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Malnutrition in cancer patients

Frequency of malnutrition in older adults according to
different types of cancer
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Introduction. The severity and prevalence of cancer-related malnutrition vary among different cancer types. This study
assessed malnutrition frequency in older adults (=60 years) based on specific cancer types.

Material and methods. An observational, retrospective, case-control study reviewed electronic reports, with (cases)
and without cancer (control) patients. Malnutrition was defined using the Mini Nutritional Assessment Short Form

(MNA-SF).

Results. Malnutrition prevalence was 31.5% in cases and 13.2% in controls (p < 0.001), with an odds ratio (OR) of 3.0;
95% Cl: 2.0-4.5; p < 0.001. The highest malnutrition risk was associated with pancreatic cancer (OR: 47.2), followed by
head and neck (OR: 18.2), esophagus and stomach (OR: 15.9), lung (OR: 13.3), bile ducts (OR: 18.2), and colorectal (OR:

4.2) cancers (p < 0.001).

Conclusions. The prevalence of malnutrition varies by cancer type, with pancreatic, head and neck, esophagus, sto-

mach, and lung cancers showing the highest risk.

Key words: malnutrition, neoplasms, geriatric oncology, aged patients, elderly patients, cancer

Introduction

Malnutrition, a state arising from disruptions in nutrient balan-
ce and inflammatory activity, can manifest acutely, subacutely,
or chronically. Such imbalances lead to changes in body com-
position and an overall functional decline [1]. Malnutrition can
be categorized into three types based on its etiology: starva-
tion-related malnutrition (as seen in conditions like anorexia
nervosa), chronic disease-related malnutrition (commonly
associated with conditions such as cancer and rheumato-
id arthritis), and acute disease or injury-related malnutrition

(often observed in severe infections and burns) [2]. In recent
European research, it was highlighted that older adults, spe-
cifically those over 65, face concerning rates of malnutrition:
28% in hospital settings, 17.5% in residential care, and 8.5%
in community settings are at high risk [3]. In contrast, a Peruvian
study demonstrated even more alarming rates, indicating that
up to 60% of hospitalized older adults (aged over 60) were
malnourished [4].

For cancer patients, the battle against malnutrition is
particularly challenging. Disease-related shifts in nutritional
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and metabolic statuses often give rise to malnutrition, as well
as conditions like sarcopenia and cachexia, both of which can
significantly impact survival [5]. Cancer-related malnutrition
is a progressive process often leading to sarcopenia, which
involves the loss of skeletal muscle mass, often accompanied
by a reduction in adipose tissue. Sarcopenia is characteri-
zed by low muscle strength and reduced muscle mass, resul-
ting in decreased physical strength and function, ultimately
affecting the patient’s overall quality of life [6]. Cancer cachexia
is currently understood as a multifactorial host-phagocytic
syndrome, marked by a continuous decline in skeletal muscle
mass, sometimes accompanied by loss of fat tissue [7]. Betwe-
en 15% to 45% of patients exhibit involuntary weight loss at
the time of cancer diagnosis, with an estimated 40% to 80%
at risk of developing malnutrition as their illness progresses
[8]. On the other hand, a recent meta-analytic study in older
adults with cancer found that malnutrition is associated with
an increased risk of mortality from all causes [9].

The prevalence of malnutrition in older adult patients with
cancer has been calculated to be 41.9% [10]. Key risk factors
contributing to malnutrition in this population include the type
of tumor, adverse reactions linked to cancer treatments, cache-
xia, and age-related anorexia [10]. Despite the various factors
associated with malnutrition in cancer patients, it has been
observed that specific cancer types carry a higher risk of mal-
nutrition and cachexia compared to others [11]. For instance,
lung and pancreatic neoplasms are more frequently associated
with wasting syndrome [12]. Recognizing this differential risk,
our research aims to provide a comparative analysis, exploring
the relationship between various cancer types and their asso-
ciated malnutrition risks in older adults.

Material and methods

Setting

The present study employed a retrospective, observational,
case-control design and was conducted at the Day Hospital
of the Geriatric Department at Almenara Hospital, a reference
hospital in Lima, Peru. The study involved a review of Compre-
hensive Geriatric Assessment (CGA) reports of older patients
(=60 years), both outpatient and hospitalized, conducted from
January 2018 to April 2022. Patients diagnosed with cancer were
categorized as cases, while those without cancer were referred
to as controls. The inclusion criteria for the review of electronic
medical records were as follows: participants had to have a dia-
gnosis of cancer (except for controls) and complete CGA reports,
which included a nutritional evaluation using the Mini Nutritio-
nal Assessment short version (MNA-SF). Patients in both the case
and control groups were excluded if their nutritional evaluation
did not use MNA-SF (e.g,, relying solely on body mass index).

Comprehensive geriatric assessment

Comprehensive geriatric assessment (CGA) was conducted
by two trained geriatricians who assessed various domains,

160

including function and mobility, nutritional status, cognition,
mood, social environment, and comorbidities. Evaluation of ba-
sic activities of daily living (ADL) and instrumental activities
of daily living (IADL) was performed using the Barthel index
[13]and the Lawton index [14], respectively. Comorbidity eva-
luation utilized the Charlson index [15]. In defining depressive
syndrome, DSM |V criteria were applied [16]. Cognitive asses-
sment was carried out with the Mini-Mental State Examina-
tion (MMSE) Spanish version [17], and social assessment was
conducted using the Gijon social family assessment scale [18].

Clinical identification of malnutrition

The Mini Nutritional Assessment Short Form (MNA-SF) was
employed for nutritional risk identification. MNA-SF comprises
six questions with a maximum score of 14, classifying patients
as normal (12-14 points), at risk of malnutrition (8-11), or mal-
nourished (<8).The latter category was used in the present stu-
dy for malnutrition identification. MNA-SF has demonstrated
good inter-observer reliability, with sensitivity and specificity
values of 89% and 82%, respectively [19].

Statistical analysis

In both cases and controls, the distribution of patients was
determined based on demographic factors (age and sex)
and clinical data (nutritional status, cognitive impairment, co-
morbidity, frailty, and function status). Comparative descriptive
statistical analysis was performed between the case and con-
trol groups, including variables such as median, mean (when
normally distributed), standard deviation, median and range
for continuous variables, and relative frequency for categorical
variables. To compare cases and controls, we utilized the diffe-
rence in means or frequencies, as appropriate.

To calculate the risk (odds ratio) of malnutrition associa-
ted with specific cancer types, cases with a particular cancer
type were compared with the risk in the control group witho-
ut cancer. The chi-square association test was employed to
analyze the data. For tabular comparisons, 2 x 2 tables were
constructed, comparing patients with or without malnutrition
to those with a specific type of cancer (e.g., pancreatic cancer)
and patients without cancer. Statistically significant differences
were considered when p < 0.001.

Ethical considerations

This study received approval from the Research Ethics Com-
mittee of Hospital Nacional Guillermo Almenara Irigoyen
in Lima, Peru (letter 80-CIEI-OlyD-GRPA-ESSALUD-2023, March
27,2023). Stringent measures were implemented to safeguard
patient information and ensure their privacy. Informed consent
was obtained from all subjects.

Results
During the study period a total of 1,224 comprehensive geria-
tric assessments (CGAs) were conducted at the Day Hospital



of the Geriatrics Department at Almenara Hospital in Lima,
Peru. Of these, 643 patients were considered for our analysis
based on the presence of complete data, primarily the applica-
tion of MNA-SF for malnutrition classification. Patients utilizing
other metrics like body mass index (BMI) for malnutrition were
excluded, leading to the omission of 581 patients.

