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Retrospective analysis of the treatment
of BRCAT and BRCA2 mutation carriers
— the experience of a single-center tertiary institution

Grzegorz J. Stepien’ ™, Thomas Wow? ', Agnieszka Kotaciriska-Wow!" 3

'Department of Oncological Physiotherapy, Medical University of Lodz, Lodz, Poland
’Department of Surgical Oncology and Breast Diseases, Polish Mother’s Memorial Hospital — Research Institute, Lodz, Poland
3Breast Unit Cancer Center, Copernicus Memorial Hospital, Lodz, Poland

Introduction. Breast cancer gene 1 and 2 (BRCAT/2) mutation carriers are at a higher risk of developing breast cancer.
There are several established risk-reducing therapies. Our study aimed to characterize the BRCA1/2 mutation carriers,
and to evaluate the implemented treatment methods.

Material and methods. A retrospective analysis of clinical records of 96 female patients hospitalized from October
2019 to December 2022 in the Breast Cancer Unit in Lodz, Poland.

Results. Out of 85 BRCAT and 11 BRCA2 mutation carriers, 96.88% received nipple-sparing or skin-sparing, unilateral or
bilateral risk-reducing mastectomies. Out of all the patients, 36 developed 38 breast cancers. One patient was diagnosed
with breast cancer 2 years after a bilateral risk-reducing mastectomy. The most common breast cancer subtype was
triple-negative breast cancer (73.68%). The patients could receive surgery, chemotherapy, endocrine therapy and radio-
therapy. 18 patients had neoadjuvant chemotherapy, in 6 of these patients a complete pathological response (ypTONO)

was achieved.

Conclusions. Oncoplastic bilateral risk-reducing mastectomies are effective and safe procedures.

Key words: breast cancer gene 1/2, breast cancer, risk-reducing mastectomy, hereditary breast cancer, breast

cancer unit

Introduction

Breast cancer (BC) is the most commonly diagnosed cancer
in the world. It accounted for 24.5% of new oncological cases
and 15.5% of cancer-associated deaths in the female population
worldwide in 2020[1]. Several conditions increase the risk of devel-
oping BC, they can be divided into modifiable and unmodifiable
risk factors. One of the mostimportant genetic factors associated
with familial susceptibility is a mutation in the genes: breast cancer
gene 1 (BRCAT) or breast cancer gene 2 (BRCA2) [2, 3]. Women that
carry mutations have a lifetime risk of breast cancer development
up to 87% for BRCAT, and up to 69% for BRCA2 [4-6].

Early detection of mutations in the above genes enables
patients to reduce the incidence of breast malignancies by
risk-reducing therapies like risk-reducing mastectomy (RRM)
and risk-reducing salpingo-oophorectomy (RRSO), or early
detection by means of regular MRIand mammography screen-
ing, or chemoprevention with tamoxifen [7-10].

The aim of our study was to characterize and describe
the population of female BRCAT or BRCA2 mutation carriers
admitted to the Breast Cancer Unit in Lodz, Poland, and to
evaluate treatment methods for breast cancer and susceptibil-
ity due to BRCA1/2 mutations.
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Material and methods

The Medical University of Lodz Ethics Committee stated that
this study is not a medical experiment and does not require
the opinion of the Bioethical Commission (RNN/29/23/KE;
14 February 2023). We retrospectively identified 96 female
patients who tested positive for a mutation in the BRCAT or
BRCA2 genes. We included women hospitalized from October
2019to December 2022 in the Breast Cancer Unit, Lodz, Poland.
The clinical and histopathological data were obtained from
the hospital records. Statistical analysis was performed using
Microsoft Excel.

Results

Out of the included patients, 85 (88.54%) were BRCAT muta-
tion carriers,and 11 (11.46%) were BRCA2 mutation carriers. 93
(96.88%) of the patients underwent a risk-reducing mastec-
tomy (n=282in BRCAT,n=11in BRCA2). Three women did not
receive risk-reducing procedures and at the time of data collec-
tion, they were treated due to breast cancer. The median age
on the day of the RRM procedure was 40 (25-65) in the BRCAT
group and 42 (33-48) in the BRCA2 group. The patients in our
study underwent bilateral (mutation carriers) or unilateral
risk-reducing procedures (mutation carriers who developed
breast cancer in one breast). All these women received onco-
plastic and reconstructive techniques — NSM (nipple-sparing
mastectomy) or SSM (skin-sparing mastectomy) or SRM (skin-
reducing mastectomy). The characteristics of patients in view
of the above procedures are shown in table I.

36 (37.5%) women developed 38 breast cancers. 34 pa-
tients developed one cancer in one breast (left n = 13, right
n=21),one patient had two independent, non-simultaneous
cancers in the left breast and one woman developed bilateral
breast cancer. In one patient, a 9 mm cancer of the breast was
incidentally found in the left breast specimen after risk-reduc-
ing mastectomy, not visualized on preoperative breast MRI.
One patient developed breast cancer 2 years after a bilateral
risk-reducing mastectomy performed in another institution.

Inthe group of BRCAT mutation carriers (fig. 1), 52 (61.18%)
did not develop breast cancer, 31 (36.47%) developed one
cancer in one breast, one (1.18%) developed 2 cancers
in one breast (left breast), and one (1.18%) developed bilateral
breast cancer. In the BRCA2 group, 8 (72.73%) patients did not

Table I. Risk-reducing mastectomies (RRM) in the described groups
of mutation carriers

Mutation

Procedure

left RRM 14 3
right RRM 12 0
bilateral RRM 56 8
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develop breast cancer, 3 (27.27%) developed breast cancer
in one breast (all cancers in the right breast).

The most common molecular subtype of breast cancer
in the described group of patients was triple negative; it ac-
counted for 28 (73.68%) cases. Other subtypes included: lumi-
nal A (n=5) and luminal B (HER2-negative) (n =5). The only his-
topathological subtype was no special type (NST) (38; 100%).
We found grade 3 (G3) in 26 cases (68.42%), G2 in 9, G1in 1
and GX in 2 tumors. We stated Ki-67 expression <20-29%
as low and >30% as high. High Ki-67 expression was found
in 28 cancers, and in 10 tumor samples it was identified as
low. A description of the histological and molecular features
of the cancers is shown in table II.
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Figure 1. Patients who tested positive for the BRCAT or BRCA2 mutation

Table Il. Histopathological characteristics of the tumors

Mutation
Histopathological subtype BRCA1 BRCA2
(n=35) (n=3)
no special type (NST) 35 3
grading
GX 2 0
Gl 0 1
G2 9 0
G3 24 2

Ki-67 expression
low (<20-29%) 8 2
high (>30%) 27 1

molecular subtype

triple-negative (basal-like) 27 1
luminal A 3 2
luminal B (HER2-) 5 0



Table lll. Breast cancer staging in the described patients

Mutation

TNM classification

primary tumor (T)

yT0 5 1
T1 14 1
12 15 0
T3 0 1

regional lymph nodes (N)

yNO 10 1
NO 15 1
N1 9 1

distant metastases (M)
MO 33 3
M1 1 0

Among the patients, tumorsizesT1 (n=15)and T2 (n=15)
were predominant. Most commonly, in 16 patients, there was
no axillary lymph node involvement (NO). Only one woman
(BRCAT+) developed bone metastases (stage IV), this patient
received a mastectomy with delayed breast reconstruction,
and postoperative radiotherapy + hormone therapy. The stag-
ing of tumors in the characterized group can be seenin tablelll.

Patients who developed breast cancer could undergo
surgery, chemotherapy (neoadjuvant and adjuvant), adju-
vant endocrine therapy and postoperative radiotherapy. In
relation to surgical cancer treatment, patients received such
techniques (n = 37):

nipple-sparing mastectomy with immediate prepectoral

breast reconstruction (n = 13),

skin-sparing mastectomy with immediate prepectoral

breast reconstruction (n = 6),

breast-conserving therapy (n = 6),

mastectomy with delayed reconstruction (n = 8),

mastectomy (n =4).

Breast-conserving therapy (BCT) was offered to patients
who met the criteria to receive this treatment and they were not
stated as BRCA1/2 mutation carriers at the time of breast cancer
diagnosis. Because of a strong family history of breast can-
cer, after the surgery, women consulted with geneticists,and all
of these patients were proven to carry mutations. 26 patients
underwent a sentinel lymph node biopsy, the rest received an
axillary lymph node dissection. 18 patients had neoadjuvant
chemotherapy, in 6 of these patients (33.33%) a complete
pathological response (ypTONO) was achieved. The description
of treatment methods is shown in table IV.

Table IV. Treatment (other than surgical excision) received by the patients

Mutation

Treatment

HT 4 0
RTH +HT 1 2
preop CHT 10 1
preop CHT + RTH 5 0
preop CHT + RTH + HT 1 0
preop CHT + CHT + RTH 1 0
CHT 8 0
CHT +RTH 2 0
CHT + RTH + HT 1 0

preop CHT - preoperative chemotherapy; CHT - adjuvant chemotherapy; RTH -
radiotherapy; HT — hormone therapy

Discussion

With over 2.2 million newly diagnosed cases and over 680,000
deaths recorded in 2020, female breast cancer is considered
the most common cancer and the fifth cause of cancer mor-
tality worldwide [1]. Breast cancer may manifest as sporadic
(90-95% of all BCs) or hereditary (5-10%) disease [5, 11, 12].
Cases of multiple breast and/or ovarian cancer incidents
in families and individuals, those diagnosed at a young age,
and male breast cancers may suggest hereditary syndromes
[3]. Studies have shown that mutations in several genes can be
associated with familial susceptibility to breast cancer devel-
opment. Commonly mentioned genes include BRCA1/BRCA2,
TP53, PALB2, PTEN, CHEK2, and ATM [6, 11-13].

The BRCAT (17g21) and BRCA2 (13912-q13) genes are tu-
mor suppressors whose main functions are the maintenance
of genomic stability and negative regulation of tumor growth.
Mutation-carrying individuals, whose gene functions are lost
orreduced, are at higher risk of developing breast and ovarian
cancer [5,6, 14]. What is more, abnormal functions of the BRCA2
gene lead to increased susceptibility to cancers of organs such
as the pancreas and prostate [11, 12].

Concerning BC, individuals with a mutation in the BRCAT
gene most commonly develop TNBC (triple negative breast
cancer), where there is no expression of estrogen-receptors,
progesterone-receptors, and no overexpression of HER2/neu
[11, 12]. In our study, the triple-negative subtype was also
the most common molecular type in the BRCAT group (n=27;
77.14%). Due to the lack of drug targets, chemotherapy plays
a crucial role in the treatment of TNBC [15]. In the context
of the histologic grade of tumors, BRCAT+ breast cancers
are rather considered to be poorly differentiated (G3) [12].
In the described group of patients, out of 35 BRCAT+ tumors,
24 (68.57%) were stated as high-grade (G3) cancers.
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Surgical oncologists' approach to breast cancer surgery
and risk-reducing procedures has been transformed from radi-
cal mastectomy to conservative mastectomy with immediate
reconstruction. Present oncoplastic surgery focuses on pro-
viding oncologically safe procedures with possibly the best
aesthetic outcomes. Techniques such as NSM, concentrated
on preserving the NAC (nipple-areolar complex), and SSM,
where NAC is excised with glandular tissue (but may be re-
constructed in a subsequent procedure), are considered to
achieve the above-mentioned goals [16, 17]. As was reported,
the patients involved in our study received various types of sur-
gical operations for breast cancer, including NSM, SSM, BCT,
and radical mastectomy with or without delayed reconstruc-
tion. Novel surgical techniques, NSM and SSM with immediate
prepectoral breast reconstruction, were provided in 19 cases
of breast cancer. 8 women received delayed reconstruction
after mastectomy.

As regards the risk-reducing mastectomy, studies have
proven that it offers >90% breast cancer risk reduction [18, 19].
Several research papers, regarding the effects of RRM, described
such positive outcomes as a gain in life expectancy, decreased
all-cause and breast cancer-specific mortality rates, and de-
creased breast cancer incidence rate, compared to surveillance
[8, 20, 21]. In the study of Heemskerk-Gerritsen et al., BRRM (bi-
lateral risk-reducing mastectomy), compared with surveillance
(mammography + clinical-and self-examination), was proven to
have higher ten-year breast cancer-free survival (100% vs. 74%)
and higher ten-year overall survival (99% vs. 96%) [8]. Besides,
the proactive surgical approach can ensure psychological well-
being by mitigating cancer-related anxiety [19]. Like any other
surgical procedure, oncoplastic risk-reducing mastectomies
with immediate reconstruction entail the risk of complications.
These include nipple-areola or mastectomy skin flap necrosis,
wound infection, breast asymmetry, BIA-ALCL (breast implant-
associated anaplastic large cell lymphoma), and unsatisfying
aesthetic results [17, 22, 23]. There is also a chance after RRM
that a patient might have to undergo revisional surgery [19].
Even after the NSM procedure there still remains a low risk
of cancer development, due to the possibility of remaining
a portion of glandular tissue in the NAC. In our analyzed group,
we documented a case of a woman who was treated for breast
cancer that developed after bilateral RRM. In contraposition to
our evaluation, in the study of Jakub et al, after 548 risk-reducing
NSMsin 346 BRCA1/2 mutation carriers, there was no case of pri-
mary breast cancer on both sides after the bilateral procedure,
oripsilateral side after the unilateral risk-reducing procedure [24].
Surgeons'doubts about glandular breast tissue that can be left
in the NAC after NSM and the associated risk of cancer were
partly resolved. Baltzer et al,, in a study of 105 female patients,
found that NAC represents a tiny fraction (1.3%) of the entire
breast tissue. With an extremely small chance of breast cancer
development, this study supports the safety of the described
procedure [25].
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Women carrying BRCA1/2 mutations, who were diagnosed
with a primary cancer of one of the breasts, are still vulner-
able to the next malignancy incidence. They have a higher
risk of contralateral breast cancer compared to the general
population [22, 26].

In the study of Kuchenbaecker et al., the cumulative risk
for ovarian cancer development in BRCAT and BRCA2 patients
was estimated at 44% (95% confidence interval [Cl], 36-53%)
and 17% (95% Cl, 11-25%) respectively [4]. There is scientific
evidence that risk-reducing salpingo-oophorectomy is effec-
tive in decreasing ovarian cancer incidence and mortality [27].
In regard to breast cancer, besides RRM, the mutation carriers
may also opt for RRSO. In patients without previous breast
cancer diagnosis, it was shown that risk-reducing salpingo-
oophorectomy can reduce all-cause mortality, breast cancer-
specific mortality, ovarian cancer-specific mortality, and risk
of breast cancer development [9].

For the good of women, it seems important to spread
public awareness of hereditary syndromes related to breast
and ovarian cancer, and ways to handle them. Evans, D Ga-
reth et al, showed increased genetic consultations uptake
in the United Kingdom after the famous decision of the actress
Angelina Jolie who, in May 2013, chose to undergo BRRM
because of being a BRCAT mutation carrier [28].

[tis believed that the best quality of care for breast cancer
patients can be accessible in breast cancer units (BCU). These
centers, organized in one location, provide highly qualified
specialists and services that focus particularly on breast can-
cer detection and its treatment. Units consist of a multidisci-
plinary team involving geneticists, radiologists, pathologists,
surgeons, oncologists, radiation oncologists and psycholo-
gists [29, 301.

There are limitations to our study. A relatively small num-
ber of mutation carriers were involved in the analysis. There
is a need for further research in the field of BRCA-mutation
carriers treatment and its associated outcomes.

Conclusions

The BRCAT and BRCA2 mutations are related to a higher risk
of breast cancer development, especially triple-negative
subtypes. Knowledge of being a mutation carrier enables
the patients to take steps to minimize the risk of malig-
nancy occurrence. A bilateral risk-reducing mastectomy,
performed with oncoplastic techniques, remains an effec-
tive oncological procedure for women who test positive for
BRCAT or BRCA2 mutations. Due to the possibility of finding
malignant tissue not visualized on preoperative imaging
scans, a proper histological examination of post-RRM speci-
mens is essential.

Surgical oncologists must clearly inform the patients about
various risk-reducing approaches and potential post-surgical
complications, changes in body image and self-perception
after the surgery.
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Introduction. This study aimed to explore socioeconomic factors influencing the suicide rate in Polish cancer patients.
Material and methods. Data on cancer cases and socioeconomic covariates were obtained from the Polish National
Cancer Registry and Statistics Poland. Suicide rates were calculated for each year. Multivariable linear regression analy-
ses explored associations between unemployment, income, university education, access to physicians overall and to

psychiatry hospitals, and suicide incidence.

Results. The study included 1.43 million cancer patients diagnosed between 2009 and 2019. Among them, 830 suici-
des were identified, with higher rates among men. Income per capita and higher education degrees were significant
predictors of suicide among male cancer patients (p = 0.05 and 0.01, respectively). However, no significant associations
were found for female cancer patients. The regression models explained 13% of the variation in male suicide incidence.
Conclusions. Lower income and higher education levels increase suicide risk in male cancer patients, highlighting

the need for targeted interventions.

Key words: cancer, suicide, risk, epidemiology, cohort study

Introduction
Extensive evidence suggests that various socioeconomic fac-
tors significantly influence suicide rates in the general popula-
tion. Protective factors such as marriage, parenting, and religio-
usness play a role in preventing suicides, although theirimpact
varies by gender. Economic factors, including unemployment
and low socioeconomic status, strongly predict suicide risk at
an individual level [1].

A study examining gender-specific suicide rates across
35 countries found that higher suicide rates among both ma-
les and females were associated with increased female labor

force participation, unemployment, and a larger proportion
of elderly individuals. However, increased health spending
per capita was linked to lower suicide rates for both genders.
The study highlighted the influence of labor market and eco-
nomic factors on suicide rates, surpassing the significance
of population-level indicators of interpersonal relationships.
Additionally, males exhibited greater sensitivity to changes
in the social environment compared to females [2, 3].
Furthermore, evidence indicates that environmental fac-
tors can impact suicide rates among cancer patients. A study
utilizing the American Surveillance, Epidemiology, and End
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Results Program (SEER) database investigated sociological risk
factors for suicide death in leukemia patients and revealed
asignificantly higher death rate in areas with a high proportion
of individuals holding at least a bachelor’s degree [4].

However, there remains a gap in our knowledge regarding
the socioeconomic factors associated with suicide incidence
among cancer patients in the Polish population. Thus, this
study aims to fill this gap and provide insights into the specific
factors influencing suicide risk in this population.

Material and methods

Data source for cancer patient suicides

The data for this study were derived from the Polish Suicidality
in Cancer Patients study (PolSCa), which is a cohort study pre-
viously described in the literature [5, 6]. Information on cancer
cases was obtained from the Polish National Cancer Registry
(PLCR), a non-profit national institution responsible for statis-
tical and epidemiological cancer research in Poland. The PLCR
encompasses all newly diagnosed cancer cases in the country
and requires mandatory reporting. Rigorous validation process-
es, including verification by trained PLCR coders and adherence
to recommendations from the European Network of Cancer
Registries, ensure data accuracy. The unique Polish personal
identification number (PESEL) is utilized within the PLCR system
to prevent duplicate coding for the same patient. Detailed
information regarding the operational principles of the PLCR
can be found elsewhere [7].

The study population comprised individuals aged 15 years
or older diagnosed with primary malignant neoplasms, exc-
luding non-melanoma skin cancers (ICD-10 codes: C00-C43,
C45-C76,C80-C96). In cases where patients had multiple inde-
pendent coexisting neoplasms, only the most recent diagnosis
was considered. All eligible cases diagnosed between January
1,2009, and December 31, 2019, were included in the study.
The follow-up period extended until the occurrence of suicide
(ICD-10 codes: X60-X84), death from other causes, or Decem-
ber 31,2019, whichever came first.

Data source for covariates
Based on existing literature [2, 3], several variables were identi-
fied as potential covariates influencing the suicide rate among
patients diagnosed with cancer. These covariates included
the unemployment rate, income per capita, the proportion
of individuals holding at least a bachelor’s degree (referred
to as the higher education degree rate), overall access to
physicians (referred to as the physician access index), and ac-
cess to psychiatric services (referred to as the psychiatry access
index). Data for all these variables were obtained from Statistics
Poland, spanning the years 2009 to 2019 and encompassing
16 of the highest level administrative regions (voivodships).
The unemployment rate was defined as the registered
unemployment rate, representing the ratio of registered unem-
ployed individuals to the active civilian population. This rate in-
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cludes individuals employed in individual farming households,
considered as part of the active civilian workforce.

Income per capita was defined as the average mon-
thly gross remuneration, including income tax advances
and mandatory social security contributions (pension, disa-
bility, and sickness) paid by the insured employee. The data
pertained to entities within the national economy with a work-
force of 10 or more individuals, as well as budgetary entities
regardless of the workforce size.

The higher education degree rate was defined as the num-
ber of university graduates with at least a bachelor’s degree
per 10,000 population. The physician access index was defined
as the number of physicians working at their primary work-
place per 10,000 population. The psychiatry access index was
defined as the number of psychiatric hospital beds per 10,000
population.

Statistical analysis

Initially, we calculated the suicide rate per 1,000 previously dia-
gnosed cancer patients. The numerator consisted of the num-
ber of suicides that occurred within a given year among pa-
tients previously diagnosed with cancer. The denominator
included the mid-year population of cancer patients, represen-
ting the number of individuals living with a malignant tumor
diagnosis on June 30th of the respective year. We calculated
this rate for each calendar year, stratified by patient gender
and region (voivodship).

To explore the association between suicide incidence
(dependent variable) in patients with cancer and several in-
dependent variables (unemployment rate, income per capita,
higher education degree rate, the physician access index,
and psychiatry access index), separate multivariable linear
regression analyses were conducted for males and females.

To examine the correlation between the physician access
index and psychiatry access index, we calculated the correla-
tion coefficient, which measures the strength and direction
of the linear relationship between the two variables. The resul-
ting correlation coefficient was 0.30, indicating a positive but
weak correlation. Considering the comprehensive evaluation
of healthcare resource impact on suicide incidence among
patients with cancer, we decided to include both variables
in the analysis.

The regression model was constructed using the formula
“suicide incidence ~ unemployment rate + income per capita
+ education degree rate + physician access index + psychia-
try access index” The model was summarized by presenting
coefficient estimates, standard errors, t-values, and associated
p-values for each independent variable. All statistical analyses
were conducted using R software (version 2023.06.0+421).

Compliance with ethical standards
The utilization of individual-level data from the Polish National
Cancer Registry (PLCR) for statistical and scientific purposes



complies with Polish legislation. The PLCR adheres to strin-
gent regulations to ensure the confidentiality and protection
of individuals. This study was conducted in accordance with
the guidelines provided by Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) [8].

Results

Study population characteristics

The study encompassed a total of 1.43 million individuals
(717,144 man and 709,517 women) who were diagnosed with
cancer between January 1, 2009, and December 31, 2019.
Over the course of the follow-up period, a total of 830 suicide
cases were identified among the patients diagnosed with
primary cancer, with 683 cases occurring in men and 147 ca-
ses in women. Throughout the study period spanning from
2009 to 2019, the incidence rate of suicide per 1,000 patients
with cancer ranged from 0.0 to 2.9, depending on voivodship,
gender, and year.

Socioeconomic factors and risk of suicide

in patients with cancer

A multiple linear regression analysis was performed to in-
vestigate the association between socioeconomic factors
and suicide incidence among cancer patients in the Polish
population (tab. I).

Among male cancer patients, the regression analysis re-
vealed that income per capita (p = 0.05) and the rate of higher
education degrees (p = 0.01) were statistically significant pre-
dictors of suicide incidence (tab. I). The results indicated that
a decrease in income and an increase in educational attain-
ment were associated with a higher incidence of suicide. Ad-
ditionally, the psychiatry access index (p = 0.03) demonstrated
a statistically significant positive association with suicide inci-
dence among male cancer patients. However, the unemploy-
ment rate (p = 0.44) and the physician access index (p = 0.34)
did not exhibit statistically significant associations with suicide
incidence among male cancer patients. The multiple R-squared
value for the model was 0.13, suggesting that approximately

13% of the variability in suicide incidence among male cancer
patients was explained by the included independent varia-
bles. The adjusted R-squared value, accounting for predictors
and degrees of freedom, was 0.10. The F-statistic (4.516) with
a p-value of <0.01 indicated that the overall regression model
was statistically significant, demonstrating a significant combi-
ned effect of the independent variables on suicide incidence
among male cancer patients.

In contrast, none of the independent variables reached
statistical significance in predicting suicide incidence among
female cancer patients (tab. l). The estimates for unemployment
rate (p = 0.60), income per capita (p = 0.08), educational attain-
ment (p=0.15), psychiatry access index (p = 0.80), and physician
accessindex (p=0.13) did not show statistically significant asso-
ciations with suicide incidence among female cancer patients.

The multiple R-squared value for the model was 0.06,
and the adjusted R-squared value was 0.03. The F-statistic
(1.958) with a p-value of 0.09 indicated that the overall regres-
sion model did not reach statistical significance, suggesting
thatthe combined effect of the independent variables did not
significantly impact suicide incidence among female cancer
patients in the Polish population.

Discussion

Added value of the study in the context

of the literature

The literature on population-based studies examining the asso-
ciation between socioeconomic factors and the risk of suicide
in cancer patients is limited. To date, only two relevant studies
have been conducted, both in the United States, and focused
on factors such as urbanization, financial status, and university
education [4, 9]. However, there is a lack of research explo-
ring the impact of access to healthcare resources on suicide
risk in the oncological patient population. To the best of our
knowledge, our study is the first to comprehensively analyze
the influence of healthcare resource access, including phy-
sicians and psychiatry services, on the risk of suicide among
cancer patients.

Table I. Linear regression results for suicide incidence among male and female cancer patients

Variable
estimate std. error

(intercept) 047 0.30
unemployment rate -0.01 0.01
income per capita -0.00 0.00
the higher education degree rate 0.00 0.00
the physician access index 0.01 0.01
the psychiatry access index 0.08 0.03

t-value p-value estimate std.error  t-value
1.55 0.12 0.11 0.11 1.02 031
-0.77 044 -0.00 0.00 -0.53 0.60
-2.02 0.05 -0.00 0.00 —1.79 0.08
2.60 001 0.00 0.00 146 0.15
0.96 0.34 0.00 0.00 1.51 0.13
222 0.03 -0.00 0.01 -0.25 0.80

1 - multiple R-squared: 0.13, adjusted R-squared: 0.10, F-statistic: 4.52, p-value: <0.01; - multiple R-squared: 0.06, adjusted R-squared: 0.03, F-statistic: 1.96, p-value: 0.09; intercept

- a mathematical constant, no clinical interpretation
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This study adds to the growing body of evidence on
the association between socioeconomic factors and suicide
incidence in cancer patients. By specifically examining variables
such as income per capita and the higher education degree
rate, the study identifies these factors as significant predic-
tors of suicide incidence among male cancer patients. These
findings align with a study conducted in the United States,
which also highlights the importance of addressing econo-
mic disparities and educational attainment in understanding
suicide risk among individuals with cancer [9].

Moreover, this study explores the impact of healthcare
resource access on suicide risk in cancer patients. The inclusion
of the physician access index and psychiatry access index
provides insights into the relationship between the availability
of medical professionals and suicide incidence. The finding
of a positive association between the number of psychiatric
beds and suicide incidence among male cancer patients may
initially seem counterintuitive. Several potential explanations
can shed light on this result. Reverse causality suggests that
areas with higher suicide rates allocate more resources, inc-
luding psychiatric beds, to address increased mental health
needs. Improved accessibility and identification may lead to
higher detection rates in areas with more psychiatric beds.
The complexity of cases or regional differences in mental
health infrastructure, policies, or cultural factors could also
play a role. The multifactorial nature of suicide and potential
confounding variables should be considered.

Furthermore, this study adds value by considering gender-
-specific differences in the associations between socioecono-
mic factors and suicide incidence. While the study identifies
significant predictors of suicide among male cancer patients,
none of the independent variables reached statistical signi-
ficance for female cancer patients. This finding highlights
the need for further investigation into gender-specific factors
and the complex interplay between socioeconomic variables
and suicide risk in female cancer patients.

Overall, this study’s added value lies in its comprehensive
examination of socioeconomic factors and healthcare resource
access as potential determinants of suicide incidence in can-
cer patients. By identifying significant predictors and explo-
ring gender differences, the study contributes to a deeper
understanding of the complex relationships between these
factors and suicide risk, which can inform targeted interven-
tions and support strategies to mitigate suicide risk in this
vulnerable population.

Implications for the field of the study

The findings of this study have important implications for
the field of suicide prevention and cancer care. The identifi-
cation of socioeconomic factors associated with suicide risk
in cancer patients provides valuable insights for targeted in-
terventions and support programs. Specifically, the significant
associations observed between income per capita and higher
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education degree rate with suicide incidence among male
cancer patients highlight the importance of addressing eco-
nomic disparities and promoting educational opportunities to
mitigate suicide risk. These findings emphasize the importance
of implementing comprehensive and tailored strategies to
address the multifaceted challenges faced by cancer patients
at risk of suicide, ultimately improving their overall well-being
and quality of life.

Strengths and limitations of the study

The present study has several strengths. First, the data were
derived from the PolSCa, a cohort study with a comprehensi-
ve design that provides a reliable and representative sample
of cancer patients in Poland. The use of the PLCR data ensured
the inclusion of all newly diagnosed cancer cases in the coun-
try, while strict validation processes guaranteed data accuracy.
Furthermore, the study considered a wide range of potential
covariates, including socioeconomic factors and access to
healthcare resources, to explore their association with suicide
incidence among cancer patients.

However, certain limitations must be acknowledged. Fir-
stly, although the study covered a substantial period from 2009
to 2019, the follow-up period was limited, and longer-term
outcomes could not be assessed. Moreover, the study focused
on the Polish population, which may limit the generalizability
of the findings to other populations or settings. Lastly, while
multiple socioeconomic factors were considered, the inclu-
sion of additional variables, such as social support or mental
health status, could have provided a more comprehensive
understanding of the factors influencing suicide incidence
among cancer patients.

Conclusions

In this study examining the association between socioeco-
nomic factors and suicide incidence among cancer patients
in the Polish population, several key findings emerged. Among
male cancer patients,income per capitaand a higher education
degree rate were significant predictors of suicide incidence,
indicating that lower income and higher university-level edu-
cation rate were associated with an increased risk of suicide.
However, the unemployment rate and the physician access
index did not show significant associations. In contrast, none
of the independent variables reached statistical significance
in predicting suicide incidence among female cancer patients.
These findings emphasize the need for targeted interventions
and support for at-risk subgroups in cancer patients to mitigate
the risk of suicide.
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Breast cancer is the leading cause of cancer-related deaths in women worldwide. Patients with breast cancer are at an

increased risk of cardiovascular toxicity, presently defined as cancer therapy-related cardiovascular toxicity (CTR-CVT).

This article provides a summary of the current knowledge on pharmacological cardiovascular prevention in breast can-

cer patients. The European Society of Cardiology (ESC) guidelines on cardio-oncology have defined CTR-CVT. Baseline

risk stratification with widely accepted risk scores is essential to identify patients at higher risk of CTR-CVT. The guide-

lines recommend the use of angiotensin-converting enzyme inhibitors (ACE-I), angiotensin receptor blockers (ARBS),

and B-blockers as preventive medications in high-risk patients. Clinical trials have shown ambiguous results for ACE-I/
ARBs and B-blockers in reducing cardiotoxicity, while co-administration of ACE-I/ARBs and (-blockers did not show
additional benefits in preventing cardiac dysfunction. Further research is needed to verify the efficacy of novel cardio-
protective medication and optimize pharmacological strategies for cardiovascular prevention in breast cancer patients.
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Introduction

Breast cancer is the most diagnosed cancer and the leading
cause of deaths due to cancer among women worldwide. In
the United States, itis the second most common canceramong
female patients and is the second leading cause of cancer
deaths with incidence being relatively stable over the past two
decades [1, 2]. As well as in the US, in Europe breast cancer
is the most common cancer among female patients, with an
estimated 522,000 new cases and 137,000 deaths in 2020
[3, 4]. It should be noted that both in Europe and the USA,
the mortality rates of breast cancer have been declining likely
due to advances in its successful detection and introduction
of more efficacious therapeutic protocols.

Nonetheless, breast cancer patients are often at an in-
creased risk of developing cardiovascular disease, due to a wide
variety of factors, including baseline disease, cancer treatment
strategies, as well as lifestyle changes associated with cancer
[5,6].In the recent years, attempts have been made to stratify
the risk of development of cardiovascular disease, especially
a rather acutely developing cardiac dysfunction, labelled as
“cancer therapy-related cardiovascular toxicity (CTR-CVT)"[7].
In patients at risk of CTR-CVT development, the introduction
of preventive methods prior to cancer treatment might reduce
the risk of the development of such conditions. Among those,
pharmacological strategies can play a critical role in reduc-
ing this risk of cardio-toxicity, with a possible influence on
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a patient’s quality of life, the efficacy of cancer treatment,
and long-term outcomes. The aim of the manuscript is to
briefly summarize the current knowledge on pharmacological
cardiovascular prevention in patients with breast cancer.

Definition and clinical significance of cancer
treatment-related cardiovascular toxicity

The definition of cardiotoxicity, or as it should be named at
present, CTR-CVT, has been established in the recent Eu-
ropean Society of Cardiology (ESC) guidelines on cardio-
-oncology [7]. The guidelines have divided the broad spectrum
of CTR-CVT on the basis of the pathomechanism and clinical
manifestation, including the development of heart failure (HF),
myocarditis, toxicity to the vascular structures, or the presence
of hypertension, or rhythm disorders. Most notable is the defi-
nition of cancer therapy-related cardiac dysfunction (CTRCD),
which encompasses the wide spectrum of myocardial damage
associated with anticancer therapy. The definition of CTRCD
according to the ESC guidelinesis presented in table I. It should
be noted that the definition allows to diagnose CTRCD solely
on the basis of echocardiography, even in the absence of any
clinical signs or symptoms of HF, although the guidelines
recommend other imaging modalities, including magnetic

resonance imaging in certain clinical situations [8]. The other
important definitions, including the specific criteria for diag-
nosing myocarditis, defining vascular complications and arte-
rial hypertension or arrhythmias were also thoroughly defined
in the guidelines. The unification of those definitions is crucial,
since it will allow to more cautiously monitor their real preva-
lence, as in the past the frequencies reported in the literature
could have varied significantly due to differences in diagnostic
criteria for each condition [9].

Similar to patients with other types of cancer, patients with
breast cancer who receive treatment are at risk of developing
CTRCD, which can lead to serious complications and may sig-
nificantly impact the quality of life. The most prevalent types
of cardiovascular adverse effects are presented in table Il. More-
over, cardiac failure can interfere with assumed cancer treatment
protocol,and resultin a necessity to either reduce the dosing or
the frequency of administered therapies, thus affecting the ef-
fectiveness of the cancer treatment, and affecting outcomes
[10-12]. Finally, it has been demonstrated that the development
of CTRCD is associated with an increased long-term risk of HF
in patients who experienced CTRCD [13, 14].

