journal of Oncology. 
2020; 70(6): 280–287, doi: 10.5603/njo.2020.0055.

http://dx.doi.org/10.1038/s41598-019-46124-9
https://www.ncbi.nlm.nih.gov/pubmed/31308404
http://dx.doi.org/10.1200/JCO.2016.68.6733
https://www.ncbi.nlm.nih.gov/pubmed/28029307
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1507
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1507
http://dx.doi.org/10.1056/NEJMoa020461
https://www.ncbi.nlm.nih.gov/pubmed/12181401
http://dx.doi.org/10.1016/j.ejso.2020.08.004
http://dx.doi.org/10.1016/j.ejso.2020.08.004
https://www.ncbi.nlm.nih.gov/pubmed/32826113
http://dx.doi.org/10.1002/cncr.29220
https://www.ncbi.nlm.nih.gov/pubmed/25641662
http://dx.doi.org/10.1016/s0140-6736(12)61857-1
http://dx.doi.org/10.1016/s1470-2045(20)30168-6
http://dx.doi.org/10.1002/pbc.21312
https://www.ncbi.nlm.nih.gov/pubmed/17729245
http://dx.doi.org/10.1007/s10555-019-09818-0
https://www.ncbi.nlm.nih.gov/pubmed/31773431
http://dx.doi.org/10.1016/j.trecan.2017.11.006
https://www.ncbi.nlm.nih.gov/pubmed/29413424
http://dx.doi.org/10.1016/j.ejca.2006.01.030
https://www.ncbi.nlm.nih.gov/pubmed/16624552
http://dx.doi.org/10.1093/annonc/mdt484
https://www.ncbi.nlm.nih.gov/pubmed/24356634
http://dx.doi.org/10.1200/JCO.2013.51.2046
https://www.ncbi.nlm.nih.gov/pubmed/24638003
http://dx.doi.org/10.1200/JCO.2015.62.9170
https://www.ncbi.nlm.nih.gov/pubmed/26527782
http://dx.doi.org/10.1186/s12885-017-3727-1
http://dx.doi.org/10.1186/s12885-017-3727-1
https://www.ncbi.nlm.nih.gov/pubmed/29110655
http://dx.doi.org/10.1002/pbc.21909
http://dx.doi.org/10.1002/pbc.21909
https://www.ncbi.nlm.nih.gov/pubmed/19326424
http://dx.doi.org/10.1093/annonc/mdw228
https://www.ncbi.nlm.nih.gov/pubmed/27371698
http://dx.doi.org/10.1002/ijc.25247
http://dx.doi.org/10.1002/ijc.25247
https://www.ncbi.nlm.nih.gov/pubmed/20162573
http://dx.doi.org/10.1007/s00280-013-2372-x
https://www.ncbi.nlm.nih.gov/pubmed/24390424
http://dx.doi.org/10.1200/jco.2014.32.15_suppl.10507
http://dx.doi.org/10.1038/s41586-019-1668-3
https://www.ncbi.nlm.nih.gov/pubmed/31666694
http://dx.doi.org/10.1186/s13148-018-0594-9
https://www.ncbi.nlm.nih.gov/pubmed/30616628
http://dx.doi.org/10.3390/jcm10051057
https://www.ncbi.nlm.nih.gov/pubmed/33806389
http://dx.doi.org/10.3390/ijms21093313
https://www.ncbi.nlm.nih.gov/pubmed/32392832
http://dx.doi.org/10.2147/CMAR.S269388
https://www.ncbi.nlm.nih.gov/pubmed/33116851
http://dx.doi.org/10.1177/2516865719842534
https://www.ncbi.nlm.nih.gov/pubmed/31020269
https://www.ctos.org/Portals/0/PDF/2020 CTOS Prelim Program_FINAL.pdf
https://www.ctos.org/Portals/0/PDF/2020 CTOS Prelim Program_FINAL.pdf
http://dx.doi.org/10.1002/cncr.11875
https://www.ncbi.nlm.nih.gov/pubmed/14669291
http://dx.doi.org/10.1002/cncr.21384
https://www.ncbi.nlm.nih.gov/pubmed/16134177
http://dx.doi.org/10.1002/ijc.28913
https://www.ncbi.nlm.nih.gov/pubmed/24752622
http://dx.doi.org/10.1158/1078-0432.CCR-19-0986
https://www.ncbi.nlm.nih.gov/pubmed/31439578
http://dx.doi.org/10.5603/njo.2020.0055


334

Guidelines and recommendations

Polish consensus on gastric cancer diagnosis and treatment 
– update 2022

Piotr Richter1, Grzegorz Wallner2, Wojciech Zegarski3, Marek Sierżęga1, Piotr Kołodziejczyk1,  
Anna Nasierowska-Guttmejer4, Wojciech Kielan5, Dawid Murawa6, Lucjan Wyrwicz7,  
Kamil Konopka8, Radosław Pach1, Rafał Stec9, Michał Kukla10, 11, Tomasz Skoczylas2,  

Antoni Szczepanik1  
– on behalf of the Polish Gastric Cancer Research Group*

1First Department of General Surgery, Jagiellonian University, Collegium Medicum, Krakow, Poland 
2Second Department and Clinic of General, Gastroenterological Surgery and Digestive System Tumors, Medical University of Lublin, Lublin, Poland 

3Chair of Surgical Oncology, Collegium Medicum Nicolaus Copernicus university in Torun, Centre of Oncology in Bydgoszcz, Bydgoszcz, Poland 
4Department of Pathomorphology, Central Clinical Hospital of the Ministry of Interior and Administration in Warsaw; 

Lazarski University in Warsaw, Faculty of Medicine, Warsaw, Poland 
5Second Department and Clinic of General Surgery and Oncological Surgery, Medical University of Wroclaw, Wroclaw, Poland 

6Chair of Surgery and Oncology Zielona Gora University, Department of General and Oncological Surgery University Hospital Zielona Gora, Zielona Gora, Poland 
7Department of Oncology and Radiotherapy, Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw, Poland 

8Department of Oncology, Jagiellonian University, Collegium Medicum, Krakow, Poland 
9Department of Oncology, Medical University of Warsaw, Warsaw, Poland 

10Department of Internal Diseases and Geriatrics, Jagiellonian University, Collegium Medicum, Krakow, Poland 
11Department of Endoscopy, University Hospital in Krakow, Krakow, Poland

*Dariusz Adamek, Lubomir Bodnar, Andrzej Budzyński, Antoni Czupryna, Małgorzata Foszczyńska-Kłoda, Mariusz Frączek, Stanisław Głuszek,  
Katarzyna Guzińska-Ustymowicz, Anna Jakieła, Tomasz Jastrzębski, Arkadiusz Jeziorski, Michał Kamiński, Zbigniew Kamocki, Bogusław Kędra, 

Stanisław Kłęk, Ewa Kossakowska, Leszek Kraj, Marek Krawczyk, Wiesław Kruszewski, Tomasz Kruszyna, Maciej Krzakowski, Zbigniew Lorenc,  
Jacek Mackiewicz, Krzysztof Małecki, Sławomir Mandziuk, Andrzej Matyja, Sławomir Mrowiec, Andrzej Mróz, Krzysztof Okoń, Tomasz Olesiński,  
Danuta Owczarek, Michal Pędziwiatr, Szymon Pietruszka, Wojciech Polkowski, Tadeusz Popiela, Piotr Potemski, Barbara Radecka, Karol Rawicz 
Pruszyński, Wojciech Rogowski, Leszek Rumianowski, Andrzej Rutkowski, Grażyna Rydzewska, Jacek Sobocki, Teresa Starzyńska, Zoran Stojcew,  

Justyna Szumiło, Mirosław Szura, Marek Szwiec, Wiesław Tarnowski, Michał Tenderenda, Krzysztof Woźniak, Piotr Wysocki, Wojciech M. Wysocki, 
Aleksander Zając, Jacek Zieliński, Krzysztof Zieniewicz, Krzysztof Zinkiewicz

�This document – “Polish consensus on gastric cancer diagnosis and treatment – update 2022” – represents an expert 
consensus following a year’s worth of dedicated effort by a team of specialists throughout 2021, put forward in a con-
ference in December 2021 in Krakow, and finalized below for publication in 2022. The effective date of this document 
is June 14th 2022. The work that went into updating this consensus was made under auspices of the Polish Society of 
Surgical Oncology and the Association of Polish Surgeons.

Key words: � chemotherapy, early gastric cancer, endoscopic treatment, gastric cancer, guidelines, surgical treatment

How to cite:

Richter P, Wallner G, Zegarski W, Sierżęga M, Kołodziejczyk P, Nasierowska-Guttmejer A, Kielan W, Murawa D, Wyrwicz L, Konopka K, Pach R, Stec R, Kukla M, Skoczylas 
T, Szczepanik A. – on behalf of the Polish Gastric Cancer Research Group. Polish consensus on gastric cancer diagnosis and treatment – update 2022. NOWOTWORY 
J Oncol 2022; 72: 334–341. 