The age distribution was 77.5 + 7.5 years for cases and 79.8
+ 7.4 years for controls (p < 0.001). Malnutrition was significan-
tly more prevalent among cases at 31.4% compared to 13.2%
in controls (p < 0.001). Other significant variances between
cases and controls encompassed factors such as BMI, age,
the Charlson Comorbidity Index, and the frequency of de-
pression (all p < 0.001). Comprehensive data comparisons
are detailed in table | and figure 1. The ten most frequent
neoplasms included colorectal (20.3%), esophagus and sto-
mach (18.4%), prostate (9.6%), hematologic malignancies (lym-
phoma and leukemia) (10.5%), prostate (9.6%), breast (7.1%),
skin (7.1%), gynecologic cancers (cervix, endometrium, ovary)
(6.8%), lung (5.9%), pancreas (5.1%), and bile duct (4.2%) — see
table II. Malnutrition frequency in older adults according to
different cancer types are presented in table Il. Our review
identified the ten most prevalent neoplasms as follows:
- colorectal (20.3%),
- esophagus and stomach (18.4%),
«  prostate (9.6%),

Table I. Patient characteristics

Variables

age, years (SD)

male sex (%)

female sex (%)

Mini Nutritional Assessment Short Form (MNA-SF)
total MNA-SF (SD)

MNA-SF: 12-14 points — normal (%)

MNA-SF: 8-11 points — at risk (%)

MNA-SF: 0-7 points — malnourished (%)

BMI: kg/m2 - (SD - mean)

Charlson Comorbidity Index, points - (SD — mean)
Barthel Index for Activities of Daily Living points (SD)

Lawton Instrumental Activities of Daily Living Scale score, points (SD
- mean)

percent of patients with depression (DSM IV criteria)

percent of patients with social problem (Gijon Social Family
Assessment Scale: >14 points)

MMSE score (SD)

Cases (patients with

50%
45% —
40%
35%
30% +
25%
20%
15%
10% -

5%

0% -

at risk of malnutrition normal nutritional
(8-11 points) status
(12-14 points)

malnourished
(0-7 points)*

& cancer [ control

Figure 1. Frequency of malnutrition in older patients with or without
cancer

* — according to the Mini Nutritional Assessment Short Form (MNA-SF)

+hematologic malignancies encompassing lymphoma
and leukemia (10.5%),

- breast (7.1%),

- skin (7.1%),

+gynecologic cancers which include cervix, endometrium,
and ovary (6.8%),

«lung (5.9%),

« pancreas (5.1%),

- bile duct (4.2%).

Controls (patients without

cancer cancer)
(n=354) (n=289)
77.5(7.5) 79.8 (7.4) <0.001
185 (52.3%) 130 (45.0%) NS
169 (47.7%) 159 (55.0%) NS
92(3.1) 108 (2.8) <0.001
96 (27.1%) 138 (47.8%) <0.001
147 (41.5%) 113 (39.0%) NS
111 (31.4%) 38 (13.2%) <0.001
245 (4.2) 25.5(5.1) <0.001
32(19 19(1.2) <0.001
88.2(20.2) 86.4(19.7) NS
5.1(@23) 46 (2.5) NS
64 81 <0.001
5 10 NS
23.7(5.5) 22.7 (6.3) NS

NS - not significant; SD - standard deviation; MNA-SF — Mini Nutritional Assessment Short Form; BMI - body mass index; MMSE - Mini Mental State Examination
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Table II. Malnutrition frequency in older adults according to different cancer types

Mini Nutritional Assessment Short Form

Total number
of cancer
patients
(n=354)

Tumor site

Normal
nutritional
status
(12-14 points),
n =96 (27%)

%

colorectal 72 203 19 264
esophagus and stomach 65 184 8 123
hematological (non-Hodgkin 37 105 M 29.7
lymphoma, leukemia)

prostate 34 9.6 15 441
breast 25 7. 11 440
skin 17 48 12 70.6
gynecologic cancer (cervix, 24 6.8 1 458
endometrium, ovary)

lung 21 59 3 143
pancreas 18 5.1 1 56
bile ducts 15 42 1 6.7
urologic (kidney, bladder) 10 28 2 200
head and neck 8 23 1 12.5
liver 3 08 1 333
other/unknown primary sites 5 14 0 0
two tumor sites 8 23 4 50.0
metastatic tumor 63 17.8 17 270

25

Odds ratio (95% Cl)
(MNA-SF) (MNA-SF: <8 cancer
At risk Malnourished R
of malnutrition (<8 points),
(8-11 points), n=111
n=147 (31%)
(42%)
%
43.1 22 306 421 0.0001
(2.07-8.56)
446 28 431 15.89 < 0.0001
(6.81-37.09)
432 10 27.1 330 00117
(1.30-8.36)
353 7 206 1.70 0.2846
(0.65-4.45)
520 1 40 033 0.2960
(0.04-2.64)
294 0 40 0.14 0.1993
(0.01-2.49)
375 4 16.7 132 0.6495
(0.40-4.38)
333 11 524 1332 0.0001
(3.54-50.16)
222 13 722 47.21 0.0003
(5.99-372.43)
60 5 333 18.16 0.0090
(2.06-160.13)
400 4 400 726 0.0251
(1.28-41.17)
25.0 5 333 18.16 0.0090
(2.06-160.13)
333 1 333 363 03658
(0.22-59.42)
100 0 0 - -
125 3 375 272 0.2021
(0.58-12.70)
39.7 21 333 449 0.0001
(2.16-9.34)

In patients with two types of cancer, only one was taken into account, which could potentially affect nutritional status

Notably, certain types of neoplasms were especially asso-
ciated with malnutrition, including pancreas (OR: 47.2; 95% Cl:
6.0-3724,p<0.001), head and neck (OR: 18.2;95% Cl: 2.1-160.1;
p < 0.001), esophagus and stomach (OR: 15.9; 95% Cl: 6.8-37.1;
p < 0.001), lung (OR: 13.3; 95% Cl: 3.5-50.2; p < 0.001), bile duct
(OR:18.2;95% Cl: 2.1-160.1, p < 0.001), and colorectal (OR: 4.2;
95% Cl: 2.1-8.6, p < 0.001) — see table Il and figure 2.

Discussion

The findings of our study underscore the diverse risk of mal-
nutrition in older adults depending on the specific neopla-
sia. Notably, certain neoplasms, including pancreatic, head
and neck, esophagus and stomach, lung, bile duct, and colo-
rectal cancers, were predominantly linked with malnutrition. In
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contrast, the frequency of malnutrition was relatively low in ca-
ses of prostate, breast, and skin neoplasms. Muscaritoli et al.
conducted a study to assess the prevalence of malnutrition
in outpatient cancer patients during their initial medical on-
cology visit. They utilized the Mini Nutritional Assessment
(MNA), and the mean age of the patients was 62.7 years [20].
Their findings revealed the order of malnutrition frequency
in cancer patients as follows:

- gastroesophageal (40.2%),

«  pancreatic (33.7%),

- head and neck (23.8%),

«  respiratory (20.9%),

+ genitourinary (15.8%),

«unknown primary (14.3%),
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60%

50%
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20%
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W normal [ atrisk of malnutrition O malnourished*

Figure 2. Malnutrition frequency in older adults according to different cancer types

* —according to the Mini Nutritional Assessment Short Form (MNA-SF)

- colorectal (13.4%) [20].

Other studies have been conducted on older adults to
explore the relationship between types of cancer and mal-
nutrition. However, these studies did not use the MNA as
the operational definition of malnutrition. Nonetheless, their
results align with our study, indicating that pancreatic, head
and neck, and lung cancers are most frequently associated with
malnutrition [21-23].In line with our findings, Muscaritoli et al.
highlighted a similar trend in the prevalence of malnutrition
among outpatient cancer patients (mean age 62.7 years),
using the Mini Nutritional Assessment (MNA) for evaluation.
Their analysis pinpointed varying frequencies of malnutrition
across cancer types, with gastroesophageal cancers leading at
40.2%, followed by pancreatic (33.7%), head and neck (23.8%),
respiratory (20.9%), genitourinary (15.8%), cancers of unknown
origin (14.3%), and colorectal (13.4%). Other research, although
not exclusively employing MNA, have mirrored our observa-
tions, consistently indicating that pancreatic, head and neck,
and lung cancers are intrinsically associated with malnutrition.