The years of experience with treatment of patients with
cancer have demonstrated how to — at the present stage

Table . Definitions of cancer therapy-related cardiac dysfunction (CTRCD) on the basis of the 2022 ESC guidelines on cardio-oncology [7]

Cardiac dysfunction Recommendations

HF requiring support with inotropic drugs, mechanical circulatory support or consideration

very severe

of heart transplantation

severe HF requiring hospitalization

symptomatic

moderate )
setting

need for intensification of diuretic therapy or escalation of HF treatment in the outpatient

mild mild HF symptoms without necessity to modify the therapy

severe new reduction in LVEF to <40%

new reduction in LVEF by >10% to LVEF of 40-49%

or

new reduction in LVEF of <10% to LVEF of 40-49%

moderate and

asymptomatic
or

new relative decrease in GLS of >15%

new increase in cardiac biomarkers?

LVEF of 250%

mild e

new relative decrease in GLS of >15% from baseline and/or
new increase in cardiac biomarkers

LVEF - left ventricle ejection fraction; GLS - global longitudinal strain; BNP - B-type natriuretic peptide; HF - heart failure; NT-proBNP - N-terminal pro-B-type natriuretic peptide;
2 cTnl/cTrT = 99™ percentile; BNP > 35 pg/ml; NT-proBNP > 125 pg/ml or a new significant increase from baseline beyond the biological and analytical variability of the test used

Table Il. The most common adverse cardiovascular events associated with anti-cancer drugs

Anti-cancer drug group

Cardiovascular adverse events reported most frequently

anthracyclines
HER2-targeted therapies
tyrosine kinase inhibitors

aromatase Inhibitors

heart failure, arrhythmias, pericarditis
heart failure, arrhythmias, hypertension
QT interval prolongation, hypertension, arrhythmias

low risk of cardiotoxicity, potentially: dyslipidemia, atherosclerosis progression, arrhythmias
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of knowledge - stratify patients according to their baseline
risk for development of CTRCD. As a rule of thumb, an early
identification of patients at higher risk of medical procedures
has been widely proven to improve prognosis and is therefore
recommended. Similarly, the ESC guidelines on cardio-onco-
logy specify that it's best to define the baseline risk right at
the time of cancer diagnosis, even before initiation and plan-
ning of treatment. Although there is no single, established
pathway on how to optimally screen and then risk-stratify
patients according to their baseline CV risk, the parameters
which according to the ESC should be taken into consideration
before initiation of anti-cancer treatment are listed in table Ill,
while the detailed guidelines on cardiovascular prevention
in patients with cancer are presented in table IV,

Table lll. Parameters requiring verification at baseline in order to define CV
risk prior to cancer treatment initiation according to the 2022 ESC guidelines
on cardio-oncology [7]

Parameters requiring verification at baseline in order to define CV

risk prior to cancer treatment initiation

CVrisk factors (with emphasis on the modifiable risk factors)
CVD history

cancer history

cancer treatment history

physical examination (including vital parameters)

baseline ECG (including QTc analysis)

transthoracic echocardiography (including GLS, and 3D
echocardiography if possible)

laboratory parameters: BNP/NT-proBNP, cTn, FPG/HbA¢, creatinine/
eGFR, lipid profile

BNP - B-type natriuretic peptide; cTn - cardiac troponin; CV - cardiovascular; CVD

- cardiovascular disease; ECG - electrocardiography; eGFR - estimated glomerular
filtration rate; FPG - fasting plasma glucose; GLS - global longitudinal strain; HbATc
- glycated hemoglobin; NT-proBNP - N-terminal pro-B-type natriuretic peptide; QTc
- corrected QT interval

After thorough assessment of patients'baseline cardiovascu-
lar risk, the physicians should stratify the patient’s therapeutic
toxicity risk. In recent years, multiple risk scores for identification
of CV toxicity were analyzed, although the detailed risk score,
would be recommended to remain as it is. Heart Failure As-
sociation-International Cardio-Oncology Society (HFA-ICOS)
provides the most comprehensive data and thus has been
included in the recent ESC guidelines as the preferred one, with
aclass llarecommendation [15-17].The HFA-ICOS classification
isbased on almost every factor assessed at baseline and defines
the risk with regards to the strategy of anti-cancer treatment,
depending on the possible influence of every individual drug
group on every risk factor. For instance, the very high risk of car-
diotoxicity in patients with cardiac amyloidosis has been highly
documented only for multiple myeloma therapies. With regard
to chemotherapy schemes utilized in the treatment of bre-
ast cancer, most often anthracyclines and/or anti-HER2 drugs,
the risk of CTR-CVTis very high only if the patients have had HF or
CTR-CVTinthe past, orif the patient scheduled for trastuzumab
had received trastuzumab before. With regard to other chemo-
therapeutic groups used in the treatment of breast cancer, such
as VEGF inhibitors, there are plenty of factors associated with
a very high risk of CTR-CVT, including any history of HF or even
asymptomatic left ventricular contractile dysfunction, as well as
ahistory of any significant atherosclerotic cardiovascular disease.
Any other factors of known significance, including the history
of MI/PCI, decreased LVEF or advanced age should be noted, and,
based on their calculable association with CTR-CVT, the total risk
score could be then evaluated and subsequently divided into
low-, moderate- or high-risk.

The stratification of CV toxicity risk at baseline isimportant,
because on the basis of the initial assessment, all further sur-
veillance should be performed. Those could include routine
follow-up visits in the oncology clinic if the patient is at low-
risk of CTR-CVT, or a more detailed follow-up if the patient is
in the moderate risk group. However, the general rule should

Table IV. Recommendations on the appropriate primary prevention of cancer therapy-related cardiovascular toxicity according to the 2022 ESC guidelines

on cardio-oncology [7]

Recommendations

Class of
recommendation, level of
evidence

management of CVRF according to the 2021 ESC guidelines on CVD prevention in clinical practice is recommended

before, during, and after cancer therapy o
dexrazoxane should be considered in adult patients with cancer at high and very high CV toxicity risk when lla. B
anthracycline chemotherapy is indicated '
liposomal anthracyclines should be considered in adult patients with cancer at high and very high CV toxicity risk la.B
when anthracycline chemotherapy is indicated '
ACE-I or ARB and B-blockers recommended for HF should be considered for primary prevention in high- and very high- la.B
-risk patients receiving anthracyclines and/or anti-HER2 therapies '
ACE-I or ARB and -blockers recommended for HF should be considered for primary prevention in high- and very high- lla. C
-risk patients receiving targeted cancer therapies that may cause HF '
statins should be considered for primary prevention in adult patients with cancer at high and very high CV toxicity risk lla, B

ACE-l - angiotensin-converting enzyme inhibitors; ARB — angiotensin receptor blockers; CV - cardiovascular; CVD — CV disease; CVRF — CV risk factors; ESC — European Society

of Cardiology; HER2 — human epidermal receptor 2; HF - heart failure
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be that patients with low-and moderate risk of CTR-CVT should
not have the anti-cancer therapy delayed and should initiate
treatment at the earliest possible stage. In those categories,
a referral to a cardiology clinic or at least to an experienced
cardiologist is necessary only if the CTR-CVT develops; an ex-
ception being that a treating oncologist might consider referral
to the cardiology department regardless of the development
of CTR-CVT in patients at moderate risk.

If the patient is considered as high- or very-high risk of CTR-
-CVT, after a baseline assessment, a referral to a cardio-on-
cology clinic is mandatory, and cardioprotective medication
should be considered at baseline to mitigate that risk during
cancer treatment. Moreover, for those patients, the guidelines
recommend discussing all the risks and benefits associated
with potentially cardiotoxic treatment in a multidisciplinary
team to establish the most optimal strategy going forward.

Cardiovascular prevention
In the general population, the present ESC guidelines on
cardiovascular prevention specify non-pharmacological,
and pharmacological interventions which should be initia-
ted to reduce the cardiovascular risk [18]. However, many
of the suggested preventive strategies were deemed ineffec-
tive in patients with cancer. Although a straightforward answer
to such discrepancy in outcomes is difficult to be presented,
it could be speculated that among patients with cancer, it is
the baseline disease, and often the presence of various CV
risk factors, that in combination increase the baseline CV risk
and thus reduce the reckoned efficacy of preventive strategies.
The ESC guidelines on cardio-oncology recommend ini-
tiation of “cardio-preventive” medication in patients with high-
or very-high risk of CTR-CVT, stratified according to the initial
baseline risk assessment. In those patients, an anti-cancer drug
with the lowest possible cardiotoxicity risk should be selected.
Moreover, the guidelines recommend consideration of admi-
nistration of specific cardioprotective drugs in those patients.
Those, apart from implementation of strategies mitigating
the risk of anthracycline-induced cardiotoxicity, including tre-
atment with dexrazoxane or liposomal anthracyclines, refer to
the introduction of neurohormonal therapies, including an-
giotensin-converting enzyme inhibitors (ACE-I) or angiotensin
receptor blockers (ARBs), B-blockers, and preventive treatment
with statins [19]. ACE-I/ARBs and B-blockers are the groups
of drugs commonly used as a first-line therapy in patients with
heart failure, or hypertension, and have been also shown to
improve cardiovascular outcomes in patients with cancer [20].

Angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers

Two large, randomized trials — Prevention of Cardiac Dys-
function During Adjuvant Breast Cancer Therapy (PRADA)
and Cardiotoxicity Prevention in Breast Cancer Patients Treated
With Anthracyclines and/or Trastuzumab (SAFE) investigat-

ed the role of primary prevention of CTR-CVT with the use
of ACE-l or ARBs specifically in patients with breast cancer.
In PRADA, 130 patients with early breast cancer, treated with
anthracyclines, underwent randomization to either candesar-
tan (member of ARBs) or metoprolol (a 3-blocker). Prevention
with candesartan but not with metoprolol was associated with
a statistically significantly lower LVEF reduction (candesartan
vs. non-candesartan: 0.8% vs. 2.6%, p = 0.026). On the contrary,
treatment with metoprolol was associated with smallerincreas-
es in levels of cardiac troponins [21]. However, in the long-
term analysis, no differences in LVEF were observed in any
of the studied groups [22].

In the SAFE trial, which was performed in a 4-arm design,
an interim analysis performed after 12 months of follow-up
revealed that in patients with no prior cardiovascular disease,
cardioprotective therapy with ramipril (@an ACE-I) or bisoprolol
(a B-blocker), was associated with improved echocardiography
outcomes thanin patients treated with a placebo [23]. In detail,
patients treated preventively with both drugs demonstrated
a slight (0.1%) improvement in left ventricular global longitu-
dinal strain (GLS), while GLS was reduced in the placebo arm
(by 6.0%) as well as in patients treated with ramipril or bisopr-
olol monotherapy (respectively by 1.5% and 0.6%, p < 0.001).
Moreover, the number of patients experiencing a major re-
duction of LVEF (by >10% in the 3D-echocardiography) was
lower in the group treated with ramipril and/or bisoprolol,
with 6.8%, 11.5%, and 11.4% of patients experiencing such an
endpoint when treated with respectively combined therapy,
ramipril or bisoprolol monotherapy. In patients administered
with placebo, 19% experienced a major LVEF reduction [23].

The molecular rationale for prevention of CTRCD with
either ACE-l or ARB is broad, although it is speculated that
it is mostly based on preclinical studies in which mice with
knockout of angiotensin Il type 1a receptor gene, are at a si-
gnificantly reduced risk of anthracycline-induced cardiotoxi-
city [24]. Moreover, in the general population, administration
of ACE-I or ARBs was associated with improvements on both
macroscopic and microscopic levels. Inhibition of RAA resulted
in a reduction of myocardial fibrosis, while intracellularly, in an
improvement of mitochondrial function, reduction of oxidative
stress, and positive alterations in the calcium homeostasis [25,
26], all mechanisms which might explain the benefits associa-
ted with ACE-I/ARBs in patients with cancer.

B-blockers

The efficacy of B-adrenolytics in the prevention of CTR-CVT has
already been discussed in the two aforementioned trials, which
evaluated metoprolol and bisoprolol, two of four 3-blockers
recommended in the treatment of heart failure in the overall
population. The efficacy of the third was evaluated in the Ca-
rvedilol for Prevention of Chemotherapy-Related Cardiotoxicity
(CECQY) trial [27]. In this placebo-controlled trial performed on
200 patients with HER2-negative breast cancer, chemotherapy
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and parallel treatment with carvedilol, a non-cardioselective
B-blocker did not reduce the occurrence of cardiotoxicity
(defined as the proportion of patients with a >10% reduction
in LVEF, carvedilol vs placebo: 14.5% vs. 13.5%; p = 0.99) and did
not influence the LVEF assessed as a continuous variable at
6-month follow-up when compared with the placebo. Ho-
wever, the trial did provide results analogous to those from
the PRADA trial, as the use of carvedilol was associated with
a lower increase in cardiac troponin | during anthracycline
treatment. Thus, it may be speculated that there might be
a class-effect of 3-blockers in reducing the risk of myocardial
injury associated with anthracycline treatment. Among the po-
tential mechanisms of such cardioprotective activity, the anti-
-oxidative effect exhibited by 3-blockers has been proposed,
which is demonstrated e.g. in a lower risk of intracellular lipid
peroxidation and mitochondrial dysfunction [28].

In general, both ACE-I, ARBs, and {3-adrenolytics have
constituted the cornerstone of modern treatment of heart
failure, as they significantly attenuate the pathophysiologi-
cal neurohormonal pathways in patients with HF. In patients
with a decreased cardiac contractile function, a pathological
cascade based on the sustained activation of neurohormonal
responses develops. The elements of the cascade include
the hyperactivity of the adrenergic system, and activation
of the renin-angiotensin-aldosterone pathway. All the afore-
mentioned drug groups act as inhibitors of those pathways,
and by stabilizing the cardiac homeostasis they were proved
to reduce morbidity and mortality in patients with chronic
heart failure [29].

Finally, based solely on the data presented above, it could
be speculated that if both preventive strategies (ACE-I/ARB
and B-blockers) were proved effective, their co-administration
might further increase the efficacy of prevention of CTR-CVT.
However, in the previously mentioned PRADA trial, one arm
of patients were randomized to a parallel preventive strategy
with candesartan and metoprolol, and, in comparison with
the monotherapy groups, no significant differences were
observed with regard to LVEF reduction. Then, on the other
hand, there is the important OVERCOME trial, in which 90
patients with malignant hemopathies treated with intensive
chemotherapy were randomized to either preventive admi-
nistration of enalapril and carvedilol, or matching placebo.
During a 6-month follow-up, a significantly lower reduction
of LVEF was noted in the arm taking ACEl and B-blockers
than the placebo (a statistically significant difference of 3.1%
in echocardiography and a difference of 3.4% on the verge of si-
gnificance in magnetic resonance imaging), with a lower risk
of combined clinical endpoint demonstrated in the interven-
tion arm [30]. Thus, it appears that by recommending a simul-
taneous introduction of preventive ACE-I/ARB and 3-blockers
in patients with high or very high risk of CTR-CVT, the ESC gu-
idelines on cardio-oncology, at least partially follow the newly
introduced strategy of an early introduction of all four major
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‘game-changing”drugs for treatment of chronic HF advocated
in the ESC guidelines on HF. Nonetheless, at present, the evi-
dence supporting preventive co-administration of ACE-I/ARB
+ [3-blocker is rather scarce.

Statins

Statins are cholesterol-lowering drugs that in patients with
high or very high cardiovascular risk have been shown to re-
duce the risk of myocardial infarction, stroke, and mortality [31].
Research has shown that patients with breast cancer treated
with statins might have a lower risk of cardiovascular events
compared to those who do not receive this treatment. More-
over, some retrospective data report that a chronic treatment
with statins might even increase the LVEF [32]. The postulated
molecular mechanisms included pleiotropic effects of statins,
including their anti-inflammatory, anti-apoptotic, and even
anti-proliferative effect on the tumor cells [33, 34]. Moreover, as
cholesterol is a biochemical precursor molecule for estrogens,
the modifications to the lipid metabolism equilibrium caused
by statins might in result indirectly modulate the response to
estrogens at a cellular level [35].

However, data on the efficacy of statins in prevention
of CTR-CVT are based mostly on retrospective, observational
studies. A recently published PREVENT trial, which included
patients with early breast cancer or lymphoma, did not confirm
the cardioprotective effect of statins, as the mean (+SD) LVEF
values were 61.7 + 5.5% before treatment and 57.4 + 6.8% at
24 months in the placebo group and 62.6 + 6.4% before treat-
ment and 57.7 + 5.6% at 24 months in patients treated with
40 mg of one of the most potent statins — atorvastatin [36].
Moreover, no difference in the percentages of patients with
a major (defined as by >10%) reduction of LVEF, or changes
in LV strain, LV mass, cognitive function, or levels of inflamma-
tion biomarkers were noted between patients treated with
atorvastatin and placebo. The results of the Statins to Prevent
the Cardiotoxicity From Anthracyclines (STOP-CA) and Statins
for the Primary Prevention of Heart Failure in Patients Receiving
Anthracyclines Pilot Study (SPARE-HF) are eagerly anticipated
in either confirming, or repudiating the cardioprotective effect
of statins in patients with cancer [37, 38].

Spironolactone, flozins, ARNI

The ESC guidelines on cardio-oncology do not specifically
address the subject of the introduction of preventive treatment
with other groups which are at present considered the golden
standard in patients with chronic HF. It should be noted that all
of them might potentially be beneficial in preventing CTR-CVT
in patients with breast cancer who are beginning oncological
treatment. Spironolactone, the mineralocorticoid receptor an-
tagonist (MRA), has been proven to reduce morbidity and mor-
tality in patients with HF [39-41]. Its major mechanism of action
lies in the inhibition of aldosterone receptors. In patients with
HF, when the activity of the RAA axis is pathologically increased,



and subsequently so is the concentration of aldosterone,
the end-product of this axis, the hyperactivity of aldosterone
increases the myocardial fibrosis developing in response to
the myocardial injury. Thus, there might be a pathophysiolog-
ical rationale for preventive treatment with MRA in patients
treated with potentially cardio-toxic drugs.

However, the evidence supporting MRA in such a setting is
rather scarce, as to date there has only been one randomized
trial, which included only 83 patients with breast cancer treated
with either doxorubicin or epirubicin. Those were randomized
to preventive therapy with 25 mg daily of spironolactone or
placebo. After the completion of a follow-up of approximately
24 weeks, preventive therapy with spironolactone resulted
in a lower reduction of LVEF assessed echocardiographically
(LVEF decrease from 67.0+6.1 to 65.7+7.4 in the spironolac-
tone group, and from 67.7+6.3 to 53.6+6.8 in the control
group between-group p < 0.001) [42]. Moreover, similar to
the findings from the studies with B-adrenolytic drugs, the trial
showed that spironolactone resulted in an attenuated increase
in cardiac troponin | elevation, and while in the control group,
levels of all serum biomarkers were altered by chemotherapy,
no significant difference in any of the measured parameters
(including NT-proBNP, troponin, creatinine kinase — myocardial)
was observed in patients taking spironolactone. Finally, the au-
thors point a remark that the left ventricular diastolic function
was maintained in patients from the spironolactone group,
while a progression of diastolic dysfunction was observed
in the group administered with a placebo, which further con-
firms that the mechanism of action of spironolactone might
lay in reduced fibrosis caused by excessive aldosterone levels.

The results of the CECCY, PRADA, SAFE, and aforemen-
tioned spironolactone trial clearly indicate the possible benefit
of RAA axis inhibitors on cardiac contractile function. Moreover,
in the preclinical studies it was demonstrated that apart from
the RAA axis, an increased activation of natriuretic peptide
cellular pathways decreases the risk of anthracycline-induced
cardiomyopathy. Another rather novel drug in the treatment
of HF is sacubitril-valsartan. Its mechanism of action lays on
the inhibition of the RAA axis, owing to the activity of valsartan
—an ARB - and activation of the natriuretic peptide pathway
mediated by sacubitril — an inhibitor of neprylisin, an enzyme
responsible for the degradation of many important molecules,
including natriuretic peptides. Thus, the use of a cardioprotec-
tive strategy with sacubitril-valsartan in patients treated with
potentially cardiotoxic drugs has a strong pathophysiological
rationale.

The data on the administration of sacubitril/valsartan
in patients with cardiac damage caused by cancer therapy
come mostly from retrospective analyses. A Spanish registry
investigated 67 patients (of whom 45% were patients with
breast cancer) with symptomatic HF caused by cancer therapy,
in whom sacubitril/valsartan was introduced. In those subjects,
significant increases in LVEF and reductions in NT-proBNP

levels, and left ventricular dimensions were noted, followed by
a clinically meaningful improvement in patients'HF symptoms
[43]. In another single-center analysis, echocardiographically
determined cardiotoxicity developed in 28 of 635 patients,
most of whom were treated with anthracyclines, and approx-
imately a quarter with anti-HER2 therapy. Treatment with sacu-
bitril/valsartan reduced NT-proBNP and increased patients’
exertional capacity and left ventricular ejection fraction (32.3
+5.5% vs. 26.7 £ 5.4%; p < 0.001) [44].

At present, there are data from only one randomized trial
investigating the use of sacubitril-valsartan in patients with
cancer. The study has been performed in Russia and was re-
stricted to 112 subjects with cancer and a preexisting HF
who were administered a preventive treatment with nebivolol
and eplerenone, and randomized to either sacubitril-valsartan
or candesartan. After 6 months, there was a benefit of smal-
ler LVEF reduction and improvement of quality of life with
the former [45].

[t should be noted that a multi-center, double-blinded
trial evaluating the efficacy and safety of sacubitril/valsartan
in the prevention of CTR-CVT in patients with cancer will
shortly be starting recruitment [46]. The study, which will be
performed in three tertiary oncological centers in Poland will
randomize a total of 480 patients with early breast cancer
undergoing treatment with anthracyclines and/or anti-HER2
drugs to the highest-tolerated dose of sacubitril/valsartan or
placebo in 1:1 ratio. The patients will be monitored, including
aroutine transthoracic echocardiography (TTE) for 24 months,
and the primary endpoint of the trial will be the occurrence
of adecrease in LVEF by >5% in TTE within 24 months. The first
results are expected at the beginning of 2028, pending recru-
itment of participants.

Finally, the last group of drugs recommended in HF are
SGLT-2 inhibitors. In the last years, several clinical trials have
demonstrated their beneficial effects on heart failure out-
comes, with a reduction in the risk of cardiovascular death
and hospitalization for heart failure, regardless of the pres-
ence of diabetes [47, 48]. The mechanism of action of SGLT2
inhibitors, which involves blocking glucose reabsorption
in the SGLT-2 sodium-glucose co-transporters in kidneys, also
leads to other effects that are beneficial in HF. By reducing
sodium and water reuptake in the kidneys, SGLT-2 inhibitors in-
crease diuresis and thus decrease blood volume, which can im-
prove cardiac contractility. Additionally, SGLT-2 inhibitors have
been shown to improve endothelial function, reduce oxidative
stress, and improve myocardial cellular metabolic pathways
[49]. To date, no randomized study investigated the efficacy
of SGLT-2 inhibitors in the prevention of CTR-CVT, and the sole
evidence for their potential benefit is derived from a recent
retrospective analysis, which included diabetic patients with
cancer treated with SGLT-2 inhibitors; they were compared
ina 1:3 ratio to control subjects not being administered SGLT-2
inhibitors. When compared to the control group, patients
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Table V. Recommendations for baseline risk assessment and monitoring during endocrine therapy for patients with breast cancer, according to the 2022 ESC

guidelines on cardio-oncology [7]

Recommendations

Class of
recommendation, level of

baseline CV risk assessment and estimation of 10-year fatal and non-fatal CVD risk with SCORE2 or SCORE2-OP is
recommended in BC patients receiving endocrine therapies without pre-existing CVD

dexrazoxane should be considered in adult patients with cancer at high and very high CV toxicity risk when

anthracycline chemotherapy is indicated

liposomal anthracyclines should be considered in adult patients with cancer at high and very high CV toxicity risk

when anthracycline chemotherapy is indicated

evidence

l,C

lla, B

lla, B

BC - breast cancer; CV - cardiovascular; CVD - cardiovascular disease; ECG - electrocardiogram; SCORE2 - systematic coronary risk estimation 2; SCORE2-OP - systematic coronary

risk estimation 2 - older persons

pretreated with SGLT-2 inhibitors were at a significantly re-
duced risk of a composite endpoint of cardiac events, including
the incidence of HF, admissions due to HF, the development
of new cardiomyopathy, or clinically significant arrhythmias
(3% vs. 20%; p = 0.025) [50]. Moreover, the risk of all-cause
death was significantly lower (9% vs. 43%; p < 0.001), albeit
such a strong effect on mortality is hardly attributable solely
to the action of SGLT-2 inhibitors. Nonetheless, a randomized
trial evaluating the efficacy of one of the SGLT-2 inhibitors,
empagliflozin (Empagliflozin in the Prevention of Cardiotox-
icity in Cancer Patients Undergoing Chemotherapy Based on
Anthracyclines - EMPACT) will soon start recruitment in Polish
centers, and the first results are expected in 2028 [51].

Non-pharmacological preventive measures

In addition to medication, lifestyle modifications such as exer-
cise, a healthy diet, and smoking cessation are essential for
reducing cardiovascular disease risk in breast cancer patients.
Prior studies have shown that due to various factors, patients
after diagnosis of cancer tend to reduce physical activity
and gain weight by an average of 2.7 kg [52, 53]. Physical acti-
vity has been shown to reduce the intracellular oxidative stress,
and improve exertional capacity in patients with breast cancer.
This might suggest a rationale for improvement in prognosis
and reduction of the risk of development of CTR-CVT [54, 55].
However, to date, no clear guidelines defining the optimal
exertion thresholds for groups at risk of cardiotoxicity were
presented. Nonetheless, the guidelines of the American Col-
lege of Sports Medicine specify the optimal physical exercise
type and intensiveness for cancer survivors [56].

Endocrine treatment and its clinical implications

Approximately 65—70% of patients with breast cancer might have
ahormone receptor-positive tumor, and in some of those patients
therapy with either selective estrogen receptor modulators (SERM)
or aromatase inhibitors (Al) might be initiated [57]. Although
treatment with SERM or Al does not lead to the development
of CTRCD to adegree similar to the one observed in anthracyclines
or anti-HER2 treatment, therapy with those two groups of drugs
confers an increased risk of dyslipidemia, metabolic syndrome,
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hypertension, and thus major cardiovascular events such as my-
ocardial infarction [58-60]. Moreover, tamoxifen has consistently
been demonstrated to increase the risk of venous thromboembo-
lism (VTE) and therefore therapy based on tamoxifen should not
be recommended for patients with an increased risk of thrombotic
events [61]. The ESC guidelines on cardio-oncology specify that
prior to the introduction of the endocrine therapies in patients
with breast cancer, a 10-year risk of fatal and non-fatal cardiova-
scular events should be assessed, and in those perceived as high
risk, such risk should be re-evaluated every year. The detailed
recommendations on baseline risk assessment and monitoring
during endocrine therapy for breast cancer are listed in table V.
Therisk scores recommended inthe guidelines are either SCORE2
or SCORE2-OP, however other validated risk scores can also be
accepted [62, 63]. After risk assessment, it is of the utmost impor-
tance to discuss the risks of VTE, and major vascular events with
patients atrisk, while recognizing that the benefits of breast cancer
treatment usually outweigh the cardiovascular risks. However,
an emphasis should be placed on the optimal control of CV risk
factors, including optimal lipid-lowering therapy, control of blood
pressure, with exercise and a healthy diet encouraged.
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Breast cancer is considered the most commonly diagnosed tumors. Biomarkers used for the diagnosis and treatment
of breast cancer are: tissue biomarkers (PR, ER, HER2, Ki-67) and serum biomarkers (CA-15-3, CA-125, CA-27-29, CEA,
cytokeratins). ECD HER2, metalloproteinases and leptin are emerging as promising biomarkers for breast cancer. There
is a growing need for personalized diagnostics based on tumour genome characterization, relying on a liquid biopsy
containing components such as CTC and ctDNA, cell-free RNA. Biomarkers can also be used use as a target for anti-breast
cancer treatment (PGRN and sortilin, AR, PD-1/PD-L1). Another potential field of application of breast cancer biomarkers
is monitoring treatment side effects, such us inflammatory biomarkers causing cardiotoxicity, thyroiditis biomarkers (TSH,
FT4,TPOab TgAb) in IrAE, NF-L and MCP-1 in ICl-associated neurotoxity. It is expected that new prognostic and predictive
biomarkers will be developed that can provide accurate and reliable information for clinical application. Through the re-
cognition of emerging biomarkers, it is possible to identify subgroups of patients who benefit from targeted therapies
and managing treatment by monitoring side effects. However, these new biomarkers need to be validated and tested
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for their suitability before entering clinical use.
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Introduction

According to Global Cancer Statistics 2020, breast cancer
is considered the most commonly diagnosed tumor with
2.3 million new cases of breast cancer reported in 2020. It is
the fifth leading cause of cancer mortality globally, whereas
in women it is the leading cause of cancer death [1]. The high-
est incidence rates of breast cancer in 2020 were reported
in Belgium and the Netherlands with the highest mortal-
ity in Barbados and Fiji [2]. In Poland in 2020, the most common
cancerin women was breast (23.8%), and it is the second (15%)
leading cause of death after lung cancer (18%) [3]. The risk fac-
tors for breast cancer are gender, age, genetic factors, ethnic-
ity, early menstruation, late menopause and shorter periods

of breastfeeding. The increased incidence rate is associated
with lifestyle such as alcohol consumption, obesity, use of hor-
monal therapy and contraceptives [4].

Treatment of breast cancer depends on its clinical stage,
the histological type and its accompanying biomarkers.
Nowadays there are many available methods for molecular
profiling, hormone indications etc. The general classifica-
tion of breast cancer is based on the division into sarcomas
and carcinomas [5]. Carcinomas are divided into two histo-
pathological types: pre-invasive in situ cancer and invasive
cancer. Pre-invasive in situ carcinomas are further divided
into ductal in situ carcinomas (DCIS) and lobular in situ car-
cinomas (LCIS).
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Independently from histological subtypes, breast can-
cers have been classified by molecular examination: lumi-
nal A and B subtypes, epidermal growth factor receptor
2 (HER2)-positive breast cancer and triple negative breast
cancer (TNBC). The luminal A type of breast cancer is charac-
terized by the presence of an estrogen-receptor (ER) and/or
progesterone-receptor (PR), the absence of HER2 and low
expression of genes associated with proliferation (Ki-67).
The luminal B subtype includes either HER-positive or HER-
-negative tumors. Progesterone and estrogen receptors are
also found here. In contrast to luminal A, luminal B tumors
have higher expression of proliferation-related genes as-
sessed by the Ki-67 designation [6]. Luminal A tumors grow
slowly and have a better prognosis, while luminal B tumors
are higher grade and have a poorer prognosis. ER is similarly
expressed in both A and B subtypes and is used to distin-
guish luminal from non-luminal disease. Triple-negative
breast cancer (TNBC) is a type of breast cancer that lacks
the estrogen receptor (ER), progesterone receptor (PR),
and human epidermal growth factor receptor 2 (HER2). It
is characterized by an unfavorable prognosis and aggres-
sive biology since patients with TNBC do not benefit from
endocrine or anti-HER2 therapy [7].

The presence of proteins or other substances in the serum,
body fluids and tissues allow for an early diagnosis of cancer
and recurrence of the disease. A biomarker is a substance
(nucleic acids, proteins, carbohydrates, lipids) which is either
qualitatively or quantitatively abnormally expressed by the tu-
mor tissue or released after cell death by apoptosis, necrosis or
destruction by immune cells in biological fluids such as blood
serum, urine, saliva or the cerebrospinal fluid. A biomarker can
be measured as an indicator of normal biological or pathogenic
processes. Some of these biomarkers can be used by physi-
cians to identify the type of cancer and stages of progression,
as well as determining a specific treatment and further moni-
toring response to treatment. However, a lack of specificity is
observed for some biomarkers, which is a barrier for their use
in cancer screening. As a non-specific tool they complement
imaging tests.

Based on their clinical use, two major types of biomarkers
can be distinguished: prognostic and predictive. Prognostic
markers predict the natural course of a cancer and differentiate
good-outcome tumors from poor-outcome tumors. However,
no prognostic marker can exactly predict an outcome for
a particular patient. It informs about the outcome for a het-
erogeneous patient population. A predictive marker delivers
in advance information on whether the patient is oris not likely
to benefit from a particular therapy. The absence of a given
marker or a decrease in its concentration during therapy is
also of prognostic importance. Therefore, the use of predictive
markers enables reducing the overtreatment of patients with
benign malignancy and avoiding undertreatment of patients
with aggressive tumors [8, 9].

346

This review covers information about biomarkers currently
available for breast cancer management, as well as new prom-
ising biomarkers and their potential use in the future.

Biomarkers for the diagnosis and treatment

of breast cancer

Biomarkers used in clinical practice are helpful in:

- riskassessment for patients who are unaffected and con-
sidering preventive strategies,

- screening for detection of early-stage cancer,

- diagnosis in staging, grading and choice of therapy,

- for prognostic purposes, predicting and monitoring tre-
atment response,

- detecting recurrence after therapy.
Some biomarkers are only used for specific purposes,

whereas another can serve in more than one type of ap-

plication.

Tissue biomarkers
Biomarkers in the biopsy material play an important role
in the diagnosis of breast cancer and the choice of treatment.
Determination of various subtypes of breast cancer based
on diagnostic evaluation of hormone receptors (ER and PR),
HER2 is recommended to be assessed by American Society
of Clinical Oncology (ASCO) guidelines due to their prognos-
tic and predictive relevance [10]. These markers are highly
specific, and nowadays are routinely used for the diagnostic
of breast cancer. Additionally, Ki-67 proliferation index is help-
ful'in differentiating luminal A and luminal B molecular sub-
types. The detection of ER, PR, HER2 and Ki-67 affects decisions
on the type of undertaken therapy. They are tissue biomarkers,
their disadvantage is that an invasive surgical biopsy is required.
At present, the most important predictive biomarker for
breast cancer is the estrogen receptor (ER). The measurement
of ER is mandatory in all newly diagnosed cases of breast
cancer. ts main application is as a predictive marker for endo-
crine therapy, since ER levels may be correlated with the ben-
eficial effects of antiestrogen therapy. The occurrence of ER
helps to identify patients with early breast cancer for adjuvant
treatment with drugs such as estrogen receptor modulators
(tamoxifen) or aromatase inhibitors (Al), preventing the stimu-
lation of breast cancer proliferation [11]. Two izoforms of es-
trogen receptor have been identified ER-a, and -p [12]. They
have different effects on cancer cells. ER-a stimulates transcrip-
tion while ER-B inhibits it. The proportions of ER-a and ER-3
in the cell determine cell division or inhibition and resistance to
hormonal treatment. ER-3 is a negative regulator of ER-a [13].
ER-a plays a crucial role in the progression and proliferation
of breast cancer.There are some inconsistencies about the role
of the ER-B, since there are studies indicating its anticancer
and carcinogenic role in breast cancer [14]. The progesterone
receptor (PR) is routinely examined together with ER in breast
cancer as an important biomarker. PR is involved in molecular



subtyping and plays a substantial role in treatment decisions.
It is thought that the absence of PR reflected a nonfunc-
tional ER pathway and was less responsive to tamoxifen [15].
ER+/PR+ breast cancers respond better to hormone therapy
than ER+/PR— breast cancers and have a better breast cancer-
specific survival rate [16, 17]. The tumors that are ER— and PR+
demonstrate an intermediate response to endocrine therapy
[18]. The expression of ER and PR receptors is not permanent
and may change spontaneously during the course of the dis-
ease or as a result of therapy. The complete loss of ER during
endocrine therapy is rare, whereas about half of tumors lose
PR completely becoming resistant to therapy. Metastatic tu-
mors have a much more aggressive course after the loss of PR
in comparison with tumors with PR expression [19].