NOWOTWORY Journal of Oncology 
2022, volume 72, number 5, 334–341

DOI: 10.5603/NJO.2022.0053
© Polskie Towarzystwo Onkologiczne

ISSN 0029–540X, e-ISSN: 2300-2115
www.nowotwory.edu.pl

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.



335

History
Specific interest regarding issues related to gastric cancer 
management in Poland dates back to the 1970s. A project, 
“Polish Research in Gastric Cancer” was launched in 1977 at the 
initiative of Prof. Tadeusz Popiela and Prof. Tadeusz Koszarowski. 
The first edition of the Polish Consensus – Principles of Gastric 
Cancer Management – was published in the Polish Journal of 
Surgery at a conference memorializing the 20th anniversary 
of this project in 1997 [1]. Subsequent consensus updates 
followed in 2013 and 2017 [2, 3].

Consensus update methods
The Delphi consensus method was used for the purposes 
of this update [4]. As this current consensus is an update to 
the previous version, the first stage was modified to limit 
the group of specialists selecting points for discussion to 
30 people. Special attention was paid to issues that may have 
changed over the past 5 years of evidence-based medicine. 
This stage produced a list of questions that were linked via 
email, along with a letter outlining the purpose and principles 
behind the  consensus, to a panel of 92 experts in general 
and oncological surgery, clinical oncology, pathomorphology, 
oncological radiotherapy, and gastroenterology. Each question 
was answered using a seven-point Likert scale. Respondents 
to this questionnaire (N = 66) received the same questions 
again along with additional information regarding the voting 
distribution of all respondents. With this supplemental informa-
tion, each individual could choose to either keep or change 
their initial vote. Forty-five specialists responded to this second 
questionnaire. Questions with 75% concordance to “yes”, “defi-
nitely yes”, “no”, or “definitely no” were considered a definitive 
consensus. Questions with convergent, yet sub – 75%, re-
sponses were discussed and voted on during a conference of 
specialists in Krakow on December 10, 2021. If the final vote 
was conclusive, the question was determined to have reached 
a definitive consensus. It should be noted that consensus 
does not constitute a formal guideline, the methodology and 
form of which must adhere to appropriate conditions [5], but 
it is an objective representation of expert clinical opinions 
nonetheless.

Some points below include comments meant to clarify or 
refine the consensus recommendations.

Requirements for gastric cancer treatment 
centers
1.	 It is recommended that patients with gastric cancer be 

treated in centers that have adequate experience and 
a multidisciplinary team of specialists on site.

2.	 In centers treating gastric cancer, it is recommended to 
create and maintain a prospective patient registry.

3.	 Treatment of gastric cancer must be led by a multidiscipli-
nary team (MDT) of experienced specialists.

4.	 The MDT must include at least the following specialties: 
general/ oncological surgery, clinical oncology, and ra-
diotherapy.

5.	 Representatives of all specialties related to the treatment 
of gastric cancer should be involved in the MDT, namely: 
radiology, gastroenterology, pathomorphology, palliative 
medicine, and psychology.

Comment
We acknowledge that creating such a large team may not be 
feasible in many centers, but it is the consensus opinion that 
a diverse MDT would improve the quality of care and patient 
outcomes.

6.	 It is recommended that the MDT meet regularly to moni-
tor the treatment progress as well as the percentage of 
patients who completed each planned stage of treatment, 
i.e., neoadjuvant, adjuvant, and surgical.

Comment
This recommendation goes beyond the scope of an onco-
logical concilium within the “national fast oncological track in 
Poland”, where management of a given patient is mandatory 
discussed once.

7.	 Gastric cancer treatment centers must ensure access to the 
following equipment and medical personnel:
•	 24/7 access to operating rooms,
•	 24-hour intensive care units,
•	 24-hour endoscopic suites, especially the upper 

gastrointestinal tract,
•	 intraoperative endoscopic examination,
•	 intraoperative histopathological examination,
•	 intraoperative ultrasound.

8.	 Combination or multimodal therapy (chemotherapy 
and radiotherapy) on site or via dependable contractual 
agreements with a third party.

9.	 It is recommended that elective surgeries take place at 
specialized centers or units with extensive clinical expe-
rience, where at least 30 gastric cancer resections are 
performed annually.

Comment
According to the consensus, this number represents an ad-
equate level of expertise considering the total number of 
gastric cancer resections performed in Poland each year.

10.	 It is likewise recommended that treatment centers monitor 
at least the following outcome measures:
•	 inpatient mortality,
•	 prevalence of anastomosis leakage or fistula for-

mation,
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•	 percentage of complications ranked on severity per 
the Clavien-Dindo scale,

•	 total hospitalization time,
•	 classification of radical resections,
•	 patients’ survival rate,
•	 stage on presentation.

11.	 Centers providing surgical treatment of gastric cancer 
should be subject to periodic external audits.

Comment
Given the current state of gastrointestinal neoplasm man-
agement, including gastric cancer, there is no independent 
governing entity to access centers for compliance with the 
above standards.

Consensus regarding preoperative diagnostics
1.	 Thorough and comprehensive medical evaluation, spe-

cifically the endoscopic examination of the upper gas-
trointestinal tract, of every patient with suspected gastric 
cancer is critical.

2.	 Endoscopic examination must be performed in ac-
cordance with guidelines described by the Polish Soci-
ety of Gastroenterology, paying special consideration 
to the quality indicators established for gastrointestinal 
endoscopy: http://www.ptg-e.org.pl/Wysznejakosci- 
-endoskopii-2014-,140.html.

Comment
The consensus does not discuss individual guidelines regard-
ing the endoscopic examination, relying instead on the above-
mentioned resource for guidance.

3.	 It is recommended to collect multiple samples [6–8] 
during endoscopic examinations for histopathological 
analysis.

Comment
In the case of unresectable or disseminated tumors, additional 
assessment of HER2 expression should be performed on these 
samples.

4.	 Computed Tomography (CT) with intravenous and oral 
contrast of the abdominal, thoracic, and pelvic cavities is 
necessary in all patients with gastric cancer.

Comment
The inclusion of all three regions for CT examination was ap-
proved separately.

5.	 Routine PET-CT is not recommended. PET-CT can be per-
formed when the presence of distant metastases is clini-
cally suspected but inadequately visualized through other 
imaging studies.

Comment
The use of PET-CT in gastric cancer is not currently reimbursed. 
Voting members of the consensus however acknowledge 
expanding the indications for PET-CT in certain cases of gastric 
cancer.

6.	 Routine endoscopic ultrasonography (EUS) is not recom-
mended. However, EUS is required for every patient with 
gastric cancer and planned endoscopic treatment.

7.	 It is recommended to perform a diagnostic laparoscopy 
with peritoneal lavage to best assess the stage of advance 
of gastric cancer before initiating treatment, if possible.

Comment
The voters rejected the absolute requirement to perform 
a diagnostic laparoscopy due to the possibility it will delay 
treatment due to additional inpatient stay. However, there is 
no doubt as to the clinical validity of diagnostic laparoscopy, 
especially in patients with advanced gastric cancer without 
clinically evident peritoneal dissemination [8].

8.	 A thorough and comprehensive medical examination is 
recommended for all patients to determine their overall 
state of health, taking special consideration for comorbid 
or chronic illnesses, prior to beginning treatment.

9.	 It is necessary to assess a patient’s overall nutritional status, 
and take steps to optimize their nutritional status when 
indicated, before beginning treatment.

Comment
Early nutritional intervention should take place during the di-
agnostic and therapeutic process. Nutritional supplementation 
is mandatory in patients with confirmed malnutrition.

10.	 For patients with adenocarcinoma of the esophageal-
gastric junction (EGJ), it is necessary to determine the 
type of tumor according to the Siewert classification. Type 
I and II tumors should be treated according to guidelines 
for esophageal cancer, while type III tumors according to 
guidelines for gastric cancer.

Comment
Apart from the above statements, the consensus does not 
address the particular standards of EGJ cancer management.

Consensus regarding pathomorphological 
diagnostics
1.	 It is recommended that pathomorphological evaluations 

be performed according to guidelines formulated by the 
Gastrointestinal Tract Group of the Polish Society of Pa-
thologists (with appropriate modifications given changes 
to the classifications updates) http://pol-pat.pl/index.php/
standardy/.
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Comment
As in the previous version of the consensus, there is no distinc-
tion between the histological types of the tumor.

4.	 A proximal gastrectomy is allowed in the case of gastric 
cancer located in the upper part of the stomach.

5.	 The extent of lymphadenectomy is to be classified by 
the D-level criteria per the Japanese Gastric Cancer As-
sociation (JGCA) classification (tab. II, III).