Nicholson et al. investigated the association between une-
xpected weight loss and cancer. They identified that the most
closely associated neoplasms were pancreatic cancer, cancer
of unknown primary, gastroesophageal cancer, lymphoma,
hepatobiliary cancer, lung cancer, bowel cancer, and renal-
-tract cancer [24]. Similarly, our findings resonate with the low
prevalence of malnutrition in certain cancers — specifically
prostate and breast — echoing established research outcomes.

One of the key factors contributing to variations in the risk
of malnutrition among different types of cancer may be linked to
the varying likelihood of developing cachexia. Cachexia emerges
asaconsequence of tumor-induced activation of inflammatory
pathways, which subsequently initiates a wasting response cha-
racterized by symptoms such as anorexia, disrupted metabolism,

and involuntary loss of both lean muscle and fat mass [11].
Presently, there is an ongoing debate regarding whether can-
cer cachexia should be classified as a nutritional disorder or as
a systemic inflammatory syndrome. The available evidence lends
support to the idea of cachexia as a “disease-related inflamma-
tion accompanied by malnutrition”[25].

Pancreatic canceris notably linked with involuntary weight
loss and malnutrition, with around 71% of patients presenting
with cachexia upon diagnosis. [26]. Cachexia in pancreatic
cancer is driven by an inflammatory process with significant
catabolic effects. Studies indicate that pancreatic tumors se-
crete an array of cytokines, such as interleukin-1 (IL-1), IL-6, IL-8
and tumor necrosis factor alpha (TNF-a). Notably, TNF-a stands
out forits robust role in advancing cachexia, spurring proces-
ses like lipolysis, proteolysis, insulin resistance, and muscular
deterioration [27]. In pancreatic cancer, another contributing
factor to malnutrition is anorexia and decreased appetite,
which is mediated by IL-1. This interleukin triggers the release
of serotonin, which, in turn, contributes to the constant acti-
vation of POMC/CART (cocaine-and amphetamine-regulated
transcript) neurons [27]. Additionally, malnutrition in pancreatic
cancer can be attributed to mechanical factors that disrupt nu-
trient absorption. These factors include external compression
caused by the tumor or its surgical removal, resulting in ana-
tomical changes that lead to pain and symptoms affecting
eating and nutrient absorption (such as fatigue, dysphagia,
gastroparesis, constipation, and pancreatic insufficiency). Tu-
mor growth can also cause intestinal obstruction by infiltrating
or compressing the duodenum or stomach, which clinically
manifests as nausea and vomiting [28]. Adverse reactions to
chemotherapy and radiotherapy further contribute to malnu-
trition, presenting as symptoms like nausea, vomiting, anorexia,
and abdominal pain.
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Another cancer type that frequently leads to significant
malnutrition is lung cancer. The mechanisms of cachexia
in lung cancer appear to be similar to those in pancreatic
cancer, particularly involving an inflammatory process and its
catabolic effects. However, in lung cancer, the inflammatory
process intensifies and may be exacerbated by comorbidities
associated with lung cancer, such as chronic obstructive pul-
monary disease (COPD) and idiopathic interstitial pneumonia,
which can also contribute to cachexia [29].

Some limitations to the present study should be discussed.
We employed a retrospective case-control design, focusing on
CGA reports. The inclusion criteria were restricted to patients
with comprehensive reports, particularly those assessed using
the MNA-SF, irrespective of their cancer status. A significant
gap in our data was the absence of details about the cancer
stage, even though the study included patients across various
metastatic stages. Information about ongoing chemotherapy
or surgical procedures at the time of the CGA was also missing.
Nevertheless, our research sheds light on the varying prevalen-
ce of malnutrition among different cancer types in comparison
to control subjects.

Furthermore, the adoption of the MNA-SF for nutritional
evaluation poses an additional limitation, potentially making
our findings less aligned with studies employing alternati-
ve assessment methods. To illustrate, a recent meta-analysis
delving into the heightened mortality risk associated with
malnutrition in cancer patients covered ten studies; only one
utilized the MNA-SF, while five leveraged the MNA. This under-
scores the diverse methodologies present in current research
literature.

Conclusions

In conclusion, the prevalence of malnutrition in older adults
with cancer varied depending on the specific type of cancer.
Neoplasms most strongly associated with malnutrition inclu-
ded pancreatic, head and neck, esophagus and stomach, lung,
bile duct, and colorectal cancers. In contrast, prostate, breast,
and skin neoplasms exhibited a lower frequency of malnu-
trition. These findings underscore the importance of tailored
nutritional assessment and support strategies for older cancer
patients, taking into account the specific cancer type and its
associated risk factors.
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Introduction. Adjuvant durvalumab has become a standard treatment protocol for patients with locally advanced
non-small cell lung cancer (LA-NSCLC). However, there is still limited knowledge about prognostic factors in a real-world
setting across this specific patient group.

Materials and methods. In our single-center retrospective study, we evaluated 45 patients to identify predictors
of overall survival (OS) in LA-NSCLC. We utilized the univariable Cox proportional hazards models, and we developed
multivariable Cox models after adjusting for the known clinical predictors.

Results. In univariable analysis nodal status, the percentage of basophils in peripheral blood before treatment and D-
-dimers were associated with OS. Multivariable analysis, adjusted for age, sex, T characteristics, and nodal status revealed
that the percentage of basophils is a significant predictor of OS. A higher percentage of basophils was associated with
improved OS (HR = 0.077, 95% Cl: 0.007-0.853, p = 0.037).

Conclusions. Our study indicates that a lower serum percentage of basophils may be associated with better OS

in patients with LA-NSCLC. These findings should be validated in larger cohorts.

Key words: lung cancer, immunotherapy, durvalumab, prognostic biomarkers

Introduction

Non-small cell lung cancer (NSCLC) remains the leading cause
of cancer-related death worldwide [1], with locally advanced
(LA)-NSCLC accounting for a significant portion of diagnoses
[2]. Concurrent chemoradiation therapy (CCRT) has long been
the standard of care for these patients, offering locoregional

control and improved survival [3]. However, the emergen-
ce of immune checkpoint inhibitors (ICls) has revolutionized
the treatment landscape. The original PACIFIC trial [4] published
in 2017, established durvalumab - a monoclonal antibody
targeting the PD-L1 receptor —as a new standard of care by de-
monstrating a significant improvement in overall survival (OS)
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compared to placebo in patients with unresectable stage Il
NSCLC receiving concurrent platinum-based chemotherapy
and radiation therapy [5]. This landmark study paved the way
for the widespread adoption of durvalumab consolidation
therapy in clinical practice.

Investigations into biomarkers associated with a response
todurvalumab are ongoing. Tumor PD-L1 expression has been
shown to be a predictive factor in some studies, although its
role remains controversial due to variations in testing me-
thods and interpretation [5]. Other biomarkers, such as tumor
mutational burden [6] and immune gene signatures [7], are
also being investigated and may provide valuable insights
into patient selection and treatment response. Additionally,
emerging research suggests that genetic alterations, such as
KRAS mutations, may hold promise for identifying patients who
are less likely to benefit from durvalumab therapy [8].

Recent studies have explored the potential of various
clinical and biological factors to predict survival in durvalu-
mab-treated NSCLC patients. For instance, a study by Liu et
al. identified the baseline neutrophils-to-lymphocytes ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) as promising
predictors of OS, highlighting the potential role of systemic
immune status in treatment response [9]. Similarly, another
study published in 2021 found that patients with low infiltra-
tion of CD8 + PD-L1 + T-cells and M2 macrophages achieved
better progression-free survival (PFS) following durvalumab
consolidation, suggesting the importance of pre-existing an-
titumor immunity [10]. In patients diagnosed with squamous
cell carcinoma the higher percentage of basophils in tumor
microenvironment (TME) was associated with longer OS [11].
The higher basophil counts were also demonstrated as signifi-
cant predictors for a higher probability of tumor size reduction
within three months, with an increased risk of immune-related
adverse events [12]. In a study by Wang et al. the basophil-to-
-lymphocyte ratio was associated with a shorter OS [13]. Du-
rvalumab has been available to the general patient population
in Poland since 2021 via a government-controlled program.