Hormonal resistance of breast cancer can be primary or ac-
quired. Primary resistance occurs from the beginning of treat-
ment. It may result from an inappropriate proportion between
the level of ER-a and ER-3 receptors. This results in the transcrip-
tion of estrogen-dependent genes and the synthesis of pro-
teins leading to breast progression of tamoxifen resistance.
Primary resistance to tamoxifen occurs in breast cancers with
high overexpression of the HER2 receptor. Acquired resistance
develops as a response to a long-term block or impairment
in DNA transcription and protein synthesis responsible for
tumor progression. The cancer cell bypasses the tamoxifen-
induced blockade and becomes hypersensitive to estrogens
and tamoxifen. This causes even small doses of estrogen or
tamoxifen to lead to transcription and tumor progression [13].

HER2 is a glycoprotein tyrosine kinase receptor belonging
to the EGFR family. HER2 consists of three parts: an intracellular
tyrosine kinase domain, a transmembrane lipophilic segment
and an extracellular domain (ECD). According to the ASCO
testing guideline, breast cancer is considered HER2 posi-
tive if the presence of transmembrane HER2 overexpression
in the tumor tissue is confirmed by an immunohistochemistry
assay or fluorescence in situ hybridization (FISH) [10]. HER2 is
overexpressed in approximately 20% of breast cancers and it
correlates with a poor clinical prognosis [17, 20, 21]. HER2 is
important in choosing the right management in breast cancer
patients. An overexpression of HER2 in breast cancer is a strong
predictor of benefitting from treatment with trastuzumab
(Herceptin) [22]. Trastuzumab is a monoclonal antibody against
the extracellular domain of HER2, which, when used in adjuvant
therapy, significantly extends overall survival in early breast
cancer patients [23]. Except for breast cancer, HER2 overexpres-
sion has been recognized in several different solid tumors such
as lung, head and neck.

KI-67 is an index providing the information about the prolif-
eration of malignant tumors. High levels of Ki-67 are associated
with poorer outcomes. According to St. Gallen's recommenda-
tion from 2015, a cut-off point of Ki-67 > 20% could be used to
differentiate between low and high values [24]. Ki-67 has been
shown to be prognostic of clinical outcomes in breast cancer as

well as a predictor of response to neoadjuvant chemotherapy
or endocrine treatment. Expression of Ki-67 is often used to
identify patients with a high risk of relapse.

Serum biomarkers

Serum biomarkers (so-called “wet biomarkers”) are easily ac-
cessible at any time and through any blood collection. They
are minimally invasive, and therefore can be detected more
often than tissue indicators [25]. Biomarkers can quickly pro-
vide additional information on patient prognosis and response
to treatment. For breast cancer patients’ prognosis and re-
sponse to treatment, serum biomarkers are more convenient
and cost-effective compared to mammograms and frequent
tissue biopsies.

Among the standard serum tumor markers, CA-15-3 is
dedicated to breast cancer. Due to the low diagnostic sen-
sitivity, it is not used in the diagnosis of cancer, but may be
important in monitoring treatment. Other recognized serum
markers, such as CEA, CA-125 or CA-27-29, may be elevated
in metastatic disease.

Increased expression of CA-15-3 in breast tumors is related
to invasiveness and metastatic potential [26]. The main utility
of CA-15-3 as a biomarker is monitoring therapy in patients
with advanced breast cancer, because a relationship between
in CA-15-3 levels and the response to chemotherapy has been
observed [27]. CA-27-29 is clinically comparable to CA-15-3
due to lack of specificity. Higher serum levels of CA-27-29
may reflect an increased tumor burden [28, 29]. Persistently
elevated CA-27-29 levels may indicate treatment failure or
the progression of disease [30]. Increased levels of CA-125
have been observed in the majority of metastatic breast can-
cer patients [31]. The limitations of serum biomarkers such as
CA-15-3 and CA-125 are that their temporary elevated levels
in serum may occur after starting therapy, due to tumor lysis
caused by chemotherapy. High levels of CEA in the blood are
usually related to metastasis of breast cancer [32]. A combina-
tion of CA-15-3 and CEA is used as a diagnostic tool for relapse
of breast cancer [33]. High levels of CA-15-3 together with CEA
are associated with worse clinical outcomes since they indicate
high tumor burden [34, 35].

In breast cancer, cytokeratins are applicable as serum bio-
markers. The complex of cytokeratin fragments 8, 18 and 19
constitute a circulating polypeptide TPA (tissue polypeptide
antigen). TPA indicates ongoing cell death and lysis [36]. TPS
(tissue polypeptide specific antigen), an antigenic deter-
minant associated with human cytokeratin 18, is released
from proliferating cells during tumor development, when
intensive multiplication-and disintegration of cells may take
place. The rate of concentration increase of TPS is correlated
with the rate of progression of the neoplastic process. This
increase provides information about the growth of the tumor
before the clinical manifestations of the cancer. The level of TPS
indicates the proliferative activity of neoplastic tissue regardless
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of tumor size, and it is an independent prognostic factor for
disease-free survival and overall survival [37, 38].

The use of the biomarkers listed above has some limita-
tions in their use in diagnostic tests for breast cancer. Their
main disadvantage is the lack of sensitivity and specificity,
which makes them useless for screening purposes. At low
stages of cancer, serum biomarkers have low diagnostic sen-
sitivity [39]. The conventional serum biomarker testing is rec-
ommended but not mandatory. Their application plays an
auxiliary role in the clinical management of breast cancer.
Therefore, it is important to continue to search for new fac-
tors involved in tumor progression which can help to identify
the risk groups, detect the disease at early stages and assess
the risk of future relapse.

New biomarkers with a potential application
in breast cancer
An example of a promising biomarker in breast cancer can be
the extracellular domain (ECD) of HER2. The ECD HER2 is re-
leased into the blood by means of proteolytic enzymes (shed-
ding). The remaining shortened peptide in the cellmembrane
is more oncogenic than the full length receptor. The release
of the extracellular domain into the serum is increased in me-
tastases compared to primary breast cancer [40]. HER2 is a risk
factor of relapse, high-grade malignancy index and metastasis.
Some studies suggest that the soluble HER2 ECD is a better
prognostic tool than tissue HER2 and its prognostic value is
independent of the HER2 status of the tumor [41, 42].
Metalloproteinases are proteolytic enzymes that digest
basement membrane and extracellular matrix (ECM) compo-
nents, enabling metastasis and angiogenesis in breast cancer
[43]. Some studies suggest the potential to use MMP-9 as a pre-
dictor of breast cancer progression, since there is a relationship
between high MMP-9 expression and the occurrence of distant
metastases in breast cancer patients and poor prognosis [44].
Another potential biomarker for breast cancer riskis leptin.
Leptin is produced mainly by fat cells and is overexpressed
in obese individuals. It is known as the “obesity hormone”,
the blood level of which increases in proportion to the amount
of body fat. In physiological conditions, leptin plays a crucial
role in the regulation of energy balance by reducing appetite
and increasing metabolism. Leptin has also been shown to pro-
mote cell proliferation and the development of breast cancer.
Leptin and its receptors regulate progression, angiogenesis,
metastasis and immunosuppression. Elevated serum leptin
levels are associated with poor cancer prognosis, therefore it
may be a potential biomarker of breast cancer risk, especially
in overweight women or postmenopausal women [44, 45].

Biomarkers in liquid biopsy

Tumor biopsy is still the gold standard for diagnosis and clas-
sification of breast cancer, however, there is a growing need
for personalized diagnostics based on tumor genome charac-
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terization, relying on blood samples known as liquid biopsy.
The liquid biopsy, similar to serum biomarkers, is non-invasive,
enables frequent sampling and following patients over time. It
can deliver information for understanding tumor characteris-
tics and cell dissemination. Various components of tumor cells
are released into the bloodstream: circulating tumor cells (CTC)
and circulating DNA (ctDNA), cell-free RNA and exosomes.
These elements can be used as potential biomarkers personal-
izing cancer treatment based on these real-time results.

Circulating tumor cells (CTCs) are malignant cells that
following apoptosis, necrosis or active release are shed into
the lymphatic or vascular system. CTCs in the bloodstream
could be responsible for metastatic progression of breast
cancer. The presence of CTCs indicates residual disease, in-
creased risk of metastasis and poorer results for CTC-positive
patients. Tracking the presence of ctDNA in serial postoperative
serum samples may be used as a predictor of early relapse
in ctDNA-positive patients [46]. Some researchers observed
that breast cancer patients with levels of CTCs lower than 5
per 7.5 ml had a higher progression-free survival and overall
survival in comparison with patients with higher levels of CTCs
[47]. The strong correlation between CTCs results and radio-
graphically confirmed progression of metastatic breast cancer
indicates that CTCs numeration is useful in assessing the ef-
fectiveness of therapy [48]. Although it can be difficult to isolate
CTCs from blood due to their short half-life, they have proven
to be beneficial as a prognostic tool for cancer patients. CTCs
circulating in the bloodstream can also be analyzed for their
contents such as protein, DNA, messenger/matrix RNA (MRNA),
mitochondrial RNA (miRNA). One of the protein biomarkers
contained in CTCs is for example CA-15-3 [49]. CTCs mark-
ers often reflect the genetic profile of tumors because they
represent a part of the patient’s tumor that could be assessed
for target antigens. However, some difficulties have been
observed in differentiating between primary and metastatic
tumors with CTC origin. Researchers found that CTCs repre-
sented metastatic tumors rather than primary tumors. There
is some evidence that primary ER+/PR+ breast tumors have
spread CTCs that are ER-/ PR—, which have a significant im-
portance in decisions regarding the choice of treatment [50].
Additionally, discrepancies between HER2 level of expression
in ductal breast tumors and plasma CTCs have been observed,
confirming the difference in expression profiling between CTCs
and primary tumors [51].

Circulating tumor DNA (ctDNA) is fragmented DNA derived
directly from tumor cells or circulating tumor cells (CTC). Cell-
free DNA can be detected in free form in sera or plasma [52].
In healthy individuals, ctDNA is present at low levels, whereas
higher levels of ctDNA in cancer patients reflect progressive
tumor sizes, nodal involvement and metastasis.

Determination of circulating tumor DNA may serve as
a marker for the presence of disease and a tool for molecu-
lar tumor assessment at different time points in the disease.



It has been proven that analyses of mutations in ctDNA could
detect tumors at early stages [53]. CtDNA compared with DNA
isolated from primary tumors shows the presence of identical
genetic changes that are specific to the tumor type. At pre-
sent, the diagnosis and selection of breast cancer treatment
is based on the analysis of tumor biopsy, but the information
from the biopsy is not permanent due to changes in the tu-
mor and its resistance to treatment. Examination of ctDNA
overcomes tumor heterogeneity. Some researchers report on
ctDNA's platform detecting genomic changes in breast cancer
patients, showing its clinical utility for monitoring of disease
[54].In breast cancer, ctDNA enables monitoring the response
to treatment and clinical prognosis. In tumors responding to
treatment, a sharp decrease in ctDNA levels is observed [55, 56].
The levels of ctDNA are very high in advanced cancer, therefore
it is possible to perform a liquid biopsy for molecular testing
of ctDNA which may serve as a non-invasive tool for real-time
monitoring of disease development [57].

Tumorgenesis is accompanied by high gene expression
which leads to synthesis of large amounts of RNA shed from
the tumor cells into the blood. The released RNA particles are
called cell-free mRNA (cfRNA), and consist of mRNA and miRNA.
In cancer patients the amount and composition of miRNA is
modified. CfRNA analysis is useful due to its higher concentra-
tion in the blood compared to ctDNA in patients at an early
stage of cancer. Analysis of cfRNA provides valuable informa-
tion about tumor gene expression that could be used to moni-
tor treatment and drug resistance of the tumor. For instance,
miRNA was used to predict resistance to trastuzumab in HER2+
metastatic breast cancer patients. A several type of miRNA with
distinct expression of HER2+ metastatic breast cancer patients
with different sensitivities to trastuzumab have been found
[58]. The prognostic and predictive value of a real-time PCR
assay for cytokeratin-19 (CK-19) mRNA isolated from CTCs has
been evaluated. The study suggested that detection of CK-19
mMRNA expression may have a clinical impact on overall survival
in patients with breast cancer, since they showed poor overall
survival [59].

Despite numerous reports on the benefits of liquid bi-
opsy, it has not yet been standardized as a routine diagnostic
method in clinical settings of breast cancer. It is expected that
the sequencing of the genetic material contained in ctDNA
and cfRNA obtained from liquid biopsy will lead to the imple-
mentation of this diagnostic tool for routine diagnosis, early
detection and follow-up of breast cancer patients.

Biomarkers as a target for anticancer therapy
An important potential application of biomarkers in breast
cancer management is their use as a target for anticancer
treatment.

Progranulin (PGRN) promotes tumorigenesis as a growth
factor since it stimulates the proliferation and survival of several
cancer cell types [60]. Progranulin and its receptor sortilin are

highly expressed in breast cancer and are associated with vari-
ous clinical properties. PGRN is considered a poor prognostic
factor because it inhibits tamoxifen-induced apoptosis [61].
The expression of progranulin in tumor and serum samples
correlates with pathological grading, lymph node metasta-
sis and angiogenesis [62]. Sortilin is linked to breast cancer
progression and recurrence in advanced diseases [63]. High
co-expression of progranulin and sortilin is associated with
decreased breast cancer specific survival [64].

PGRN and sortilin targeting has potentials of application
in novel targeted therapy of breast cancer consisting of block-
ing their tumor-promoting interplay. This offers a unique can-
cer treatment principle based on selectively targeting the mi-
croenvironment of the communication system. In vitro studies
indicate that the use of PGRN-neutralizing antibodies and their
receptors cause decreased expression of tyrosine-protein
kinase and the tyrosine-protein kinase receptor involved
in the metastasis of breast cancer [65]. Another in vitro study
showed that inhibiting progranulin with the anti-progranulin
antibody caused an inhibition of survival and a reduction
in migration of TNBC cell lines. The decrease in Ki-67 expres-
sion and reduction in the expression of angiogenic proteins
VEGF and HIF-Ta was also observed [66]. Blocking PGRN with
antibody treatment may provide novel-targeted solutions
in TNBC treatment resulting in the inhibition of breast cell tu-
mor proliferation. An in vivo study proved that sortilin inhibition
decreases progranulin-dependent breast cancer progression
and the expansion of cancer stem cells [67]. These results
suggest that targeting PGRN may be involved in optimizing
treatment protocols for breast cancer patients, however further
in vivo studies regarding serum PGRN should be conducted.

Another emerging potential therapeutic target for breast
cancer treatment is the androgen receptor (AR). AR been de-
tected in around 70-90% of breast cancers [68]. AR is consid-
ered as a good prognostic factor in ER-a positive breast cancer,
since it interferes with the function of ER-a and suppresses
tumor growth. However, in the case of ER-a negative breast
cancer patients such as HER2+ and TNBC, the AR exhibits
oncogenic properties contributing to cancer development.
Androgen receptor-targeted therapies have demonstrated
promising results in clinical trials in patients with breast cancer.
A potential treatment for breast cancer cells is a selective AR
modulator such as enobosarm. In vitro studies in the cell line
of TMBC indicate that enobosarm inhibits the metastasis pro-
moting factors (IL-6, MPO-13) and therefore blocks migration
and invasion. Several AR antagonists have been examined as
well. Bicalutamide interrupts the DNA-binding domain binding
to the androgen related element. The outcome of the applica-
tion of bicalutamide has achieved a 19% clinical benefit rate
at 6 months and 12 weeks median progression-free survival
(PFS) in patients with AR-negative and AR-positive advanced
breast cancer. Other biomarkers of response to AR inhibitors
should be established in the future [69].
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Immune checkpoints play a very important role in the reg-
ulation of immune responses involved in cancer elimination.
One of them is the programmed cell death-1 receptor (PD-1).
PD-1 is expressed in immune effector system cells such as
T cells, B cells, natural killer cells and dendritic cells. It is ac-
tivated by PD-L1, expressed by the majority of human cells.
The PD-1/PD-L1 pathway is crucial in maintaining immune
tolerance, thus creating a mechanism of immune escape inre-
sponse to cancer. Cancer cells are capable of activating PD-1
on T cells specific for the cancer antigen by abnormally ex-
pressing programmed death-ligand 1 (PD-L1) on their surface.
The PD-1/PD-L1 inhibitory pathway is used by solid tumors to
silence the immune system [70]. PD-L1 expression is correlated
with large tumor size, high grade and high proliferation rate, as
well as being inversely related to the survival of breast cancer
patients [71]. [t has been proven that the blockade of immune
checkpoints anti-PD-1/PD-L1 using appropriate monoclonal
antibodies triggers effective anticancer responses in many
types of solid tumors, such as breast cancers. The inhibitors
against PD-1/PD-L1 prevent the suppression of anti-cancer
immune responses, allowing the immune system to attack
and eliminate tumor cells by modulation T-cell activation
and suppressing tumor growth. Immune checkpoint inhibi-
tors (ICls) are new immunotherapeutic agents that interrupt
the interaction between PD-1 and PD-L1.

The application of ICls against PD-1/PD-L1 is emerging as
a new treatment option in breast cancer [72]. The expression
of PD-L1 is higher in TNBC than in other molecular subtypes
of breast cancer. There are 2 monoclonal antibodies approved
by the FDA to treat breast cancer: pembrolizumab and atezoli-
zumab [73]. It was shown in vivo that responses to antibody
therapy were greater in tumors with high PD-L1 expression.
The presence of PD-1 and PD-L1 have been proposed as bio-
markers predictive of a response to PD-1/PD-L1 inhibition.
The antagonists of the PD-1/PD-L1 pathway induce clinical
responses in some patients with metastatic TNBC [74]. How-
ever, there are some patients positive for PD-L1 who do not
respond to the treatment, while some patients negative for
PD-L1 may respond [75]. This makes PD-L1 an imperfect pre-
dictive biomarker. Tumor responses with anti-PD-1 and PD-L1
antibodies are mediated by tumor antigen-specific T cells that
were previously blocked by the PD-1/PD-L1 pathway.

Awareness of the presence or absence of T cells in breast
cancer is crucial in understanding the mechanisms of can-
cer escape from immune surveillance and for response to
anti-PD-1 and PD-L1 antibody therapy. Decisions on the use
of anti-PD-1/L1 antibody therapy should be based on the as-
sessment of the presence or absence of T cells specific for
the tumor antigen, which are inhibited by PD-L1 expression
by tumor cells [76]. Tumor infiltrating lymphocytes (TILs) are
an important biomarker in immunotherapy of breast cancer.
The presence of tumor-infiltrating lymphocytes (TILs) is a fa-
vorable prognostic factor in breast cancer, since they interact
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with ICl therapy to improve the clinical response. A higher
density of TILs has been associated with favorable clinical out-
comes in breast cancer: a significantly lower risk of relapse or
death, metastasis and overall mortality. To date, the strongest
relationship between TILs and treatment outcomes has been
demonstrated for the TNBC type of breast cancer [77]. Another
study in HER2+ breast cancer patients treated with adjuvant
trastuzumab found that increased levels of TILs were correlated
with decreased distant recurrence [78].

Biomarkers in adverse events in anti-cancer
therapy

Another potential field of application of breast cancer bio-
markers is their application in monitoring the side effects
of treatment.

The most serious toxic effect of chemotherapy in breast
cancer treatment is heart muscle failure, known as so-called
‘cardiotoxicity” The role of anti-breast cancer drugs such as
trastuzumab and anthracyclines in determining cardiotoxicity
has been demonstrated in numerous studies [79, 80]. It has
been proven that tumor-related inflammation is an important
factor in the development and progression of heart failure.
Many studies point to biomarkers of inflammation for the risk
assessment of breast cancer patients treated for cancerin early
detection of cardiotoxicity.

These inflammatory biomarkers are high-sensitivity C-reac-
tive protein (hsCRP), myeloperoxidase (MPO), soluble growth
stimulation expressed gene 2 (sST2), interleukin-6 (IL-6), tumor
necrosis factor-alpha (TNF-a), growth differentiation factor-15
(GDF-15), endothelin-1 (ET-1) and galectin-3. Two of these
factors, sST2 and galectin-3, were recommended in the latest
ACC/AHA HF (American College of Cardiology and American
Heart Association, guideline for management of heart failure)
guidelines to be used as useful in risk of heart failure stratifica-
tion in clinical settings, since they are able to track treatment
responses [81]. Additionally, troponins and creatinine kinase
have been identified as the serum cardiac biomarkers of choice
forassessing myocardial injury. Various studies have evaluated
the role of natriuretic peptides (NPs) in the diagnosis and pre-
diction of anticancer drug-induced cardiotoxicity [82].

Immunotherapy has significantly improved the progno-
sis for many breast cancer patients, but it can also generate
awide range of serious immune-related adverse events (irAEs)
which can be serious and even fatal. IrAEs are autoimmune
conditions that can affect any organ. The most common are
dermatitis, diarrhea/colitis and endocrinopathies such as thy-
roid disorders. IrAEs appear later and have a longer duration
compared to chemotherapy-related adverse events. Since
IrAEs can interfere with treatment management, it would be
helpful to determine IrAE-related biomarkers.

In monitoring the ICl treatment of breast cancer thyroiditis,
biomarker levels are useful. Thyroiditis following ICls in breast
cancer patients should be detected by routine blood tests



of TSH and FT4 and morning cortisol levels for concurrent
adrenal insufficiency. Baseline TSH levels were observed to be
significantly higher in patients who developed hypothyroidism
as the initial thyroid irAE. The association of hypothyroidism
with baseline TSH levels may suggest progression of pre-
existing Hashimoto's subclinical thyroiditis accelerated by ICl
treatment rather than ICl-induced thyroiditis [83]. ICl treatment
may be continued if patients with asymptomatic and subclini-
cal hypothyroidism have elevated TSH but normal T4 levels [84].
Moreover, additional testing for thyroid peroxidase antibodies
(TPOab) and thyroglobulin antibody (TgAb) is recommended.
Some studies show an association between TPOAb and TgAb
positivity at baseline and the incidence of thyroid irAE associ-
ated with ICl. The presence of TPOAb and TgAb was evident
in patients who developed thyroid dysfunction. The titers
of these antibodies were higher in patients with overt thyroid
irAEs than in patients with or without subclinical thyroid irAEs.
These results suggest that pre-existing thyroid autoimmunity
may be a strong risk factor for the future development of ICl-
associated thyroid toxicity [83].

Neurological adverse events associated with ICland chemo-
therapy are of particular interest. One of them is chemotherapy-
induced peripheral neuropathy (CIPN). The occurrence of CIPN
often forces clinicians to change the course of therapy which is
associated with a decrease in anti-cancer effectiveness. There-
fore, itis necessary to determine the biomarkers of neurotoxicity.

In the blood serum of patients with severe CIPN, research-
ers observed significantly higher concentrations of neurofila-
ment light chains (NF-L). NF-Ls are part of the cytoskeleton
of peripheral and central nervous system neurons. Due to
the damage to the peripheral nervous system in chemo-
therapy-induced peripheral neuropathy, NF-L is released to
the cerebrospinal fluid. Very low concentration of NF-Ls are
also detected in serum of treated patients. Previous studies
have confirmed the relationship between the degree of CIPN
and the increase in NF-L concentration, underlining NF-Ls
potential as a translational biomarker [84, 85].

A potential biomarker for ICl-associated neurotoxicity is
the monocyte chemotactic protein 1 (MCP-1). MCP-1isa che-
moattractant and activator of monocytes, promoting their
infiltration into the tumor, it also causes the production of angi-
ogenesis factors that promote angiogenesis and stimulate cell
proliferation. MCP-1 is one of the chemokines with the highest
expression during inflammation. There are studies indicating
that patients with higher-grade neurotoxicity had significantly
elevated serum MCP-1 levels at baseline compared to patients
without neurological adverse events [86].

Conclusions

Since breast cancer is one of the most prevalent diagnosed
cancers among women, there is an expectation for develop-
ing new prognostic and predictive biomarkers that would
provide accurate and reliable information for clinical applica-

tions. In recent years, particular emphasis has been placed
on the development of personalized breast cancer diagnosis
with the use of the liquid biopsy, enabling accurate charac-
terization of the tumor. Through the recognition of emerging
biomarkers, it is possible to identify subgroups of patients
who benefit from targeted therapies and manage treatment
by monitoring side effects. There is still a huge clinical need
for new objective prognostic biomarkers for adverse events
in breast cancer therapies. However, these new biomarkers
need to be validated and tested for their suitability before
entering clinical use.
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Have innovations in radiotherapy for head and neck cancer

improved the curability of the disease?
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In an era of distinct technological innovations in radiotherapy, a clinically important question has arisen: can the incre-
ase of radiotherapy (RT) effectiveness be attributed to these innovations, at least in the case of head and neck (H&N)
cancers? In order to answer this question, 133 studies were published, including 21,058 patients who were selected
for the present survey with H&N cancer treated within the period of 1970-2010. Three end-points, e.g. 5-year local
tumor control (LTC), disease-free survival (DFS) and overall survival (OS) and their average values were evaluated over
the consecutive decades. For cancer in the early stage, both LTC and DFS were constantly high (80-90%) through
the analyzed decades. For locally advanced cancer, average rates of LTC and an DFS were also constant, but much
lower than expected (40-45%). The OS had an increasing tendency: from 45-50% in 1980 to more than 70% in 2010.
[t may suggest that during the 5-year follow-up period, some proportion (~20%) of advanced tumors gradually pro-
gressed from local to chronic disease. Various technical and clinical problems influencing the results of the present
review are discussed in detail. Some uncertainties and doubts regarding the RT trials may suggest that “evidence based”
recommendations might not be satisfactory, as in the era of combined treatment modalities; it may seem reasonable
to replace them with “individually personalized combined therapy” However, nowadays the only plausible solution to
improve H&N cancer curability is to intensify all efforts to detect it in the very early stages of the disease and to increase
various activities to convince people to participate in regular prophylactic examinations.

Key words: head and neck cancers, local tumor control, disease-free survival, overall survival end-points, early
cancer diagnosis, permanent curability

Technological revolution and innovations

The era of orthovoltage radiotherapy (RT) and the Ralston
Paterson “school of radiation dose delivery”[1] lasted for over
60 years. During these years radiotherapy planning was rela-
tively simple: based on X-ray radiographs and 2D-coplanar,
geometrically regular, well-shaped 2-6 beams focused on

the tumor (fig. 1), whilst dose distribution was calculated based
on diagrams of the percentage depth isodoses.

During the 1970s, cobalt units were gradually replaced by
high-tech linear accelerators (Linacs), offering a wide range
of MV energy (5->20 MV) photon and electron beams. As
opposed to Paterson’s principles, Fletcher's rules were based

Jak cytowac / How to cite:

Maciejewski B, Gabry$ D, Rembak-Szynkiewicz J, Napieralska A, Stapor-Fudziriska M. Have innovations in radiotherapy for head and neck cancer improved the cu-

rability of the disease? NOWOTWORY J Oncol 2023; 73: 286-293.

354



~ 2000 —

!
ALRK {
Ve
.‘ \ ;E//
\//
DQS__ DWOO il DWOO ‘-|-
A A A1
gl kX g gl moo
|
2B 2N 7N
|
I | | |
volume 2D-RT volume 3D-IMRT volume SHRT

Figure 1. Schemes of three different techniques used in radiotherapy during <1970 and >2000 year with respective dose distribution within the tumor (T)
and in the surrounding normal tissues (NT). 2D-RT — two dimensional nonconformal RT; 3D-IMRT - three dimensional dose intensity modulated conformal

RT; SHRT - stereotactic hypofractionated multidimensional, conformal RT

on radiobiological principles, and have been universally ac-
cepted [2]. Linacs were gradually enriched with multileaf
collimators (MLC), cone-beam CTs, real-time tumor tracking,
fusion of the CT and Linacs (tomotherapy). Corollary to the-
se technological innovations, RT planning has begun to use
precise 3D-conformal IMRT, IGRT, IART, respiratory gating RT,
biologically targeted IMRT [3-14], defined by Coleman et al.
[12] as SMART radiotherapy. Irregular beam shapes made it
possible to tailor the radiation dose which was focused both
on the tumor and its margins, with a sharp decrease of radia-
tion beyond this area (fig. 1). However, clinical practice has
shown that this comprehensive and powerful solution is in fact
a sword of Damocles. On the one hand, conformal techniques
offer a substantial decrease in the dose deposited in the surro-
unding healthy tissues, and therefore reduce the risk of serious
late complications., whilst on the other hand there is a risk
of cold spot(s), even small ones, in the tumor volume, due to
the dose within the tumor; this s likely to lower the preliminary
predicted probability of local tumor control [14].

Such technological and systemic innovations [3-14]
in three-dimensional RT has opened the possibility for va-
rious altered dose fractionation schedules used either alone
or combined with other therapeutic modalities like surge-
ry or chemotherapy [12, 15-17]. Moreover, proton and boron
therapy have appeared, yet their set up is extremely expen-
sive so the practical use is still somewhat limited. The next
interesting option, increasingly growing in popularity, is ste-
reotactic hypofractionated radiotherapy (radiosurgery, SHRT,
SHRS) [18-20]. Although its principles were already defined

in 1948 by Takahaschi [8], SHRT has been widely used only
since 2000, mainly due to special modifications of the Linacs
(VMAT) and the new robotic CyberKnife. A key-principle of this
method is the use of many (even more than 100) pencil be-
ams focused on the tumor, with a sharp down dose gradient
beyond its bounds (fig. 1). SHRT is an example of a “round
game”in radiotherapy, meaning the return of RT to its roots,
when in the 1900s, single or a very few large dose fractions
were being used. This method was, however, quickly aban-
doned because of the very high incidence of lethal late com-
plications. After more than 100 years, it came back to the RT
arena, offering many pencil beams and robotic computerized
3D-dose planning systems instead of geometrically shaped
single or two-dimensional field techniques and a low energy
X-ray beam. Moreover, SHRT can be used as radical therapy
or as a palliative treatment in the case of single or multiple
distant metastases irradiated during a single set-up session.
However, SHRT has one important limitation — it can only be
used in the case of small and well-defined lesions.

This impressive progress in the use of radiation as one
of the cancer treatment modalities provokes another impor-
tant question: did all these achievements result in an increase
of permanent curability of cancer patients, at least those with
head and neck malignant tumors?

End-points of RT effectiveness

Since radiotherapy has been also used as a local treatment
of malignant or some benign tumors or localized distant me-
tastases, local tumor control (LTC) has been widely accepted.
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Thatis why itis used as an appropriate end-point with a 5-year
follow-up, at least for head and neck cancer, because about
80% of local recurrences occur within the first 3 years of com-
pleting the irradiation. However, when some cases are lost
from observation and their follow-up is shorter than 5-years,
then the actuarial LTC is limited, assuming the risk of recurrence
which may occur if the follow-up lasts 5 years. The estimated
date of an average limited LTC should therefore be inter-
preted with great caution because such averages might be
underestimated.

Sometimes, LTC is erroneously identified with tumor cure
probability (TCP), so it is misinterpreted as an indicator of tumor
or even a patient’s curability, which in fact is not. The TCP is only
a preliminary predictor of local eradiation of the tumor by the RT
and individually estimated based on the tumor origin, type, sta-
ge (infactatumor volume rather than a stage), and the planned
dose fractionation. The TCP is estimated based on radiobiological
principles, but it is very often untrue and thus disappointing.
If the dose is heterogeneously distributed within the tumor
volume, and, for example, 50% of the planned dose is delivered
to only 1% of the tumor (usually invisible on a tumor volume
histogram [DVH]), then it completely ruins the predicted TCP,
and its real value decreases close to zero. Therefore, the TCP has
nothing to do with a patient’s curability by RT.

Complete tumor regression (CR) is definitely unsuitable
for an evaluation of RT effectiveness, although there are some
suggestions that the CR might be a prerequisite for the LTC, but
it rarely happens. One may believe that the CR is the clinical
effect of radiation cell kill, but it is not, because it only indicates
how fast and effectively dead cancer cells are removed out
of the tumor mass by immunological and cellular homeostatic
defensive processes.

Disease-free-survival (DFS) is a proper and representative
end-point which is close to the chance of the permanent
patient’s curability, because it represents the LTC without local
recurrence and/or distant metastases. However, real DFS which
is the absolute number of patients who survived the outlined
follow-up, must be distinguished from the censored DFS, for
the same reasons as a real vs. actuarial LTC. The more cases are
censored the lower reliability of the estimates. The 5-year DFS
seems a reasonable time-limit for the H&N cancer, but for some
other tumors (e.g. breast, lung cancers), this period is too short,
and sometimes even 10 years are not enough.

Overall survival (OS) is usually reported as an additional
end-point, however its validity in relation to permanent patien-
t's curability remains uncertain since it does not inform how
many patients are permanently cured and how many live with
local recurrence and/or distant metastases.

LTC, DFS, OS results in the last four decades of RT
The present survey is the review of a large variety of retro-
spective prospective studies and clinical randomized trials,
whose results were published in the literature between 1970
and 2010. Many studies reported incomplete results. The pre-
sent review includes only complete rates of well documented
three end-points, which are the LTC, DFS and the OS, although
not all three end-points were reported in each study [10, 17,
23-35]. Furthermore, only studies on radiotherapy alone or as
a primary treatment or sometimes combined with sequential
or concurrent chemotherapy were selected. Four decades
of treatment have been analyzed, and therefore the respective
number of end-points differ. Altogether, 341 rates of the LTC,
DFSand OS have been selected for the present analyses (tab. I).
The rate of LTCs reported up to 1970 are lower than LTC rates
in the following decades. In the remaining three decades,
the LTC, DFS and OS rates did not differ very much. The LTC,
DFS and OS were estimated for an overall number of 21,058
patients treated by RT using one of the four different dose frac-
tionation schedules (tab. Il). All the data are subdivided into two
groups, i.e.tumorsin the early stage T1-2NOMO and advanced
tumors in stage T2-4N+MO Altered vs. conventional dose frac-
tionations were used in the randomized trials and the number
of patients recruited to each arm of these studies was more or
less the same. Therefore, the overall number of patients treated
with conventional fractionation was the largest and it includes
10,209 cases (48%).