6.	 In cases of patients with advanced gastric cancer 
(>cT1b) and those with planned curative gastrecto-
mies, it is recommended to perform routine D2 lym-
phadenectomy.

7.	 D1/D1+ lymphadenectomy is allowed for patients with 
stage cT1a gastric cancer.

8.	 D1/D1+ lymphadenectomy is allowed for patients with 
stage cT1bN0 gastric cancer if the tumor is <1.5 cm and 
shows a high degree of differentiation.

9.	 Lymphadenectomy beyond D1 is not recommended in 
cases of palliative resections.

10.	 Routine splenectomy is not recommended except in 
cases where direct neoplastic infiltration of the spleen is 
observed or where there is suspicion of metastasis to the 
splenic hilum lymph nodes.

11.	 In cases of stage cT4b tumors, it is necessary to evaluate 
the feasibility of multiorgan resection to achieve an R0 
resection.

12.	 A palliative, non-radical gastrectomy is allowed to reduce 
the severity of symptoms or complications related to the 
tumor, i.e., bleeding, obstruction, perforation.

13.	 It is not recommended to perform a gastrectomy with 
the intent of cytoreduction in patients lacking indications 
for palliative surgical intervention in order to mitigate 
complications associated with the tumor, i.e., bleeding, 
obstruction, perforation.

14.	 In patients with an isolated distant metastasis (oligometa-
static disease), surgery is possible as long as it achieves an 
R0 residual margin for both the primary and metastatic 
tumors.

15.	 In the case of early gastric cancer, laparoscopic distal gas-
trectomy is considered to be equivalent to laparotomy if 
performed in centers with adequate experience. Laparo-
scopic total gastrectomy is also considered equivalent for 
early gastric cancer.

16.	 In the case of advanced gastric cancer, laparoscopic distal 
gastrectomy is considered to be equivalent to laparotomy 
if performed in centers with adequate experience. Lapa-
roscopic total gastrectomy however is not considered 
equivalent for advanced gastric cancer

17.	 In the case of clinical symptoms of stenosis in patients 
where a radical or palliative gastrectomy is not possible, it is 
necessary to consider a bypass anastomosis or endoscopic 
stenting of the stenotic region

2.	 The gold standard methodology for staging gastric cancer 
is the current AJCC/UICC TNM classification (VIII edition, 
2017).

3.	 Microscopic examination of the sample after gastrectomy 
should include an assessment of responsiveness to any 
preoperative treatment, where appropriate. The consensus 
recommends using the classification established by the 
College of American Pathologists and International Col-
laboration on Cancer Reporting (tab. I).

4.	 Determining HER2 receptor expression is necessary in 
patients with advanced gastric cancer. This also applies to 
samples taken during endoscopic examination in patients 
where gastric resection is not planned.

5.	 Microscopic analysis following gastric resection should 
include microsatellite instability (MSI) testing.

Comment
According to current data [6, 7], tumors showing MSI probably 
do not benefit from adjuvant chemotherapy and have a bet-
ter prognosis as compared to patients with tumors showing 
microsatellite stability. They may, however, benefit from im-
munotherapy, but that is currently being investigated.

There was no consensus regarding the statement
Microscopic examination following gastrectomy should in-
clude the evaluation of PD-L1 expression (programmed death 
ligand 1). The discussion raised limited scientific data regarding 
the introduction of PD-L1 testing into routine practice.

Consensus regarding surgical treatment
1.	 The goal of surgical gastric cancer treatment is to achieve 

a complete R0 resection of the tumor.
2.	 A partial gastrectomy is recommended in the case of 

distal gastric cancer if doing so can achieve an adequate 
proximal margin.

3.	 The optimal proximal margin of the resected specimen 
following distal gastrectomy when assessed macroscopi-
cally is at least 5 cm.

Table I. Assessment of the response to preoperative treatment

Category Code Description

complete response R0 no evidence of live cancer 
cells

near complete response R1 individual live cancer cells

partial response R2 evidence of tumor 
regression occurring in 
larger clusters, not individual 
cells or
limited to small groups

poor or no response R3 no or very little cancer 
regression
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18.	 In the case of clinical symptoms of stenosis in the cardia, 
where a radical or palliative gastrectomy is not possible, 
it is necessary to consider either endoscopic stenting or 
the creation of a feeding jejunostomy.

Consensus regarding endoscopic treatment
1.	 Curative endoscopic treatment is allowed in select patients 

with early gastric cancer.

2.	 Endoscopic mucosal resection (EMR) and endoscopic 
submucosal dissection (ESD) should be performed ex-
clusively in centers with adequate experience using these 
techniques.

3.	 The standard indications for EMR in the case of early gastric 
cancer are the following:
•	 a high degree of histological differentiation (G1),
•	 no ulceration (UL0),

Table II. Anatomical definition of lymph node (LNs) station in gastric cancer

LNs station Definition

1 right paracardial LNs, including those along the first branch of the ascending limb of the left gastric artery

2 left paracardial LNs including those along the esophagocardiac branch of the left subphrenic artery

3a lesser curvature LNs along the branches of the left gastric artery

3b lesser curvature LNs along the 2nd branch and distal part of the right gastric artery

4sa left greater curvature LNs along the short gastric arteries (perigastric area)

4sb left greater curvature LNs along the left gastroepiploic artery (perigastric area)

5 suprapyloric LNs along the 1st branch and proximal part of the right gastric artery

6 infrapyloric LNs along the first branch and proximal part of the right gastroepiploic artery down to the confluence of the right 
gastroepiploic vein and the anterior superior pancreatoduodenal vein

7 LNs along the trunk of the left gastric artery between its root and the origin of its ascending branch

8a anterosuperior LNs along the common hepatic artery

8b posterior LNs along the common hepatic artery

9 celiac artery LNs

10 splenic hilar LNs including those adjacent to the splenic artery distal to the pancreatic tail, and those on the roots of the short 
gastric arteries, and those along the left gastroepiploic artery proximal to its 1st gastric branch

11 proximal splenic artery LNs from its origin to halfway between its origin and the pancreatic tail end; distal splenic artery LNs from 
halfway between its origin and the pancreatic tail end to the end of the pancreatic tail

12a hepatoduodenal ligament LNs along the proper hepatic artery, in the caudal half between the confluence of the right and left 
hepatic ducts and the upper border of the pancreas

12b hepatoduodenal ligament LNs along the bile duct, in the caudal half between the confluence of the right and left hepatic ducts 
and the upper border of the pancreas; hepatoduodenal ligament LNs along the portal vein in the caudal half between the 
confluence of the right and left hepatic ducts and the upper border of the pancreas

13 LNs on the posterior surface of the pancreatic head proximal to the ampulla of Vater

14 LNs along the superior mesenteric vein

15 LNs along the middle colic vessels

16a1 paraaortic LNs in the diaphragmatic aortic hiatus

16a2 paraaortic LNs between the upper margin of the origin of the celiac artery and the lower border of the left renal vein

16b1 paraaortic LNs between the lower border of the left renal vein and the upper border of the origin of the inferior mesenteric 
artery

16b2 paraaortic LNs between the upper border of the origin of the inferior mesenteric artery and the aortic bifurcation

17 LNs on the anterior surface of the pancreatic head beneath the pancreatic sheath

18 LNs along the inferior border of the pancreatic body

19 infradiaphragmatic LNs predominantly along the subphrenic artery

20 paraesophageal LNs in the diaphragmatic esophageal hiatus
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•	 infiltration limited to the mucosa (cT1a),
•	 tumor diameter less than 2 cm.

4.	 The indications for ESD in the case of early gastric cancer 
are the following:
•	 a high degree of histological differentiation (G1),
•	 no ulceration (UL0),
•	 infiltration limited to the mucosa (cT1a),
•	 tumor diameter greater than 2 cm.

Comment
Additional, extended criteria indicated by JGCA recommen-
dations were not agreed upon by the consensus (tab. IV).

5.	 The radicality of endoscopic resection should be assessed 
in accordance with the JGCA classification in every case 
of EMR /ESD (tab. V).

6.	 In the case of confirmed Grade A and B resections (eCura 
A, eCura B) according to the JGCA, it is sufficient to perform 
appropriate post-operative follow-up examinations.

7.	 In the case of confirmed Grade C resection (eCura C) ac-
cording to the JGCA, it is necessary to consider surgical 
intervention.

8.	 In the case of recurrence that is isolated to the mucosa 
following endoscopic surgery, performed in accordance 
with initial indications, a one-time repeat submucosal 
dissection procedure is acceptable.