In this single-center study, we aimed to contribute to
the growing body of knowledge on predictive factors for
OS in LA-NSCLC patients treated with CCRT and adjuvant
durvalumab.

Material and methods

Population

In this retrospective cohort analysis, we examined cases of ino-
perable NSCLC that were treated with CCRT and with adjuvant
durvalumab during the years 2021-2022 at our institution
(Copernicus Memorial Hospital, Lodz, Poland). Since 2021,
the cost of adjuvant durvalumab has been covered by the pu-
blic healthcare system in Poland, thereby making it accessible
to all patients in this cohort. The patients were followed up until
December 31,2023. Our group consisted of 16 (35.6%) women
and the median age of participants was 70 years old (65-75).

The majority of patients received cisplatin as a chemothera-
peutic agent (62.2%), and the median radiation dose was 60 Gy.

Allthe participants who received durvalumab were enrol-
led in a strictly government-regulated program for the adjuvant
treatment of histopathologically diagnosed NSCLC in Poland.
To qualify for the durvalumab consolidation therapy, patients
must be diagnosed with stage Il NSCLC and demonstrate no
disease progression following concurrent chemoradiotherapy.
The absence of disease progression must be confirmed thro-
ugh a computed tomography (CT) scan, conducted within
a six-week window following the completion of the radiothe-
rapy. Moreover, the patients must have completed a course
of CCRT involving platinum derivatives. The patient’s overall
health and wellness are also considered, with only those having
a good performance status (Eastern Cooperative Oncology
Group Performance Status, ECOG PS, 0 or 1) being deemed
fit for the treatment. Furthermore, patients must not have any
uncontrolled coexisting diseases or active autoimmune dise-
ases, with the exception of diabetes, hypothyroidism, psoriasis,
or vitiligo (which are manageable and do not interfere with
the durvalumab treatment).

Additionally, before the treatment, the patients’bone mar-
row, kidney, and liver functions must be also assessed to ensure
they are within the normal range and suitable for treatment.
Pregnant women were not enrolled to study, and women
of a maternal age were obliged to use appropriate contra-
ception methods. Any contraindications to durvalumab or
the presence of other uncontrolled malignancies disqualify
a patient from the program. However, patients who have
previously undergone durvalumab therapy may be considered
for continued treatment, provided they met all the aforemen-
tioned criteria and showed no signs of disease progression.

Statistical analysis

Statistical analyses were performed using R software
v4.2.2 (R Foundation for Statistical Computing, Vienna, Austria).
P values < 0.05 were considered significant. Nominal variables
are shown as numbers with percentages and continuous va-
riables are shown as medians with the interquartile range. We
used the Cox proportional hazards model to evaluate the pro-
gnostic value of clinical and laboratory results in univariable
and multivariable analysis after adjusting for patient sex, age,
T-characteristics, and nodal status. OS curves were analyzed
using the Kaplan-Meier method; to calculate differences be-
tween groups a log-rank test was used.

Results

In the period spanning 2021-2022, CCRT and adjuvant durva-
lumab were administered to a cohort of 45 patients. The clinical
characteristics of the study group are presented in table |.
During the follow-up period, which extended to 42 months
(with a median follow-up time of 14 months), 10 patients
experienced fatal events (fig. 1A).
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Table I. Study group description

Parameter n (% or median - IQR)

As shown in table I, the univariable analysis revealed
that nodal status (p = 0.015), (fig. 1C), a higher initial per-
centage of basophils (p = 0.020), though not their absolute
number (p = 0.109), and d-dimers (p = 0.048) were signifi-
cant predictors of OS in this group of patients. The smoking

—_

68

Parameter n (% or median - IQR)

EGFR - estimated glomerular filtration rate; INR — international normalized ratio;
APTT - activated partial thromboplastin time; NLR - neutrophil to lymphocyte ratio;
LMR - lymphocyte to monocyte ratio; PLR - platelet to lymphocyte ratio;

Sll = systemic immune-inflammation index

pack years did not demonstrate statistical significance
in predicting overall survival (p = 0.731). In a multivariable
analysis adjusted for patient age and sex, T characteristic,
and nodal status, the percentage of basophils was a signi-
ficant predictor of OS (p = 0.037) (tab. IV). After adjusting



strata

Figure 1.Panel A presents overall survival for the whole study group. Panel B represents a KM plot for groups with higher and lower percentages of basophils.
Panel C presents a KM plot for groups divided according to their nodal status. Panel D presents a KM plot for groups treated with carboplatin or cisplatin
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Table II. Univariable analysis with the Cox model based on clinical variables for OS

Characteristic

HR (95% Cl) p value
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Characteristic
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p value
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Table Il cont. Univariable analysis with the Cox model based on clinical variables for OS

Characteristic HR (95% CI) p value
PCT - % 0.000 (3.04 x 10°-10.1) 0.122
neutrophils - % 1.020 (0.973-1.060) 0453
lymphocytes - % 0.983 (0.926-1.040) 0.575
monocytes — % 0.982 (0.849-1.140) 0812
eosinophils - % 0.905 (0.67-1.220) 0516
basophils - % 0.063 (0.006-0.642) 0.020
neutrophil count - 103/l 0.989 (0.858-1.140) 0.88
lymphocyte count - 0.865 (0414-1.810) 0.699
103/l

monocyte count - 10%/ul 0.840 (0.149-4.730) 0.843
eosinophil count - 103/ul 0325 (0.007-14.700) 0.563
basophil count - 10%/ul 126 x 10'? 0.109

(3.37 x 10°7-469.0)

glucose - mg/d| 1.010 (0.997-1.030) 0.125
sodium — mmol/I 0.960 (0.804-1.150) 0.648
potassium — mmol/I 0.942 (0.305-2.910) 0918
urea - mg/d| 1.010 (0.981-1.030) 0.592

Table Ill. Multivariable Cox model of clinical factors and pack years on
overall survival (OS)

Characteristic HR (95% Cl) p value
female - -
male 0.800 (0.078-8.162) 0.851
age - years 1.316 (1.066-1.618) 0010
T characteristic 0.820 (0.150-4.495) 0.819
nodal status 10.026 (1.017-98.846) 0.048
pack years 1.003 (0.969-1.039) 0.845

HR - hazard ratio, CI - confidence interval

for the same clinical prognostic factors, d-dimers were not
associated significantly with OS (p = 0.115).

The best cutoff value for the percentage of basophils
was 0.7% (fig. 1B). In the univariable Cox model, the group
with a percentage of basophils below this value demonstra-
ted a trend toward significantly shorter OS (HR = 3.917, CI:
0.991-15.480, p = 0.052).