Figure 2 illustrates the distribution of dots representing
the LTC, DFS and OS rates documented in the studies selec-
ted for the present review. This figure shows a wide spread
of black dots representing the 5-year LTC and DFS of patients
with locally advanced head and neck cancer reported during
1980-2010, although its ranges were relatively narrow, not
substantially changed over the last 30-40 years. It should be
emphasized that during that extended period, tremendous
high-tech progress in linacs and its tools and computerized 3D-
-dose planning systems have taken place; yet it has not really

Table I. Number of studies analyzing three RT end-points recruited to the present survey

End point 1970-1975 1980-1985
local tumor control 32
disease-free-survival 6 37
overall survival 8 35
total 14 104
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1990-1995 Overall
40 36 108
35 37 115
37 38 118

112 111



Table Il. Number of patients included in the selected studies presented
intablel

Radiotherapy Number Percentage
schedules of patients of patients
conventional 2638 12
CICEIES 15,142 72
conventional

SHRT 1863 9
chemoradiation 1415 7
total 21,058 100

SHRT - stereotactic hypofractionated multidimensional

improved LTC and DFS results, with average rates invariably
oscillating around 40-45%. Even the use of altered dose fractio-
nation did not change these highly unsatisfactory, average ra-
tes of LTC and DFS [24, 25]. Promising results have been offered
by concurrent chemoradiation which increased average LTC
and DFS by 10-15%.There is a marked increase in LTC and DFS
for patients with early stages (T1-2NOMO) of head and neck
cancerto an average level of 80->90%, and also when the SHRS
has been used. By contrast to the LTC and DFS end-points, OS
significantly increased from about 40-45% in the 80s to >70%
in the 2000s. The higher rates and prolonged OS over these
30 years do not necessarily suggest a benefit of RT but rather
a gradual progression of the disease from local to chronic.

Comments

The curability of cancer patients means that an appropria-
te therapy (radiotherapy alone or combined modalities) will
permanently and irreversibly eradicate all clonogenic cancer
cells. Theoretically it should result in a 100% permanent cure
rate. For radiotherapy (also for other therapeutic modalities
in oncology) this might be an illusion because of the random

nature of radiation cell killing. Tumor stem cells are defined
as clonogenic or colony forming cells, which may constitute
only a small proportion of all tumor cells [36]. If only one
stem cell survives irradiation, then it will be able to recon-
struct the primary tumor as a local recurrence, although their
genotype and phenotype may substantially differ from that
in the primary tumor. Therefore, the key point of radiotherapy
is to eradicate the last cancer stem cell, to ensure the tumor
never regrows, but this is a theory only, and, moreover, itis im-
possible to recognize tumor stem cells in situ, and to establish
their number and localization. Therefore, regarding a patient’s
curability, when estimating the LTC and DFS, the word “proba-
bility”instead of “certainty”is used.

Analyzing the results presented in the figure 2, two major
questions arise. First, what is the reason for the small wide
spread of dots representing the LTC, DFS and the OS, despite
the outstanding technological and computerized 3D-RT plan-
ning advances during the last three decades; secondly, why
during that period, did the RT efficacy represented by the LTC
and DFS rates notincrease? It seems that there are at least three
important reasons. First of all, in clinical radiotherapy for H&N
cancer clinical data, not only that recruited the present study,
look like a “fruit basket” To a single study or two-three arms
of the randomized trials were usually recruited H&N tumors
with various sites and wide range stages (T2-4N+M0) [25, 26,
37]. Therefore, the range of initial tumor volumes (and respec-
tive initial number of cancer cells as well) was even wider. For
such a diversity of parameters, a single and same 3D-dose frac-
tionation was used within each arm of the study. The main aim
was to estimate the most effective dose which would produce
asignificantincrease in LTC and DFS.The use of the same dose
fractionation for T2NOMO as for TANOMO to achieve the highest
therapeutic benefit is in fact ridiculous in the light of all ra-
diobiological principles. Some years ago, L. Peters suggested
that it is like searching for a single "Holy Grail’, which could be
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Figure 3. Schematic tumor volume (gross mass) with subclinical
microscopic irregular cancer cell deposits

compared with a blind man looking for a needle in a haystack.
The effect of the mixture of tumors in early and advanced
stages is shown as a theoretical example in figure 3.

From a practical point of view, if the total dose of 70 Gy
in 35 fractions is used to irradiate TINOMO H&N cancer, which
contains about 10° clonogenic cancer cells then on avera-
ge 0.1 cell/tumor should theoretically survive. It means that
ina group of 100 such tumors, in 90 of them all the cells will die
and in the remaining 10 tumors, 2,4, 8 or more cells will survive,
which gives on average 0.1 cell/tumors. Therefore, tumor cure
probability (TCP =e®") will reach a level of 90%, which usually
happens in RT practice. However, if the same dose is used to
irradiate T3NOMO tumor with 10" clonogenic cells, then an
average survival would be 1 cell/tumor, which as a consequ-
ence gives TCP of e = 37%, what also happens? This is not
a theory but a real every day situation in radiotherapy.

One important point of view articulated 75 years ago
in 1949 by Paterson [1], and 50 years later by Suit [38], is that
a local success, important for patients, is to be free of local
problems, but it does not affect the likelihood of the patient’s
curability.

An increase in the DFS seems to be realistic by effectively
augmenting the LTC. Already Paterson in his textbook of ra-
diotherapy published in 1949 (the first textbook in the world)
strongly emphasized that “optimal tumor dose (TCD is actual
term) must be assessed in terms of dose related to time, not
as a dose alone. The dose/day of treatment is important from
the beginning, because a low initial rate cannot be compen-
sate by a high rate later, or vice versa. A most often forgotten
corollary is that the treatment planned must be completed
in the shortest time possible” It should lower a risk of local
recurrences and/or distant metastases (the last failure type
is not a key-problem in the case of the H&N squamous cell
carcinomas, may be except nasopharyngeal cancer). It may
seem surprising (fig. 2) that average rates of the LTC and DFS
for advanced tumors have remained at a similar level during
the last 30 years. One plausible explanation could be that LTC
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rates shortly after completing RT were much higher, and they
decreased during the follow-up, as the result of local recur-
rences. Finally, averages of both end-points reached similar
levels at the 5-year follow-up. At first glance, a relatively wide
spread of data dots representing the LTC and DFS rates may
suggest differences in tumor radiosensitivity, but it is unrealistic
to accept such wide variations in squamous cell carcinomas
which are the subject of the present review. It could rather be
the results of the pronounced variability in the initial tumor
volume and the respective number of cancer cells (not TNM),
which received a suboptimal radiation dosage. Falling into two
major categories of H&N cancers, the LTC for tumors in the early
stage treated adequately is very high, whereas for advanced
tumors the LTC is usually low, and therefore the average rate
is unexpectedly more or less moderate. In the present analysis
we decided to separate these two categories.

High curability is a fundamental goal of radical RT, which
can be attempted when the whole area containing cancer
cells is covered homogenously by respectively optimal dose
delivered in the shortest overall time possible. Moreover, an
important point is that cancer should be effectively controlled
at the first attempt, because there is seldom a second chance.
And this is the next important problem.

Generally, cancers usually have an irregular shape
(except capsular or cystic tumors, very rare in the H&N) with
the spread of subclinical cellular deposits beyond the bounds
of the gross tumor mass (fig. 3). Gross mass is the only visible
part of the tumor on the CT, MRl scans, and therefore the real
tumor bounds cannot be precisely defined, since subclinical
spread of tumor cell deposits are beyond the resolution
of the CT or MRI and it is unable to determine the exact
extent of the growing tumor. Spread of cellular deposits
beyond the gross tumor mass is a major attribute of advanced
rather than “early” tumors.

Currently, the aim of 3D conformal RT planning is to tailor
irregularly shaped radiation beams within the CTV and PTV
margins, and focus on the gross tumor mass, and with the dose
gradient beyond, to spare the surrounding [fig. 3] normal tis-
sue. Therefore, there is a risk of missing microscopic deposits
of cancer cells aside individual volume. Regardless of that
risk, collimator leaf(s) may sometimes cover even a very small
part of the tumor volume (overconformality). Both events are
a potential source of local recurrence of the tumor. If 103-10°
clonogenic cancer cells were missed (even 1 stem cell is eno-
ugh) beyond the irradiated volume, then local recurrence will
likely occur clinically during 6-12 months after completing
the treatment. To minimize that risk, the planned dose-volume-
-histograms (DVH) must be very carefully analyzed. It has to be
emphasized that purely physical dose distributions might be
misleading, and therefore the physical DVH should be conver-
ted into biologically normalized DVHs, where each pixel of dose
becomes equivalent if it would be given in 2.0 Gy/fractions.
Such asimple procedure discloses overdosage or underdosage



subregions of the whole tumor volume. It is a pity that such
checking is often ignored in daily RT practice, and therefore,
it could partially contribute in some way to the unsatisfactory
average rates of LTC and DFS, shown in figure 2.

Dose cold and hot spots (the second one in the gross
tumor volume can be ignored) are the third major problem,
especially for heterogeneous dose distribution within the ir-
radiated area. The UICC recommends using the Dy, as a refe-
rence parameter and it was acceptable for 2D dose planning
homogenously distributed within the irradiated volume. When
the 2D procedure was replaced by precise and highly sophi-
sticated 3D—-4D dose planning techniques, already more than
10 years ago, Jack Fowler strongly emphasized that Dy, sho-
uld, without doubt, be replaced by D, ,, as a reference factor,
however the Dy still remains in daily practice. If preliminarily
predicted TCP is 90% and dose planning is tailored to such
prediction, that if even a small tumor subvolume will receive
a few percent lower dose (cold spot), then in such an under-
dosed subvolume on average 1.0 instead of 0.1 cancer cell
will survive, and therefore the TCP for that subvolume will be
substantially lowered (TCP = e”" = 0.37), and collorary overall
LTC will lower to only 33% (0.90 x 0.37).

Withers [22] and Suit [38] pointed out that “the essential
art of treatment planning is choosing where and how much
of extra-tumoural radiation shall go”. However, this does not
necessarily seem to be true after all, since once a tumor cold
spot is underdosed, it will definitely ruin the expected high
LTC, and any extra boost dose delivered thereafter will not
neutralize such negative effect. Therefore this moves us to
the beginning, that precise 3D-dose planning with the remo-
val of any existing dose cold spots is a key point in achieving
the LTC and DFS as high as predicted.

Afinal comment as regards overall survival (OS) in the pre-
sent review shows an increasing tendency through the last
30 year period. The OS is not a proper and adequate end-
-point for an assessment of the patient’s permanent curability,
although it is often used as an argument to express impro-
vements of the efficacy of oncologic therapy as a whole. In
the present review relatively moderate 5-year LTC and DFS
of 45-50% compared with much higher average the OS may
likely be interpreted as the gradual progress of a local cancer
disease into its chronic phase (in about 20-25% in the present
review), and the higher OS with prolonged survival can be
a result of effective palliative therapy. SHRS has been found
as a highly effective RT, not only radical but also local palliative
therapy as well [19, 20]. Analyzing the OS as an end-point for
prolonged survival, there is relatively small number of studies
focused on the quality of life and what kind of price is paid
for prolonged life. It does not look very optimistic. According
to List and Bilir [39], about more than 50% of patients have
difficulties in eating and swallowing, a decreased sense of ta-
ste, dry mouth (95%) and 30-35% reported sticky saliva, pain,
unsatisfied appearance, which may recover is less than 35%

of patients. This is the price which patients with a chronic phase
of H&N cancer may pay for prolonged survival, in other tumor
types and origins as well.

To sum up, it is a pity that RT efficacy for locally advanced
H&N cancer has not changed a lot during the last 3 decades
and it still does not look overly optimistic, but it is not all bad
news. Tumors in the early stage usually have well defined
bounds as microscopic deposits of cancer cells have not had
enough time to develop yet and therefore have not spread
out of the tumor bounds. Radiation beams are precisely
tailored to cover homogenously whole PTV to eliminate
overconformality, or dose cold spots. Therefore, the likeli-
hood of a high LTC and DFS (~80-90%) by RT alone is not
surprising. On the contrary, many studies including trials on
various 3D-techniques and altered dose fractionation [15, 21,
23,26, 28,291 have convincingly shown that the effectiveness
of RT alone for advanced H&N cancers is limited and generally
disappointing. Ultimate proof of that comes from the four-
-arm RTOG-9003 trial [24]. Delivery of a total dose in the ran-
ge of 67.2-81.6 Gy using altered fractionation to irradiate
advanced H&N cancers resulted in similar LTC of 40-45%,
in each arm of this trial. This became a strong argument for
replacing RT alone by combined therapeutic strategy, which
includes RT. Concurrent chemoradiation has been an attrac-
tive solution, although meta-analysis [26] showed a rather
low (4%) average benefit of local tumor control. Combined
therapy including various sequences of surgery, radiation
and chemotherapy has been enriched by genomic, prote-
omic-molecular identifiers and modifiers (fig. 4), becoming
promising options to improve cancer patient’s permanent
curability. The point to be emphasized is the advertisement
of a“quantum leap”in the improvement of the efficacy using
3D-IMRT in the local treatment of various tumor sites inclu-
ding the use of respiratory gating in the case of lung cancer.
Glatstein [40, 41] pointed out that many investigators admit
they are still uncertain, but suspect that some improvement
could be expected. An objective evaluation of the benefits
of IMRT has never been done and it still remains an open
question. It is often suggested that high-tech RT has a high
success rate but itis unclear as to what that success refers to,
i.e., a permanent cure or local control only. Moreover about
80% patients are treated using RT beyond clinical trials.

Irrespective, of many uncertainties [44, 45], the “evidence
based”RT is strongly forced and recommended as an obliga-
tory guide and instruction for the RT planning and delivery
based on the trial’s results. However, throughout all these
efforts, spanning 30 years, of trying to improve RT efficacy,
the recruitment of various, different tumor sites and sizes
(although all being squamous cell cancers) to each arm
of the trials to test one or two different RT schedules is an
antimony of individual therapy, and in fact it fails. Some trials
evaluating molecular agents combined with RT are restricted
to the conclusion that the tested regimens are safe and fe-
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Table Ill. Local tumor control depending on ratio of early vs. advanced stage cancer treated by RT
Current and expected rate of early vs. advanced cases Early Advanced Early
and advanced
current rate no. cases 40 60 100
average LTC 80% 20% 44%
no. with LTC 32 12 44
expected rate no. cases 70 30 100
average LTC 80% 20% 62%
no. with LTC 56 6 62

LTC - local tumor control

asible — not one word regarding its efficacy is mentioned.
Thus, it seems reasonable and reliable that "evidence based”
cancer therapy (results are often biased and are not reliable
facts) might be replaced in favor of “personalized combined
therapy’, individually tailored to each single cancer patient.
But this seems to be a promising future only, which we be-
lieve in or not. In conclusion, the only reasonable solution
at the present moment, is to intensify all efforts to change
the unsatisfactory ratio of early versus advanced tumors from
4:6 to 7:3, in favor of early stage tumors (tab. Ill B). Detec-
tion of cancers in the early stage of disease needs intensive
and convincing efforts to increase access to early and fast
diagnostics to effectively increase public awareness that
till now early detection of cancer is reasonable solution to
achieve the highest permanent curability for the patient.
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Methotrexate is an antifolate widely used in oncology and rheumatology that plays an important role in the treatment
of acute lymphoblastic leukemia in children. One of its most common side effects is oral mucositis, which is a general
term for ulceration and inflammation of the mucous membrane of the mouth. It can severely affect a patient’s quality
of life, causes poor nutrition, and may lead to discontinuation of the next course of chemotherapy. Oral mucositis typically
develops a few days after chemotherapy infusion. Due to this risk, it appears reasonable to use preventive agents against
oral mucositis before the inclusion of methotrexate in therapy. To date, clinical trials have examined the effectiveness
of medications such as glutamine, palifermin, chlorhexidine, amifostine, cyclooxygenase-1 inhibitor, leucovorin or other
methods including laser therapy and oral cryotherapy. There are also several methods used to control already established
inflammation and reduce pain more effectively: laser therapy, platelet-rich plasma and platelet gel, taxifolin, film-forming
and coating agents. A crucial role is played by supportive interventions involving analgesic treatment, including topical

morphine and benzydamine and a modern approach to pain management — for example, the use of virtual reality.

Key words: leukemia, methotrexate, chemotherapy, oral mucositis

Introduction

Acute lymphoblastic leukemia (ALL) is the most common
malignant tumor in the pediatric population while it accounts
for only 2% in adults [1]. Of all childhood cancers, leukemia
accounts for about 26%, and ALL is the most common (about
85% of all leukemias) [2]. Intensive chemotherapy still regimens
the first line of treatment of acute leukemia. However, it is not
without adverse effects. The most frequent are pancytopenia,
infectious disease and organ toxicity. Table | presents the side
effects of frequently-used chemotherapy.

Methotrexate (MTX), an antifolate agent, is one of the most
widely used and frequently studied drugs in various malignan-
ciesincluding leukemia and plays a crucial role in treating ALL
in children. According to protocol AIEOP-BFM-2017, children

in low-risk and intermediate-risk groups receive four 24 h infu-
sions of high-dose methotrexate (HD-MTX) during Protocole M.
Children in the high-risk group receive HD-MTX during the first
and second HR block. All of the children receive methotrex-
ate at a dose 20 mg/m? once a week during maintenance
therapy [11].

Pathogenesis of methotrexate toxicity

Methotrexate is a folate antagonist — it inhibits dihydrofolate
reductase (DHFR). This enzyme reduces folic acid to tetrahy-
drofolic acid. Tetrahydrofolate has to be built up by a DHFR-
catalyzed reaction. Inhibition of DHFR by methotrexate results
in a deficiency of thymidylate and purines and then a decrease
in nucleic acid synthesis, which leads to inhibited cells division.
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Table I. Common side effects of widely used chemotherapeutic drugs

Medication Adverse effect

vinca alkaloids (e.g. vincristine) [3]
cyclophosphamide [4, 5]

methotrexate [6, 7]
cytarabine [8] i
PEG-asparaginase [9]

anthracyclines (e.g. doxorubicin, daunorubicin) [10]

Methotrexate acts mainly in the “S"phase in a cell cycle, and is
therefore appropriate for leukemias and lymphomas. Cyto-
toxic MTX occurs mainly in rapidly multiplying cells such as
epithelial. These cells are susceptible to the effects of cytotoxic
therapy because they undergo rapid turnover, usually every 7
to 14 days [13]. In addition, this effect can be exacerbated by
bacterial or fungal infections, especially during neutropenia,
which is relatively common in children with ALL.

For MTX, transport is essential to generate a sufficient
quantity of intracellular drug to maximally inhibit DHFR and to
provide a substrate for the synthesis of MTX polyglutamyl de-
rivatives required for cellular drug retention as well as sustain-
ing antitumor effects [14]. MTX enters cells through an active
transporter called reduced folate carrier (RFC), a gene located
on chromosome 21g22 [15]. In Down syndrome (DS), each
somatic cell has an extra copy of this chromosome, resulting
in an accumulation of MTX in the form of MTX polyglutamate
[16]. This explains the severe toxicity of MTX in patients with DS,
especially in the gastro-intestinal tract. After receiving a high-
dose of 5 g/m2 of MTX (HD-MTX), patients with DS showed sig-
nificantly higher rates of severe leukopenia, thrombocytopenia,
infections and oral mucositis compared to patients without DS,
who received the same dose [17]. Knowing how the metabo-
lism of MTX differs in children with DS, HD-MTX is administered
differently in DS. According to the AIEOP-BFM-2017 protocol,
children with DS receive a reduced dose of 0.5 g/m2 of MTX,
and then, if there is no severe toxicity, the dose is increased to
2 g/m?and finally 5g/m2[10].1tisimportant to emphasize that
children with DS who receive lower doses of MTX do not have
a higher risk of relapse than children without DS who receive
high-dose MTX. Moreover, among children with DS, there is
no significant difference in the risk of relapse between children
who received a first dose of MTX 0.5 g/m2 and children who
received MTX at a dose of 5 g/m2[18].

Methods of prevention

As mentioned, the use of methotrexate in treating ALL can
cause a number of side effects, including oral mucositis with
varying degrees of severity. This is a frequent complication,
often contributing to a significant decrease in the patient’s

cardiomyopathy

neurotoxicity (peripheral neuropathy), constipation
hemorrhagic cystitis, early-onset pneumonitis, pulmonary pneumonitis

hepatic toxicity, gastrointestinal toxicity, skin and mucosa toxicity, nephrotoxicity

ocular toxicity (corneal pain, keratoconjunctivitis, blurred vision), maculopapular rash, bone

thrombosis, pancreatitis, hyperglycemia, and hepatotoxicity

quality of life due to pain and difficulties with oral intake of solid
foods and liquids [19]. Considering the risk of its occurrence, it
is already advisable to use preventive agents against stomatitis
before including methotrexate in therapy. It is not possible
to achieve one-hundred percent efficacy in preventing oral
mucositis (OM), but there is a chance of decreasing its occur-
rence and alleviating its course in ALL patients.

Glutamine

Glutamine is one of a group of conditionally essential amino
acids, especially under conditions of catabolic stress, when
glutamine consumption by the kidney, gastrointestinal tract
and immune system compartment increases rapidly. These
observations reflect the dependence of growing cancer cells
on glutamine, with some cancer cells dying promptly while
being deprived of glutamine [20]. On the other hand, glu-
tamine can regulate the inflammatory response and immune
balance, reduce intestinal damage, maintain the intestinal
mucosal barrier and reduce the translocation of the microbiota
of the intestine [21]. From an analysis of the available literature,
it was concluded that oral glutamine supplementation may
be reasonable for the prevention of OM.

Gaurav et al. summarized the metabolism and therapeutic
applicability of glutamine on animal models. They reported
that this substance reduces the immunosuppressive effect
of MTX, reducing the incidence of side effects including the in-
flammation of mucous membranes, especially the intestinal
epithelium, as well as the oral cavity [22]. Another study com-
pared the effectiveness of parenteral glutamine in patients with
ALL receiving HD-MTX in consolidation therapy. In the study
group, glutamine administration was initiated within 48 h
of the start of chemotherapy and continued for 3 days. It was
found that the incidence of OM was considerably lower in this
group than in the control group, in which patients did not
receive glutamine. There was no severe oral mucositis in any
patient in the study group. Moreover, no severe adverse reac-
tions related to glutamine administration were reported [23].
Widjaja et al. conducted a similar study, but in the study
group, they included oral glutamine 24 h before HD-MTX
administration and continued its administration for 14 days.
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As a result, oral mucositis occurred in 4.2% in the glutamine
group and 62.5% in the group receiving the placebo. Addition-
ally, the duration of hospitalization of children taking glutamine
was significantly shorter. That leads to the conclusion that
glutamine may be an effective and safe adjunct in the future
for preventing mucositis during MTX chemotherapy [24].

Palifermin

Palifermin is a recombinant human keratinocyte growth factor
(KGF) with cytoprotective effects. It has been shown to stimu-
late epithelial cell proliferation in many tissues of the organism.
It binds to specific receptors on the surface of cells that line
the mouth, stomach and intestines. This potentially may help
protect healthy tissues from certain side effects caused by
certain types of cancer treatment [25].

One research study from 2016 investigated the efficacy
of palifermin in preventing oral mucositis in children with ALL
by intravenous administration 3 days before and 3 days after
chemotherapy. Children in the study group had significantly
less frequent and less severe mucositis (none had WHO grade
[l or IV mucositis) [26]. The clinical study by Schmidt et al. ex-
amined pediatric patients with ALL who developed severe oral
mucositis (WHO grade IlI-1V) at the first stage of therapy. They
were then administered palifermin with subsequent similar
cycles of chemotherapy. The incidence of mucositis decreased
significantly, and its duration shortened. This confirmed the hy-
pothesis that palifermin could reduce the incidence, severity
and duration of OM in HD-MTX-based chemotherapy and have
a beneficial effect on patients’ quality of life [27].

Laser therapy
Low-levellaser therapy (LLLT), also known as photobiomodula-
tion therapy (PBMT), is a non-invasive method of preventing
and treating mucositis by applying a high-density mono-
chromatic narrow-band light source of varying wavelengths
(630-830 nm) to the mucosa. The proven clinical efficacy
of PBMT in preventing mucositis has led to its increasing use
in pediatric oncology [28]. Several studies have been pub-
lished demonstrating the effectiveness of prophylactic laser
therapy in children with ALL undergoing MTX treatment. One
of them retrospectively examined the association of OM with
PBMT in several pediatric oncology disease entities. MTX was
the second most frequent cause of OM. PBMT significantly
reduced the severity and incidence of OM in patients with
ALL [29]. A study by de Castro et al. compared the course
of chemotherapy treatment in patients using prophylactic oral
laser therapy and laser therapy included only after the onset
of OM symptoms. Summarizing the results, laser therapy has
been proven effective in the treatment and prevention of OM,
but prophylactic treatment resulted in better clinical outcomes
at the end of treatment [30].

In contrast, another study compared the clinical outcomes
of pediatric oncology patients receiving or not receiving pro-
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phylactic lasotherapy. Tests on a group of 60 patients indicated
no evidence of benefit from such treatment in children with
chemotherapy-treated malignancy, especially when optimal
dental and oral care was ensured [31].

Chlorhexidine
Chlorhexidine is an antiseptic solution used topically for various
purposes, such as preoperative skin preparation, hand wash-
ing, vaginal antisepsis or treatment of gingivitis. It has broad
spectrum activity against gram-positive and gram-negative
bacteria, facultative anaerobes and aerobes, yeasts and certain
lipid-bound viruses [32]. In view of this microbial-destroying
effect, an attempt was made to implement chlorhexidine
in the prevention of oral mucositis in oncology patients.
Inthe first trial, 0.12% chlorhexidine gluconate was admin-
istered to a study group of children with ALL for 10 days after
each MTXinfusion. Among these patients, a quarter developed
grade | OM. In the control group, signs of inflammation ap-
peared in 80% and were more severe [33]. A similar study was
conducted among patients at a Brazilian Medical Center, with
comparable results — a significant reduction in the incidence
of OM was noted in children who received 0.12% chlorhexidine
mouthwash during intensive chemotherapy [34]. Soares et
al. conducted a study evaluating clinical and microbiological
changesin the oral mucosa of children with ALL during chemo-
therapy and after prophylactic use of chlorhexidine. Only five
children developed features of OM, and microbiological tests
resulted in a reduced number of pathogenic microorganisms,
including coagulase-negative staphylococci, Candida albicans,
E. coli and Stenotrophomonas maltophilia. No control group
was formed in the study [35]. The results presented above
suggest that systematic prophylactic treatment with the chlo-
rhexidine compound and careful attention to oral hygiene
reduce the incidence of oral complications in children with
ALL undergoing antineoplastic chemotherapy.

Other

Afew single reports on other medical agents were also found,
which may in future provide a basis for expanding research on
their effectiveness in preventing OM.

Leucovorin is a derivative of folic acid used in the treat-
ment of methotrexate toxicity and chemotherapy regimens
[36]. The administration of leucovorin during MTX treatment
increases cellular folate levels, so it has been hypothesized that
this may further contribute to the reduced incidence of OM
after subsequent courses of MTX [37].

In pathogenesis, methotrexate-induced oral mucositis is
thought to develop through epithelial damage by reactive
oxygen species, disruption of cell growth and apoptosis
or necrosis. This exposes the mucous membranes to oral
infections caused by bacteria and fungi. The administra-
tion of MTX leads to an increase in oxidative stress and,
consequently, cytotoxicity [38]. A study by Maiguma et al.



examined the prophylactic use of a free radical scavenger
(amifostine) and a cyclooxygenase-1 inhibitor as a disrup-
tor of hydroxyl radical production. From an electron spin
resonance study, it was found that methotrexate-induced
cell damage was restored by amifostine and cyclooxyge-
nase-1 inhibitor, and it was suggested that they may be
useful protective agents against the chemotherapeutic
toxicity of this drug [39].

The last preventive method suggested will be cryotherapy,
which involves patients holding ice-chips in their mouths
continuously during chemotherapy. No scientific studies
have been found proving the efficacy of this method for MTX
treatment, but several research papers have demonstrated
its effectiveness against other chemotherapeutics, such as
5-FU or mephalan, and during conditioning before HSCT. It
is assumed that ice causes local vasoconstriction, which re-
duces drug delivery to the oral mucosa tissues and therefore

reduces the risk of OM. In the cited studies, patients in the study
group developed severe OM less often, required less intensive
and shorter analgesic treatment, and avoided the need for
TPN.This leads to the hypothesis that it is advisable to conduct
further randomized studies examining the beneficial effects

Figure 1. Oral mucositis grade I: erythema can be seen on the soft palate
and upper labia; the patient complained of soreness on swallowing

Figure 3. Oral mucositis grade II: erythema and ulcers can be seen
in the buccal mucosa

of cryotherapy on OM caused also by other medications, in-
cluding MTX [40-43].

Clinical picture

MTX-associated oral mucositis typically develops a few days after
chemotherapy. Symptoms are varied, ranging from mild sore-
nessinthe mouth to severe symptoms requiring total parenteral
nutrition. The most common symptom is pain requiring analge-
sics. Other symptoms include: burning sensation in the mouth,
difficulty swallowing leading to cessation of water and food
intake. Changes in the oral mucosa develop from redness to
ulcers. Due to pancytopenia after chemotherapy, bleeding from
the ulcers may occur [44]. According to the WHO toxicity grading
scale there are four grades of presence of oral mucositis:

. oral soreness, erythema,

Il. oral erythema, ulcers,

lll. oral ulcers, only liquids intake (due to the mucositis),
IV. oral ulcers, oral alimentation impossible (due to the mu-
cositis) [45].
In the next figures (fig. 1-8) four grades of MTX-oral mu-
cositis in children with ALL are presented. The source of all
the photographs is the authors

Figure 2. Oral mucositis grade II: erythema and ulcers can be seen
in the labias

Figure 4. Oral mucositis grade Il ulcers with extensive erythema can
be seen
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Figure 5. Oral mucositis grade llI: ulcers with extensive erythema can be
seen. Only liquid food intake

Figure 7. Oral mucositis grade IV: generalized ulcers, erythema, leukemia

Treatment of oral mucositis

A completely effective method of treating OM after chemo-
therapy has not been developed to date. There are several
medications used to manage inflammation and reduce pain
more quickly, as further described below. However, none
provide certain efficacy and they are not widely published
in treatment protocols. Therapeutic management is therefore
based on agents that regenerate the oral mucosa and reduce
inflammation. In addition, supportive treatment in the form
of analgesics, antibacterials, antifungals, dietary modification,
including total parenteral nutrition, and changes in oral hy-
giene are practiced.

Laser therapy

Different biological effects have been described to explain
the mechanism of laser therapeutic efficacy: increased colla-
gen production, the activation of energy production in the mi-
tochondria, the detoxification of free radicals, the proliferation
of fibroblast cells and stimulation of angiogenesis [28]. The lit-
erature examining the efficacy of LLLT in treating OM in a popu-
lation of children with ALL was analyzed by the authors.
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Figure 6. Oral mucositis grade IV: generalized ulcers, erythema. Bleeding
from the labias. Nourishing was no longer possible for this patient. Total
parenteral nutrition was started

Figure 8. Oral mucositis grade IV: generalized ulcers, erythema, leukemia.
yellow coating after antifungals

The first cited randomized clinical trial was conducted
by Reyad et al. on a group of 14 patients. The study group
was undergoing treatment with PBMT in addition to stand-
ard symptomatic therapy. There was a significant reduction
in the severity of pain on the 10" day of treatment and a reduc-
tion in the degree of OM on the 14" day of treatment com-
pared to the control group [46]. Another trial compared the use
of LLLT or placebo in cancer patients receiving chemotherapy
or hematopoietic stem cell transplantation; 86% of the par-
ticipants were leukemia patients. In the laser-treated group,
the average duration of OM to resolution of clinical symptoms
was significantly shorter [47]. Other clinical studies by Cauwels
et al, Karaman et al. and Fiwek et al. conducted similar clinical
proceedings to those presented earlier. All obtained results
confirmed that the use of PBMT reduces pain and discomfort
in patients and has a positive effect on the severity and dura-
tion of OM [48-50].

Platelet-rich plasma and platelet gel
Platelet-rich plasma (PRP) contains a platelet concentration
five times higher than the baseline, cytokines, growth factors,



adhesion molecules, a certain amount of red blood cells (RBCs)
and white blood cells (WBCs) depending on the preparation
method. Itis obtained from fresh peripheral blood with a plate-
let concentration above the baseline value [51]. Platelet gel
(PG) is derived from PRP and consists of platelet concentrate
(PC) deposited in a semisolid network of polymerized fibrin.
The biological reasoning behind the use of PRP and PG in re-
generative medicine is related to the degranulation of platelets,
allowing the release of growth factors, reducing the inflam-
matory response and promoting cell proliferation and dif-
ferentiation in the targeted tissue. Use of PRP has broadened
considerably to encompass many fields of medicine, including
dermatology, orthopedics, surgery, sports medicine, aesthetic
medicine and dentistry [52]. Some reports have also been
published about the efficacy of these agents in reducing neu-
ropathic and neurological pain associated with injuries. The use
of platelet concentrates accelerates the healing of surgical
wounds, skin ulcers, lesions typical of diabetic foot and chronic
mucositis, as well as muscle and tendon repair [53].

Within the last few years, there has also been an attempt
to use this agent in the field of oncology, including pediatrics.
Piccin et al. examined the effectiveness of PG in treatment
of severe oral and esophageal mucositis in an adult patient
undergoing auto-HSCT for non-Hodgkin lymphoma. The pa-
tient self-administered the preparation in her oral cavity. A sig-
nificant improvement in mucositis and pain was noted after
only 3 days of consecutive use. On day 8, the inflammation
was found to have regressed. No side effects of the preparation
were observed [54]. Another study described a five-year-old girl
with rhabdomyosarcoma undergoing intensive chemotherapy
who developed stage IV OM with severe pain and fever dur-
ing the second course of treatment. She was treated with
antimicrobial drugs, analgesics, chlorhexidine and oral rinses,
but no improvement was observed after three days of therapy.
The decision was made to start a thrice-daily oral application
of platelet gel. After just 12 h, significant improvement in mu-
cosal condition was observed, and two days later the patient
did not require analgesic treatment, was able to receive oral
nutrition, continue chemotherapy treatment, and the oral
ulcers were progressively improving [55].

Picardi et al. conducted a study on an Italian group of pa-
tients affected by hematologic malignancies and who after
allo-HSCT developed cGvHD with oral involvement in the form
of painful ulcers and impaired oral nutrition. Limited oral ul-
ceration cGvHD was treated with PG alone, while the most
extensive cGvHD received PG in combination with steroids.
The results indicated that all patients treated with PG achieved
rapid improvement in oral pain and food intake after just 2 ap-
plications of the gel. The absence of ulcer recurrence at the site
of previous platelet gel application proves that its growth
factor-rich content makes it a viable tool for maintaining long-
term tissue repair [56]. The 2021 clinical trial studied the ef-
fectiveness of platelet gel in children with stage Il and Il OM

during chemotherapy. In the study group, PG was applied to
mucosal lesions four times a day in addition to standard treat-
mentincluding analgesics, antimicrobials, and oral rinses. In al-
most all patients, the application of PG provided relief, reduced
pain and decreased any burning sensation after the first day
of application. In addition, there was a significant improvement
in the appearance of the mucous membranes and regression
of the inflammatory lesions within 4-5 days [57].