Consensus regarding multimodal therapy
1.	 Combination therapy utilizing an MDT should be consid-

ered in the case of advanced gastric cancer (>cT1b).
2.	 Perioperative chemotherapy should be considered in each 

case of potentially resectable gastric cancer stage cT2, any 

Table III. The type of lymphadenectomy based on the extent of resection

Type of resection Lymphadenectomy LNs station

total gastrectomy D0 lymphadenectomy less than D1

D1 excision of LNs of stations 1 to 7

D1+ excision of LNs in the D1 range and stations No. 8a, 9, 11p

D2 excision of LNs in D1 and stations No. 8a, 9, 11, 12a;  
additionally, in the case of tumors infiltrating the esophagus, LNs should be removed from stations No. 
19, 20, 110 and 111

distal gastrectomy D0 lymphadenectomy less than D1

D1 excision of LNs in stations No. 1, 3, 4sb, 4d, 5, 6, 7

D1+ excision of LNs in D1 and stations No. 8a, 9

D2 excision of LNs in D1 and stations No. 8a, 9, 11, 12a

proximal gastrectomy D0 lymphadenectomy less than D1

D1 excision of LNs in stations No.1, 2, 3a, 4sa, 4sb, 7

D1+ excision of LNs in D1 and stations No. 8a, 9, 11

Table IV. Indications for the endoscopic treatment of gastric cancer according to JGCA

Basic indications Extended indications

EMR/ESD highly differentiated adenocarcinoma:
•	 no ulceration (UL0)
•	 stage cT1a
•	 tumor size ≤2 cm

ESD highly differentiated adenocarcinoma without ulceration (UL0):
•	 stage cT1a,
•	 tumor size >2 cm

low-differentiated adenocarcinoma without ulceration 
(UL0):
•	 CT1a advancement,
•	 tumor size ≤2 cm

highly differentiated adenocarcinoma with ulceration (UL1):
•	 stage cT1a,
•	 tumor size ≤3 cm

*Bold areas were not included into consensus
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Comment
This statement is supported by moderate evidence; however, 
this strategy increases the group of patients receiving perio-
perative chemotherapy. 

5.	 Postoperative radiotherapy has not been shown to provide 
additional benefits in patients who received perioperative 
chemotherapy.

6.	 In patients with stage 1B or higher gastric cancer who 
did not receive perioperative chemotherapy, adjuvant 
radiochemotherapy, or less commonly, self-administered 
chemotherapy, is recommended.

7.	 In patients with stage 1B or higher gastric cancer where 
a D2 lymphadenectomy was not performed, adjuvant 
radiochemotherapy is recommended.

8.	 In patients with gastric cancer not exceeding stage pT2N0 
where a D2 lymphadenectomy was performed, adjuvant 
chemotherapy may be considered, although observation 
is also possible.

Comment
This provision applies to patients who did not receive perio-
perative chemotherapy.

9.	 In patients with advanced, locally unresectable tumors and no 
evidence of distant metastasis (T4b, any N, M0), inductive 
chemotherapy should be considered. After its completion, it is 
recommended to reassess the feasibility of surgical resection.

10.	 In patients with advanced, unresectable gastric cancer, 
chemotherapy regimens should consist of a combination 
of two or three agents, including platinum and fluoropy-
rimidine derivatives.

11.	 Hyperthermic intraperitoneal chemotherapy (HIPEC) is 
acceptable in select cases of stage IV gastric cancer, prefer-
ably as part of clinical trials.

12.	 In patients with advanced, unresectable gastric cancer 
with positive HER2 expression, systemic therapy including 
trastuzumab in combination with a platinum derivative 
and a fluoropyrimidine is recommended.

Abbreviations
CT 		  – computed tomography
EGJ 		 – esophageal-gastric junction
EMR 	 – endoscopic mucosal resection
ESD 	 – endoscopic submucosal dissection
EUS 	 – endoscopic ultrasonography
HIPEC 	 – hyperthermic intraperitoneal chemotherapy
JGCA 	 – Japanese Gastric Cancer Association
MDT	 – multidisciplinary team
MSI		 – microsatellite instability
PD-L1	 – programmed death ligand 1
PET-CT	 – positron emission tomography
UL0 	 – no ulceration

Table V. Endoscopic curability classification

Category Description

eCura A neoplasm without ulceration (UL0) meeting all of 
the following conditions:
•	 complete resection (en bloc),
•	 any neoplasm size,
•	 predominantly a highly differentiated 

neoplasm,
•	 pT1a,
•	 negative horizontal and vertical margins,
•	 no vascular infiltration (L0V0)

ulcerative neoplasm (UL1) meeting all the 
following conditions:
•	 complete resection (en bloc),
•	 neoplasm size ≤3 cm,
•	 predominantly highly differentiated neoplasm,
•	 pT1a,
•	 negative horizontal and vertical margins,
•	 no vascular infiltration (L0V0)

eCura B predominantly poorly differentiated neoplasm 
meeting all of the following conditions:
•	 no ulceration (UL0),
•	 complete resection (en bloc),
•	 neoplasm size ≤2 cm,
•	 pT1a,
•	 negative horizontal and vertical margins,
•	 no vascular infiltration (L0V0)

for pT1b cancer meeting all of the following 
conditions:
•	 complete resection of neoplasm (en bloc),
•	 predominantly highly differentiated neoplasm,
•	 neoplasm size ≤3 cm,
•	 SM1 – submucosa infiltration <500 μm from 

muscularis mucosae,
•	 • negative horizontal and vertical margins,
•	 • no vascular infiltration (L0V0)

eCura C endoscopic resections that do not meet 
the criteria for eCura A or eCura B

eCura C1:
•	 highly differentiated tumor meeting eCura A 

or eCura B criteria but not completely removed 
(en bloc) or removed with a positive horizontal 
margin

eCura C2:
•	 all other eCura C resections

N, M0, where an R0 resection margin is deemed possible, 
and there are no indications for urgent gastrectomy.

3.	 Perioperative FLOT chemotherapy should be considered 
in patients determined to be in very good general health 
following an extensive clinical evaluation.

Comment
The assumption is a 4+4 regimen, however in some patients, it 
may not be possible to complete all cycles before or after surgery.
4.	 Perioperative FOLFOX/XELOX chemotherapy should be 

considered in patients determined to be in good to mod-
erate overall health.
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�Uveal melanoma is the most common malignant neoplasm of the eyeball, developing from melanocytes of the uveal 
membrane of the eye, which is significantly different from melanoma of the conjunctiva, mucous membranes and skin. 
The management of this disease is therefore different from that of other forms of melanoma. The disease is most often 
confined to the eye and its local treatment includes radiation therapy and surgery. Some patients, despite successful 
local treatment, develop distant metastases, most often located in the liver. The guidelines presented here cover the 
principles of diagnosis, prognostic evaluation and treatment of both the disease confined to the eyeball and the disease 
at the metastatic stage. The principles of management of conjunctival melanoma are also discussed. The recommen-
dations are based on a review of the literature and expert opinion, and are accompanied by an assessment of their 
strength and reliability.
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Introduction
According to the authors and editors, recommendations con-
tain the most reasonable principles of diagnostic and the-
rapeutic management. They were prepared by taking into 
account the value of scientific evidence and categories of 
recommendations. The management principles should al-
ways be interpreted in the context of the individual clinical 
situation. The recommendations do not always correspond 
to the current reimbursement rules that apply in Poland, and 
this is described in the text. When in doubt, current reimburse-
ment options for particular procedures should be determined. 

The quality of scientific evidence and recommendation cate-
gories were determined according to the following criteria.
1.	 Quality of scientific evidence:

I.	 Evidence from at least one large randomized control-
led trial (RCT) of high methodological quality (low risk 
of bias) or meta-analysis of correctly designed RCTs 
without significant heterogeneity.

II.	 Small RCTs or large RCTs with risk of bias (lower me-
thodological quality) or meta-analyses of such studies 
or RCTs with significant heterogeneity.

III.	 Prospective cohort studies.

NOWOTWORY Journal of Oncology 
2022, volume 72, number 5, 342–352

DOI: 10.5603/NJO.2022.0054
© Polskie Towarzystwo Onkologiczne

ISSN 0029–540X, e-ISSN: 2300-2115
www.nowotwory.edu.pl

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.



343

IV.	 Retrospective cohort studies or case-control studies.
V.	 Studies without a control group, case reports, expert 

opinions
2.	 Strength of recommendations:

1.	 Recommendation based on high-quality evidence 
for which the expert panel has reached unanimity or 
a high level of consensus.

2A.	Recommendation based on lower-quality evidence 
for which the expert panel has reached unanimity or 
a high level of consensus.

2B.	 Recommendation based on lower-quality evidence 
for which the expert panel reached a moderate level 
of consensus.

3.	 Recommendation based on evidence at any level 
of quality, for which the expert team did not reach 
consensus.

Scope and purpose of the guidelines
The guidelines provide recommendations for the prevention, 
diagnosis and treatment of uveal melanomas and melanomas 
of the conjunctiva. They are addressed to those responsible 
for organizing and providing care for melanoma patients at 
all levels of health care, including physicians, nurses and phar-
macists. The guidelines were created – based on available 
scientific evidence –  to systematize and standardize clinical 
practice, and thus provide patients with the best possible care.