Discussion

In this study, we conducted a comprehensive single-center
analysis of lung cancer patients who were treated with con-
current radiochemotherapy and adjuvant durvalumab. We
sought associations between pre-treatment clinical and la-
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Characteristic HR (95% CI) p value
creatinine — mg/d| 2.930(0.709-12.100) 0.137
eGFR-ml/min/1.73m?  0.966 (0.892-1.050) 0.406
CRP - mg/I 1.030 (0.980-1.070) 0.268
D dimers 1.240 (1.000-1.540) 0.048
prothrombin time - 2.170 (0.877-5.340) 0.094
seconds

APTT - seconds 0.928 (0.601-1.430) 0.734
fibrinogen - mg/dl 1.000 (0.999-1.010) 0.165
procalcitonine = ng/ml 4490 (0.994-20.300) 0.051
NLR 1.050 (0.808-1.370) 0.699
LMR 0.893 (0.600-1.330) 0578
PLR 0.998 (0.990-1.010) 0.574
Sl 1.000 (0.999-1.000) 0.705

HR - hazard ratio, Cl - confidence interval; EGFR - estimated glomerular filtration
rate; INR — international normalized ratio; APTT- activated partial thromboplastin
time; NLR - neutrophil to lymphocyte ratio; LMR - lymphocyte to monocyte ratio;
PLR - platelet to lymphocyte ratio; Sl - systemic immune-inflammation index

Table IV. Multivariable Cox model of clinical factors and percentage of
basophils on overall survival (OS)

Characteristic HR (95% Cl) p value
female = =
male 2.728 (0.476-15.620) 0.257
age - years 1.080 (0.987-1.182) 0.093
T characteristic 0.996 (0.265-3.741) 0.995
nodal status 11.20 (1.746-71.827) 0.011
basophils - % 0.077 (0.007-0.853) 0.037

HR - hazard ratio, CI - confidence interval

boratory variables with overall survival in a real-world setting.
Ongoing studies are currently focused on exploring various
factors associated with the benefits of durvalumab [14-17].
While the neutrophil-to-lymphocyte ratio (NLR) has previously
been identified as a predictor of OS in lung cancer patients [18],
in our cohort, NLR did not show any significance in predicting
OS in both univariate and multivariable models. However,
in the multivariable model adjusted for age, sex, T characteri-
stic, and nodal status, the percentage of basophils was signi-
ficantly associated with OS; while the mechanism behind this
association is presently unclear, it may be validated in bigger
cohorts. In a study by Krizova et al,, higher baseline basophils
were demonstrated as a significant predictor of longer PFS
in NSCLC patients treated with ICls [19]. The absolute count
of basophils was also demonstrated as a potential biomarker
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of IClin advanced gastric cancer patients [20]. Another report
by Liu et al. associated lower baseline basophil count with
shorter disease-free survival [21].

In NSCLC patients, the main clinical predictors of survival
are staging, ECOG status, weight loss, and serum albumin levels
[22]. With the emergence of ICls in the treatment of NSCLC,
the PD-L1 expression was analyzed as a predictive factor. In
a report by Bryant et al. [15], the group treated with durvalu-
mab and with higher expression of PD-L1 had a longer PFS
compared to the group that was not treated with ICl. Unfortu-
nately, due to missing PD-L1 expression status in our cohort,
we were not able to analyze its predictive value.

The tumor microenvironment is composed of various
immune cells, and alterations in the composition of this infil-
tration have garnered significant interest in recent years [11,
25-27]. A study by Lavin et al. utilizing single-cell analysis to
inspect the TME found fewer basophils in the TME of stage
ladenocarcinoma compared to normal lung tissue [28]. Intere-
stingly, a small proportion of basophils found in TME and non-
-involved lung parenchyma expressed PD-L1. The basophil
levels in tumor-draining lymph nodes has been shown to be
a useful predictor in pancreatic ductal adenocarcinoma, where,
contrary to our results, higher levels were associated with po-
orer survival [29]. Additionally, a low percentage of basophils
was found by Stankovic et al. in the immune infiltrate of NSCLC
patients [30]. Future studies should explore the exact molecular
alterations in basophils found in the TME.

One major limitation of our study is the small sample
size. Additionally, our observation period was limited to two
years, which may be considered relatively short. Furthermore,
patients in our study received various chemotherapy regimens
(carboplatin vs. cisplatin) (fig. 1D). To fully evaluate the signifi-
cance of survival predictors in LA-NSCLC patients, more exten-
sive studies with larger cohorts are needed.

Conclusions

In our univariate analysis significant predictors of OS in this gro-
up of patients were: nodal status, higher percentage of baso-
phils,and D-dimer levels prior to the CCRT. In the multivariable
Cox model, the percentage of basophils was associated with
OS. The findings from this study could potentially contribute
to the existing body of knowledge, influencing future studies
search for predictors of OS, and illustrating the benefits of tre-
atment with durvalumab in NSCLC.
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Introduction. Numerous studies indicate an increased incidence of skin malignancies among organ transplant reci-
pients. Melanoma pose a significant threat to post-transplant recipients, leading to considerable mortality. This study
explores the incidence of melanoma after 17,252 organ transplantations in Poland over the past 13 years.

Materials and methods. The data on the occurrence of melanoma in patients after renal, heart, or liver transplanta-
tion were obtained from the National Health Fund, encompassing individuals who underwent kidney, heart, or liver
transplantation between 2010 and 2022. The analysis focused on skin melanoma (C43).

Results. The study examined skin melanomain renal (12,250 cases), liver (3,584 cases), and heart (1,418 cases) transplant
recipients over a period of thirteen years. Melanoma incidence slightly increased in renal recipients (1-year cumulative
incidence 0.016% vs. 0.007%, p = 0.024; 5-year cumulative incidence 0.131% vs. 0.040% p < 0.001; the 10-year cumula-
tive incidence 0.213% vs. 0,09, p < 0.001). In liver transplant recipients there is a non-significant difference 1-year after
transplantation (cumulative incidence 0.03% vs. 0.01%, p = 0.337) but after 5 and 10 years the difference between the two
groups remains statistically significant (5-year cumulative incidence 0.14% vs. 0.04%, p < 0.014; the 10-year cumulative
incidence 0.14% vs. 0.09%, p < 0.001). In heart transplant recipients, a paradoxical reduction in incidence was observed
compared to the general population (1-year cumulative incidence 0% vs. 0.01%, p = 0.317; 5-year cumulative incidence
0.07% vs. 0.04%, p = 0.049; the 10-year cumulative incidence 0.07% vs. 0.09, p < 0.001).

Conclusions. The incidence of melanoma increases in kidney transplant recipients over the first 10 years post-transplant,
with a peak between 4 to 7 years. For heart and liver transplant recipients, melanoma cases occur within the initial
5 years post-transplant, and no new cases were recorded afterward. The long-term surviving kidney, heart, and liver
transplant recipients show a steady rise in new cases over time. Our study, based on a thorough analysis of data from
the National Health Fund, confirms the link between an elevated risk of melanoma in organ transplant recipients.
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Introduction

In 2023, according to the National Health Fund, a total 1,910 or-
gan transplants were performed in Poland, including 1,055 kid-
ney transplants, 550 liver transplants, and 178 heart transplants,
marking an unprecedented achievement in the country’s
medical history [1]. This notable increase surpassed previous
numbers, such as 1,608 organ transplants in 2012 [2]. The glo-
bal prevalence of organ transplants has been steadily rising,
reaching hundreds of thousands annually.

Organ transplantation, hailed as the sole long-term cu-
rative treatment for end-stage renal, heart, or liver disease,
introduces complex lifelong therapy for recipients. The lifelong
immunosuppressive treatment necessary for adequate graft
function makes recipients susceptible to various diseases,
prominently increasing the risk of cancer. Melanoma, though
comprising only 4% of cutaneous malignancies, contributes
to 80% of skin cancer deaths in the general population, un-
derscoring its significance among both transplant and non-
-transplant individuals [3].

The results of available studies show that transplant reci-
pients face a 1,5- to 8-fold increased risk of melanoma com-
pared to the general population, depending on the studied
population [4-6], but the risk of developing melanoma con-
sistently increases in all presented data over the time since
transplantation.

Data from different European studies also show significant
diversity in the risk of neoplasia despite a similar geographical
latitude, indicating additional risk factors for the occurrence
of cancer, such as genetic predispositions, the influence of ap-
plied treatment, or the frequency of human papillomavirus
(HPV) infection [7, 8]. Unfortunately, despite numerous works,
there is a lack of epidemiological studies based on a large
number of patients, especially regarding the frequency of me-
lanoma, which would help in a precise assessment of the real
risk of skin cancer in the transplant recipient group.