Other

There are several other individual, insufficiently researched
ideas and treatments for OM. Additional scientific studies re-
porting innovative treatment attempts are presented and sum-
marized hereafter.

Taxifolinis a bioactive flavonoid found commonly in grapes
or olive oil, among others, with well-established pharmaco-
logical effects, including having anti-inflammatory, antioxidant
properties, and also antimicrobial and anticancer potential.
It reduces oxidative stress, modulates signaling pathways to
prevent apoptosis and decreases the expression of pro-inflam-
matory cytokines [58, 59]. Bayramoglu et al. conducted a study
on MTX-treated rats, administering taxifolin by gavage. The oral
mucosa was subsequently analyzed macroscopically, histo-
pathologically and biochemically. It was found that taxifolin
antagonized the MTX-induced increase in oxidative and pro-
inflammatory factors and decrease in antioxidant properties
in the internal tissues of the cheek and tongue. Taxifolin also
significantly reduced histopathological damage induced by
MTX administration. The results suggest that taxifolin may be
useful in the treatment of MTX-induced oral mucositis [60].

Film-forming or coating agents might also be useful for
the treatment of established mucositis. These include sucral-
fate and hydroxypropyl cellulose, whose efficacy in reducing
OM has been clinically studied. An initial randomized clini-
cal trial reported good outcomes in reducing the severity
of OM in a patient population treated with chemotherapy
(5-fluorouracil) after treatment with sucralfate. However,
a subsequent double-blind phase Il study did not support
the hypothesis from the initial study, as there were no differ-
ences in the severity or duration of inflammation between
the study and placebo group [61]. Hydroxypropy! cellulose is
a bioadhesive substance that can function as a protective bar-
rier over mucosal ulceration enabling pain relief and improved
healing. The study group included chemotherapy-treated
patients with symptoms of OM. After application of the gel
with hydroxypropyl cellulose and benzocaine hydrochloride,
oral pain and discomfort were assessed using a visual analog
scale (VAS) and visual assessments of the amount of drug that
remained on the mucosal lesions. Benzocaine hydrochloride,
combined with a protective, mucoadhesive film coating, allevi-
ated discomfort even with exposure to an irritating beverage.
This indicates that the administered treatment may enable
patients with OM to drink and eat with significantly reduced
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or no pain. However, the results are difficult to interpret due to
the use of a gel combining two active substances in the study
group [13, 62].

Pain management

Pain may be the only symptom of OM, although it is usually
the first of many. The crucial issue remains to control it effec-
tively, as severe pain impairs food and drink intake, which may
result in malnutrition and mineral deficiencies. In addition to
the classic analgesic ladder approach in children, additional
less-known pain management methods are presented, includ-
ing topical analgesics and the use of virtual reality.

Topical morphine

The use of non-opioid topical analgesics can reduce the dose
of systemic opioids. Compared to their administration, topi-
cal morphine has been shown to have even more beneficial
effects. These include simplicity of use, low cost and minimal
systemic side effects. The benefits are not only related to pain
relief. There is also some evidence that opioid receptors are
expressed on oral epithelial cells and morphine may accelerate
cell migration, which in turn can enhance the wound healing
process. Topical morphine is applied as a solution to swish
and spit. There have been studies on the selection of the most
effective percentage solution. Sarvizadeh et al. reported that
2% morphine was effective in reducing the severity of OM.
However, its use with a pediatric population suffering from
ALL is unknown. MASCC/ISOO suggest 0.2% topical morphine
mouthwash for the treatment of OM-associated pain in head
and neck cancer patients treated with RTX/CTX [63, 64].

Benzydamine

Benzydamine is a local anti-inflammatory drug that also has
analgesic properties. It is an inhibitor of leukocyte-endothelial
interactions, neutrophil degranulation, vasodilation and vas-
cular permeability. It also reduces the synthesis of TNF-q, IL-13
and prostaglandins [65]. Although it is widely used in radio-
therapy-induced OM, there is still no strong evidence for its use
in hematologic malignancies. However, given that it is feasible,
inexpensive and frequently administered in pediatrics, more
studies are needed in children with ALL [66].

Virtual reality

Virtual reality (VR) is a feasible, non-pharmacological method
of distraction and adjustment to conventional pain manage-
ment. VR is a digital simulation. It can be either immersive (IVR)
or non-immersive, depending on the patient’s point of view
and the experience created during use. Non-immersive VR al-
lows content to be viewed through traditional graphical displays,
such asa TV or smartphone, while IVR includes head-mounted
glasses and motion tracking systems. This allows full immersion
to be attained. VR distraction has the potential to manage pain
and anxiety in children with hematological cancers [67].
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Virtual reality can be used for more than just the manage-
ment of chronicling pain associated with malignant disease.
[thas been tested in patients undergoing painful procedures,
such as burn wound care, with the following results: reduced
pain scores and decreased use of opioids [68]. The afore-
mentioned results indicate that this use of virtual reality
may prove helpful during the treatment of children with oral
mucositis. This distraction and diversion may be particularly
important during procedures that increase a child’s pain
sensation associated with oral interventions, which include
physical examination, mouth rinsing or application of topical
medications.

Conclusions

Methotrexate, an antifolate agent, is one of the most widely
used drugs in various malignancies and plays a crucial role
in treating ALL in children. Patients with Down syndrome
have an extra copy of the gene responsible for encoding
the transporter for methotrexate, resulting in a significant in-
crease in the toxicity of the drug in this group. One of the most
frequent side effects following its administration is inflamma-
tion of the mucosa, including the oral cavity. Clinical trials have
evaluated the effectiveness of medications such as glutamine,
palifermin, chlorhexidine, amifostine, cyclooxygenase-1 in-
hibitors, leucovorin, or other methods including laser therapy
and oral cryotherapy in preventing OM. Typically, oral mucositis
develops a few days after chemotherapy. Symptoms are varied,
ranging from mild soreness in the mouth to erythema, ulcers
and severe pain. There are several methods used to control
established inflammation and reduce pain more effectively:
laser therapy, platelet-rich plasma and platelet gel, taxifolin,
film-forming and coating agents. Crucial support is offered by
interventions involving analgesic treatment, including topical
morphine and benzydamine and a more recent approach
based on virtual reality, for example.
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Although fluid therapy in hepatic surgery affects the postoperative course and morbidity, there is a paucity of unequivocal
guidelines in the literature as to which of three fluid strategies to use: liberal, restrictive or goal-directed. We performed
a review of literature regarding fluid management strategies in major abdominal procedures, focusing on hepatic sur-
gery. The quantity and quality of fluids infused perioperatively is often dependent on the preference of the physician,
institutional experience and practices. A liberal fluid regimen carries the risk of impaired wound healing and prolonged
ileus, furthermore in liver surgery it may increase blood loss. Restrictive fluid therapy is the mainstay of the anesthetic
management in hepatic resections, keeping the central venous pressure low controls outflow from the liver and results
in a decrease in intraoperative blood loss. In recent years, goal-directed fluid therapy (GDFT), as a component of enhanced
recovery pathways after surgery (ERAS) programs, has gained in popularity. It is based on the concept of hemodynamic
optimization in order to ensure optimal tissue perfusion and oxygen delivery. Furthermore, a fluid infusion strategy should
be individualized in terms of the unique pathophysiology of the patient (e.g. cirrhosis) and the specific requirements
of the surgical technique (laparoscopic procedures). Controversy regarding often contradictory data, leaves the clinician
ataloss as to which fluid strategy will best serve the patient. Therefore, it is imperative to design and conduct clinical trials
in ahomogenous group of patients to define the optimal type and amount of fluid for patients undergoing hepatic surgery.

Key words: liver resection, fluid management, goal-directed therapy, restrictive therapy, enhanced recovery path-
ways after surgery

Fluid regimes in major abdominal surgery
Relevantarticles were searched for using the Pubmed database
with the following terms:“liver resection’, “liver surgery’, “goal-
directed therapy”,“fluid management”and “enhanced recovery
after surgery”. The results were independently assessed by
the authors for scope and relevance.

Many factors influence the normal postoperative course

of patients undergoing extensive liver surgery. One of those

is a fluid infusion strategy; preoperatively — in urgent cases
— intraoperatively and in the postoperative period. Transfu-
sion of the optimal fluid volume during surgical procedures
and in the postoperative period affects the course of the op-
eration, as well as postoperative morbidity. Both excessive
and insufficient fluid intake can be harmful [1, 2]. The main goal
is to restore and maintain fluid volume to ensure homeostasis
in terms of euvolemia, electrolyte balance and tissue perfusion.
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[3]. Intra- and postoperative fluid transfusion strategies have
been the subject of numerous studies. Both surgeons and an-
esthesiologists have different approaches to fluid manage-
ment. The confirmation of the thesis that fluid therapy depends
mainly onindividual preferences of the physician is a study by
Lilot et al., which included a group of 5,912 patients undergo-
ing various abdominal procedures. The authors concluded
that a patient weighing 75 kg can receive from 500 to 5400 ml
of crystalloids depending on the physicians preference [4].
There are generally three main strategies of perioperative fluid
therapy:“liberal’, “restrictive”and “goal-directed”. Each of these
strategies has its supporters and opponents, and each has
been the subject of randomized trials. After years of a“liberal
approach, a paper by Brandstrup et al. was published compar-

"

ing “liberal”and “restrictive”strategies. The results of the study
clearly indicated a statistically significant increase in the num-
ber of complications in the patients from the“liberal”group [5].
Over the following years, the “restrictive strategy” has gained
popularity, as one of the components of the “enhanced re-
covery after surgery” (ERAS) protocols. In 2018, a multicenter
study was published comparing the two strategies. The study
included a group of 3,000 patients. One of the key results
of the study was the finding of a statistically higher incidence
of acute kidney injury in patients who received fluids according
to restriction protocol [6].

The adopted perioperative fluid therapy strategies have
been extensively studied especially in patients undergoing
gastrointestinal procedures. Some researchers believe that
excessive fluid loading impairs the healing of intestinal anasto-
moses, delays the return of gastrointestinal motility, increases
the overall incidence of complications, increases the length
of hospital stay and the cost of treatment [7-9]. While this is
true in patients undergoing procedures on the large intestine
[10], it has been shown that the use of restrictive fluid therapy
does not bring such benefits in cases of pancreatoduodenec-
tomy [11, 12]. With regards to abdominal surgery, it should be
noted that the specificity of individual procedures (the number
of intestinal anastomoses, the need to open the retroperito-
neal space, the presence of vascular anastomoses) affects
the movement of fluids between compartments. In order to
recommend a “surgery specific’fluid strategy, studies should
be carried out in homogeneous groups.

Evolution of aim-directed fluid protocols.
Optimization of oxygen delivery to tissues

In addition to the restrictive and liberal strategies discussed
so far, or rather, as a result of the inconclusive results of con-
ducted studies, a third strategy named goal-directed therapy
(GDT) was introduced.

This strategy was created not only in response to the con-
tradictory results of studies on the previously mentioned liberal
and restrictive strategies, but also stemmed from in-depth
analysis of the pathophysiology of the phenomena leading to
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increased number of complications, prolonged hospitalization
and postoperative deaths in patients undergoing non-cardiac
surgery. It was proven that intraoperative tissue perfusion (tis-
sue blood flow), arterial oxygen saturation, hemoglobin con-
centration and cardiac output — components of the parameter
referred to as oxygen tissue delivery (DO2) — affect mortality
and morbidity. The conducted studies have shown that perio-
perative fluid therapy, optimized on the basis of hemodynamic
parameters significantly reduces the number of postopera-
tive complications and the risk of death. At the same time, it
has been shown that traditional parameters monitored intra-
and postoperatively, i.e, blood pressure and heart rate, are not
sensitive enough to detect moderate hypovolemia, which may
cause inadequate tissue perfusion, especially in the visceral
bed [13-15]. Goal-directed therapy is based on the premise
that perioperative fluid administration is essential to maximiz-
ing DOx. Therefore, it should be based on dynamic flow-de-
pendent parameters, i.e,, stroke volume (SV) and its variability
in response to fluid bolus (stroke volume variation — SVV)
[16, 17]. The results of randomized trials, where the primary
endpoint was the occurrence of postoperative complications
(as in other studies evaluating the liberal and restrictive strat-
egy) are contradictory. The FEDORA study showed a statistically
significant lower complication rate in patients from the GDT
group who underwent abdominal procedures [15]. However,
the work of Pestania et al. (POEMAS study) showed no such
relationship [18].

Concept of perioperative euvolemia

Most studies refer to intraoperative fluid administration. Some
papers treat this topic more broadly and include the pre-
operative and postoperative period as well. The protocols
regarding the intake of fluids before abdominal surgery clearly
indicate the benefits of the lack of restrictions in oral admin-
istration up to 2 hours before the induction of anesthesia
[19]. Postoperative fluid therapy should continue as long as
the patient is unable to tolerate oral intake. Its primary goal
is to maintain intravascular volume while avoiding a positive
fluid balance which, among others, leads to delayed healing
of the wounds and anastomoses, consequently leading to
alonger hospital stay, prolonged ileus and other complications
[20]. Inrecent years the term“goal-directed therapy”has been
introduced in literature in relation to intraoperative infusions,
and“zero balance”-in relation to postoperative management.

Fluid therapy in liver surgery

The incidence of liver tumors is on the rise [21]. Indications
to liver resections are mainly oncological, with the major-
ity of cases being hepatocellular carcinoma and metastatic
tumors. The basic differences in the approach to intraopera-
tive and postoperative fluid therapy in patients undergoing
liver surgery will be presented below. Clinical situations re-
lated to patients who are hemodynamically unstable prior



to emergency surgery will be intentionally omitted. Septic
patients, as well as those receiving total parenteral nutrition
will not be discussed either. Thus, we will concentrate on
fluid therapy in ASA <3 patients undergoing elective liver
procedures.

Liver surgery can be divided into hepatic parenchymal
surgery, biliary tract surgery and cholecystectomy. The aim
is to discuss the strategy of intra- and postoperative fluid
therapy in large (including excision of more than 3 segments)
liver resections.

Limitation of blood loss in liver surgery

One of the key aspects of liver surgery is the bloodless surgical
field. The inflow to the liver may be controlled, e.g. by the Pring-
le maneuver (a temporary tightening of the hepatoduode-
nal ligament). Back bleeding from valveless hepatic veins is
prevented by low central venous pressure. CVP of 5 mmHg
is recommended to provide unobstructed outflow and limit
blood loss. It has been shown that maintaining low central
venous pressure effectively reduces bleeding, limiting the need
for blood product transfusions, morbidity and postoperative
mortality. At the same time, it has been shown that it does
not significantly affect the incidence of postoperative acute
kidney injury [22-27].

Looking for a silver bullet in fluid management
Recently, the role of central venous pressure (CVP) as a reli-
able parameter for assessing volemia has been increasingly
questioned. Hemodynamic parameters as guides to volume
management have gained popularity, although analysis
of the literature reveals that these methods also have limita-
tions. Problematic situations include mechanical ventilation
and cardiac arrythmias to name a few [28].

Regardless of the monitoring methods used, the aim
of the anesthetic technique is to maintain the free outflow
of the blood through the hepatic veins. This is achieved by
simultaneously employing several methods: fluid restriction,
head-elevated patient positioning and ventilation techniques
with pressure limitation in airways. Vasodilators (nitroglycerin)
sublingually orintravenously are also used. It should be empha-
sized that these strategies are limited to the stage of parenchy-
mal transection. Fluid infusion is being restricted to 1 ml/kg/h
of buffered crystalloid plus additional volume to make up for
the ongoing blood loss ata ratio 1:1. Intraoperative fluid therapy
strategies are the subject of randomized trials. Correa-Galle et al.
compared a conventional strategy with“goal-directed fluid ther-
apy”. Randomization was performed after the resection stage.
The “conventional” group received an infusion of crystalloid at
adose of 6 ml/kg/h. The"goal-directed”group received infusion
at arate of 1 ml/kg/h with the simultaneous supplementation
of albumin solution with an aim to restore stroke volume varia-
tion (SVV) to the level measured at the induction of anesthesia. In
both groups, additional fluid volume was administered to main-

tain systolic blood pressure =90 mmHg or diuresis >25 ml/h. Red
blood cell concentrate was also given to ensure hemoglobin
concentration >7g/dl.In the postoperative period, conventional
fluid therapy of 1.2 ml/kg/h was used with additional infusion
in order to maintain the above-mentioned targets. There was
no statistically significant difference in terms of the incidence
of postoperative complications, the length of hospital stay or
other variables specified in the study. A statistically significant
difference was observed in the total volume of fluids infused
during the post-hepatectomy phase. Inthe‘goal-directed”group
it was lower by an average of 900 ml [29]. Another study by
Weinberg et al. compared the addition of a fluid restrictive in-
traoperative cardiac output-guided algorithm to standard fluid
protocol. The “conventional care” group consisted of patients
in whom the amount of fluid and catecholamines administration
were at the discretion of the anesthesiologist. In both groups
a higher incidence of postoperative complications was found,
compared to the previously cited study, and these were mainly
grade | and Il complications according to the Clavien-Dindo
classification. This trial showed a statistically significant lower
fluid balance in the study group compared to the control group.
There were no differences in the incidence of acute kidney injury
between the groups [30].

Studies conducted by KimY.etal.[31] and Lilot M. et al. [32]
showed that despite the recommendations regarding intraop-
erative fluid therapy in patients undergoing abdominal proce-
dures, including liver resections, there is a very large discrepancy
regarding the amount of fluids administered between individual
centers and even physicians. Hepatic resections are procedures
that can significantly affect hemodynamics, e.g. by compressing
the inferior vena cava during surgical maneuvers, which causes
a decrease in venous return and consequently cardiac output.
In addition, the liver because of its metabolic function, i.e., con-
tributing to lactate clearance, affects the acid-base balance.

Taking into account these facts and the protocols of en-
hanced recovery after surgery (ERAS) [33], which recommend
intraoperative fluid restriction but not at the cost of organ
hypoperfusion, the following can be suggested: the most
appropriate approach to perioperative fluid therapy in liver
resections should be goal-directed therapy with fluid restric-
tion until transection completion (low central venous pressure)
with subsequent volemia restoration under SVV guidance.
Indicators of organ perfusion, e.g. serum lactate concentration
should be monitored and included in decision-making regard-
ing fluid therapy in the postoperative period with the aim to
stabilize hemodynamic parameters, maintain diuresis and im-
prove metabolic hemostasis [34, 35].

In the postoperative period, methods based on techniques
that assess the diameter of the inferior vena cava, its collaps-
ibility, extensibility and the Doppler spectrum of the portal vein
and hepatic veins can be used to guide fluid therapy [36, 37].
To date, there are no reports on the effectiveness of these
methods in liver surgery.
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There are no data concerning the impact of the applied flu-
id strategy on early and long-term prognosis in resections per-
formed for oncological reasons. Restrictive and goal-oriented
therapy facilitates visualization in the operating field, which
may improve the radicality of the procedure. No studies have
investigated the relation between the type of perioperative
fluid regimen used as regards tumor recurrence risk. Further
research in this direction is warranted.

Laparoscopic techniques

Laparoscopic liver resections have been gaining popularity. There
are norandomized prospective studies comparing different strate-
gies (liberal, restrictive and goal-directed) in resections performed
laparoscopically. Nevertheless, in the published trials, the tech-
nique of maintaining low central venous pressure in the transec-
tion phase was adopted as a standard, with the aim of reducing
bleeding. However, low central venous pressure together with
increased intra-abdominal pressure increases the risk of gas em-
bolism (carbon dioxide) [38, 39]. It seems prudent to use SW
rather than CVP monitoring as an indicator of vascular bed filling
and use itas a guide to fluid therapy during the transection phase.
In laparoscopic procedures, central venous pressure is notoriously
unreliable due to the influence of the pneumoperitoneum on
the inferior vena cava pressure [40, 41].

Challenges in cirrhosis
Data on fluid therapy in extensive resections in patients with
cirrhosis is lacking. Published trials describe anesthesia com-
plexity in this population, including strategies of fluid therapy
[42, 43]. Taking into account the detailed data on the multi-
organ consequences of cirrhosis and liver failure, it can be
assumed that goal-directed therapy should be adopted.
Depending on the severity of cirrhosis and abnormal liver
function (assessed according to the MELD or Child-Pugh scale),
organ dysfunctions will vary, e.g. the presence of hepatore-
nal syndrome or the severity of hyperkinetic circulation with
a relative or absolute intravascular volume deficit. Portal hy-
pertension with collateral circulation, independently of other
causes of coagulopathies, may increase the risk of bleeding
at the stage of abdominal cavity incision. Multifactorial co-
agulopathy complicates anesthesia management. Vigilance
over blood loss is essential with thresholds for red blood cells,
platelets and plasma transfusions to maintain homeostasis.
Fluid strategy, other than goal-directed, may exacerbate pa-
thologies presentin cirrhosis. The restrictive strategy may lead
to hypoperfusion of vital organs, including the liver, intestines
and kidneys, and as a result, lead to their failure. The liberal
strategy, in addition to preexisting hypoalbuminemia, may
lead to edema of the liver and the intestinal wall. Removal
of the excess fluid may prove difficult, and, in some cases,
impossible without implementing renal replacement therapy.
Performing major abdominal surgeries in patients with he-
patic insufficiency, requires balancing the risk of exacerbation
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of liver failure and its organ consequences with expected ben-
efits. Mortality in cirrhotic patients decreased due to advances
in surgical techniques, anesthesia and postoperative care. In
group C according to the Child—Pugh scale, it is expected to
be 12%, in comparison to previous years, when it was esti-
mated at 82% [44, 45]. However, these estimates do not refer
to hepatic surgeries. Scheduled liver resections in C group are
contraindicated.

Types of fluids

An increase in lactate concentration in patients undergo-
ing liver resection is a common phenomenon. This is due to
impaired lactate liver clearance but can also be caused by
increased anaerobic metabolism associated with maintaining
low central venous pressure and subsequent organ hypoper-
fusion. It is widely accepted to use balanced crystalloid solu-
tions. A study by Weinberg et al. showed that acetate buffered
crystalloids are recommended. Better biochemical and hema-
tological indices are obtained in terms of electrolyte balance,
acid-base balance and coagulation parameters compared
to solutions buffered with lactates [46]. Data on the safety
of hydroxyethyl starch solutions are conflicting and mainly
drawn from studies of intensive care patients. However, most
authors indicate a potentially higher risk of acute kidney injury
and coagulation disorders in patients receiving these solutions
[47-49]. No definitive conclusions can be drawn on gelatin
solution use. Conclusive data from randomized trials is lacking.
Acute kidney injury, coagulation disorders and remnant failure
may complicate liver resection. Thus, in the author’s opinion,
the use of the above-mentioned solutions should not be
encouraged during liver resection and in the postoperative
period. Postoperative fluid therapy in patients undergoing
laparoscopic liver resections does not differ significantly from
what has been discussed previously. This technique results
in fewer complications, faster recovery of gastrointestinal func-
tion, which encourages earlier oral fluid intake and a shorter
hospital stay. The published results of studies on the safety
of using albumin solutions cover mainly critically ill patients
and patients undergoing abdominal surgery, not specifically
liver resection [50, 51]. Although there are no studies on this
group of patients, being aware of the possibility of liver failure
after the procedure (sometimes before) and the physiological
role of albumin i.e. in maintaining oncotic pressure, prevent-
ing the occurrence of edema, it can be assumed that their
administration both intra- and postoperatively is beneficial
- especially when large volumes of crystalloids would have
to be used otherwise.

Conclusions

Fluid transfusion in the perioperative period in major liver
resections is a complex topic. The chosen fluid strategy has
an impact on morbidity and the length of hospital stay. It
is of the utmost importance to detect features of cirrhosis



and its complications which may largely determine the type
of strategy adopted. In extensive liver resections without
cirrhosis, restrictive fluid therapy is most often used. Dur-
ing liver resection in cirrhotic livers, goal- directed therapy
is preferred. It should be emphasized that only close co-
operation between the surgeon and the anesthesiologist
during the procedure enables the rational implementation
of the adopted strategy, depending on the progress of sur-
gery and clinical situation. The type of fluid is equally as
important as the volume. The use of balanced crystalloid
solutions is recommended with the exception of lactate-
buffered solutions. In cirrhotic liver resection, it is important to

maintain an adequate concentration of albumin in the serum,
which is justified by the pathophysiology of cirrhosis and its

consequences.
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Cancer-related anemia (CRA) continues to be a critical concern despite advancements in oncology treatments. The pre-
valence of anemia varies from 30% to 90%, impacting the quality of life and prognosis of cancer patients. While CRA is
often attributed to antineoplastic therapies, it can also result from the disease itself. Inflammation and the iron regulatory
hormone hepcidin play significant roles in CRA pathogenesis. Treatment-induced anemia caused by chemotherapy,
tyrosine kinase inhibitors (TKIs) and immunotherapy, pose additional challenges. Intravenous (V) iron has emerged as an
effective treatment option for CRA, overcoming limitations associated with oral iron supplementation. Combining IV iron
and ESAs enhances treatment outcomes. Future directions involve exploring ESA safety and their immunomodulatory
effects. Transfusions provide quick relief but might impact prognosis and immune response. Other considerations include
incorporating physical activity and exploring hepcidin-directed therapy. In conclusion, CRA management necessitates

a multifaceted approach to address deficiencies, optimize therapies and improve patient outcomes.

Key words: anemia, cancer, hepcidin, erythropoiesis-stimulating agents, blood transfusions

Introduction

Although modern oncology drugs employ mechanisms di-
stinct from classical 20th-century cytotoxic therapies, cancer-
-related anemia (CRA) remains an underestimated issue. It is
not always solely a consequence of antineoplastic treatments.
The prevalence of anemia, varying from 30% to 90%, depends
on factors such as neoplasm type, disease progression, or
treatment method [1-4]. Anemia ranges from causing mild,
persistent symptoms like fatigue to life-threatening conditions,
especially for individuals with concurrent chronic diseases.
Without a doubit, it significantly impairs quality of life (QOL)
for cancer patients [5-6].

General definitions

According to the World Health Organization (WHO), anemia
is a state where hemoglobin levels or red blood cell counts
fall below the lower limits of normal (women <12 g/dl, men
<13 g/dl) [7]. Cancer-related anemia (CRA) can result from can-
cer treatment (chemotherapy-induced anemia [CIA]) or the di-
sease itself. Neoplasms can affect red blood cell (RBC) produc-
tion (erythropoiesis), RBC breakdown (hemolysis), and blood
loss (bleeding). For anemia resulting from oncological therapy,
the Common Terminology Criteria for Adverse Events (CTCAE)
grading system is used [8]. However, there are inconsistencies
between WHO values and those of CTCAE (tab. ).
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Table I. Comparison of the values proposed by the World Health Organization and adapted by the Common Terminology Criteria for Adverse Events (CTCAE)

Severity of anemia CTCAE level
normal level >12 g/dl >13 g/dl up to lower limit of normal (LLN) 0
mild 10-11.9 g/dl 10-12.9 g/dl 10 g/dl - LLN 1
moderate 8-99 g/dl 8-99 g/dI 8-99 g/dl 2
severe 6.5-7.9 g/dl 6.5-7.9 g/dl <8 g/dl 3
life-threating <6.5g/dl <6.5 g/dl life-threating consequences 4

Pathogenesis and diagnostic approach

Anemia diagnosis must consider the intricate interplay of RBC
production and usage across various organs (the intestines,
liver, spleen, kidney, bone marrow) [9]. In most cases, CRA is
primarily attributed to two causes — iron deficiency and con-
current antineoplastic therapy. Key indicators in CRA diagno-
sis are serum ferritin (SF) and transferrin saturation (TSAT; se-
rum iron/total iron binding capacity x 100). Other iron-related
parameters are often influenced by external factors and are
unreliable predictors (e.g., MCV, soluble transferrin receptor)
or are not routinely available (e.g., zinc protoporphyrin or
hepcidin levels).

Functional and absolute iron deficiency

Typically, CRA patients exhibit normocytic anemia accompa-
nied by iron deficiency (TSAT < 20%) and normal or elevated
SF > 100 ng/ml [10-13]. This condition is referred to as func-
tional iron deficiency anemia (FIDA). Another situation arises
when TSAT is <20% and ferritin is <100 ng/ml, leading to
absolute iron deficiency anemia (AIDA) [14]. These two clinical
scenarios have distinct underlying causes. AIDA is usually
linked to blood loss or inadequate iron intake/malabsorption.
FIDA, on the other hand, arises due to iron sequestration
driven by chronic inflammation (involving hepcidin) [15],
and/or iron-restricted erythropoiesis prompted by endoge-
nous erythropoietin production or erythropoiesis-stimulating
agents [16].

Role of inflammation and hepcidin

Inflammation is a hallmark of cancer [17],impacting erythro-
poiesis via cytokines like IL-1, IL-6, IL-10, IFN-y, TNF-a, and rais-
ing reactive oxygen species (ROS) levels. The levels of these
cytokines can predict hemoglobin concentrations [18]. Hep-
cidin, a liver-produced iron regulatory hormone, is affected
by both inflammatory cytokines and ROS. Hepcidin inhibits
iron release to erythropoiesis from macrophages and hepato-
cytes, and also influences iron absorption in enterocytes. This
hormone binds to ferroportin, an iron exporter, causing its
degradation [19-20]. Consequently, oral iron absorption is
limited in cancer patients, reducing its availability for dietary
supplementation.
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Treatment-induced anemia

In the past five years, over 200 cancer drugs have been ap-
proved, with 14% surpassing the prior standard of care [21].
Chemotherapy-induced anemia remains a significant concern,
asitis still widely used, especially in neoadjuvant and adjuvant
settings for solid tumors. Up to 90% of solid tumor patients
experience anemia during chemotherapy [22], with incidence
varying by regimen, tumor type and stage.

New agents like tyrosine kinase inhibitors (TKIs), small molecu-
les and immunotherapy (ICl) caninduce or exacerbate preexisting
anemia differently from traditional cytotoxic agents. TKls often
lead to hematological toxicities [23], with mechanisms varying.
Some TKls, such as sunitinib, imatinib and pazopanib, can cause
macrocytosis, which may serve as a predictor of patient survival
[24-26]. The mechanism might relate to c-KIT inhibition [26]. Rarely
do drugs like alectinib induce hemolytic anemia [27].

Immunotherapy can also lead to anemia via autoantibody-
-induced hemolysis, requiring treatment with steroids and ri-
tuximab [28]. In extremely rare cases, lethal aplastic anemia
has been described [29].

CRA treatment

Three main strategies address CRA, either individually or
in combination. Correcting deficiencies (iron, vitamin B, fo-
late) is paramount. Erythropoiesis-stimulating agents (ESAs)
and red blood cell concentrates (transfusions) follow.

Iron treatment

While oral iron is standard for general iron deficiency anemia
treatment, it has limitations in cancer patients due to gastro-
intestinal (Gl) intolerance. Gl symptoms often accompany
cancer treatments, making oral supplementation difficult
[30]. Moreover, heightened hepcidin levels impair proper
iron utilization. Studies suggest alternating dosing schedules
could decrease hepcidin levels and enhance iron absorption
[31-32]. Intravenous (iv) iron is preferred for CRA patients due
to its more direct delivery and bypassing Gl issues [33-34].
Intravenous iron, alone or with ESA, effectively treats che-
motherapy-induced anemia, saves costs and improves QOL
[35-38]. Intravenous iron suits both functional and absolute
iron deficiency scenarios.



Intravenous iron treatment

Intravenous iron formulations have been utilized in human me-
dicine for nearly a century; however, some physicians continue
to harbor unnecessary concerns reminiscent of the early days
of its introduction [39]. The prospective European ECAS study,
conducted at the beginning of the 215t century to gather data
onthe prevalence and treatment of anemia, revealed that only
6.5% of patients received iron treatment [40]. These concerns
likely stem from apprehensions about potential side effects.

Safety and side effects of intravenous iron
supplementation
Contemporary iron products (as outlined in table II) all po-
ssess an iron core enveloped by a carbohydrate shell, a fe-
ature that distinguishes them from one another. Intraveno-
us iron infusions seldom lead to hypersensitivity reactions,
and although such reactions can be life-threatening, severe
anaphylactic-type reactions are exceedingly rare [41]. High
molecular weight iron dextrans, previously used, had signi-
ficantly higher rates of serious adverse drug events, leading
to their discontinuation. The new formulations are designed
to be safer. A comprehensive systemic review that evaluated
the safety of intravenous iron across randomized clinical trials
established that intravenous iron is not correlated with an
increased risk of serious adverse events [42]. The European
Medical Agency has issued recommendations for managing
allergic reactions associated with intravenous iron-containing
medications, concluding that the benefits of these medications
outweigh the associated risks [43]. As a result, administering
a test dose with these new formulations is no longer advised.
Prevention and management protocols for infusion reac-
tions have been well-delineated and align with approaches
used in managing other infusion-related reactions observed
in the field of oncology [44, 45]. There is contradictory data
concerning cardiotoxicity and the risk of exacerbating infec-
tions when using intravenous iron [42, 46, 47]. Consequently,
intravenous iron administration should be avoided in patients

with active infections and on the same day as cardiotoxic
chemotherapy administration.

In conclusion, the use of more recent intravenous iron
formulations is regarded as safer compared to other com-
monly used methods in addressing anemia among cancer
patients [42]. Nonetheless, determining the optimal dosing
and treatment schedule for intravenous iron remains an
ongoing effort, with variations among the different ava-
ilable products.

Erythropoiesis-stimulating agents

Erythropoietin (EPO), a hormone produced in the kidneys
and liver, increases red blood cell production in response to
hypoxia. Recombinant EPO was synthesized in the 1980s, revo-
lutionizing chronic kidney disease treatment [48]. ESAs entered
oncology in the 1990s, gaining popularity but later encounte-
ring safety concerns [49]. Modern erythropoiesis-stimulating
agents (ESAs) (tab. Il) are indicated for adult cancer patients
with non-myeloid malignancies receiving chemotherapy,
aiming to raise hemoglobin from 8-10 g/dl to no more than
12 g/dl. ESA treatment necessitates reevaluation after 4-6
weeks, adjusting doses based on response or cessation if no
response is observed.