The document presents a range of diagnostic and the-
rapeutic options that allow clinicians to choose the most 
appropriate management for each patient. The guidelines 
outline interventions that may be preferred due to their effica-
cy and safety profile compared to other medical technologies. 
In addition, the guidelines identify publicly funded methods 
in the Polish health care system and include an analysis of the 
effectiveness of alternative treatment options (including those 
that are not reimbursed).

Methodology
To find relevant scientific evidence, a non-systematic search 
of clinical practice guidelines was conducted and medical 
information databases were searched. The search for clinical 
practice guidelines included recommendations for the diagno-
stic and therapeutic management of uveal and conjunctival 
melanoma published in Polish, English and German between 
2016 and 2021. Recommendations from the European Society 
of Medical Oncology (ESMO), American Society of Surgical 
Oncology (ASCO), National Comprehensive Cancer Network 
(NCCN), American Academy of Dermatology (AAD) were inclu-
ded in the review, European Association of Dermato-Oncology 
(EADO), Scottish Intercollegiate Guidelines Network (SIGN), 
Cancer Council Australia (CCA), Japanese Dermatological As-
sociation (JDA), Arbeitsgemeinschaft der Wissenschaftlichen 
Medizinischen Fachgesellschaften (AWMF) and Polish Society 
of Clinical Oncology (PTOK).

A non-systematic search of medical information databa-
ses (PubMed) was also conducted to obtain key literature. 
The review included all phase II and III clinical trials published 
between 1990 and 2021, which included the keywords ocular 
melanoma, uveal melanoma and conjunctival melanoma. 
The  recommendations in the guidelines are derived from 
a critical appraisal of the evidence, combined with the clinical 
expertise and consensus of a multidisciplinary panel of spe-
cialists. They were written in accordance with the principles 
for formulating and adopting recommendations described in 
the  document Consensus on Methodology for Developing 
Clinical Practice Guidelines in Oncology under the auspices of 
the National Cancer Institute and the Agency for Health Tech-
nology Assessment and Tarification [1]. The panel of specialists 
worked together on the final document in the form of con-
sensus (no dissenting opinions were submitted), and the do-
cument was available to all panel members at all times. All 
panelists completed conflict of interest disclosure statements, 
and potential conflicts of interest were presented.

Ocular melanoma
Uveal melanoma
Epidemiology and etiology
Uveal melanoma is the most common malignant primary 
intraocular neoplasm in adults [2–6]. It is significantly diffe-
rent from melanoma of the conjunctiva, mucous membranes, 
and skin [7]. According to 2018 data from the National Cancer 
Registry (KRN – Krajowy Rejestr Nowotworów), ocular mali-
gnancies (C69) account for 0.3% of all cancers in Poland (523 
cases), most of which are uveal melanoma. The mortality for 
this was 0.1% (121 deaths) [8]. Its incidence varies by race and 
latitude. The incidence is highest among Caucasians (98% of 
all patients) and at higher latitudes. In Mediterranean countries 
it is 2 new cases per 1 million inhabitants per year, while in 
Scandinavian countries it is 8–11/1 million inhabitants. In the 
United States, there is an average of 4.3 new cases per year 
per 1 million people [4, 6, 9, 10]. 

Children rarely develop this type of cancer, and their pro-
gnosis is significantly better (5- and 10-year survival rates are 
97% and 92%) [11, 12]. 

Uveal melanoma develops from melanocytes of the uveal 
membrane, occupying different parts of it with varying frequ-
encies. It is found in the iris in about 4–6%, in the ciliary body 
in 6–9%, and most often in the choroid in 85–90% [2, 13, 14]. 

Staging and prognostic factors
The prognosis of uveal melanoma depends on many factors. 
One of them is the size of the primary tumor (largest base 
diameter and height). Larger tumors offer a lower chance of 
survival. Increasing the height of the tumor by 1 mm increases 
the risk of metastasis by 5% over 10 years [3, 15]. Based on 
the assessment of thickness (height), tumors were divided 
into small (small; 0–3 mm), medium (medium; 3.1–8.0 mm) 
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and large (large; >8 mm). The 5-, 10- and 20-year mortality rates 
were 6%, 12% and 20% in each group, followed by 14%, 26% 
and 37%, and 35%, 49% and 67% in the last group, respecti-
vely [3, 15]. Another factor that negatively affects prognosis 
is tumor involvement of the ciliary body. In this case, 33% 
of patients develop metastases within 10 years of follow-up. 
When the tumor involves the iris, metastasis occurs in 7% of 
patients, and when it involves the choroid – in 25%. 

Other factors that worsen the prognosis and are associa-
ted with a higher propensity for metastasis are the following 
histopathological features: 
•	 epithelioid type of melanoma, 
•	 deep infiltration of the eyeball wall (sclera), 
•	 presence of extraocular infiltration, 
•	 high mitotic index, 
•	 infiltration of the optic nerve, 
•	 intrinsic vascularization of the tumor with a tendency to 

form arches, branches, closed loops and vascular networks,
•	 inflammatory infiltration in the tumor mass (especially 

T lymphocytes and macrophages) [2, 16, 17]. 
Genetic disorders such as monosomy of chromosome 3, 

multiple copies of 1q, 6p and 8q, loss of 1p, 6q and 8p, and mu-
tations of the BAP1, GNAQ and GNA11 genes are associated 
with a high risk of metastasis [2, 18]. In contrast, mutation in 
the EIF1AX gene is associated with a good prognosis [2, 18]. 
Genetic testing is not recommended for routine use, although 
it may influence the pattern of follow-up testing after local 
treatment (IV, 2B). 

Local control after treatment of ocular choroidal melanoma 
is very high (86–98%) and is achieved by various conservative 
treatments, such as brachytherapy, proton therapy, transpupil-
lary thermotherapy (TTT), endo- or exoresection of the tumor, 
and various combinations of these (II, 2A) [2, 19]. In very large 
tumors, i.e., those with a base diameter greater than 20 mm or 
a height greater than 12 mm, and if the neoplasm substantially 
occupies the optic nerve disc, the best treatment is still sur-
gery to remove the eyeball [20] (III, 2A). A big problem in this 
condition is still the approximately 50% mortality rate due to 
generalized dissemination, for which treatment options are still 
limited [2, 21]. In more than 90% of cases, metastasis localizes 
to the liver, despite good local treatment [2, 21]. This is due to 
the propensity of uveal melanoma to form micro-metastases in 
the early stages and the presence of tumor cells in the vascular 
bed before treatment [2, 21].

The AJCC TNM classification developed by the American 
Joint Committee on Cancer is used in the staging and pro-
gnosis of uveal melanoma, which takes into account the size 
of the largest tumor base, its thickness (height), involvement 
of the ciliary body, the presence and size of extraocular infil-
tration, and the presence of metastases [22]. Regional lymph 
node involvement in uveal melanoma is extremely rare [23] 
(tab. I). To assess the risk of metastasis, the genetic analyses 
mentioned above should also be considered, with chromo-

some 3 monosomy and BAP1 mutations [2] being the first 
consideration (III, 2B).

Symptoms
About 1/3 of patients with uveal melanoma report no symp-
toms, or if any occur, they are uncharacteristic [24]. Among the 
most common are decreased visual acuity and visual field ab-
normalities. There may also be pain due to elevated intraocular 
pressure values, and there may be a “veil” in front of the  eye 
or distorted vision [24].

Diagnostic examinations
1.	 Anterior ophthalmoscopic examination under a slit lamp 

(III, 2A).
2.	 Fundus examination after pupil dilation (indirect ophthal-

moscopy preferred) (III, 2A).
3.	 Ultrasound examination (III, 2A):

a)	 ultrabiomicroscopy – ultrasonography of the ante-
rior segment of the eyeball, ciliary body and anterior 
choroid,

b)	 ultrasonography of the posterior segment of the ey-
eball (finding a mycotic tumor shape is a typical feature 
of uveal melanoma).

4.	 Optical coherence tomography (OCT) (III, 2A). 
5.	 Photography of the observed lesion to determine possible 

progression (III, 2A). 
6.	 Gonioscopy – when a lesion is suspected to occupy or 

reach the iridocorneal angle (III, 2A).
7.	 Diaphanoscopy, or transillumination (makes the base of 

the tumor visible) (III, 2A).
8.	 Additional examinations (performed when there is dia-

gnostic doubt) (III, 2B):
a)	 fluorescein angiography,
b)	 indocyanine angiography,
c)	 computed tomography of the orbits,
d)	 magnetic resonance imaging of the orbits,
e)	 autofluorescence [19].

9.	 Tumor biopsy, is still controversial due to the increased risk 
of tumor dissemination and the high rate of false negative 
results [25] (III, 2A) [26] (NCCN Guidelines. Uveal Melanoma. 
Version 3.2020).