This report explores the incidence of melanoma after
organ transplantation in Poland over the past 13 years
(2010-2022), providing insights into the challenges and ri-
sks encountered by transplant recipients. This is the largest
analysis performed on that particular subject in Poland so far.
The study is based on a National Health Fund dataset (public
health insurance governmental agency), which provides
the most accurate information on actual health incidents
for all Polish citizens.

Materials and methods

The data on the occurrence of melanoma in patients after renal,
heart, or liver transplantation were obtained from the National
Health Fund. The dataset includes patients who underwent
renal, heart, or liver transplantation between 2010 and 2022,
and it was used to identify a cohort of patients with a diagno-
sis of melanoma based on any inpatient or outpatient claim
associated with an International Classification of Diseases,
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10™ Revision, Clinical Modification (ICD-10-CM) code for me-
lanoma (C43.0-C43.9).

The information is presented through distinct sets of dia-
grams, illustrating melanoma (C43) in recipients of the most
commonly transplanted organs in Poland — specifically, in re-
nal transplant recipients, liver transplant recipients, and he-
art transplant recipients. Exclusion criteria included a history
of previous organ transplantation and transplantation of more
than one of the mentioned organs. Differences in the occur-
rence of melanoma skin cancer are presented in the diagrams.
It is important to note that diagrams related to each specific
patient group use a consistent percentage scale for uniform
data presentation. To investigate the association between two
categorical variables, analytical methods, including Fisher’s
exact test and the two-sample test for equality of proportions
(applied without a continuity correction) were employed. An
alpha level (a = 0.05) was chosen as the criterion for determi-
ning statistical significance. Analyses were conducted using
the R Statistical language (version 4.3.1; R Core Team, 2023) on
Windows 10 Pro 64 (build 19045).

Based on data obtained from the National Health Fund, we
calculated the cumulative incidence rate of melanoma, coded
as C43, among organ transplant (Tx) recipients compared to
a control population over a 1-, 5-, and 10-year follow-up period.
The dataset for this time frame (between 2010 and 2020) was
created using information acquired from the National Cancer
Registry [9].

Results

The cumulative incidence rate of melanoma, coded as C43,
among renal transplant (Tx) recipients compared to a control
population overa 1-,5-,and 10-year follow-up period provided
an insightful perspective into the risk stratification associated
with this malignancy post-transplantation.

Renal Tx recipients vs. control population

The analysis covered 12,250 renal transplant recipients (2010-
2022), examining the risk of melanoma skin cancer. The hi-
stogram (fig. 1) displays the percentage of melanoma cases
among living renal transplant recipients. A slight increase is
observed in the fourth to seventh years (0.04% and 0.07%,
respectively), followed by a decrease in subsequent years. No
cases are reported after the tenth year.

Table | presented the cumulative incidence rates of me-
lanoma (C43) in patients post renal Tx as opposed to a con-
trol population over 1-, 5-, and 10-year intervals, allowing for
a comparative oncological risk assessment. The observed trend
in table | suggests that renal transplant recipients exhibited
a higher cumulative incidence of melanoma skin cancer over
time when compared to the general population. This elevated
risk could be attributed to the immunosuppressive regimens
required to maintain graft function, which can reduce the effi-
cacy of the immune system to detect and eliminate malignant
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Figure 1. Melanoma in renal transplant recipients

Table I. Cumulative incidence rate of melanoma (C43) over time in patients
with renal Tx and control population

Follow-up Stratification by Tx
yes? no?
N,=12205 N,=37.75min
Tyr. 2(0.02%) 2,660 (0.01%) 0.024
5yr. 16 (0.13%) 15,092 (0.04%) <0.001
10 yr. 26 (0.21%) 34,313 (0.09%) <0.001

N - population size; n — incidence rate of melanoma; 2 - n (%); ® - two-sample test
for equality of proportions

cells. The significantly higher incidence rates in the renal trans-
plant recipients highlighted the interplay between immuno-
suppression and carcinogenesis.

In the immediate 1-year follow-up, the incidence of me-
lanoma in the renal transplant cohort was 0.016% (2 cases per
12,205 patients), which was statistically higher (p = 0.024) than

the 0.007% (2,660 cases per 37.75 million) observed in the ge-
neral population. The 5-year cumulative incidence notably
increased in the transplant recipients to 0.131% (16 cases per
12,205 patients), with a further amplified contrast to the control
population’s 0.040% (1,592 cases per 37.75 million), a difference
that was highly significant (p < 0.001). At 10-year, the incidence
in the transplant group further escalated to 0.213% (26 cases
per 12,205 patients), while the control population incidence
was 0.091% (34,313 cases per 37.75 million), again with a sta-
tistically significant difference (p < 0.001).

Liver Tx recipients vs. control population

The analysis encompassed 3,584 liver transplant recipients,
investigating the risk of melanoma skin cancer. The histogram
(fig. 2) illustrates the percentage of melanoma cases among
living liver transplant recipients at different intervals post-trans-
plant. The data reveals fluctuations, reaching a peak of 0.12%
in the third year, while the other years have either minimal
or zero reported cases. Notably, no cases are documented
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Figure 2. Melanoma in liver transplant recipients
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Table Il. Cumulative incidence rate of melanoma (C43) over time in patients
with liver Tx and control population

Follow-up Stratification by Tx
yes?, no?,
N,=3,584 N,=37.75min
Tyr. 1(0.03%) 2,660 (0.01%) 0.337¢
5yr. 5(0.14%) 15,092 (0.04%) 0014
10 yr. 5 (0.14%) 34,313 (0.09%) <0.001

N - population size; n — incidence rate of melanoma; 2 - n (%); ® - two-sample test
for equality of proportions; © - Fisher’s exact test

from the fourth to the thirteenth-year post-transplant. This
data effectively portrays the patterns in melanoma incidence
among liver transplant recipients over a thirteen-year period.

Table Il presented the cumulative incidence rates of me-
lanoma (C43) in patients post liver Tx as opposed to a control
population over 1-,5-,and 10-year intervals, allowing for a com-
parative oncological risk assessment.

Inthe 1-year follow-up, there was a single case of melano-
ma (0.028%) among the 12,205 liver Tx patients, compared to
a0.007% incidence (2,660 cases) within the control population
of 37.75 million. The p value of 0.337 indicated no significant
difference in the melanoma incidence rate between the liver Tx
cohortand the general population at this interval. At the 5-year
milestone, the cumulative incidence in liver Tx patients slightly
increased to 0.140% (5 cases out of 12,205 patients), which was
statistically higher than the control group’s 0.040% incidence
(1,592 cases out of 37.75 million), with a p-value of 0.014. By
the 10-year follow-up, the incidence rate remained at 0.140%
(5 cases per 12,205 patients) in the liver Tx group, which is in-
triguing as it did not increase from the 5-year mark. In contrast,
the control group’s incidence raised to 0.091% (34,313 cases
per 37.75 million), with the difference between the two groups
remaining statistically significant (p < 0.001).

Heart Tx recipients vs. control population

The assessment of non-melanoma skin cancer risk involved
1,418 heart transplant recipients. During the initial three years
post-transplant, no new cases of melanoma were reported.
However, in the fourth year post-transplant, a slight increase
in the percentage of cases was observed, reaching 0.16%.
From the fifth to the thirteenth year, no new cases were re-
corded. This histogram (fig. 3) depicts a minimal percentage
of melanoma cases among the population of heart transplant
recipients in the years following the procedure. Table lll deline-
ated the cumulative incidence rate of melanoma (C43) in heart
Tx recipients compared with a control population overa 1-, 5-,
and 10-year follow-up period.