ESAs concerns

The most common side effects include allergic reactions
and cardiovascular complications. Allergic reactions range
from more commonly occurring mild local injection site
reactions to rare but serious reactions that require prompt
attention. Early reports regarding thrombotic risk [50] led to
concerns about the safety of ESAs and their potential impact
on the survival of cancer patients. A recent systematic review
of randomized controlled trials revealed that although this
type of therapy is associated with adverse cardiovascular ef-
fects, including venous thromboembolism (VTE), it does not
affect patients’ overall survival, and ESAs can be used safely
[51]. Due to the lack of prospective trials, neither the National

Table Il. Intravenous iron formulations: characteristics, dosing and comments. The information based on the summaries of product characteristics approved

by the EMA and/or FDA

Preparation Dosing

ferric carboximaltose

derisomaltoze

iron sucrose

200 mg maximum dose in injection, 500 mg infusion of at least 3.5 h

LMWID depending on the preparation — 240-360 mins. infusion — complicated dosing (test

dose recommended)

ferric gluconate

ferumoxytol

LMWID - low molecular weight iron dextran; MR - magnetic resonance

20 mg/kg up to 750-1000 mg intravenous infusion or single injection up to
minimum 15 mins. Second dose might be administered after >7 days

500-2000 mg depending on the weight, infusion over 15 mins. (up to 1000 mg)
and over 30 mins. (>1000 mg) or 500 mg bolus at a speed of 250 mg/min.

125 mg in 60 mins, repeat in 2-3 weeks until a total dose of 1000 mg is obtained

510 mg in 15 mins. not available in the European Union

Comments

may cause transient
hypophosphataemia

relatively a new product

commonly used in the USA

complicated dosing

associated with serious
infusion reactions

might influence MR results
up to 3 months
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Table Il Erythropoiesis-stimulating agents. The information is based on the summaries of product characteristics approved by the EMA and/or FDA

Erythropoiesis-stimulating agent (ESA) Dosing

epoetin alfa
epoetin beta

epoetin theta 20 000 units/week

darbepoetin alpha

Comprehensive Cancer Network® (NCCN®) nor the Europe-
an Society of Medical Oncology recommends the routine
use of standard prophylactic anticoagulation in the absence
of other risk factors [33, 52]. The use of validated scales pre-
dicting VTE events, such as the KHORANA scale, is strongly
encouraged for patients receiving chemotherapy [53]. Another
significant cardiovascular effect is arterial hypertension, which
typically manifests at the beginning of therapy. The exact
mechanism of this complication is not well understood. An
important subgroup of patients includes those with chronic
kidney disease or preexisting arterial hypertension. For the-
se individuals, the introduction of ESAs should be cautious,
and a gradual correction of anemia is advised [54].

ESAs and possible stimulation of cancer growth

Increased EPO signaling has been observed on cancer cells,
particularly in the hypoxic regions of various tumors [55].
This observation led to the hypothesis of potential cancer
growth stimulation. Early trials suggested inferior overall
survival among patients receiving ESA during chemothe-
rapy [56-57]. However, all trials that raised such concerns
targeted hemoglobin levels above 12 g/dl. When ESAs are
used within registered indications among patients receiving
chemotherapy for non-myeloid cancers with hemoglobin
levels below 10 g/dl and a target range up to 12 g/dl, no
impact on overall survival was confirmed [51, 58-61]. Recent
randomized, double-blinded, placebo-controlled studies fo-
cusing on this strategy appear to confirm the safety of ESAs
and their lack of impact on overall survival (OS) and progres-
sion-free survival (PFS) for patients with solid tumors [62].

Combining intravenous iron and ESAs

Given the recommendation for correcting all deficiencies prior
to initiating ESA treatment, a question arises about the com-
bination of iv iron formulations and ESAs. This treatment ap-
proach should be administered on a regular daily basis, as
demonstrated in a randomized controlled trial that showed
significant improvements in both quality of life (Qol) and he-
moglobin levels [16]. This combination also leads to a reduc-
tion in the need for transfusions when compared to the use
of ESAs alone [63].
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150 units/kg 3x/week or 30 000 units/week

30 000 units (450 units/kg)

2.25 pg/kg/week or 500 pg/3 weeks

Dose escalation possibility

300 units/kg 3x/week or 60 000 units/week
60 000 units (900 units/kg/week)
40 000 units/week (max. 60 000 units/week)

4.5 ug/kg/week

ESA future directions

Further research, particularly randomized controlled trials
focused on the safety of ESAs, is necessary. With the gro-
wing interest in the potential immunomodulatory effects
of erythropoietin (EPO) and its derivatives (given that ESAs
might exhibit anti-inflammatory effects) [64], additional
studies are required to determine the viability of their use
in conjunction with modern treatment modalities like im-
munotherapy.

Transfusions

RBC transfusions are commonly used, because they provide
quick relief, but come with risks like immune modulation [65,
66]. Transfusions negatively impact cancer patients, affecting
progression-free and overall survival, recurrence and perio-
perative morbidity [67-74]. Some negative effects stem from
immune activation, impacting oncology treatments [75-76].
Recent trials found decreased immunotherapy response rates
with transfusions [77].

Considerations for optimizing RBC use in cancer
patients

Although the precise hemoglobin (Hb) level or timing for
blood transfusions in relation to the type of cancer treatment
or disease stage has yet to be definitively established, there
is existing data regarding different approaches to red blood
cell (RBC) utilization.

Recognizing the adverse effects of transfusions on cancer
patients at various stages of therapy, many healthcare profes-
sionals underscore the importance of adopting a more cau-
tious approach to RBC transfusions. This approach is founded
on the use of a lower Hb concentration as the threshold for
initiating transfusions (typically around 7-8 g/dl), in contrast
to a more liberal threshold (around 9-10 g/dl). Restrictive
RBC transfusion strategies (Hb < 7-8 g/dl) align with reduced
morbidity and mortality [78-79].

Foliate and vitamin B, deficiency

Megaloblastic anemia stemming from deficiencies in vitamin
By, and folate is less frequent among cancer patients com-
pared to iron deficiency. Such deficiencies may be linked to



disease progression and malnutrition, as well as increased
cellular turnover, particularly in cases of lymphomas and leu-
kemias. Individuals who have undergone gastrectomy or have
experienced significant infiltration of the intestine may also
experience such deficiencies due to the altered absorption
of these vitamins in these parts of the digestive system. Certain
cytotoxic drugs, commonly employed in cancer treatment
such as 5-fluorouracyl, methotrexate and hydroxycarbamide,
can induce megaloblastic anemia by interfering with DNA
synthesis [80].

Additional considerations for the treatment

of cancer-related anemia

While the primary modalities of addressing cancer-related
anemia (ESA, iron supplementation and transfusions) form
the foundation of management, there are several other no-
teworthy aspects to be taken into account. These encom-
pass lifestyle interventions and a range of supplementary
approaches.

Physical activity

Compelling evidence underscores the pivotal role of exercise
and various forms of physical activity in cancer prevention
and treatment, notably in enhancing patients’ quality of life
(primarily alleviating fatigue). Of all cancer-related fatalities
worldwide, approximately 35% can be attributed to environ-
mental factors, including sedentary lifestyles [81]. Different
types of exercise have proven highly effective in mitigating
cancer-related fatigue during treatment [82], as well as poten-
tially improving overall cancer survival rates [83]. Given the key
role inflammation plays in the development of cancer-related
anemia, the potential anti-inflammatory effects of physical
activity are noteworthy. Moreover, physical activity may influ-
ence hepcidin levels. Emerging data suggests that engaging
in exercise can lead to improvements in hemoglobin levels
in patients undergoing chemotherapy while using ESAs [84],
in breast cancer patients during radiotherapy [85],and in breast
cancer patients undergoing chemotherapy [86-87]. Nonethe-
less, an optimal type and intensity of physical activity has yet
to be definitively established.

Hepcidin-directed therapy

Given the often-elevated levels of hepcidin in cancer patients,
therapeutic approaches involving monoclonal antibodies that
neutralize these proteins have gained attention. This form
of treatment holds the potential to enhance ferroportin expres-
sion in enterocytes and macrophages, thereby facilitating
the release of stored iron and promoting effective erythropo-
iesis. Initial clinical trials assessing the safety of such antibodies
in addressing cancer-related anemia have yielded promising
results [88]. Subsequent research in this domain is warranted,
as it could potentially introduce another avenue for targeted
treatment of cancer-related anemia.

Zinc deficiency

Zinc deficiency is prevalent in many countries and frequently
coexists with iron deficiency. Among adults afflicted with chro-
nic diseases, zinc deficiency has been associated with anemia
[89]. While some recent analyses among non-cancer anemic
patients have suggested a correlation between zinc levels
and hemoglobin concentration [90], evidence in the context
of cancer patients remains limited.

Conclusions

CRAsimpactis significant, but awareness and treatment approach
vary.There are three main pillars guide treatment: correcting defi-
ciencies, using ESAs and transfusions. Intravenous iron addresses
iron deficiency more effectively. ESAs have associated concerns
but remain valuable. Transfusions provide relief but may affect
prognosis. Future research focuses on enhancing interventions
and combining treatments to optimize CRA management.
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Cancerisamajor public health concern in the European Union (EU). There were 2.7 million new cancer cases and 1.3 million
deathsin 2020 in the EU; of them, around 40% could have been prevented. Primary prevention is the most cost-effective
long-term strateqy for cancer control. The European Code Against Cancer (ECAC, 4™ edition) is a health education tool
aimed at raising awareness about evidence-based cancer prevention actions among EU citizens. The ECAC describes
12 ways individuals can reduce their cancer risk. Awareness of the ECAC (4" ed.) has been low (2-21%) and, therefore,
efforts are needed to improve cancer prevention awareness throughout the region. Civil society and other stakeholders’

engagement is key to improving cancer prevention in the region. Our aim is to propose recommendations to improve

future ECAC editions to ensure an increase in cancer prevention literacy in the EU.

Key words: European Code Against Cancer, cancer prevention, health literacy

Introduction

Canceris a major public health concern in the European Union
(EU) since it is the second leading cause of mortality after
cardiovascular diseases [1]. Europe accounts for approximately
10% of the global population but yet has 25% of the world's
registered cancer cases [2].1n 2020, there were 2.7 million new
cancer cases and 1.3 million deaths in the EU. Four cancer types
were responsible for almost 50% of all cancer diagnoses. Breast
cancer is the most commonly diagnosed cancer accounting
for 13.3% of all cancer diagnoses (355,500 cases; females only),
followed by colorectal (341,400; 12.7%), prostate (335,500;
12.5%) and lung (318,300; 11.9%) cancers.

In Poland, specifically, there were 204,575 new cancer
cases and 119,319 deaths. Breast cancer is the most common
cause of cancer death (11.8%), followed by lung cancer (11.4%)
and colorectum cancer (10.4%) [3]. Poland has 8.7% lower age-
-adjusted incidence rate for all cancer types (excluding non-
-melanoma skin cancer) than the average in the EU. Highest

differences in age-adjusted incidence rates were observed for
skin melanoma (5.1 vs. 13.4), liver (3.5 vs. 5.8) and non-Hodgkin
lymphoma (6.1 vs. 9.4) (figure 1; illustrated for all cancer types
with an age-adjusted incidence rate of 5 per 100,000 persons
per year or larger in the EU27) [1]. Given the significant risk-
-modifying effect of modifiable factors [4], it has been estima-
ted that around 40% of all cancer cases in Europe could be
prevented and mortality reduced [5].

Primary prevention, or the avoidance of cancer, is the most
cost-effective long-term strategy for cancer control [6]; yet
further comprehensive efforts are needed to address cancer
burden, including secondary prevention interventions, such as
screening programs followed by effective and early diagnoses
and treatment [7]. Successful cancer prevention requires evi-
dence-based effective preventive measures at the individual-
-level, to avoid or reduce certain exposures or unhealthy be-
haviours, as well as governmental policies and programmes
at the population-level, to create the healthy environments
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Figure 1. Difference in the age-adjusted incidence rates (expressed in %) between Poland and the EU27 in 2020; the figure shows the difference in cancer
types with age-adjusted incidence rates of 5 per 100,000 persons per year or more [1]

and health care infrastructures needed to prevent cancer. Ho-
wever, significant investment s still required by EU Member sta-
tes (MS) to raise awareness on major risk factors and available
interventions, to implement and endorse policies that would
support people in making healthier choices by default, and to
encourage participation in cancer screening and immunization
programmes. Without these actions in place, according to
Europe’s Beating Cancer Plan, cancer mortality within the EU
is expected to increase by more than 24% by 2035 [5], making
it the region’s leading cause of death.

Improved cancer prevention in Europe requires both,
addressing modifiable risk factors of cancer such as tobac-
co and alcohol consumption, lack of physical activity, being
overweight, an unhealthy diet, exposure to ultraviolet radia-
tion and air pollution, as well as strengthening cancer scre-
ening and vaccination programs. For individuals to engage
in such preventive actions, they first need to be informed
about those evidence-based actions and interventions that
can reduce their risk of cancer. However, in today's media land-
scape, the amount of confusing, ambiguous, overwhelming, or
even contradictory messages is escalating [8], making suitable
advice based on the most up to date evidence and developed
by authoritative organizations a key tool for cancer prevention.
Offering information that is consistent with the best scien-
tific evidence available at the time and providing access to
high-quality health information that is relevant, trustworthy,
and accessible [9, 10], is crucial for individuals to be able to
make informed decisions on cancer prevention.

Yet knowledge alone will not suffice when it comes to
promoting a change in unhealthy behaviours or engaging
in healthy actions and interventions [11]. Indeed, behavioural
change theories, such as the Integrated Theory of Health Be-
havior Change (ITHBC) [12] or the Behaviour Change Wheel
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[13], argue that healthy behaviours can be enhanced by fo-
stering knowledge and understanding, since individuals are
more likely to engage in recommended healthy actions and
interventions if they have information about them. For exam-
ple, understanding the health risks associated with smoking
is essential in making a decision about quitting [14]. Similarly,
evidence shows that providing information about established
risk factors of cancer to individuals can improve the accuracy
of risk perception, enhance response efficacy and increase
intention to take action [15].

The European Code Against Cancer (ECAC) is an educa-
tional tool from credible authoritative sources, aimed at pro-
viding high-quality evidence-based information to the public,
about cancer prevention actions that can be followed without
specialised skills or advice. The aim of this work is to present
the ECAC, assess the level of cancer prevention awareness
among the European population, describe the role of civil
society and other stakeholders’engagement in improving can-
cer prevention in the region, and propose recommendations
for future interventions designed to boost cancer prevention
literacy across the region.

The European Code Against Cancer

The ECAC s a health education tool aimed at raising awareness
about evidence-based cancer prevention actions among EU
citizens. The ECAC consists of a set of cancer prevention recom-
mendations for the individuals to avoid or reduce exposures
to established causes of cancer, adopt healthy behaviours to
reduce cancer risk, and to participate in vaccination and scre-
ening programs under the appropriate national guidelines [8].
The ECAC has succeeded to inform policymakers and other
stakeholders to develop national health policies in cancer
prevention [16, 17].



The ECAC, 4t edition, describes “12 ways to reduce your
cancer risk’, including avoiding or reducing unhealthy beha-
viours, such as:

tobacco smoking and use of other forms of tobacco,

exposure to second-hand smoke,

drinking alcohol,

exposure to ultraviolet radiation, high levels of radon

and occupational carcinogens,

limiting the use of hormone replacement therapy.

And protecting measures, such as:

maintaining a healthy body weight,

being physically active,

eating a healthy diet,

breastfeeding,

participating in human papilloma virus (HPV) and hepatitis

B virus (HBV) vaccination programmes, and bowel, breast,

and cervical cancer screening.

The 4 edition also included a website, with over 200 qu-
estions and answers aimed at the public, explaining and pro-
viding additional information on the recommendations as
well as cancer prevention topics not covered in the ECAC [8].

The ECACis originally an initiative of the European Commis-
sion (EC) that provides a comprehensive synthesis of the ava-
ilable current evidence on cancer prevention and translates
this into recommendations in an understandable way to
the public following a standardized methodology developed
to guide scientific assessments [18]. The International Agen-
cy for Research on Cancer (IARC), specialized cancer agency
of the WHO, was mandated by the EC to produce the current
41 edition of the ECAC, introducing the objective to formulate
the recommendations in clear, straightforward, and actiona-
ble language that can be understood by the general public
without requiring specialised skills, knowledge, or training
[8]. With the publication of Europe’s Beating Cancer Plan [5],
the IARC's mandate to provide the scientific coordination to
update the ECAC was renewed, with the target of producing
the 5™ edition of ECAC by 2025.

In addition, the Innovative Partnership for Action Against
Cancer (iPAAC) Joint Action (JA), commissioned to develop
recommendations to ensure sustainability and monitoring
of the ECAC[19], concluded that ongoing monitoring and eva-
luation of the ECAC are needed to ensure that the ECAC re-
aches its target population(s), as well as measure the impact
of its use and inform routine updates [20]. In 2017, Ritchie et
al. [16] evaluated for the first time the impact of the ECAC
(4" ed) atthe EU level and found that, although the awareness
of the ECAC was low — 2% in the United Kingdom (UK) to 21%
in Hungary and Poland — willingness to make behavioural
changes towards cancer prevention after reading the recom-
mendations reached over 60%. These results highlight that we
are still far from achieving Europe’s Beating Cancer Plan’s goal
to making at least 80% of the population aware of the ECAC
by 2025 [5].

The ECAC, 4" edition, provided an inspiring model to IARC
for scaling up this tool to other regions of the world under
the umbrella of a World Code Against Cancer Framework [21]
to promote cancer prevention globally [22]. Despite disparities
between regions, the experience of developing the ECAC 4th
ed. provided the strategy, methodology and tools to expand
these guidelines to other regions of the world. The Europe-
an model has been recently adapted to the Latin America
and the Caribbean (LAC) region [23]. The LAC Code Against
Cancer will be launch during the second half of 2023.

Cancer prevention awareness in Europe

Currently, there is no psychometric instrument available based
on the last edition of the ECAC; however, other surveys have
been developed in relation to cancer and its risk factors, uptake
of cancer screening and cancer prevention in general among
the general population. Some examples include the Cancer
Awareness Measure (CAM) [24], Attitudes and Beliefs about
Cancer (ABC) [25] and national Cancer Barometers (France,
Spain, or Belgium) [26-28].

Previous studies in European countries based on popu-
lation-based surveys have assessed the public’s knowledge
of cancer risk factors and perceptions of symptoms, behavio-
urs, and risks. Findings from Denmark, France, Ireland, Spain,
Sweden and the UK reveal modest to low levels of public
awareness of cancer risk factors [29-32]. Although most in-
dividuals perceived tobacco smoking as a main risk factor for
cancer, they failed to identify other well-stablished modifiable
risk factors, such as sexually transmitted viruses, alcohol, being
overweight or environmental factors [29, 33]. Lifestyle determi-
nants were commonly thought to be associated with cancer
since the majority of French and Spanish respondents thought
that physical inactivity, being overweight and having unhe-
althy diets played an important role; however, the protective
association of breastfeeding with cancer was mostly unknown
[33, 34]. Levels of awareness of modifiable risk factors of can-
cer demonstrated a sociodemographic gradient. Perceptions
of the impact of these factors on the onset of cancer were
lower among men, the elderly and those with a lower socio-
-economic status or education level [29, 31, 34]. Awareness
was, therefore, lowest among those demographic groups at
higher risk of developing cancer.

Health literacy (HL) is defined as “the ability to obtain,
understand, process and apply health information to health
decision-making”[35] and it is directly linked to engagement
in cancer prevention behaviours. Previous studies have shown
that limited levels of HL lead to lower adherence to risk-re-
ducing behaviours and are related to smoking, a sedenta-
ry lifestyle and low fruit and vegetable consumption [36].
Low HL also contributes to a false perception of low risk from
cancer and, therefore, lower adoption of cancer prevention
actions and interventions, since perceived risk is a key com-
ponentin behavioural change theoretical models [37]. Finally,
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low HL has also been associated with cancer misconceptions
and myths, less information-seeking and reduced perceived
control over cancer risks [38]. All in all, despite the fact that
individuals’knowledge and perceptions may not always match
their actions [11], awareness of cancer risk factors is still essen-
tial for cancer prevention.

Efforts are needed to improve cancer prevention awa-
reness throughout the EU. Policies and interventions within
a universalism framework should be designed to reach all
social segments of the population. In other words, due to
the importance of sociodemographic factors on individuals’
knowledge and perceptions, community-wide and tailored
health education interventions on cancer prevention are ne-
eded to reduce socioeconomic disparities in cancer incidence
and mortality [39], and to ensure that no country is left behind
in the EU. The ECAC serves as a “toolbox” for policymakers,
civil society and other stakeholders to prioritize the policies
and strategies that will allow improving EU citizens'adherence
to cancer prevention.

Civil society and cancer prevention

Civil society is a widely used term to denote the field of activity
that is independent of both governmental and for-profit inte-
rests. Civil society organizations (CSOs) have, therefore, been
defined as non-state, not-for-profit, voluntary organizations
formed by people in a social sphere that is separate from both
the state and the market [40]. Standing aside from the eco-
nomic imperative to deliver a profit, and outside of the direct
influence of governments, civil society is placed in a position
of unique responsibility to act solely for social good.

CSOs have been instrumental in advancing cancer preven-
tion, as recommended by the ECAC, through various means.
As service providers, CSOs deliver programs and provide vital
resources that are neglected or absent from governmental pro-
vision, particularly in resource-limited settings [41]. This work
takes place at the grassroots level, whereby CSOs can enhance
resilience in those communities by catalysing the implementa-
tion of, forinstance, organized cancer screening programs [42],
or by extending the scope of primary and secondary cancer
prevention services to better address the needs of vulnerable
or marginalized sections of society [43].

A further approach by which CSOs contribute towards
cancer prevention is via the dissemination of evidence-based
cancer prevention guidance to the general population as laid
out by the ECAC. CSOs have been instrumental knowledge
brokers for cancer prevention by developing understanda-
ble materials to heighten awareness of health determinants
and cancer risk factors [16]. This capacity has proven to be an
especially valuable asset when mitigating the effects of in-
accurate information or the vested interests of stakeholders,
which can be opposed to the objectives of cancer prevention
[40]. For instance, in countries which have experienced a loss
of confidence in the HPV vaccination programmes, CSOs have

388

demonstrated success in developing campaigns that promote
honest and reliable scientific information to the concerned
public, which has resulted in regained trust and improved
uptake of the HPV vaccination program [44].

CSOs not only provide information to the public but play
a vital role in conveying the concerns and interest of wide
sections of society to policymakers. Becoming advocates
and enablers of change for the public good, further demon-
strates how CSOs contribute to cancer prevention [45]. In
recognition of the contribution of CSOs, the 2017 World He-
alth Assembly resolution on “cancer prevention and control
in the context of an integrated approach”calls upon member
states of the WHO to foster partnerships with CSOs to improve
the provision of services for cancer prevention and control [46].
This underscores the essential role CSOs have in promoting
and sustaining cancer prevention as part of a“Whole of Society”
approach [47].

Case-study in Poland

Cancer prevention advocates in Poland have had a long
and proud history of disseminating the ECAC from its very
beginnings — since the 1980s. Even before Poland became an
EU member state in 2004, the ECAC was actively and widely
disseminated across the country, with a special emphasis on
communicating to children, adolescents and young adults.
For the 3" edition of ECAC, published in 2003, the programme
“Schools promoting the recommendations of the European
Code Against Cancer”was an especially successful initiative,
which in the Matopolska voivodship reached approximately
80% of schools, 20,000 teachers, 300,000 students and 20,000
members of the local community [48]. Activities to promote
the ECAC continued following the publication of the 4™ edition
in 2014. Of note was the informational brochure developed
by experts in conjunction with Polish League Against Cancer,
which describes the information of the ECAC in simple, easy
to understand language, and was distributed free of char-
ge to thousands of people throughout Poland (www.12spo-
sobownazdrowie.pl/12_sposobow.pdf). Consequently, of tho-
se countries whose populations were surveyed regarding
the awareness of the ECAC, Poland ranked as the joint highest,
with a relatively high proportion (30%) of 25-34-year-olds
surveyed, stating they knew of the ECAC [16]. This suggests
that the consistent efforts to promote ECAC focused on chil-
dren and young people in Poland have helped to maintain
awareness of the ECAC.

Steps forward and recommendations

Experts and other stakeholders from the iPAAC JA [20], intro-

duced above, suggested that the future ECAC editions:

- should broaden the scope to evidence-based individual
and population levelinterventions and theirimplementation,

«haveamultidisciplinary approach with synergies between
cancer-targeted and NCDs-related recommendations,



- be tailored to different target groups and audiences (e.g.,
healthcare professionals and policymakers).

Finally, they recommended using the ECAC as a unifying
tool for cancer prevention in the EU (the “toolbox” mentio-
ned above). Most of these recommendations will not only
be addressed in the new edition of the ECAC (5t edition),
currently under development and due to launch in 2025 but
will also inform the global methodology of the World Code
Against Cancer Framework. The conclusions of the iPAAC JA
were published in June 2021 and, since then, other initiatives
have beenintroduced to improve the new edition of the ECAC
and its further implementation. One example is the joint call by
IARC, Institut National du Cancer (INCA) in France, and the As-
sociation of European Cancer Leagues (ECL) for the EC to
commit to establishing a thorough, robust and systematic
evaluation of the ECAC, which would be best served by the re-
introduction of the ECAC-dedicated Eurobarometer survey to
be implemented in 2024, before the launch of the 5™ edition
of the ECAC. Its results would be used as a baseline for EU
citizens' level of awareness of cancer prevention and, ideally,
through periodic surveys, monitoring and evaluating the im-
pact of the ECAC across the EU will be possible.

Hence, monitoring and evaluating not only the impact
of the Code on public awareness, but also its development
process is key in ensuring ECAC's sustainability and a path to
optimizing and enhancing its methodology.

Conclusions

The ECAC, under the umbrella of the World Code Against
Cancer Framework, is a health education tool aimed at im-
proving health literacy in cancer prevention to the public
and nurturing the development of evidence-based cancer
control policies. This initiative is constantly evolving to inc-
lude the latest scientific data, and to respond to the needs
of the European population and stakeholders as regards
cancer prevention.
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Rare case of recurrent myofibroblastoma in a female patient
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Figure 1. Microscopic display of hematoxylin and eosin-stained section
of classic myofibroblastoma

A 61-year-old female patient presented with a painless lump
located in the right breast. In 2015 she was diagnosed with
mammary-type myofibroblastoma (MFB) in the right breast
and underwent a resection. In 2016 there was a unilate-
ral relapse and the second tumorectomy was performed.
The patient underwent core needle biopsy, which indicated
a non-epithelial spindle cell lesion with immunohistoche-
mistry results CD34+;5S100—; p63—; CKPAN—; ER—. On the MRI
there was a lobular tumour (37 x 42 x 57 mm) with 2 satellite
lesions. Due to the size of the tumour and previous breast
surgeries, a nipple sparing mastectomy with reconstruction
was performed. Histopathology confirmed MFB (fig. 1, fig. 2).
MFB is a rare benign spindle cell tumour of the breast. Due to
its rare incidence, no risk factors or genetic predispositions

Figure 2. Spindle shaped, slender, blend and uniform cells closely packed
in short fascicles intermixed with hyalinised, thick collagen bundles

areidentified [1]. As MFB is well encapsulated, the treatment
of choice is surgery without further adjuvant therapy. Only
one relapse of MFB has been reported in the literature so far
[2]. Thereis little data concerning recurrence of MFB [2], the-
refore careful observation and documentation of recurrent
MFBs could prove beneficial in studying the nature of MFB
and treating patients.
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Pneumoconiosis mimicking lung metastases of medullary
thyroid carcinoma
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Figure 1. CT images of the thorax showing a pulmonary nodule in the
5R segment

A 63-year-old man diagnosed with pT3N1b medullary thyroid
carcinoma (MTC) was referred for further consultation three
months after a total thyroidectomy with a left lateral lymph-
adenectomy. On admission the levels of carcinoembryonic
antigen (CEA) and calcitonin (CT) were slightly elevated (CT
-51.1 pg/ml; CEA - 5.13 ng/ml). The patient underwent radio-
therapy three months after surgical treatment. A follow-up CT
of the thorax performed after the subsequent three months,
revealed numerous pulmonary nodules (fig. 1) and a mediastinal
lymphadenopathy (fig. 2) suspected of metastases. CT levels
remained elevated (43 pg/ml) with a decrease of CEA level
equally (3.61 ng/ml); the patient did not exhibit any respiratory
symptoms. A histopathological examination of the retrieved
lymph nodes did not show any abnormalities. Since the possibil-
ity of metastases could not be ruled out, the patient underwent
an anterior thoracotomy. The removed lung masses unveiled
black-grey nodules which turned out to be pneumoconiosis.

Figure 2. CTimages of the thorax showing a right hilar lymphadenopathy

The patient history revealed exposure to dust and fumes. This
is the first described case of pneumoconiosis mimicking MTC
metastases. What is particularly worthy of attention is the short
period of time from the radical surgery to the occurrence of
initially absent multiple pulmonary lesions with a relatively in-
significant growth of calcitonin. This pattern is characteristic for
singular nodular MTC metastases rather than multiple micronod-
ular metastases in solid organs [1]. It is worth emphasizing that
in such cases we should take into consideration different respi-
ratory system comorbidities, including occupational diseases.
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Prof. Maciej Krzakowski: Nowotwory stanowity
dla mnie zawsze platforme wspdtpracy ze
znakomitymi onkologami

Czasopismo Nowotwory towarzyszyto mojemu zyciu zawodowemu od pierwszych dni pracy i od chwili
zainteresowania sie onkologia. W czasach, gdy zaczynatem specjalizacje w dziedzinie radioterapii onkolo-
gicznej — mojej pierwszej specjalizacji — czasopismo to byto najwazniejszym Zrédtem wiedzy na ten temat,
co miato szczegdlne znaczenie wobec ograniczonej dostepnosci zagranicznych Zrédet. Ogromng zaletg
Nowotwordw byfa réznorodnos¢ tematyki artykutow. Publikowano prace ze wszystkich dziedzin zwigzanych
Z postepowaniem przeciwnowotworowym — mogtem uzyska¢ wiadomosci z zakresu epidemiologii i pro-
filaktyki, diagnostyki i wszystkich metod leczenia. Moge powiedzie¢, ze redaktorzy czasopisma — Profesor
Jerzy Meyza i Profesor Edward Towpik — wspdftworzyli model wielospecjalistycznego postepowania prze-
ciwnowotworowego. Wszechstronnos$¢ Nowotwordw jest do dzisiaj cecha charakterystyczng, co jest zastuga
obecnego redaktora — Profesora Wojciecha Wysockiego.

Jeden z pierwszych artykutéw oryginalnych, ktérego bytem pierwszym autorem, i ktéry opublikowatem
w czasopismie Nowotwory, dotyczyt wykorzystania chemioterapii poprzedzajacej radykalna radioterapie
u chorych na nowotwory narzadéw regionu gtowy i szyi [1]. Znaczenie miat nie tylko fakt, ze artykut zostat
przyjety. Bardzo wazne byto dla mnie, ze byt nastepstwem badan rozpoczetych w nawigzaniu do szko-
leniowego pobytu w Holandii oraz byt inspirowany przez jednego z moich mistrzéw, jakim byt Profesor
Andrzej Hliniak. Istotne byto wéwczas dla mnie znalezienie wartosciowego miejsca leczenia systemowego
w wielospedjalistycznym postepowaniu — mysle, ze praca podczas przygotowania artykutu i wyniki badan
przesadzity o moich pézniejszych zainteresowaniach zawodowych. Jestem nadal wierny koncepgji kojarzenia
metod leczenia miejscowego z systemowymi mozliwosciami — wdwczas leczenie systemowe miato o wiele
bardziej ograniczone mozliwosci w poréwnaniu do obecnej sytuacji, kiedy stanowi rownorzedne uzupet-
nienie radykalnych resekcji i nowoczesnego napromieniania w modelu postepowania neoadiuwantowego
lub adiuwantowego.

Czasopismo Nowotwory stanowito dla mnie zawsze platforme wspotpracy ze znakomitymi onkologami,
ktorych byto bardzo wielu. Jestem ogromnie wdzieczny za te mozliwosc. Z okazji stuletniej tradycji zycze
pismu dalszych sukcesdw, kontynuowania linii programowej zwigzanej z wielodyscyplinarnoscia, wprowa-
dzania nowych elementéw. Wyrazam ogromne uznanie dla wszystkich oséb, ktére je tworza. Wyrazy uznania
sg szczere, poniewaz znam dobrze — na podstawie osobistych doswiadczen redakcyjnych — wyzwania zwia-
zane obecnie z redagowaniem naukowego periodyku. Jestem przekonany, ze Nowotwory bedg sie rozwija¢
i beda Zrodtem wiedzy teoretycznej oraz praktycznej na temat postepowania przeciwnowotworowego.

PiSmiennictwo
1. Krzakowski M, Madej G. Chemioterapia indukcyjna u chorych na zaawansowanego miejscowo ptaskonabtonkowego raka gtowy
i szyi - spostrzezenia wstepne. Nowotwory. 1988. XXXVIII; 3: 174-179.
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Prof. Jan Skotyszewski: System punktowania,
moim zdaniem, nie zawsze rozstrzyga o tym,
czy dana pracda jest wartosciowa

Kiedy zaczynatem prace w krakowskim Instytucie Onkologii, z redakcjg Nowotworéw mocno juz byta zwia-
zana prof. Hanna Kotodziejska. Potem, w 1975 roku, zostata redaktorem naczelnym. Pani Profesor byta silng
osobowoscig, bardzo dbata o jakos¢ merytoryczng i jezykowa artykutdw — zwracata uwage na konkrety, nie
lubita niepotrzebnych stéw i byta w tym bezkompromisowa. W jej gabinecie wisiata tablica z nazwiskami
pracownikéw Instytutu i informacjami o ich ostatnich publikacjach w Nowotworach. Jednak ta tablica byta
dos¢ dyskusyjnym pomystem. | pani Profesor sie z tego wycofata, bo wolata unikng¢ atmosfery niezdrowej
konkurencji wéréd pracownikéw Instytutu.

Jako mtody lekarz tez chciatem taczy¢ praktykowanie medycyny z pracg naukowa. To mi sie w mniejszym
lub wiekszym stopniu udawato. W styczniu 1962 roku ztozytem w redakgcji swoje dwa pierwsze artykuty.
Oba dotyczyty raka sutka u mezczyzn i zostaty opublikowane w tym samym roku. Ich tytuty to: Piecioletnie
przezycie po adrenalektomii chorego z zaawansowanym rakiem sutka [111 Rak sutka u mezczyzn [2]. Cieszytem
sie, ze swojg pracg moge sie podzieli¢ z wiekszym gronem kolegdw, ze dowiedzg sie, czym sie zajmuje.

Lubitem czyta¢ Nowotwory w wersji papierowej. Szkoda, ze teraz pismo ukazuje sie tylko w formie
elektronicznej. Ale tez rozumiem te zmiane. Jest coraz wieksza konkurencja, wiekszos¢ pism ukazuje sie
w internecie. Obecnie polskim naukowcom takze tatwiej publikowa¢ za granica.

Musze jednak powiedzie¢, ze ta pogon za punktami w swiecie naukowym jest bardzo dyskusyjna. Caty
system punktowania, moim zdaniem, nie zawsze rozstrzyga o tym, czy dana praca jest wartosciowa. Bo samo
przyznawanie punktéw czasopismom naukowym nie jest do korica transparentne. Dlatego jestem sceptycznie
nastawiony do czestego obecnie publikowania tylko dla uzyskania odpowiedniej liczby punktow. Artykuty
powinny by¢ przede wszystkim wazne. Warte publikacji ze wzgledu na to, co niosa.