Differential diagnosis
Uveal melanoma needs to be differentiated from metastatic 
tumors of other locations and from pigmented nevi [19, 27]. 
It is very important to distinguish an atypical pigmented nevus 
from a small melanoma (TFSOM rule developed by Shields et 
al.) [28] (III, A). Less commonly considered in the differential 
diagnosis are: 
•	 choroidal hemangioma (limited or diffuse), 
•	 intraocular lymphoma, 
•	 retinal hemangiomas, 
•	 osteoma, 
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Table I. Primary tumors – T feature

T (primary tumor)                   Disease staging

all uveal membrane melanomas of the eyeball

TX primary tumor cannot be evaluated

T0 no primary tumor is found

iris

T1 tumor limited to the iris

T1a tumor limited to the iris, not more than 3 clock hours in size

T1b tumor limited to the iris more than 3 clock hours in size

T1c tumor limited to the iris with secondary glaucoma

T2 tumor confluent with or extending into the ciliary body, choroid or both

T2a tumor of the iris involving the ciliary body, without secondary glaucoma

T2b iris tumor involving the choroid, without secondary glaucoma

T2c iris tumor involving the ciliary body and/or choroid, with secondary glaucoma

T3 iris tumor involving the ciliary body and/or choroid with scleral infiltration

T3a iris tumor involving the ciliary body and/or choroid with infiltration of the sclera and secondary glaucoma

T4 melanoma with extrascleral extension

T4a tumor with extrascleral extension less than or equal to 5 mm in diameter

T4b tumor with extrascleral extension more than 5 mm in diameter

ciliary body and choroid

T1 tumor size category 1

T1a tumor size category 1 without ciliary body involvement and extraocular extension

T1b tumor size category 1 with ciliary body involvement

T1c tumor size category 1 without ciliary body involvement, and with extraocular extension less than or equal to 5 mm in diameter

T1d tumor size category 1 with involvement of the ciliary body and with extraocular extension less than or equal to 5 mm in diameter

T2 tumor size category 2

T2a tumor size category 2 without ciliary body involvement and extraocular extension

T2b tumor size category 2 with ciliary body involvement

T2c tumor size category 2 without ciliary body involvement but with extraocular extension less than or equal to 5 mm in diameter 

T2d tumor size category 2 with involvement of the ciliary body and with extraocular extension less than or equal to 5 mm in diameter 

T3 tumor size category 3

T3a tumor size category 3 without ciliary body involvement and extraocular extension

T3b tumor size category 3 with ciliary body involvement

T3c tumor size category 3 without ciliary body involvement but with extraocular extension less than or equal to 5 mm in diameter 

T3d tumor size category 3 with ciliary body involvement and with extraocular extension less than or equal to 5 mm in diameter 

T4 tumor size category 4

T4a tumor size category 4 without ciliary body involvement and extraocular extension

T4b tumor size category 4 with ciliary body involvement

T4c tumor size category 4 without ciliary body involvement but with extraocular extension less than or equal to 5 mm in diameter 

T4d tumor size category 4 with ciliary body involvement and with extraocular extension less than or equal to 5 mm in diameter 

T4e  any tumor size category with extraocular extension more than 5 mm in diameter

To determine the T-feature for ciliary body and choroidal melanoma, it is necessary to first classify the tumor into the appropriate size category based on the height and largest 
diameter of the tumor base (fig. 1)
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•	 retinal-vascular calcifications, 
•	 staphyloma (astrocytoma), 
•	 age-related macular degeneration (AMD), especially the 

exudative form [19, 27].
The TNM staging classification according to AJCC revision 8 

is shown in tables I–IV. Table V shows the histological grade [22]. 
Tumor features such as largest diameter and thickness 

(height) are used to determine the size category (tab. I, fig. 1 
– T-feature). Determination of pT is required for the ciliary body 
and choroidal melanomas, but is only feasible if the primary 

treatment was ocular excision (enucleation). In these situations, 
proper technique is essential to visualize the greatest base 
diameter and thickness (height) of the tumor in the removed 
eyeballs. To achieve this, the eyeball should be illuminated 
with a strong light source to map the tumor’s shadow on the 
sclera and determine its position in relation to the optic nerve. 
The eyeball should be cut so that the plane of the section 
contains the largest diameter of the tumor base, rests on the 
shadow, and passes through the center of the disc as well as 
the optic nerve. 

Table II. Regional lymph nodes – N feature

N (regional 
lymph nodes)

Disease staging

Nx regional lymph nodes cannot be assessed*

N0 no regional lymph node metastasis

N1 metastasis in regional lymph nodes or separate tumor infiltration in the orbit is found

N1a metastasis in one or more regional lymph nodes

N1b separate tumor infiltration in the orbit without continuity with the eyeball, without metastasis to regional lymph nodes

*Regional lymph nodes include the preauricular, submandibular and cervical lymph nodes

Table III. Distant metastasis – M feature 

M (distant 
metastasis)

Disease staging

M0 no distant metastasis

M1 distant metastasis

M1a diameter of the largest distant metastasis ≤3 cm

M1b diameter of the largest metastasis is between 3.1–8.0 cm

M1c diameter of the largest metastasis >8 cm

Table IV. Tumor stage

Stage T N M

I T1a N0 M0

IIA T1b–d N0 M0

T2a N0 M0

IIB T2b N0 M0

T3a N0 M0

IIIA T2c–d N0 M0

T3b–c N0 M0

T4a N0 M0

IIIB T3d N0 M0

T4b–c N0 M0

IIIC T4d–e N0 M0

IV any T N1 M0

any T any N M1 a–c
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In the past, in the clinical evaluation of tumor dimensions, 
the largest base diameter was expressed in multiples of the optic 
disc diameter (DD) (average 1 DD = 1.5 mm), and the thickness 
(height) of the tumor in diopters (average 3 diopters = 1 mm). 
Nowadays, the standard is to determine the size of intraocular 
tumor parameters in millimeters based on ultrasound measure-
ments (T-feature determination) [22]. As the majority of patients 
with uveal melanoma are treated conservatively, so ultrasono-
graphy remains the only method to assess tumor size.

Treatment
Local treatment of uveal melanoma can be divided into two 
main types.
1.	 Eye-sparing treatment, which preserves the eyeball 

and even useful visual acuity in some cases 
Radiation therapy (II, 2A): 
•	 Brachytherapy (used most often) with various radioactive 

elements, which allows very good local tumor control 
of 95–98% [29, 30]. Commonly used are the isotopes ru-
thenium-106 (Ru-106) and iodine-125 (I-125). Palladium 
(Pd-103) and iridium (Ir-192) are used much less frequently 
due to their short half-life and the associated high cost 
of therapy. Ru-106 is effective in treating tumors up to 5 
mm in height, or up to 6 mm, but in combination with 
transpupillary thermotherapy (TTT). I-125 is used to treat 
tumors that are 5 mm and above, but not more than 
10–12 mm. The base of the tumor is also an important 
determinant in the use of applicators, which should not 
exceed the diameter of the applicator and can be no more 

than 18 mm to maintain a safe margin [31]. The dose to 
the top of the tumor should not be less than 70 Gy, and 
ideally for I-125 it should be around 82.5 Gy [31–35].

•	 Proton beam therapy – a positive local result is achieved 
in 95-98% of cases. The therapy uses a collimated beam 
of protons or helium nuclei. Irradiation is performed for 
4 consecutive days with a total dose to the tumor apex of 
60 Gy (4 × 15 Gy) [36].

•	 Stereotactic radiotherapy.

Local sparing surgical treatment (II, 2A):
•	 Exoresection – this is used to treat lesions located in the iris, 

ciliary body, or anterior choroid [2]. The tumor is removed 
under the scleral flap, in combination with brachytherapy 
[2].

•	 Endoresection – can be performed after prior radiation 
therapy. The tumor is removed during pars plana vitrec-
tomy [37–39]. 

Laser treatment:
•	 Transpuppilary thermal therapy (TTT) is designed to treat 

small melanomas. It is most commonly used with bra-
chytherapy, especially in the parathyroid localization of 
the tumor, the so-called sandwich therapy method (III, 2B).

•	 Photodynamic therapy – an experimental and controver-
sial therapy, using a photosensitizing dye (verteporfin), 
for the treatment of amelanotic small melanomas [40, 41] 
(IV, C) – this type of therapy is currently not reimbursed 
in Poland.