At 1-year, there were no reported cases of melanoma (0%)
among the 1,408 heart Tx recipients, in contrast to the con-
trol population’s 0.007% incidence (2,660 cases out of 37.75
million). The p = 0.317 indicated no statistically significant
difference between the groups, which could be due to the rela-
tively short period post-transplantation, not allowing sufficient
time for melanoma development or detection. By the 5-year
follow-up, the cumulative incidence of melanoma in heart Tx
patients was recorded at 0.071% (1 case out of 1,408 patients),
which was statistically higher than the control group’s inciden-
ce of 0.040% (1,592 cases out of 37.75 million), with a p-value
of 0.049.The 10-year data revealed the incidence in the heart Tx
cohortremained at 0.071% (1 case per 1,408 patients), without
an increase from the 5-year incidence. This was in contrast
to the control population’s incidence, which rose to 0.091%
(34,313 cases per 37.75 million), with the difference between
the groups remaining statistically significant (p = 0.001), this
time higher in the control group.

Discussion

Melanoma after organ transplantation results in sub-
stantial mortality [10, 11]. Several studies have examined
the risk of skin melanoma after transplantation, demonstrating
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Table lll. Cumulative incidence rate of melanoma (C43) over time in patients
with heart Tx and control population

Follow-up Stratification by Tx
yes?, no?,
N,=1408  N,=3775min
Tyr. 0 (0%) 2,660 (0.01%) 0317¢
5yr. 1(0.07%) 15,092 (0.040%) 0.049
10 yr. 1(0.07%) 34,313 (0.09%) 0.001

N - population size; n — incidence rate of melanoma; 2 - n (%); ® - two-sample test
for equality of proportions; ¢~ Fisher’s exact test

a broad and diversified range of the presented increase
in the risk of incidence. This raises many questions regarding
the scale of this phenomenon in Poland. Studies available for
the Polish population describe individual cases conducted on
asmall group of individuals, or pertain to past times when im-
munosuppressive treatment often differed from the currently
used protocols [4, 12-15].

Our study aimed to reanalyze the potential connection
between organ transplant recipients in Poland and the pre-
valence of melanoma. The authors conducted an analysis
of data from the National Health Fund, revealing the occur-
rence of melanoma in the three most common groups on
life-long immunosuppressive therapy:

- renal transplant recipients,
- liver transplant recipients, and
+ heart transplant recipients.

Cases of melanoma were recorded only within the first
10 years after renal transplantation, and the cumulative risk
of developing melanoma in this period was 0.21%, while
the population incidence in this range of time, according to
data from the National Cancer Registry, was 0.09%. This sug-
gested a sustained and growing divergence in the risk profile
for melanoma between the two groups, possibly attributable
to chronic immunosuppressive therapy, which although faci-
litating survival may contribute to the accumulation of onco-
genic mutations and the growth of malignant cells by limiting
the body’s natural antitumor immune responses.

Melanoma cases in liver transplant recipients were re-
ported only in the first 5 years (cumulative risk 0.14%). This
statistically significant difference suggests the potential im-
pact of the post-transplant condition, including the immuno-
suppressive therapy necessary to prevent liver graft rejection,
on the risk of developing melanoma. By the 10-year follow-
-up, the incidence rate remained at the same level, which is
intriguing as it did not increase from the 5-year mark. The sta-
ble incidence rate in the liver Tx cohort over the 5 to 10-year
period might suggest a plateau effect in the risk of melanoma
post-transplant, indicating that the highest risk period may
be within the first five years post-transplant. These findings
suggest that liver Tx patients have an increased cumulative

incidence of melanoma when compared to the general
population, particularly evident beyond the 1-year post-
-transplant period, likely influenced by immunomodulatory
effects of long-term immunosuppression, which may reduce
immunosurveillance, and allow for the development and pro-
gression of melanoma.

Heart transplant recipients in Poland also received a me-
lanoma diagnosis only within 5 years of organ transplanta-
tion, but not significantly (cumulative risk 0.07% vs. 0.04%
in the control group). At 1-year, there were no reported cases
of melanoma which could be due to the relatively short period
post-transplantation, not allowing sufficient time for melano-
ma development or detection. The stabilization of melanoma
incidence in the heart Tx group from 5 to 10 years might
suggest that the period of highest vulnerability to melanoma
in heart transplant recipients was within the first five years
following transplantation. The analytical interpretation of this
data suggests an epidemiological anomaly where the expec-
ted increased risk of melanoma in an immunocompromised
cohort, such as heart Tx recipients, was not observed over
the long term. Instead, a paradoxical reduction in incidence
was noted when compared to the general population.

Our study has several important limitations. Firstly, the de-
tailed data of our interest in the National Health Fund database
are only available from 2010 on. Moreover, there is a potential
for overdiagnosis (i.e."overreporting”C43 by general practitio-
ners at referral without proper histopathological diagnosis),
which we attempted to mitigate by considering only hospital
and clinical data concerning the diagnoses (i.e. we excluded
ICD codes entered at primary care units). To further clarify
the available dataset, we also compared the obtained number
of patients with those in the PolTransplant database. Datasets
largely overlap (between 2010 and 2020, 42,756 diagnoses
of C43 were established based on National Health Fund data,
and respectively, 37,585 based on the National Cancer Registry
report [15]). Despite the above, the strength of our report
lies in its scrupulous analysis of available data, strict inclusion
criteria, and integrating them to create a clinically important
consensus.

To the best of our knowledge, the study is the first analysis
of such a large population of organ transplant recipients in our
country and in Europe, with data sourced from one of the most
reliable medical information repositories run by a public go-
vernmental agency concerning transplant recipients in Poland.

As the data elucidates, organ transplantation and the as-
sociated life-long changes for the patient (like immunosup-
pression) bring not only benefits, but is also associated with
agreater risk of melanoma prevalence, however, it is not as high
as previously believed. In our opinion it is obligatory to inform
patients and educate them in self-examination techniques,
while also encouraging them to undergo frequent follow-up
visits for skin lesion control within the first few years post-trans-
plant. Guidelines recommend that transplant recipients should
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be screened for skin cancer at least twice a year from five years
post-transplantation [16-18]. We hope that the presented
results will allow for a real assessment of the risk of developing
melanoma in our country, and contribute to standardizing
screening practices in this group of patients, offering valuable
insights for medical professionals and researchers.

Conclusions

The incidence of melanoma has been observed to increase
among renal transplant recipients over the first 10 years
post-transplant, with a peak in cases occurring between 4
and 7 years after transplantation. In heart and liver transplant
recipients, cases of melanoma are reported within the first
5 years post-transplant, and no new cases have been recorded
after this period. The 10-year cumulative melanoma incidence
slightly increased in renal recipients (0.213%vs. 0.09, p < 0.001)
andin liver transplant recipients (0.14% vs. 0.09%, p < 0.001) as
opposed to the general population of Poland.

After a thorough analysis of data obtained from the Na-
tional Health Fund in Poland, our study confirms that mela-
noma risk increased in the group of renal and liver recipients,
but there is no association between melanoma occurrence
and heart transplantation. The melanomarrisk increase in renal,
liver,and heart transplant recipients, although statistically signi-
ficant, is lower than was believed before the study. The authors
particularly emphasize the value of monitoring transplant
recipients for skin melanoma, with special attention paid to
patients living over 5 years with a transplanted organ.
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Introduction. This study aims to evaluate the impact of a new financing policy (25% bonus) on the centralization
of radical surgical procedures for cancer treatment in high-volume hospitals in Poland. It builds on existing research that
demonstrates a positive correlation between treatment outcomes and the volume of patients managed at a center,
extending to various cancer types and treatment modalities including both surgical and non-surgical approaches.
Material and methods. Reimbursement data was collected about all radical surgery procedures related to cancer
treatment funded from public sources in Poland in 2019-2022. Hospitals were clustered in three groups: 1) high-volu-
me, 2) “close to” high-volume, and 3) low-volume hospitals. To assess the maximum number of providers in each type
of cancer surgery, the volume procedures for low-volume hospitals was recalculated.