Kiedy bytem jeszcze mtodym lekarzem, zadawatem sobie pytanie o to, co w pracy onkologa jest naj-
bardziej istotne. Miatem tez szczedcie pracowac w dwdch osrodkach, ktére wéwczas uchodzity za wiodace,
jeslichodzi o radioterapie: w Instytucie Curie w Paryzu i w Christie Hospital w Manchasterze. Odwazytem sie
zapytac¢ dyrektoréw tych instytucji o to, co jest najwazniejsze w naszej pracy. Zaréwno Francuz jak i Anglik
byli wyjatkowo zgodni: w onkologii chodzi o to, zeby kazdy pacjent przychodzacy do nas, uzyskat mozliwie
najlepsze leczenie i najlepsza opieke.

A wracajac do Nowotwordéw — zycze pismu, zeby autorzy mniej uwagi zwracali na punkty i zgtaszali tylko
prace, ktére wnosza do medycyny naprawde co$ nowego, ktére s3 przydatne i pomagaja skutecznie leczy¢
pacjentow. | zeby byli dumni z tego, ze ich artykuty ukazuja sie wiasnie w tym czasopismie.

PiSmiennictwo

1. SkotyszewskiJ. Rak sutka u mezczyzn. Nowotwory. 1962; XII: 115.

2. Kotodziejska H, Marczyniska A, Skotyszewski J. piecioletnie przezycie po adrenalektomii chorego z zaawansowanym rakiem
sutka. Nowotwory. 1962; XII: 147.



sierpien-wrzesien 2023 r.

Zapraszamy do rejestracji na VI Kongres
Onkologii Polskiej, ktory odbedzie sie w dniach
17-19.10.2024 r. Wiecej informacji: http://www.
kongres.pto.med.pl

Komunikaty PTO

29 sierpnia 2023 r. odbyto sie posiedzenie Zarzadu Gtéw-
nego Polskiego Towarzystwa Onkologicznego. W porzadku
obrad znalazty sie m.in. oméwienie spraw organizacyjnych
zwigzanych z VI Kongresem Onkologii Polskiej oraz sprawy
biezace.

5 wrzesnia 2023 r. odbyto sie spotkanie Komitetu Nauko-
wego VI Kongresu Onkologii Polskiej. Do udziatu w pracach
Komitetu PTO zaprosito przedstawicieli medycznych towa-
rzystw naukowych. Do korica wrzesnia 2023 r. cztonkowie
Komitetu mogli zgtasza¢ propozycje tematdw wystapien
podczas Kongresu.

18 wrzeénia 2023 r. odbyto sie spotkanie Sekcji Standaryzadji
Nadzoru po Leczeniu Onkologicznym, ktérej przewodniczy
dr n. med. Marcin Zietek.

PTO ogtosito konkurs dla onkologéw ponizej 35. roku na
stypendium zjazdowe na Kongres ESMO, ktéry odbedzie sie
w dniach 20-24 paZzdziernika 2023 r. Komisja konkursowa
wyfonita dwoch laureatow, ktorzy otrzymajg stypendium
w wysokosci 9 tys. zt.

Na stronie internetowej PTO ukazata sie nowa zaktadka Diagno-
styka molekularna nowotworéw — podejscie praktyczne, gdzie
mozna znalez¢ wykaz badan genetycznych w poszczegdinych
nowotworach.

Wywiady i artykuly prasowe

Narodowa Strategia Onkologiczna: odsetek wyleczo-
nych chorych sie zwieksza
Poprawiajg sie wskazniki przezy¢ niektérych nowotworédw
w Polsce, m.in. raka gruczotu krokowego czy czerniaka, i ta
réznica w stosunku do krajow Europy Zachodniej jest coraz
mniejsza (pomimo znaczaco nizszych naktaddw). Ostatni rok
to rowniez realizacja zadan Narodowej Strategii Onkologicznej,
ktéra w sposéb ciagty zmienia sytuacje onkologii w Polsce.
Jest to najwazniejszy dokument, ktory obecnie jest juz trzeci
rok wdrazany, za co odpowiedzialne jest Ministerstwo Zdro-
wia wspdlnie z Narodowym Instytutem Onkologii im. Marii
Sktodowskiej-Curie — Panstwowym Instytutem Badawczym
w Warszawie. Narodowa Strategia Onkologiczna w swych zato-
zeniach jest zgodna z Europe’s BeatingCancer Plan: Let's strive
for more. W celu lepszej koordynacji opieki nad pacjentem
onkologicznym Ministerstwo Zdrowia jest rOwniez obecnie na
etapie tworzenia Krajowej Sieci Onkologicznej (KSO), a ustawa
dotyczaca KSO zostata podpisana przez Prezydenta RP w 2023
roku.

Zrodto: www.zdrowie.wprost.pl

Terapie skojarzone i okreslone w czasie. Debata o le-
czeniu przysztosci

— Leczenie skojarzone to nie tylko leczenie systemowe. To ca-
foksztatt naszego leczenia onkologicznego. Kojarzymy miedzy
sobg leczenie systemowe, ale kojarzymy je tez z radioterapiag
i chirurgia. Cata sciezka terapeutyczna naszych chorych musi
by¢ bardzo dobrze rozplanowana. W onkologii jest tak, ze
jezeli czego$ nie zrobimy na poczatkuy, nie zaplanujemy sobie
tej $ciezki terapeutycznej, to juz potem nigdy nie bedzie-
my mogli do niej wroci¢ i poprowadzi¢ pacjenta zgodnie
z najnowsza wiedzg medyczng i standardami — wyjasnita

395



Bozena Cybulska-Stopa z Kliniki Onkologii Klinicznej Narodo-
wego Instytutu Onkologii im. Marii Skfodowskiej-Curie — Pan-
stwowego Instytutu Badawczego. Z uwagi na to, na pierwszy
plan w leczeniu onkologicznym wysuwa sie nie tylko sam
dostep do lekdw, ale organizacja leczenia chorego. Zdaniem
dr Bozeny Cybulskiej-Stopy, clue problemu jest zachowanie
odpowiedniej sekwencji terapeutycznej i dobry przeptyw
chorego miedzy poszczegdlnymi osrodkami.

Zrédto: www.medexpress.pl

Pacjent z podejrzeniem nowotworu szybciej trafi do
onkologa. ,Karta e-DiLO uporzadkuje nam system”
- Nowe podejécie do koordynacji onkologicznej dopiero sie
ksztattuje, a nam szczegodlnie zalezy na tym, aby wprowa-
dzane zmiany w jak najwiekszym stopniu stuzyty pacjentom.
Dotychczas w mediach mielismy w tym zakresie do czynienia
zwypowiedziami o charakterze teoretycznym albo opartymina
wyobrazeniach, ktdre niekoniecznie oddajg obraz faktycznych
zmian i kierunkdw w procesie organizacji koordynacji — zauwa-
za prof. Adam Maciejczyk, dyrektor Dolnoslgskiego Centrum
Onkologii, Pulmonologii i Hematologii we Wroctawiu. — Aby
pacjent byt prowadzony prawidtowo, sciezka ta musi by¢ jasno
okreslona i mozliwa do monitorowania. Postuzy do tego two-
rzona obecnie nowa karta DiLO, tzw. e-DiLO. Opracowuje jg
Zespot ds. wdrozenia Krajowej Sieci Onkologicznej, powotany
przez ministra zdrowia w styczniu br. Praca jest intensywna
i zaawansowana. Zespot ma czas do pazdziernika na dopra-
cowanie i okreslenie nowej e-DiLO i mam nadzieje, ze jeszcze
w tym roku uda sie jg wdrozy¢. Karta e-DiLO zainteresowani
sg takze hematolodzy — zaznacza prof. Maciejczyk.

Zrédio: www.rynekzdrowia.pl

Terazniejszos¢ polskiej onkologii
Nowe metody leczenia nie zwieksza przezywalnosci chorych
onkologicznie, jezeli nie zadba sie o profilaktyke i diagnostyke,
w tym badania molekularne. Fakt o ktorym czesto sie zapo-
mina: mutacja BRCAT i BRCA2 dotyczy rowniez mezczyzn,
zwiekszajac ryzyko zachorowania naraka prostaty, jest tez prze-
kazywana dzieciom obojga pfci. Ostatnie lata dla pacjentéw
onkologicznych w Polsce — to czas zwiekszenia dostepnosci
do nowych metod diagnostyki i leczenia. Oferowane sg coraz
bardziej spersonalizowane $ciezki terapeutyczne, a sposoby
leczenia nowotwordw zmierzajg ku mniejszej inwazyjnosci.
Problemy, ktére trapia polska onkologie sg przede wszystkim
natury organizacyjnej, co szczegoélnie dotyczy diagnostyki.
Kuleje réwniez profilaktyka.

Zrodto: www.mzdrowie.pl

Aplikacje wspomagaja leczenie i optymalizuja jego
koszty

Digitalizacja w medycynie staje sie faktem, a Polska jest nawet
pod tym wzgledem liderem — podkreslit prof. dr hab. n. med.
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Piotr Rutkowski, kierownik Kliniki Nowotworow Tkanek
Miekkich, Kosci i Czerniakédw Centrum Onkologii - Instytutu
im. Marii Sktodowskiej-Curie. Jest to proces nie tylko wspoma-
gajacy diagnostyke ileczenie. Digitalizacja umozliwia dostep
do danych, ktére utatwiajg wiasciwa ocene sytuacji w zakresie
zdrowia publicznego, na przyktad w onkologii. — Jednym
z celéw w zakresie ochrony zdrowia zblizajgcej sie polskiej
prezydencji w Unii Europejskiej bedzie wtasnie cyfryzacja
medycyny. Jest ona takze jednym z punktéw europejskiego
planu walki z nowotworami. Robimy duzo w tym zakresie
i jako towarzystwa i jako realizatorzy strategii onkologicznej,
ktéra obejmuje miedzy innymi stosowanie odpowiednich
miernikdw i analizowanie wybranych wskaznikéw w celu
wprowadzania innowacyjnych terapii — powiedziat profesor
Rutkowski.

Zrodto: www.biznes.wprost.pl

Konferencje i wydarzenia z udziatem czionkow
Zarzadu Gtéwnego PTO

28 sierpnia 2023 r. odbyto sie kolejne spotkanie Rady Eks-
pertéw ds. Onkologii Medycznej Racji Stanu, ktére po-
$wiecone byfo bezpieczenstwu chorych naraka w Polsce.
W spotkaniu uczestniczyt prof. Piotr Rutkowski.

W dniach 31 sierpnia — 2 wrzesnia 2023 r. w Gdarisku miat
miejsce XXVI Kongres Polskiego Towarzystwa Onkologii
Klinicznej z udziatem cztonkéw zarzadu PTO.

6 wrzesnia 2023 r. odbytfa sie debata w ramach cyklu
Jaka jest przysztos¢ polskiej onkologii? pt. ,Polska onkologia
wczoraj, dzis i jutro zorganizowana przez Puls Medycyny.
Uczestniczyli w niej prof. Bozena Cybulska-Stopa i prof.
Piotr Rutkowski.

W dniach 7-8 wrzesnia 2023 r. w Narodowym Instytucie
Onkologii - Paristwowym Instytucie Badawczym w Warsza-
wie zorganizowano miedzynarodowa konferencje The 8th
Warsaw Conference on Perspectives of Molecular Oncology
z udziatem cztonkéw zarzadu PTO.

W dniach 7-8 wrzes$nia 2023 r. miafa miejsce konferencja
Baltic Congress of Oncologists and Surgeons 2023, w ktorej
udziat wzieli prof. Piotr Rutkowski oraz prof. Lucjan Wyrwicz.
W dniach 7-9 wrzesnia 2023 r. w Karpaczu odbyto sie
XXXII Forum Ekonomiczne. W sesjach poswieconych on-
kologii uczestniczyli prof. Piotr Rutkowski i dr hab. Adam
Maciejczyk.

10 wrzesnia 2023 r. po raz 16. odbyt sie Onkobieg pod
hastem Razem po zdrowie organizowany przez Stowarzy-
szenie Pomocy Chorym na Migsaki i Czerniaki Sarcoma. Wy-
darzeniu patronowato Polskie Towarzystwo Onkologiczne.
13 wrzesnia 2023 r. zorganizowano webinar Virtual Sarco-
ma Meeting 2023. Przewodniczacym Komitetu Naukowego
cyklu jest prof. dr hab. Piotr Rutkowski.

14 wrzesnia 2023 r. odbyto sie spotkanie z cyklu Virtual
Meetings Nowotwory Skéry 2023. Update dla chirurgéw. Jego



temat to: Czerniak — lokalizacje specjalne. Przewodniczacym
Komitetu Naukowego cyklu jest prof. dr hab. Piotr Rutkowski.
19 wrzesnia 2023 r. miata miejsce konferencja na zakon-
czenie realizacji projektu Wsparcie procesu poprawy jakosci
w patomorfologii poprzez wdrozenie standarddéw akredyta-
cyjnych oraz wzmocnienie kompetencji kadry zarzqdzajq-
cej podmiotami leczniczymi, w ktérej uczestniczyt dr hab.
Adam Maciejczyk.

19 wrzednia 2023 r. odbyta sie kolejna debata z cyklu On-
kologia — Wspdlna Sprawa zorganizowana przez Polskie
Towarzystwo Onkologiczne. Tematem spotkania byty wy-
zwania w diagnostyce i leczeniu raka tarczycy.

W dniach 20-23 wrze$nia 2023 r. w Roswell Park Compre-
hensive Cancer Center, Buffalo, NY zorganizowano kon-
ferencje 3" Marie Sklodowska-Curie Symposium on Cancer
Research and Care. Wziat w niej udziat prof. Piotr Rutkowski.
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Vorasidenib in IDH1- or IDH2-mutant low-grade
glioma

Mellinghoff ., van den Bent M., Blumenthal D. i wsp.

N. Engl. J. Med., 2023; 389: 589-601

Glejaki Il stopnia z mutacjg genu dehydrogenazy izocytrynia-
nowej (isocitrate dehydrogenase — IDH) to ztosliwe nowotwory
mdzgu, ktére powodujg znaczne uposledzenie sprawnosci
i przedwczesny zgon. Wstepnie wykazano skutecznos¢ wora-
zydenibu, doustnego inhibitora zmutowanych enzymaow IDH1
iIDH2, przenikajacego przez bariere krew-mdzg, u chorych na
glejaka z mutacjg IDH.

Metody. W podwdjnie zaslepionym badaniu klinicznym Il fazy
brali udziat chorzy z masa resztkowa nowotworu lub nawroto-
wym glejakiem Il stopnia z mutacjg IDH. Wczesniej nie byli oni
leczeniinnymi metodami niz zabieg operacyjny. Uczestnikow
badania przydzielono losowo do leczenia worazydenibem (40
mg raz dziennie doustnie) lub stosowania placebo w 28-dnio-
wych cyklach. Pierwszorzedowym punktem konicowym byto
przezycie wolne od progresji widocznej w badaniach obra-
zowych. Oceny dokonywata niezalezna komisja. Drugorzedo-
wym pubktem korcowym byt czas do nastepnego leczenia
przeciwnowotworowego. Dozwolone byto przejscie z placebo
na worazydenib po potwierdzeniu progresji w badaniach ob-
razowych. Oceniono réwniez bezpieczenstwo terapii.
Wyniki. Sposréd tacznie 331 chorych 168 przydzielono do
leczenia worazydenibem, a 163 do otrzymywania placebo.
Po obserwadcji, ktorej mediana trwania wynosita 14,2 miesiaca,
226 chorych (68,3%) kontynuowato leczenie przyjmujac nadal
worazydenib lub placebo. Przezywalno$¢ wolna od progresji
nowotworu (progression-free survival — PFS) byta znamiennie
dtuzsza w grupie otrzymujacej worazydenib w poréwnaniu
zgrupg otrzymujaca placebo (mediana przezycia wolnego od
progresji: 27,7 miesigca vs 11,1 miesigca; wspotczynnik ryzyka
[hazard ratio — HR] progresji choroby lub zgonu wynidst 0,39;
95% przedziat ufnosci [confidence interval — Cl] 0,27-0,56;
p < 0,001). Czas do podjecia nastepnego leczenia byt znamien-
nie dtuzszy w grupie otrzymujacej worazydenib w poréwnaniu
zgrupa placebo (HR0,26;95% C10,15-0,43; p < 0,001). Czestosc
dziatarh niepozadanych 3. lub wyzszego stopnia wyniosta 22,8%
dla otrzymujacych worazydenib oraz 13,5% u otrzymujacych
placebo. Wzrost stezenia aminotransferazy alaninowej 3. lub
wyzszego stopnia odnotowano u 9,6% chorych otrzymujacych
worazydenib, natomiast nie odnotowano takiego zwiekszenia
u zadnego chorego z grupy otrzymujacych placebo.
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Whiosek. Leczenie worazydenibem znamiennie wydtuzyto
przezywalnos¢ wolng od progresji u chorych na glejaka Il stop-
nia z mutacjg IDH oraz czas do podjecia kolejnego leczenia.

First-line atezolizumab monotherapy versus
single-agent chemotherapy in patients with non-
small-cell lung cancer ineligible for treatment
with a platinum-containing regimen (IPSOS):

a phase 3, global, multicentre, open-label,
randomised controlled study

Lee S.M., Schulz C,, Prabhash K. i wsp.

Lancet, 2023, 402: 451-463

Pomimo istotnego postepu, jaki dotyczy leczenia chorych
na zaawansowanego lub rozsianego ptaskonabtonkowego
niedrobnokomdrkowego raka ptuca (non-small-cell lung can-
cer — NSCLC) zwigzanego z zastosowaniem immunoterapii,
najwazniejsze badania w zakresie pierwszej linii leczenia
byty przeprowadzone z udziatem chorych w dobrym stanie
sprawnosci (0-1 wedtug Eastern Cooperative Oncology Group

[ECOQ]), ktérych mediana wieku wynosita 65 lat lub mniej.

Celem badania byto poréwnanie skutecznosci i bezpieczen-

stwa atezolizumabu stosowanego w pierwszej linii leczenia

zjednolekowa chemioterapig u chorych, ktérzy nie kwalifikujg
sie do chemioterapii zawierajgcej pochodng platyny.

Metody. W otwartym badaniu lll fazy z grupg kontrolng,

przeprowadzonym w 91 osrodkach w 23 krajach Azji, Europy,

Ameryki Pétnocnej i Potudniowej, chorych na ptaskonabton-

kowego NSCLC:

- w stadium zaawansowania llIB lub IV, niekwalifikujgcych
sie do dwulekowej chemioterapii zawierajacej pochodna
platyny z powodu stanu sprawnosci ECOG 2 lub 3 lub
wieku >70 lat;

- w stanie sprawnosci ECOG 0-1 ale zistotnymi chorobami
wspdtistniejgcymi, lub z przeciwwskazaniami do dwuleko-
wej chemioterapii z udziatem pochodnej platyny,

przydzielono losowo (w stosunku 2:1) do otrzymywania 1200

mg atezolizumabu (podawanego dozylnie co 3 tygodnie) lub

do jednolekowej chemioterapii (winorelbina [doustnie lub
dozylnie] lub gemcytabina [dozylnie]; dawkowanie zgodnie

ze standardami osrodka), ktérg prowadzono w cyklach co 3

lub co 4 tygodnie. Pierwszorzedowym punktem koricowym

byto przezycie ogdlne, oceniane w grupie zgodnej z zamiarem
leczenia. W analizie bezpieczenstwa uwzgledniono wszystkich



chorych, ktérzy otrzymali dowolna liczbe dawek atezolizuma-
bu lub chemioterapeutyku.

Wyniki. Od 11 wrzesnia 2017 roku do 23 wrzesnia 2019 roku
wigczono do badania 453 chorych. Do otrzymywania atezoli-
zumabu przydzielono losowo 302 chorych, a do chemioterapii
151. Atezolizumab poprawit catkowite przezycie w poréwnaniu
z chemioterapig (mediana catkowitego przezycia wyniosta
10,3 miesigca [95% Cl 9,4-11,9] w porédwnaniu z 9,2 miesigca
[5,9-11,2]; HR 0,78 [0,63-0,97], p = 0,028), a udziat dwulet-
nich przezy¢ wynidst 24% (95% Cl 19,3-29,4) dla leczonych
atezolizumabem w poréwnaniu z 12% (6,7-18,0) u podda-
nych chemioterapii. Leczenie atezolizumabem w poréwnaniu
z chemioterapai wigzato sie ze stabilizacja lub poprawa jakosci
7ycia zwigzanej ze stanem zdrowia — w ocenie chorych — oraz
z mniejszg liczbg dziatari niepozadanych zwigzanych z lecze-
niem o nasileniu 3.—4. stopnia (49 sposréd 300 [16%] w po-
réownaniu z 49 sposrédd 147 [33%]) oraz zgondw zwigzanych
7 leczeniem (3 [1%] w poréwnaniu z 4 [3%]).

Whioski. Leczenie atezolizumabem w pierwszej linii wigzato
sie zwydtuzeniem czasu catkowitego przezycia, podwojeniem
udziatu dwuletnich przezy¢, utrzymaniem jakosci zycia oraz
korzystnym profilem bezpieczenstwa w poréwnaniu z jedno-
lekowg chemioterapia. Atezolizumab stanowi opcje leczenia
pierwszej linii u chorych na zaawansowanego NSCLC niekwa-
lifikujacych sie do leczenia pochodnymi platyny.

Fruquintinib versus placebo in patients
with refractory metastatic colorectal cancer
(FRESCO-2): an international, multicentre,
randomised, double-blind, phase 3 study
Dasari A., Lonardi S., Garcia-Carbonero R. i wsp.
Lancet, 2023; 402: 41-53

Nie ma skutecznych metod leczenia systemowego dla chorych
na zaawansowanego, opornego na chemioterapie raka jelita
grubego. Celem badania byta ocena skutecznosci i bezpie-
czenstwa frukwintynibu - wysoce selektywnego i silnego
doustnego inhibitora receptordw czynnika wzrostu srédbtonka
naczyn (vascular endothelial growth factor receptor - VEGFR) 1,
2 i3 = u chorych na intensywnie leczonego rozsianego raka
jelita grubego.

Metody. Przeprowadzono miedzynarodowe, podwajnie zasle-
pione badanie Il fazy z grupg kontrolng otrzymujaca placebo
(FRESCO-2). Wziety w nim udziat 124 szpitale i osrodki onkolo-
giczne w 14 krajach. Do udziatu wigczono chorych (w wieku
>18 lat, >20 lat w Japonii) na histologicznie lub cytologicznie
potwierdzonego, rozsianego gruczolakoraka jelita grubego,
ktdrzy otrzymali wszystkie aktualnie zatwierdzone standardo-
we linie leczenia cytotoksycznego i celowanego. Chorzy byli
w trakcie progresji nowotworu lub wystapita u nich nietole-
rancja triflurydyny-typiracylu, regorafenibu albo obu lekéw.
Uczestnikéw badania przydzielono losowo (2:1) do leczenia

frukwintynibem (kapsutka 5 mg doustnie raz dziennie) lub
do przyjmowania dopasowanego placebo w dniach 1.-21.
w 28-dniowych cyklach, wraz z najlepszym leczeniem wspo-
magajacym. Czynnikami stratyfikacji podczas leczenia byty:
wczesniejsze leczenie triflurydyna-typiracylem, regorafenibem
lub oboma lekami, stan mutacji RAS i czas trwania rozsianej
choroby. Chorzy, badacze, personel osrodka badawczego
i sponsorzy — z wyjatkiem wybranego personelu nadzoru
nad bezpieczenstwem farmakoterapii sponsora — nie znali
przydziatu do grup. Pierwszorzedowym punktem koricowym
byto przezycie catkowite, okreslone jako czas od randomizacji
do zgonu z jakiejkolwiek przyczyny. Niewigzacg analize da-
remnosci przeprowadzono, gdy wystapita okoto jedna trzecia
oczekiwanych zdarzen zwigzanych z przezyciem catkowitym.
Ostateczna analiza miata miejsce po 480 zdarzeniach zwigza-
nych z przezyciem catkowitym.

Wyniki. Od 12 sierpnia 2020 roku do 2 grudnia 2021 roku
sposréd 934 ocenianych chorych, 691 wiaczono i losowo
przydzielono do grupy otrzymujacej frukwintynib (n = 461)
lub placebo (n = 230). Chorzy otrzymali wczesniej srednio
cztery linie leczenia systemowego z powodu rozsiewu cho-
roby, a 502 sposrdd 691 chorych (73%) otrzymato wiecej niz
trzy linie. Mediana catkowitego przezycia wyniosta 7,4 mie-
sigca (95% Cl 6,7-8,2) w grupie frukwintynibu w poréwnaniu
7 4,8 miesigca (4,0-5,8) w grupie placebo (HR 0,66, 95% Cl
0,55-0,80; p < 0,0001). Zdarzenia niepozadane 3. lub wyz-
szego stopnia wystapity u 286 sposrdd 456 (63%) leczonych
frukwintynibem i u 116 sposréd 230 (50%) otrzymujacych
placebo. Najczestszymi zdarzeniami niepozadanymi 3. lub
wyzszego stopnia w grupie frukwintynibu byto nadcisnienie
(n=62[14%]), ostabienie (n = 35 [8%)]) oraz zespdt reka—stopa
(n=291[6%]) .W obu grupach odnotowano po jednym zgonie
zwigzanym z leczeniem: doszto do niego w wyniku perforacji
jelita u chorego z grupy leczonej frukwintynibem i w wyniku
zatrzymania akcji serca u chorego z grupy placebo.
Whioski. Leczenie frukwintynibem w poréwnaniu z placebo
znamiennie wydtuzyto czas catkowitego przezycia u chorych
na opornego na leczenie, rozsianego raka jelita grubego.
Frukwintynib stanowi opcje leczenia dla tej grupy chorych.
Toczgca sie analiza danych dotyczacych jakosci zycia pozwoli
na dalsze okreslenie korzysci klinicznych ze stosowania fru-
kwintynibu.

Perioperative nivolumab and chemotherapy
in stage Il non-small-cell lung cancer
Provencio M., Nadal E., Gonzélez-Larriba J. i wsp.

N. Engl. J. Med., 2023; 389: 504-513

U okoto 20% chorych na niedrobnokomarkowego raka ptuca
(NSCLC) stwierdza sie lll stadium zaawansowania nowotworu.
Nie ma obecnie jednoznacznych wytycznych co do najlepsze-
go leczenia tej grupy chorych.
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Metody. W otwartym badaniu Il fazy chorych na operacyjnego
NSCLC w stopniach zaawansowania IlIA lub IlIB przydzielono
losowo do przedoperacyjnego leczenia niwolumabem w pota-
czeniu z chemioterapig zawierajaca pochodna platyny (grupa
badana) lub do wytacznej chemioterapii (grupa kontrolna),
a nastepnie poddano zabiegowi operacyjnemu. Chorzy w gru-
pie badanej po resekcji RO otrzymali niwolumab jako leczenie
uzupetniajace przez 6 miesiecy. Gtéwnym punktem koricowym
byta catkowita odpowiedz patologiczna (0% komorek nowo-
tworowych w usunietym ptucu i weztach chtonnych), a dru-
gorzedowymi: czas wolny od progresji, catkowite przezycie po
24 miesigcach oraz bezpieczenstwo terapii.

Wyniki. tacznie 86 chorych przydzielono losowo do leczenia:
57 do grupy badanej, a 29 do grupy kontrolnej. Udziat catko-
witych odpowiedzi patologicznych w grupie badanej wynidst
37%, a w grupie kontrolnej — 7% (HR 5,34; 95% Cl 1,34-21,23;
p =0,02). Zabieg operacyjny przeprowadzono u 93% chorych
z grupy badanej i u 69% z grupy kontrolnej (ryzyko wzgledne
[relative risk — RR] 1,35;95% Cl 1,05-1,74). Przewidywany odse-
tek przezywalnoscibez progresji choroby po 24 miesigcach wy-
niést 67,2% w grupie badanej i 40,9% w grupie kontrolnej (HR
progresji, nawrotu choroby lub zgonu 0,47; 95% C1 0,25-0,88).
Przewidywane catkowite przezycie po 24 miesigcach wynio-
sto 85,0% w grupie badanej i 63,6% w grupie kontrolnej (HR
zgonu 0,43;95% C10,19-0,98). Powazne dziatania niepozadane
w stopniu 3.-4. stwierdzono u 11 chorych z grupy badanej
(19%) oraz u 3 z grupy kontrolnej (10%).

Whioski. W poréwnaniu z wytgczng chemioterapig okotoope-
racyjne leczenie niwolumabem w potaczeniu z chemioterapiag
skutkowato wiekszg czestoscig catkowitych odpowiedzi patolo-
gicznych oraz dtuzszym przezyciem chorych na operacyjnego
ptaskonabtonkowego lub gruczotowego NSCLC w stopniu
zaawansowania lllA lub IIIB,.

Omitting radiotherapy after breast-conserving
surgery in luminal A breast cancer

WhelanT., Smith S., Parpia S. i wsp.

N. Engl. J. Med., 2023; 389: 612-619

Uzupetniajaca radioterapie stosuje sie po leczeniu oszczedza-
jacym piers w celu zmniejszenia ryzyka nawrotu miejscowego.
Radioterapia jest ucigzliwa, kosztowna i wigze sie zarébwno
zwczesnymi, jaki odleglymi dziataniami niepozadanymi. Czyn-
dzi o okreslenie niskiego ryzyka miejscowego nawrotu w celu
wytonienia chorych, u ktérych radioterapie mozna by pominac.
W tym celu dodatkowych informacji rokowniczych mogtoby
dostarczy¢ okreslenie molekularnego podtypu raka piersi.

Metody. Przeprowadzono prospektywne badanie kohortowe
obejmujace kobiety w wieku >55 lat, po operacji oszczedzaja-
cej piers z powodu raka TTNO (rozmiar guza <2 cm, brak zajecia
weztow chtonnych), G1 lub G2, podtyp luminalny A (okreslony
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jako obecnos¢ receptorow estrogenowych >1%, obecnosc¢
receptoréw progesteronowych >20%, brak ekspresji receptora
naskérkowego czynnika wzrostu typu 2 oraz wskaznik Ki-67
< 13,25%), ktére otrzymaty uzupetniajacg hormonoterapie.
Chore spetniajgce kryteria kliniczne zostaty zarejestrowane,
a analize immunohistochemiczng wskaznika Ki-67 przepro-
wadzono centralnie. Chore ze wskaznikiem Ki-67 < 13,25%
zakwalifikowano do badania i nie poddawano ich radiote-
rapii. Pierwszorzedowym punktem koricowym byt nawrédt
miejscowy w tej samej piersi. Po konsultacji ze specjalistami
radioterapii onkologicznej i chorymi na raka piersi ustalono,
ze jesli gérna granica Cl na poziomie 90% dla kumulatywnej
czestosci wystepowania w ciggu 5 lat bedzie mniejsza niz 5%,
to bedzie to stanowito akceptowalne ryzyko miejscowego
nawrotu w ciggu 5 lat.

Wyniki. Sposréd 740 zarejestrowanych kobiet do badania
zakwalifikowano 500. Po 5 latach udziat nawrotéw wynidst 2,3%
(90% CI 1,3-3,8;95% ClI 1,2—-4,1), co spetnito wczesniej ustalone
kryterium. Rak piersi wystapit w drugiej piersi u 1,9% chorych
(90% ClI 1,1-3,2), a nawrdt dowolnego typu zaobserwowano
u2,7% (90% ClI 1,6-4,1).

Whiosek. Udziat nawrotow miejscowych po uptywie 5 lat
byt niski wsréd chorych (w wieku co najmniej 55 lat) na raka
piersiTINO, G1 lub G2, typ luminalny A, u ktérych zastosowa-
no leczenie oszczedzajace piers oraz leczenie hormonalne
a pominieto radioterapie.

Single-agent divarasib (GDC-6036) in solid
tumors with a KRAS G12C mutation

Sacher A., LoRusso P, Patel M. i wsp.

N. Engl. J. Med., 2023; 389: 710-721

Dywarazyb (GDC-6036), kowalentny inhibitor KRAS G12C, zostat
stworzony z myslg o wysokiej skutecznosci i selektywnosci.
Metody. W badaniu klinicznym | fazy oceniono dywarazyb
(podawany doustnie w dawkach 50-400 mg raz dziennie)
u chorych na zaawansowane lub rozsiane nowotwory lite
z mutacjg KRAS G12C. Gtownym celem byta ocena bezpie-
czenstwa; oceniano rowniez farmakokinetyke, aktywnos$c¢ prze-
ciwnowotworowg (wedtug opinii badacza) oraz biomarkery
odpowiedzi i opornosci.

Wyniki. tacznie 137 chorych (60 chorych na ptaskonabton-
kowego NSCLC, 55 na raka jelita grubego i 22 na inne no-
wotwory lite) otrzymato dywarazyb. Nie stwierdzono dziatan
niepozadanych, ktére wymagatyby ograniczenia dawki, ani
zgondw zwigzanych zleczeniem. Dziatania niepozadane zwia-
zane z leczeniem stwierdzono u 127 chorych (93%); w tym
3. stopnia u 15 chorych (11%), a 4. stopnia u 1 chorego (1%).
Dziatania niepozadane zwiazane z leczeniem spowodowaty
zmniejszenie dawki u 19 chorych (14%) i przerwanie leczenia
przez 4 chorych (3%). Wéréd chorych na NSCLC udziat odpo-
wiedzi wynidst 53,4% (95% Cl 39,9-66,7), a mediana czasu



przezycia wolnego od progresji wyniosta 13,1 miesiaca (95% Cl
8,8—niemozliwe do oszacowania). Wsréd chorych na raka jelita
grubego udziat odpowiedzi wynidst 29,1% chorych (95% Cl
17,6-42,9),a mediana czasu wolnego od progresji 5,6 miesigca
(95% (1 4,1-8,2). Odpowiedzi obserwowano réwniez u chorych
na inne nowotwory lite. Ocena krazacego nowotworowego
DNA wykazata zmniejszenie czestosci wystepowania allelu
wariantowego KRAS G12C u chorych z odpowiedzig oraz po-
zwolita na okreslenie zaburzer genetycznych, ktére moga sie
przyczyni¢ do opornosci na dywarazyb.

Whioski. Leczenie dywarazybem prowadzi do trwatych od-
powiedziklinicznych u chorych na nowotwory z mutacjg KRAS
G12C, przy gtéwnie tagodnych dziataniach niepozadanych.

BRAF-MEK inhibition in newly diagnosed
papillary craniopharyngiomas

Brastianos PK., Twohy E., Geyer S. i wsp.

N. Engl. J. Med., 2023;389: 118-126

Czaszkogardlaki — pierwotne nowotwory osi przysadkowo-
-podwzgdrzowej moézgu — moga powodowac klinicznie istot-
ne nastepstwa. Leczenie z zastosowaniem chirurgii, radioterapii
lub potaczenie obu tych metod, czesto wiaze sie ze znacznie
zwiekszonym ryzykiem utraty wzroku, dysfunkcji uktadu neu-
roendokrynnego i zaburzen pamieci.