Table V. Evaluation of histological structure (grading) – G feature 

G (histological grade) Histological structure of melanoma

GX histologic type cannot be assessed

G1 spindle cell melanoma (>90% spindle cells)

G2 mixed cell melanoma (>10% epithelioid cells and <90% spindle cells)

G3 epithelioid cell melanoma (>90% epithelioid cells)

Primary tumor thickness Size (mm)

>15 4 4 4 4 4 4 4

12.1–15.0 3 3 3 3 3 4 4

9.1–12 3 3 3 3 3 3 4

6.1–9.0 2 2 2 2 3 3 4

3.1–6.0 1 1 1 2 2 3 4

≤3.0 1 1 1 1 2 2 4

≤3.0 3.1–6.0 6.1–9.0 9.1–12 12.1–15.0 15.1–18.0 >18.0

Largest dimension of the tumor base (mm)

Figure 1. Classification of ciliary body and uveal melanoma based on the thickness and size of the primary tumor
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2.	 Radical surgical treatment
Enucleation, or removal (excision) of the eyeball. Recommended 
when the tumor is more than 12 mm thick and more than 20 mm 
in base, and when the tumor infiltrates the optic nerve or secon-
dary glaucoma is present [20] (III, 2A). It is recommended that 
an orbital implant be placed at the same time, after removal of 
the eyeball – provided there are no features of extraocular infiltra-
tion, and and orbital prosthesis up to 14 days after the procedure.

Exenteration, or evisceration of the orbit, is indicated when 
there is massive extraocular infiltration. 

Both diagnosis and qualification for treatment, as well as 
treatment of uveal melanoma, should be carried out in oph-
thalmic oncology centers by specialists experienced in  the 
subject.

Treatment at the generalized stage
Treatment of generalized uveal melanoma of the eyeball makes 
it possible to prolong survival by several months, especially if 
local treatment of liver metastases is possible.

The key element determining the length of survival of pa-
tients with uveal membrane melanoma is the presence of liver 
metastases. The liver is the most common site of metastasis – 
70-90% of cases, with the liver being the only site of metastasis 
in about 50%. Metastases of ocular choroidal melanoma spread 
via the bloodstream. Survival after finding metastatic lesions 
in the liver is usually short, with a median of 2–3 months. Me-
tastases of this cancer to the liver are classified as:
•	 stage 1: ≤50 µm in diameter, 
•	 stage 2: 51–500 µm,
•	 stage 3: >500 µm,
In the latter stage, two types of metastatic growth occur:
•	 infiltration and replacement of hepatic lobules with peri-

-lobular fibrous septa,
•	 formation of large islands of tumor cells adjacent to small 

portal veins.
During progression, the tumor becomes vascularized 

and mitotically active [42, 43].
To date, there are no established, agreed-upon methods 

for the management of such patients. Various methods of 
surgical treatment are described in the literature, including:
•	 liver resection, 
•	 isolated liver perfusion, 
•	 intraarterial chemoinfusion, 
•	 transarterial chemoembolization, 
•	 immunoembolization, 
•	 selective radiotherapy, 
•	 thermoablative methods (radiofrequency ablation – RFA, 

microwave ablation – MWA).

There are more than a dozen publications in the literature, 
most of them retrospective, that analyze the outcomes  of 
patients undergoing liver resection. A significant number 
of  publications either do not include a comparison group 

or compare with a historical group of patients undergoing 
surgery, or with patients treated conservatively. A systema-
tic review published in 2020 includes a group of nearly 800 
operated patients with an overall survival of 10 to 35 months, 
compared with a survival of 9 to 15 months in the group tre-
ated with systemic chemotherapy [44]. In the largest group in 
the retrospective analysis – 255 patients undergoing resection 
– median survival was 14 months, compared to 8 months in 
the group treated conservatively.

Surgical treatment usually consisted of classical resection 
of the liver parenchyma along with the focal lesion. Sometimes 
the resection was supplemented by intraarterial chemothera-
py, chemoembolization or thermoablation.

There are reports of the successful use of laparoscopic 
techniques for resection and/or complementary thermoabla-
tion. This method is relatively safe, with no perioperative morta-
lity, and a morbidity rate of 19%. Median survival in this group 
is 35 months [44]. Typically, patients with metastatic melanoma 
undergo small resections – no more than 1–2 liver segments. 

The aforementioned surgical results may be subject to 
patient selection bias, as patients with favorable tumor biology 
and less advanced liver metastatic foci in number and volume 
are qualified for resection. 

Thus, in view of the low quality of evidence, it is difficult 
to recommend surgical treatment in this group of patients. 
However, resection of liver metastases should be considered 
in a carefully selected group of patients in whom:
•	 a long survival period is anticipated, 
•	 no extrahepatic lesions are found,
•	 there are technically radical resectable (R0) focal lesions. 

In many studies, the median overall survival of these pa-
tients was more than 20 months after resection of metastases, 
and the rate of R0 resection ranged from 27% to 88%. 

Undoubtedly, further randomized and prospective studies 
that include similar patient eligibility criteria for resection, 
treatment protocols and endpoints are needed and neces-
sary. Their goal should be to compare results and establish 
recommendations for liver resection [21]. Current treatment 
options for ocular melanoma patients with liver metastases are 
surgical resection (provided single foci are present, which is 
rare), chemoembolization/radioembolization or thermoabla-
tion of liver metastases, and systemic treatment [2, 45] (III, A). 

Clinical trials are attempting therapies that target the PKC-
-MAPK pathway, modifying epigenetic mechanisms (e.g., vo-
rinostat) or immune checkpoint inhibitors (small effects have 
been observed in phase II trials mainly with the combination of 
nivolumab and ipilimumab) [46, 47]. So far, these studies have 
not yielded positive results [2, 48]. One exception is the use of 
tebentafusp (IMCgp100), a new bispecific molecule targeting 
T cells in the presence of HLA-002, which allows for a benefit 
in overall survival (OS) time both compared to historical data 
(phase II study [49] – median OS 16.8 months) and the active 
comparator (phase III study – 1-year OS rate 73% vs. 58%, 
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HR 0.51 [50] (I, 2A). The drug was registered in the European 
Union in March 2022, but is not reimbursed in Poland.

Some difficulty remains in determining the duration of 
treatment with tebentafusp, as improved overall survival is 
also observed in the treatment group after disease progression. 
Continuation of therapy after progression should be conside-
red with good treatment tolerance. After the first three doses of 
the drug, it is necessary to observe the patient in the hospital 
setting with regular monitoring of vital signs for 24 hours for 
potential complications, including cytokine release syndrome. 
Treatment should be carried out in centers that have experien-
ce in the use of immunotherapy and access to an intensive 
care unit. Patients should be informed about the symptoms 
and management of cytokine release syndrome. 

Data on the efficacy of chemotherapy are limited, but its 
use may be considered in selected situations.

Observation and treatment of local complications
After treatment of uveal melanoma, the patient should be exa-
mined ophthalmologically every 3–6 months during the first 

2 years, and once every 6–12 months thereafter. The examina-
tion should be aimed at detecting potential local recurrence 
or complications after therapy. After conservative treatment, 
it should include at least:
•	 evaluation of visual acuity, 
•	 measurement of intraocular pressure, 
•	 anterior segment examination in the slit lamp and fundus 

examination after pupil dilation,
•	 ultrasound examination, 
•	 taking photographs and OCT. 

On the other hand, after the enucleation procedure, the or-
bit should be examined (after removal of the epiprosthesis, 
the orbit should be viewed and palpated) and a follow-up 
MR examination of the orbit should be ordered once every 
6–12 months [51, 52] (III, A). In cases of suspected extraocular 
infiltration, palpation of regional lymph nodes is also indicated. 

As a result of conservative treatment, there is a risk of 
complications in the form of cataracts, secondary glauco-
ma, iris neovascularization, retinopathy (with maculopathy) 
and neuropathy. All of these complications should be treated, 

Figure 2. Treatment algorithm for patients with metastatic ocular melanoma

1.	 Recurrence or extraocular metastases should be confirmed histologically whenever possible or when clinically indicated. Biopsy techniques may include a fine-needle 
or thick-needle biopsy. 

2.	 The most common site of metastasis is the liver, followed by the lung, skin, soft tissues, and bone. Imaging includes MRI with contrast (preferred) or ultrasound of the 
liver. Additional imaging may include CT of the chest/abdomen/pelvis with contrast and/or FDG PET/CT of the whole body. The patient’s exposure to radiation should 
be limited whenever possible. For neurological symptoms, brain imaging (MRI) – routine brain imaging in asymptomatic patients is not indicated. 

3.	 For diseases confined to the liver, local treatment methods (including surgery, radioembolization) should be considered first.
4.	 Before qualifying for systemic treatment with tebentafusp, HLA A*02:01 should be determined – only positive patients are eligible for such treatment.

metastatic disease

1. biopsy for confirmation according to clinical indications1

2. imaging studies2 
3. evaluation of organ function (liver function + LDH)

4. evaluation of the patient's condition
5. comorbidities

participation in a clinical trial
or

– local treatment (surgery, embolization, ablation)3

– systemic treatment – preferred tebentafusp4

– symptomatic (supportive) 

imaging studies for assessing 
the effectiveness of treatment

disease progression or  
residual lesions

complete response 
to treatment

observation or continuation 
of systemic treatment
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but above all, they should be prevented. The best treatment 
for retinopathy, maculopathy and radiation neuropathy, as 
well as iris neovascularization, are intravitreal or anterior 
chamber injections of anti-VEGF preparations or steroids. 
In the case of anti-VEGF preparations, it is recommended 
to initially give 3 injections at an interval of 1–2 months 
(depending on the type of drug), and then depending on 
the clinical picture [53, 54] (III, A).