Badania genetyczne wykazaty obecnos¢ mutacji BRAF V600E
u ponad 90% chorych na brodawkowate czaszkogardlaki. Nie
ma danych na temat bezpieczeristwa i skutecznosci zastoso-
wania inhibitoréw BRAF-MEK u chorych na czaszkogardlaka
brodawkowatego, ktérzy nie zostali poddani wczesniejszej
radioterapii.

Metody. Do badania Il fazy z jedna grupg kontrolna rekruto-
wano chorych na czaszkogardlaka brodawkowatego z mu-
tacjg BRAF, ktorzy wczesniej nie zostali poddani radioterapii
oraz mieli zmiany mierzalne. Uczestnicy badania otrzymywali
potaczenie inhibitoréw BRAF-MEK (wemurafenib—kobimety-
nib) w 28-dniowych cyklach. Pierwszorzedowym punktem
koricowym badania byta ocena obiektywnej odpowiedzi na
leczenie po 4 miesigcach, okreslona przez centralng komisje.
Wyniki. Sposrod 16 chorych bioracych udziat w badaniu u 15
(94%; 95% CI 70-100) stwierdzono trwatg, obiektywna, czescio-
w3 lub lepszg odpowiedz na zastosowane leczenie. Mediana
zmniejszenia objetosci guza wyniosta 91% (zakres: 68-99),
mediana obserwacji wyniosta 22 miesigce (95% Cl 19-30),
a mediana liczby cykli leczenia 8. Czas wolny od progresji po
12 miesigcach wynosit 87% (95% Cl 57-98) a po 24 miesigcach
58% (95% Cl 10-89). U 3 chorych w trakcie obserwacji po
przerwaniu leczenia doszto do progresji choroby; zaden z nich
nie zmart. Jedyny chory, u ktérego nie uzyskano odpowiedzi
na leczenie, przerwat je po 8 dniach z powodu toksycznosci.
Zdarzenia niepozadane 3. stopnia prawdopodobnie zwia-
zane z leczeniem wystapity u 12 chorych, w tym u 6 byta to

wysypka. 2 chorych zgtosito zdarzenia niepozadane 4. stopnia
(hiperglikemia u jednego chorego i zwiekszone stezenie kinazy
kreatynowej u jednego chorego); 3 chorych przerwato leczenie
z powodu zdarzen niepozadanych.

Whioski. W niewielkim badaniu u 15 sposréd 16 chorych na
czaszkogardlaka brodawkowatego odnotowano czesciowa
lub lepsza odpowied? na zastosowanie skojarzonego leczenia
inhibitorami BRAF-MEK (wemurafenib—kobimetynib).

Atezolizumab plus cabozantinib versus
cabozantinib monotherapy for patients
with renal cell carcinoma after progression
with previous immune checkpoint inhibitor
treatment (CONTACT-03): a multicentre,
randomised, open-label, phase 3 trial

Pal K.S., Albiges L., Tomczak P.i wsp.

Lancet, 2023; 402: 185-195

Zastosowanie inhibitorow punktéw kontrolnych uktadu im-
munologicznego jest obecnie standardem w pierwszej linii
leczenia chorych na rozsianego raka nerkowokomdérkowego.
Nieznane jest jednak skuteczne leczenie dla chorych z progre-
sjg po tym leczeniu. Celem badania byto ustalenie, czy dodanie
atezolizumabu do kabozantynibu opdznia progresje choroby
iwydtuza przezywalnos¢ u chorych w trakcie progresji w czasie
leczenia lub po wczesniejszym leczeniu inhibitorami punktéow
kontrolnych uktadu immunologicznego.

Metody. Przeprowadzono wieloosrodkowe, otwarte ba-
danie lll fazy CONTACT-03, w 135 osrodkach badawczych,
w 15 krajach w Azji, Europie, Ameryce Potnocnej i Ameryce
Potudniowej. Bioracych w nim udziat chorych (w wieku >18 lat)
na miejscowo zaawansowanego lub rozsianego raka nerko-
wokomorkowego, z progresja choroby w trakcie stosowania
inhibitorow punktéw kontrolnych, przydzielano losowo (1:1)
do grupy otrzymujacej atezolizumab (1200 mg dozylnie co
3tygodnie) w skojarzeniu z kabozantynibem (60 mg doustnie
raz na dobe) lub do wytgcznego leczenia kabozantynibem.
Chorych stratyfikowano wedtug grup ryzyka International
Metastatic Renal Cell Carcinoma Database Consortium (IMDC),
zastosowanej wczesniej linii leczenia inhibitorami punktow
kontrolnych oraz typu histologicznego raka nerkowokomor-
kowego. Pierwszorzedowymi punktem koncowymi byty:
przezywalnos¢ wolna od progresji (okreslona centralnie przez
niezaleznych ekspertdw na podstawie zaslepionego przegladu
wynikéw) i catkowity czas przezycia. Pierwszorzedowe punkty
koncowe oceniano w grupie zgodnej z zamiarem leczenia,
a bezpieczenstwo u wszystkich chorych, ktérzy otrzymali co
najmniej jedng dawke badanego leku. Rekrutacja chorych do
badania zostata zakorczona.

Wyniki. Sposréd zgtoszonych — od 28 lipca 2020 roku do
27 grudnia 2021 roku — 692 chorych, zakwalifikowano do ba-
dania 522 i przydzielono do grupy otrzymujacej atezolizumab
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z kabozantynibem (263 chorych) lub wytacznie kabozantynib
(259 chorych).tacznie w tym badaniu obserwowano 401 mez-
czyzn (77%) i 121 kobiet (23%). W chwili zbierania danych
(3 stycznia 2023 r.) mediana obserwacji wyniosfa 15,2 miesigca
(IQR 10,7-19,3). Wedtug oceny centralnej komisji u 171 cho-
rych (65%) otrzymujacych atezolizumab z kabozantynibem
i U 166 (64%) otrzymujacych kabozantynib stwierdzono pro-
gresje choroby lub zgon. Mediana przezywalnosci wolnej
od progresji wyniosta 10,6 miesigca (95% Cl 9,8-12,3) wsrod
leczonych atezolizumabem w pofaczeniu z kabozantynibem
i 10,8 miesigca (10,0-12,5) wsrdd leczonych wytacznie kabo-
zantynibem (wspodtczynnik ryzyka progresji lub zgonu 1,03
[95% C10,83-1,28]; p =0,78). Zmarto 89 chorych (34%) z grupy
otrzymujacej atezolizumab oraz kabozantynib i 87 (34%) z gru-
py otrzymujacej kabozantynib. Mediana catkowitego przezycia
wyniosta 25,7 miesigca (95% Cl 21,5-brak mozliwosci oceny)
dla grupy otrzymujacej atezolizumab oraz kabozantynib i byta
nie do oceny (21,1-brak mozliwosci oceny) wsréd leczonych
wytgcznie kabozantynibem (HR zgonu 0,94 [95% CI 0,70-1,27],
p = 0,69). Powazne zdarzenia niepozadane wystapity u 126
sposrod 262 chorych (48%) leczonych atezolizumabem z ka-
bozantynibem i u 84 sposréd 256 chorych (33%) leczonych
kabozantynibem. Zgony w wyniku zdarzer niepozadanych
wystapity u 17 chorych (6%) leczonych atezolizumabem w po-
faczeniu z kabozantynibem i u 9 (4%) w grupie otrzymujacej
kabozantynib.

Whioski. Dodanie atezolizumabu do kabozantynibu nie po-
prawito wynikéw leczenia oraz zwiekszyto toksycznos¢ lecze-
nia. Wyniki te powinny odwies¢ lekarzy od sekwencyjnego
leczenia chorych przu uzyciu inhibitorow punktéw kontrolnych
poza badaniami klinicznymi.

Cilta-cel or standard care in lenalidomide-
refractory multiple myeloma

San-Miguel J., Dhakal B., Yong K. i wsp.

N. Engl. J. Med., 2023; 389: 335-347

Ciltakabtagen autoleucel (cilta-cel) zawierajacy chimeryczny
receptor antygenowy komorek T (CAR-T), ukierunkowany na
antygen dojrzewania limfocytow B (BCMA), jest skuteczny
u chorych na opornego lub nawrotowego szpiczaka mno-
giego po wielu liniach leczenia. Poréwnywano skutecznos¢
leczenia cilta-celem we wczeéniejszych liniach leczenia
u chorych na szpiczaka mnogiego opornego na leczenie
lenalidomidem.

Metody. W otwartym badaniu lll fazy przydzielono losowo
chorych na szpiczaka mnogiego w fazie opornej na leczenie
lenalidomidem, do leczenia cilta-celem lub do kolejnej linii
leczenia zgodnie z przyjetym standardem wybranym przez
lekarza prowadzacego. Wszyscy chorzy otrzymali od jednej
do trzech wczesniejszych linii leczenia. Pierwszorzedowym
punktem koricowym byta przezywalnos¢ wolna od progresji.
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Wyniki. W badaniu wzieto udziat 419 chorych, z ktorych 208
przydzielono losowo do leczenia cilta-celem, a pozostatych
211 dokolejnej standardowej linii leczenia. Mediana obserwacji
wyniosta 15,9 miesigca (zakres 0,1-27,3 miesigca). Mediana
przezycia wolnego od progresji nie zostata osiggnieta w grupie
otrzymujacej cilta-cel, a w grupie leczonej standardowo wynio-
sta 11,8 miesigca (HR 0,26; 95% Cl 0,18-0,38; p < 0,001). Udziat
12-miesiecznych przezyc¢ wolnych od progresji wynidst 75,9%
(95% Cl 69,4-81,1) w grupie otrzymujacej cilta-cel i 48,6%
(95% Cl41,5-55,3) w grupie poddawanej standardowej terapii.
Udziat ogéinych odpowiedzi byt wyzszy w grupie otrzymujacej
cilta-cel niz w grupie leczonej standardowo (84,6% w porow-
naniu z 67,3%). Catkowitg odpowiedZ na leczenie lub lepsza
uzyskato 73,1% chorych leczonych cilta-celem w poréwnaniu
7 21,8% sposrod eczonych standardowo. Minimalna choroba
resztkowa byfa niewykrywalna u 60,6% otrzymujacych cilta-
-cel oraz u 15,6% leczonych standardowo. Zgon z dowolnej
przyczyny stwierdzono odpowiednio u 39 i 46 chorych (HR
dlazgonu0,78;95% Cl0,5-1,2). W trakcie leczenia u wiekszosci
chorych wystapity zdarzenia niepozadane 3. lub 4. stopnia.
U 134 sposréd 176 chorych (76,1%) leczonych cilta-celem
wystapity zdarzenia niepozadane w postaci zespotu uwalniania
cytokin (w stopniu 3.1ub 4. 1,1%; brak stopnia 5.),a u 8 chorych
(4,5%) — zespdt neurotoksycznosci zwigzanej z komorkami
efektorowymi uktadu odpornosciowego (tylko stopien 1. oraz
2.), ujednego chorego stwierdzono zaburzenia ruchowe oraz
neurokognitywne (stopien 1.), u 16 chorych (9,1%) porazenie
nerwu czaszkowego (stopien 2. — 8,0%; stopien 3. — 1,1%),
a u 5 chorych (2,8%) neuropatie obwodowg zwigzang z le-
czeniem CAR-T (stopien 1. lub 2. - 2,3%; stopien 3. - 0,6%).

Whioski. Ryzyko progresji lub zgonu wéréd chorych na szpi-
czaka mnogiego opornego na leczenie lenalidomidem, po
1-3 poprzednich linii leczenia, ktéry otrzymali jednorazowy
wlew cilta-celu byto mniejsze niz po leczeniu standardowym.

Perioperative pembrolizumab for early-stage
non-small-cell lung cancer

Wakelee H., Liberman M., Kato T. i wsp.

N. Engl. J. Med., 2023; 389: 491-503

Leczenie okotooperacyjne, obejmujace zaréwno indukcyjne,
jak i uzupetniajgce hamowanie punktéw kontrolnych uktadu
immunologicznego, u chorych na resekcyjnego niedrobnoko-
morkowego raka ptuca (NSCLC) we wczesnym stadium, moze
zapewnic¢ wiecej korzysci niz stosowanie tych metod osobno.
Metody. Przeprowadzono badanie lll fazy z podwdjnie slepa
préba, w celu okreslenia skutecznosci okotooperacyjnego
leczenia pembrolizumabem u chorych na NSCLC we wcze-
snym stadium. Chorych na resekcyjnego NSCLC w stopniu
I, INA Tub 1lIB (cecha N2) przydzielono losowo (w stosunku
1:1) do indukcyjnego leczenia pembrolizumabem (200 mg)
lub do otrzymywania placebo (podawanego co 3 tygodnie)



skojarzonego z 4. cyklami chemioterapii zawierajacej cispla-
tyne, poprzedzajacego zabieg operacyjny oraz do uzupet-
niajgcego leczenia pembrolizumabem (200 mg) lub placebo
(podawane co 3 tygodnie przez maksymalnie 13 cykl). Dwoma
pierwszorzedowymi punktami koricowymi byty: przezywal-
nos¢ wolna od zdarzen niepozadanych (okreslana jako czas od
randomizacji do pierwszego wystapienia miejscowej progresji,
ktéra wykluczata planowany zabieg operacyjny, nieoperacyjny
guz, uogdlniong progresje, nawrdt po remisji lub zgon z ja-
kiejkolwiek przyczyny — w zaleznosci od tego, co nastapito
wczesniej) oraz przezycie catkowite. Drugorzedowe punkty
koncowe obejmowaty znaczng i catkowita odpowiedz pato-
logiczng oraz bezpieczenstwo leczenia.

Wyniki. Ogétem 397 chorych przydzielono do leczenia pem-
brolizumabem, a 400 do otrzymywania placebo. W pierwszej
analizie okresowej mediana obserwacji wyniosta 25,2 miesiaca.
Udziat przezy¢ wolnych od zdarzen niepozadanych po 24 mie-
sigcach w grupie pembrolizumabu wynidst 62,4%, a w grupie
placebo 40,6% (HR progresji, nawrotu lub zgonu 0,58; 95% Cl
0,46-0,72; p < 0,001). Udziat szacunkowych 24-miesiecznych
przezy¢ catkowitych w grupie pembrolizumabu wynidst 80,9%,
a w grupie placebo 77,6% (p = 0,02, nie spetniato kryterium
znamiennosci). Czestos¢ znacznych odpowiedzi patologicz-
nych oceniono na 30,2% w grupie pembrolizumabu i 11,0%
w grupie placebo (réznica 19,2 punktéw procentowych; 95%
C113,9-24,7,p<0,0001; prog p = 0,0001), a udziat catkowitych
odpowiedzi patologicznych, odpowiednio: 18,1% i 4,0% (rozni-
ca 14,2 punktéw procentowych; 95% Cl 10,1-18,7; p < 0,0001;
prog p = 0,0001). We wszystkich fazach leczenia u 44,9% cho-
rych w grupie otrzymujacej pembrolizumab i 37,3% chorych
w grupie placebo wystapity zwigzane z leczeniem zdarzenia
niepozadane stopnia 3. lub wyzszego, w tym odpowiednio
u 1,0% i 0,8% zdarzenia stopnia 5.

Whioski. Zastosowanie indukcyjnejimmunoterapii pembro-
lizumabem w skojarzeniu z chemioterapig przed zabiegiem
operacyjnym oraz uzupetniajacej immunoterapii pembro-
lizumabem znamiennie wydtuzyto czas wolny od progresji
oraz zwiekszyto udziat znacznych i catkowitych odpowiedzi
patologicznych u chorych na resekcyjnego wczesnego NSCLC
w poréwnaniu z indukcyjng chemioterapig poprzedzajaca
zabieg operacyjny. Czas catkowitego przezycia byt w obu gru-
pach podobny.

Lisocabtagene maraleucel in chronic
lymphocytic leukaemia and small lymphocytic
lymphoma (TRANSCEND CLL 004): a multicentre,
open-label, single-arm, phase 1-2 study
Siddiqi T., Maloney D.G., Kenderian S.S. i wsp.

Lancet, 2023; 402: 641-654

Chorzy na oporna na leczenie lub nawrotowg przewlekta bia-
faczke limfocytowa lub chtoniaka z matych limfocytow, u kto-

rych leczenie inhibitorami kinazy tyrozynowej Brutona (BTK)
oraz wenetoklaksem zakonczyto sie niepowodzeniem, maja
niewiele mozliwosci leczenia oraz niekorzystne rokowanie.
Celem badania byfa ocena skutecznosci oraz bezpieczerstwa
leczenia lizokabtagenem maraleucelu (lizo-cel) u chorych na
nawrotowg lub oporng na leczenie przewlektg biataczkga lim-
focytowa lub chioniaka z matych limfocytéw.

Metody. Przedstawiono wyniki pierwotnej analizy przepro-
wadzonego w USA otwartego, jednoramiennego badania
fazy I-IITRANSCEND CLL 004. Chorzy (w wieku 18 lat lub star-
si) na nawrotowg lub oporna na leczenie przewlekig biataczke
limfocytowa lub chtoniaka z matych limfocytéw, po dwoch
liniach leczenia systemowego (w tym z zastosowaniem in-
hibitorow BTK), otrzymywali dozylny wlew lizo-celu (limfo-
cytéw T z chimerycznymi receptorami antygenow) w jednej
z dwoch naleznych dawek: 50 x 10° (stezenie nr 1; dose level
~DL1) lub 100 x 106 (stezenie nr 2 — DL2). Pierwszorzedowym
punktem koncowym byfa catkowita odpowiedz lub remisja
(w tym z niepetna regeneracja szpiku), oceniana w nieza-
leznym podsumowaniu, zgodnie z kryteriami International
Workshop on Chronic Lymphocytic Leukemia z 2018 roku,
u chorych po niepowodzeniu leczenia inhibitorami BTK oraz
wenetoklaksem (pierwotna analiza skutecznosci) przy DL2
(hipoteza zerowa <5%).

Wyniki. Od 2 stycznia 2018 roku do 16 czerwca 2022 roku
137 chorych wigczonych do badania poddano leukaferezie
w 27 osrodkach w USA. Lizo-cel otrzymato 117 chorych (me-
diana wieku: 65 lat [IQR 59-70]; 37 kobiet [32%] i 80 mezczyzn
[68%)]; 99 chorych rasy biatej [85%], 5 [4%] — rasy czarnej
lub Afroamerykandw, 2 innej rasy [2%] i 11 nieznanej rasy
[9%]; mediana poprzednich linii leczenia wyniosta 5 [IQR
3-71); u wszystkich 117 chorych leczenie inhibitorem BTK
zakonczyto sie niepowodzeniem. U czesci uczestnikow doszto
rowniez do niepowodzenia leczenia wenetoklaksem (n = 70).
W pierwotnej analizie skutecznosci ustalonej dla DL2 (n = 49)
udziat catkowitych odpowiedzi lub remisji (w tym z niepetna
regeneracja szpiku) byt znamienny i wynidst 18% (n = 9; 95%
Cl 9-32; p = 0,0006). Zespdt uwalniania cytokin w stopniu
3. zgtoszono u dziesieciu sposréd 117 chorych (9%) leczo-
nych lizo-celem (nie wystapity zdarzenia niepozadane 4. lub
5. stopnia). Neurologiczne zdarzenia niepozadane 3. stopnia
stwoetrdzono u 21 chorych (18%); 4. stopnia u 1 chorego
[1%], nie byto zdarzen 5. stopnia.

Sposrod 51 zgondw 43 wystapity po wlewie lizo-celu, w tym
5 jako wynik zdarzen niepozadanych w trakcie leczenia (w cia-
gu 90 dni od wlewu lizo-celu). Jeden zgon byt zwigzany z ze-
spotem aktywacji makrofagow (limfohistiocytozg hemofago-
cytarna).

Whioski. Pojedynczy wlew lizo-celu indukuje catkowita odpo-
wiedZ lub remisje (w tym z niepetng regeneracja szpiku) u cho-
rych na nawrotowa lub oporna na leczenie przewlekta biatacz-
ke limfocytowa lub chtoniaka z matych limfocytéw, u ktérych
leczenie inhibitorami kinazy tyrozynowej Brutona (BTK) oraz
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wenetoklaksem zakoriczyto sie niepowodzeniem. Powyzsze
leczenie wykazywato réwniez mozliwy do kontrolowania profil
bezpieczenstwa.

Pirtobrutinib after a covalent BTK inhibitor
in chronic lymphocytic leukemia

Mato A., Woyach J., Brown J. i wsp.

N. Engl. J. Med., 2023; 389: 33-44

Chorzy na przewlekia biataczke limfocytowa (chronicymphocy-
stic leukemia — CLL) lub chtoniaka z matych limfocytéw (small-
-lymphocyte leukemia — SLL) maja niekorzystne rokowanie
po niepowodzeniu leczenia inhibitorami kinazy tyrozynowe;j
Brutona (BTK). Potrzebne sa nowe mozliwosci leczenia dla tej
grupy chorych. Pirtobrutynib, wysoce selektywny, niekowa-
lencyjny (odwracalny) inhibitor BTK, zostat stworzony w celu
przywrécenia hamowania BTK.

Metody. Przeprowadzono badanie I-Il fazy, w ktérym chorzy
na nawrotowe lub oporne na leczenie nowotwory B-ko-
morkowe otrzymywali pirtobrutynib. Przedstawiono wyniki
skutecznosci leczenia chorych na CLL lub SLL, po wcze-
$niejszym leczeniu inhibitorem BTK, a takze wyniki dziatari
niepozadanych u wszystkich chorych na CLL lub SLL. Pierw-
szorzedowym punktem koncowym byta ogdlna odpowiedz
(czesciowa lub lepsza) oceniana przez niezalezng komisje,
a drugorzedowymi — przezywalno$¢ wolna od progresji oraz
bezpieczenstwo terapii.

Wyniki.tacznie 317 chorych na CLL lub SLL otrzymato pirto-
brutynib, w tym 247 osoby wczesniej leczone inhibitorem BTK.
Wsréd 247 chorych mediana wezesniejszych linii leczenia wy-
nosita 3 (zakres 1-11),a 100 chorych (40,5%) otrzymato rowniez
inhibitor limfocytéw B2 (BCL2), np. wenetoklaks. Udziat chorych
z 0g6lng odpowiedzig na pirtobrutynib wynidst 73,3% (95%
Cl67,3-78,7), a2 82,2% (95% Cl, 76,8-86,7), gdy uwzgledniono
czesciowa odpowiedz zlimfocytoza. Mediana przezywalnosci
wolnej od progresji wyniosta 19,6 miesigca (95% Cl, 16,9-22,1).
Wsréd wszystkich 317 chorych na CLL lub SLL, ktérzy otrzymali
pirtobrutynib, najczestszymi dziataniami niepozadanymi byty
zakazenia (u 71,0% chorych), krwawienia (u 42,6%) oraz neu-
tropenia (u 32,5%). Przy medianie leczenia wynoszacej 16,5
miesigca (zakres 0,2-39,9), niektére dziatania niepozadane
zwykle zwigzane z inhibitorami BTK wystapity stosunkowo
rzadko, w tym nadcisnienie tetnicze (u 14,2% chorych), migo-
tanie lub trzepotanie przedsionkéw (u 3,8%) oraz powazne
krwawienia (u 2,2%). Jedynie 9 sposrod 317 chorych (2,8%)
zakonczyto stosowanie pirtobrutynibu z powodu dziatania
niepozadanego zwigzanego z leczeniem.

Whiosek. Pirtobrutynib wykazat skutecznos¢ u chorych na CLL
lub SLL po kilku liniach leczenia, ktérzy otrzymywali inhibitor
BTK. Najczestszymi dziataniami niepozadanymi byty zakazenia,
krwawienia i neutropenia.
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Overall survival with osimertinib in resected
EGFR-mutated NSCLC

Tsuboi M., Herbst R., John T. i wsp.

N. Engl. J. Med., 2023; 389: 137-147

W badaniu ADAURA uzupetniajace leczenie ozymertynibem,
zlub bez wczesniejszej uzupetniajacej chemioterapii, znamien-
nie wydtuzyto przezywalno$¢ wolng od choroby u chorych
po usunieciu niedrobnokomaorkowego raka ptuca (NSCLC)
w stopniu zaawansowania IB-IlIA, z obecnoscig mutacji recep-
tora naskérkowego czynnika wzrostu (EGFR), w poréwnaniu
z placebo. Przedstawiono wyniki planowanej analizy koricowej
dotyczacej czasu catkowitego przezycia.

Metody. W podwajnie zaslepionym badaniu lll fazy chorych
przydzielano losowo (w stosunku 1:1) do otrzymywania ozy-
mertynibu (80 mg raz dziennie) lub placebo — do nawrotu
choroby, zakonczenia badania (3 lata) lub spetnienia kryterium
przerwania. Pierwszorzedowym punktem koricowym byfa
oceniana przez badacza przezywalno$¢ wolna od choroby
w stopniu zaawansowania II-IlIA, drugorzedowymi: przezy-
walnos¢ wolna od choroby w stopniu zaawansowania IB-lIA,
czas catkowitego przezycia i bezpieczenstwo.

Wyniki. Sposréd 682 chorych poddanych randomizadcji, 339
otrzymato ozymertynib, a 343 placebo. Wérdd chorych w stop-
niu zaawansowania Il do llIA, udziat piecioletnich catkowitych
przezy¢ wyniost 85% wsrdd leczonym ozymertynibem i 73%
- w grupie placebo (wskaznik ogdlnego ryzyka zgonu 0,49;
95,03% C1 0,33-0,73; p < 0,001). Udziat piecioletnich catkowi-
tych przezy¢ w catej grupie (chorzy w stopniu zaawansowania
IB-IIA) wynidst 88% w grupie leczonej ozymertynibem i 78%
w grupie placebo (wskaznik ogdlnego ryzyka zgonu 0,49;
95,03% Cl 0,34-0,70; p < 0,001). Po poprzednio opublikowa-
nej dacie zakonczenia gromadzenia danych, zgtoszono jedno
nowe powazne dziatanie niepozadane: zapalenie ptuc zwigza-
ne z zakazeniem koronawirusem 2019 (COVID-19). Zdarzenie
nie byto zwigzane z leczeniem, a chory w petni wyzdrowiat.
Profil bezpieczeristwa uzupetniajacego leczenia ozymertyni-
bem byt zgodny z przedstawionym w analizie gtéwnej.
Whiosek. Uzupetniajace leczenie ozymertynibem znamiennie
wydtuzyto czas catkowitego przezycia chorych po catkowitym usu-
nieciu NSCLC zmutacjg £EGFR w stopniu zaawansowania IBdo II1A.

Dose-escalated simultaneous integrated boost
radiotherapy in early breast cancer (IMPORT
HIGH): a multicentre, phase 3, non-inferiority,
open-label, randomised controlled trial

Coles C., Haviland J., Kirby A. i wsp.

Lancet, 2023; 401: 2124-2137

Podwyzszenie dawki w obszarze lozy po usunietym guzie po
napromieniowaniu catej piersi zwieksza kontrole miejscowa



nowotworuy, ale wymaga wiekszej liczby wizyt i moze po-
wodowac stwardnienie piersi. W badaniu IMPORT HIGH po-
réownano jednoczesne i sekwencyjne podanie dodatkowego
napromieniowania, aby oceni¢ mozliwos¢ skrocenia leczenia
przy zachowaniu doskonatej kontroli miejscowej i podobne;j
lub mniejszej toksycznosci.

Metody. W otwartym badaniu lll fazy z grupa kontrolng, typu
non-inferiority, IMPORT HIGH, chore na inwazyjnego raka pier-
si-w stopniu zaawansowania pl'1-3 pNO-3a MO, po operacji
oszczedzajacej piers, ze specjalistycznych osrodkéw radioterapii
w Wielkiej Brytanii, przydzielano losowo do jednego z trzech
schematow leczenia (w stosunku 1:1:1) i stratyfikowano wedtug
osrodkow. Grupa kontrolna otrzymywata 40 Gy w 15 frakcjach
na cafg piers, a nastepnie 16 Gy w 8 frakcjach na obszar lozy
po usunietym guzie. Wyloniono dwie grupy badane: 1. grupa
badana—36 Gy w 15 frakcjach na cafg piers, 40 Gy w 15 frakcjach
na czes¢ piersi i 48 Gy w 15 frakcjach jako jednoczesne napro-
mienianie obszaru lozy po usunietym guzie; 2. grupa badana —
36 Gy w 15 frakcjach na cafg piers, 40 Gy w 15 frakcjach na czes¢
piersii 53 Gy w 15 frakcjach jako jednoczesne napromienianie
obszaru lozy po usunietym guzie. Stosowano promieniowanie
fotonowe. Objetos¢ obszaru lozy po guzie objetego dodatkowa
dawkga okreslano na podstawie klipséw umieszczonych w lozy.
Chore i badacze nie byli zaslepieni pod wzgledem przypisanego
leczenia. Pierwszorzedowym punktem koricowym byt nawrot
raka piersi po tej samej stronie (ipsilateral breast tumor recurren-
ce—BTR) oceniany w grupie zgodnej zzamiarem leczenia; przy
zatozeniu 5% wskaznika zachorowalnosci w ciaggu 5 lat w gru-
pie kontrolnej, nie mniejsza skuteczno$¢ zostata okreslona jako
nieprzekraczajacy 3% wzrost w grupach badanych (gérny limit
dwustronnego Cl 95%). Dziatania niepozadane byly oceniane
przez badaczy, chore oraz przy uzyciu fotografii.

Wyniki. Od 4 marca 2009 roku do 16 wrze$nia 2015 roku
wigczono do badania 2617 chorych, w tym 871 — do grupy
kontrolnej, 874 —do 1.grupy badaneji 872 — do 2. grupy bada-
nej. Mediana objetosci obszaru dodatkowego napromieniania
wyniosta 13 ¢m? (IQR 7-22). Po obserwadji, ktérej mediana
wyniosta 74 miesiace, stwierdzono 76 IBTR (20 w grupie kon-
trolnej, 21 w 1. grupie badaneji35 w 2. grupie badanej). Udziat
5-letnich IBTR okreslono jako 1,9% (95% ClI 1,2-3,1) w grupie
kontrolnej, 2,0% (1,2-3,2) w 1. grupie badanej i 3,2% (2,2-4,7)
w 2.grupie badanej. Szacowane réznice bezwzgledne wyniosty
0,1%(-0,8-1,7) w 1.grupie badaneji 1,4% (0,03-3,8) w 2. grupie
badanej w poréwnaniu do grupy kontrolnej. Gorny przedziat
ufnoscidla 1. grupy badanej w poréwnaniu z grupg kontrolng
wskazywat na nie mniejsza skutecznos¢ dla 48 Gy. Skumu-
lowany wskaznik umiarkowanego lub powaznego obrzeku
piersi zgfaszanego przez badaczy w ciggu 5 lat wyniost 11,5%
w grupie kontrolnej, 10,6% w 1. grupie badanej (p = 0,40
w poréwnaniu z grupg kontrolng) i 15,5% w 2. grupie badanej
(p=0,015 w poréwnaniu z grupa kontrolng).

Whioski. Udziat IBTR we wszystkich grupach byt nizszy niz
pierwotnie oczekiwano, niezaleznie od sposobu podania do-
datkowej dawki na obszar po usunieciu guza. Zmiany dawki
nie przyniosty korzysci. Udziaty umiarkowanych lub powaznych
dziatar niepozadanych po 5 latach byty niskie dla matych
objetosci napromieniowania. Jednoczesne podanie dodatko-
wego napromienia w badaniu IMPORT HIGH byto bezpieczne
i ograniczyto liczbe wizyt.

Anna Kowalczyk

Ewa Szutowicz-Zielinska
Magdalena Drézka
Pawet Szymariski
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V Miedzynarodowa Konferencja
Postepy w Chirurgii Onkologicznej

20 pazdziernika 2023 .
Lublin
Aula Collegium Maius Uniwersytetu Medycznego w Lublinie

W tym roku wyktadowcy konferencji podejma prébe odpowiedzi na pytanie:

Czy pierwsze ¢wierc¢wiecze XXI wieku przyniosto przetom w leczeniu (chirurgii) nowotworéw?
Konferencje poprzedzi uroczystosc¢ nadania tytutu Doktora Honoris Causa Uniwersytetu
Medycznego w Lublinie profesorowi Janowi van Lanschotowi z Erasmus University
w Rotterdamie. Okazja do spotkania jest réwniez jubileusz 20-lecia objecia przez
prof. Wojciecha Polkowskiego kierownictwa Kliniki Chirurgii Onkologicznej UM w Lublinie.

Wiecej informacji na stronie: https://med-space.pl

XXX Zjazd Polskiego Towarzystwa Chirurgii Onkologicznej
XLI Konferencja Naukowo-Szkoleniowa PTChO

16-18 maja 2024 r.

Krakéw

Wiecej informacji na stronie: https://ptcho.pl

VI Kongres Onkologii Polskiej 2024

17-19 pazdziernika 2024 r.
Warszawa

Motywem przewodnim kongresu bedzie interdyscyplinarna opieka onkologiczna. W programie
zaplanowano ponad 50 sesji edukacyjnych, w tym blisko 150 wyktaddw, a udziat potwierdzito
ponad 150 wykfadowcow — ekspertéw w zakresie przedstawianych zagadnien. Wsréd gosci
zagranicznych bedzie Prezydent ESMO (European Society for Medical Oncology).

Wiecej informacji na stronie: https://www.pto.med.pl
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VI Kongres
Onkologii Polskiej

Warszawa,
17-19 pazdziernika 2024 roku

www.kongres.pto.med.pl

ORGANIZATOR ORGANIZATOR
TECHNICZNY Kongres jest skierowany do wszystkich oséb zainteresowanych tematyka.

Sesje satelitarne firm farmaceutycznych, sesje firm farmaceutycznych oraz

wystawy firm farmaceutycznych sg skierowane tylko do oséb uprawnionych

do wystawiania recept lub 0séb prowadzacych obrét produktami leczniczymi

LAT — podstawa prawna: Ustawa z dnia 6 wrze$nia 2001 r. Prawo farmaceutyczne

VIA MEDICA
(Dz.U.z2017 r. poz. 2211, z pézn. zm.).




VIrRTUAL MEETING @ Lﬂ:@

VIA MEDICA

Programy lekowe
w onkologii

— aspekty medyczne,
organizacyjne i1 ekonomiczne

29 listopada 2023 roku

—_— Przewodniczacy Komitetu Naukowego

SzCzECOLY prof. dr hab. n. med. Jacek Jassem
prof. dr hab. n. med. Maciej Krzakowski

www.programylekowe.viamedica.pl

Virtual Meeting jest skierowany tylko do oséb uprawnionych do wystawiania recept

PATRONAT
rlolsl(u
lub 0séb prowadzacych obrét produktami leczniczymi — podstawa prawna: Ustawa IIII Waiki
z dnia 6 wrzeénia 2001 r. Prawo farmaceutyczne (t. j. Dz.U. z 2019 r. poz. 499). ] 2 Rakdem