The patient should remain under follow-up after ophthal-
mic treatment so that possible metastases can be detected 
and treated. Imaging studies are recommended. If liver meta-
static lesions are suspected, an MRI of the liver with contrast is 
recommended. It should be noted that even an MRI in some 
cases cannot determine the actual stage of the disease [52, 55] 
(III, A). Post-treatment follow-up regimens should be determined 
by assessing the risk of metastasis, as summarized in table VI.

Conjunctival melanoma
Conjunctival melanoma accounts for 0.25% of all melanomas 
and 5% of melanomas located within the eye. In recent years, 
there has been a significant increase in the incidence of this 
type of malignancy [56, 57]. Molecular aspects of the develop-
ment of conjunctival melanoma include mutations of the BRAF 
and NRAS genes, quite different from those described in uveal 
melanoma [1] (III, 2A).

The vast majority i.e. 74% of conjunctival melanomas de-
velop from primary acquired melanosis (PAM) with atypia, 7%  
from pre-existing nevus, and 19% arise de novo [56, 58] (III, 2A).

Local relapses occurs in 30–50% of cases within 5 years 
[59]. Metastasis develop in about 20–30% of patients at 10-year 
follow-up [56]. Factors associated with a worse prognosis are: 
•	 location of the tumor outside the ocular conjunctiva, 
•	 multinodular type of growth, 
•	 rapid growth of the lesion, 
•	 tumor thickness >2 mm, 
•	 appearance of recurrence, 
•	 incomplete excision,
•	 failure to use adjuvant therapy after excision [56, 60] (III, 2A).

The mainstay of treatment remains surgical resection of 
the tumor after prior occlusion of the feeding vessels, with 
a macroscopically preserved margin of healthy tissue, the size 

of which remains undetermined [56, 60] (III, 2A). Some recom-
mend the use of cryoapplication of excision sites and the ap-
plication of absolute alcohol swabs [56, 61] (IIIB). In very ad-
vanced cases, enucleation and exenteration are considered 
[56, 62, 63] (III, 2A).

Complementary treatment 
1.	 Local chemotherapy:
•	 mitomycin C, the administration of which into the con-

junctival sac is started 2 weeks after surgery [56, 64–69] 
– an unreimbursed recommendation with very limited 
clinical data (IV, 2B),

•	 interferon alfa-2b [56, 70, 71] (IV, 2B) – also not reimbursed 
with limited clinical data.

2.	 Radiation therapy:
•	 radiotherapy from external fields, 
•	 local brachytherapy. 

A sentinel node biopsy should be considered. However, 
it is important to remember that 50% of cases have distant 
metastasis without the presence of tumor cells in the regional 
lymph nodes [56, 72, 73] (III, 2B).

In the metastatic conjunctival melanoma, the same the-
rapies as in advanced cutaneous melanoma are used [56] (III, 
2A). Molecular testing is necessary to determine the mutation 
status within the BRAF gene. 

The patient should remain under constant oncologic 
and ophthalmologic follow-up after treatment for conjunc-
tival melanoma (photographic documentation of the local 
condition each time is important; remember to check the 
conjunctiva after eyelid inversion).
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Table VI. Principles of follow-up after local treatment of ocular melanoma

Risk group Features of the risk group Recommended management

ocular melanoma patients at low risk 
of distant metastasis

T1 feature and in case of known molecular 
abnormalities (disomy of chromosome 3, multiple 
copies of 6p, EIF1AX mutation) 

imaging studies if indicated

ocular melanoma patients with 
intermediate risk of distant 
metastasis 

T2 or T3 or with known molecular abnormalities (SF3B1 
mutation)

imaging studies every 6–12 months and if clinically 
indicated

ocular melanoma patients at high 
risk of distant metastasis 

T4 or with known molecular abnormalities 
(chromosome 3 monosomy, multiple copies of 8q, BAP1 
mutation, PRAME expression)

Follow-up imaging every 3–6 months for 5 years, then 
every 6–12 months for up to 10 years, then if clinically 
indicated (physical or subjective symptoms)
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Dedifferentiated liposarcoma (DDLS) develops in patients with 
atypical lipomatous tumors / well-differentiated liposarcomas. 
It may be present in the first resection but more often deve-
lops when well-differentiated liposarcoma recurs. The most 
frequent localization is retroperitoneum. In advanced disease, 
a well-differentiated component may be obscured and difficult 
to find. The dedifferentiated part most frequently consists of 
high-grade sarcoma of no special type [1]. Occasionally ma-
lignant heterogeneous elements with chondroid, osteoid, or 
rhabdoid differentiation may be present.

Here we report a rare case of a 72-year-old male patient 
who presented with an abdominal mass. He underwent a ri-

ght hemicolectomy and right nephrectomy. On gross exami-
nation, the tumor measuring 21 x 17 x 10 cm demonstrated 
a  lipomatous component and an abundant non-lipomatous 
component with extensive osseous areas, requiring decalcifica-
tion. Microscopically, a well-differentiated liposarcoma with an 
abrupt transition to a high-grade sarcoma was present. Within 
the osseous component, osteosarcomatous areas with obvious 
osteoid and atypical lamellar bone formation were found (fig. 1). 
The MDM2 and CDK4 expression by immunohistochemistry 
and fluorescence in situ hybridization (FISH) are supporting tools 
used in pathological differential diagnosis; a positive reaction 
with SATB2 is characteristic of osteosarcomatous differentiation. 
DDLS represent an aggressive variant of liposarcomas. The sar-
comatous component dictates the outcome and biological 
behavior. DDLS recurs locally and shows distant metastases 
in 40–83% and 15–30% of all cases. The findings of atypical 
heterogenous components is crucial as it drives the prognosis.

In conclusion, the “osteosarcoma” – resembling DDLS is 
a rare phenomenon [2]. The radiological image may be confu-
sing, so we emphasize that careful sampling of the whole lesion 
accompanied by pathological and molecular examination is 
needed for correct diagnosis. 
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Figure. 1. DDLS with osteosarcomatous differentiation 

HE – hematoxylin & eosin
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Adrenal carcinoma is a rare aggressive neoplasm originat-
ing from the adrenal cortex, with high risk of lymph node 
and blood metastases [1], that exclude the transplantability 
of organs by leading to an “unacceptable” oncological risk for 
the recipient. The images refer to a right adrenal neoplasm acci-
dentally discovered in a 77-year-old brain-dead male who was 
a candidate to become an organ donor. The adrenal gland was 
sent for fast histopathological examination (fig. 1), to quickly 
determine whether or not to proceed with the transplantation. 
An examination was performed on multiple frozen sections. 
Weiss histological criteria [2] were applied: diffuse architecture 
greater than 1/3 of the lesion: no; clear cell tumour component 
≤ to 25%: no; nuclear G3/G4 (Fuhrman’s grading): yes; mitotic 
count >5/50 high power field (HPF): yes (7 mitoses/50 HPF), 
(fig. 2); atypical mitotic figures: yes; necrosis: yes; venous inva-

sion: no; sinusoidal invasion: no; capsular invasion: yes. Find-
ings consistent with adrenal cortical neoplasia showing at 
least 3  positive criteria, suggesting a malignant behaviour. 
This histological report stopped transplantation procedures. 
Weiss’ criteria were also applied on formalin-fixed and paraffin-
embedded histological sections, confirming it to be adrenal 
carcinoma and demonstrating the possible applicability of 
these criteria even on frozen histological sections.

References
1.	 Giordano TJ, Chrousos GP, de Kr. Adrenal cortical carcinoma. In: Lloyd 

RV, Osamura RY, Kloppel G, Rosai J. ed. WHO Classification of Tumours 
of Endocrine Organs. 4th ed. International Agency for Research on 
Cancer, Lyon 2017: 163–168.

2.	 Lau SK, Weiss LM. The Weiss system for evaluating adrenocortical neo-
plasms: 25 years later. Hum Pathol. 2009; 40(6): 757–768, doi: 10.1016/j.
humpath.2009.03.010, indexed in Pubmed: 19442788.

Figure 1. Macroscopic view of the adrenal lesion. A roundish, yellow-ochre 
mass of 38 g, 2.7 cm in maximum diameter, with haemorrhagic-necrotic 
micro-foci is observed

Figure 2. Microphotograph of frozen histological section (toluidine 
blue staining; microscopic magnification: 40x), showing the presence of 
scattered mitoses in the neoplastic cells (arrows)
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