Results. In the years 2018-2022, over 450 hospitals provided radical surgery services in the 13 cancer groups studied.
This value changed slightly during the period under study. In almost half of the analyzed cancer groups, the number
of low-volume hospitals is increasing. An increasing number of hospitals are providing services below the thresholds.
At the same time, across almost all studied groups, the number of high-volume hospitals also increased. Analysis
of the distribution of services by clusters proves the gradual concentration of the market. The share of radical surgery
services provided by low-volume hospitals decreased from 39% in 2019 to 35% in 2022. The share of services provided
in high-volume hospitals increased gradually from 49% to 57% (highest for prostate, kidney and thyroid cancers).
Conclusions. The financial model providing additional revenue for high-volume hospitals with additional requirements
regarding the treatment process, as well as having no required minimal volume of procedures, induced the centraliza-
tion of radical oncology surgery only insignificantly.

Key words: financial incentives, high volume hospitals, cancer surgery, reimbursement

For many cancer types, survival as well as outcomes are impro-
ved when patients receive management at treatment centers
that encounter high numbers of patients annually. Studies have
researched and confirmed a relationship between surgeon
volume and improved health outcomes for high-risk surgical

procedures in oncology. Other studies show that higher hospi-
tal surgery volumes are also associated with better outcomes
compared to low-volume hospitals [1]. Some research even
shows that greater hospital volume can be a substitute for sur-
geon’sindividual experience, by transferring the organizational
learning curve [2]. This correlation is specifically important for
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less common diseases and tumors when patients benefit from
being treated in high-volume centers [3].

The research on volume-outcome associations have been
held on numerous types of cancer procedures, both resections
as well as reconstructions: colon cancer [4, 5], colorectal sur-
gery [6], rectal surgery [7-9], pancreatic or esophageal cancer
resections or free tissue transfer [10], breast cancer surgery
[9], lung cancer [11]. Also research on nonsurgical treatment
of oncology patients has shown improved survival for treat-
ment in high-volume hospitals [12, 13].

Improved outcomes are associated with clinical outcomes
such as mortality, short-term and medium-term survival, in-ho-
spital death, complications, or length of stay. This is confirmed
for different types of oncological surgery, including laparo-
scopy [5, 6] and robotic surgery [14]. Other research shows
that lower number of complications is positively associated
with lower costs of cancer nonsurgical treatment [15, 16].

As a consequence of the evidence on volume-outcome as-
sociations, efforts have been made in several countries and areas
tointroduce regulation on minimum volume or other means to
promote centralization [17]. Such a policy has also been introdu-
cedin Poland in oncological surgery — it differentiates prices for
treatment, with higher prices granted to high-volume hospitals.
The research on the effects of such policies is still relatively
limited and new. Hospitals' reaction can differ depending on
factors such as the distance that the patient has to the nearest
high-volume hospital as well as the hospital’s capacity.

The aim of the study was to analyze the impact of the new
financing policy on the centralization of the procedures of radi-
cal surgery in cancer treatment to high-volume hospitals in Po-
land.This analysis focuses on the primary outcome of whether
the radical surgery was concentrated at high-volume hospitals
compared to the situation before the financial mechanism
was introduced.

Material and methods

Overview of oncological package and selection

of primary outcome

The oncology package was the first approach in Poland to
coordinated care of cancer patients. The primary goal of this re-
form was to improve treatment results by shortening the time
from suspicion of cancer to the initiation of treatment, and to
provide comprehensive care at every stage of the disease
(using the Diagnostics and Oncological Treatment Card, he-
reinafter: DiLO).

The oncology package introduced maximum deadlines
for oncological diagnostics, and defined requirements for
healthcare providers to ensure a quick and comprehensi-
ve service of a specific standard. Healthcare providers were
obliged to provide access to several diagnostic tests as part
of oncological diagnostics at the level of outpatient specialist
care within a specified period (28 days to conduct preliminary
diagnostics in order to confirm or exclude cancer; another

21 days to conduct comprehensive diagnostics in order to
determine the type, stage and location of the cancer). Du-
ring hospital treatment (which should be commenced within
14 days), it was necessary to conduct a medical consultation
panel and provide access to all cancer treatment methods, i.e.
surgical treatment, chemical treatment and radiotherapy [18].
Economic incentives were also used to increase the efficiency
of the diagnostic and treatment process.

The concept of a“leading center”was also introduced. One
of the conditions for such a center was to have a surgical ward
(this condition does not apply to malignant tumors of the he-
matopoietic or lymphatic system) [19]. The aim was to induce
centralization of dispersed surgical practice. Access to radio-
therapy and chemotherapy could be guaranteed through
a cooperation agreement or subcontracting.

In 2018, the National Health Fund introduced financial
mechanisms. The goal was to strengthen the concentration
of providers. Hospitals specializing in performing specific
surgical procedures to oncology patients (with a DiLO card)
were granted higher prices for their services. The 25% bo-
nus was granted to hospitals that exceeded the threshold
for the volume of procedures in a given cancer group (tab. )
and provided these services within DiLO conditions.

Study period
We used NFZ reimbursement data from January 1, 2019, thro-
ugh December 31, 2022. We defined the starting point as

Table I. Volumes of radical surgery procedures that entitle higher prices
-2018 year

Cancer type Volumes of radical
surgery procedures

lung cancer 70

urinary bladder cancer 30

ovarian cancer 30

colorectal cancer 75

uterine cancer 60

kidney cancer 50

breast cancer 250

prostate cancer 75

pancreatic cancer 30

stomach cancer 30

thyroid cancer 75

central nervous system cancer 150

throat cancer 50

Source: Ordinance No. 87/2018/DSOZ of the President of the National Health
Fund of August 23, 2018, amending the order on determining the conditions for
concluding and implementing contracts such as hospital treatment and hospital
treatment - highly specialized services

181



"

the first year after the "25% plus for high-volume hospitals
financial mechanism was introduced. The intervention was
introduced on July 1,2018, for all hospitals. Recognizing that it
takes time to redesign clinical care and optimize performance
in a new payment model, we have analyzed the data starting
from the first full year after the new model was introduced to
the last available period, which was 2022.

Radical surgery in cancer treatment
We included all radical surgery procedures related to the can-
cer treatment for which the "25% plus for high-volume hospi-
tals" mechanism was introduced. We included only hospitals
which provided treatment funded by the NFZ, the only public
payer. These are almost all the procedures provided in Poland,
as hospital treatment is hardly ever funded from private sources
[20]. NFZ reimbursement data was obtained for each provider
and contained information about principal discharge diagno-
ses (ICD-10), provided procedures (ICD-9 CM) and financing
type (oncological package/not oncological package).
Hospitals were clustered in three groups: 1) hospitals gran-
ted a 25% high-volume benefit, 2) “close to”high-volume ho-
spitals i.e. hospitals providing sufficient volume of procedures
to be granted the benefit but not fulfilling the other criteria
for the oncological package, and 3) low-volume hospitals.
To assess the maximum number of providers in each type
of cancer surgery, we recalculated the number of procedures
provided by providers in low-volume hospitals and divided
them by surgery threshold value for defined cancer type.

Results

Change in the number of hospitals

Inthe years 2018-2022, over 450 hospitals provided radical sur-
gery services in the 13 cancer groups studied (tab. Il). This value
changed slightly during the period under study. The largest
number of providers were observed in procedures involving
colorectal cancer (416 in 2019). At the same time, the largest
decrease in their number was observed within this treatment
group (a drop of 24 centers in 2022). A similar decline (22 cen-
ters) was observed in the case of radical surgery for stomach
cancer. However, the highest relative decrease (by 11%) was
recorded for breast cancer — out of 176 hospitals reporting
services in 2019, 156 were recorded in 2022. A reduction
in the number of hospitals (by 2) was also observed in kidney
cancer. In the remaining locations, there were no changes
(ovarian cancer, lung cancer) or an increase in the number
of hospitals (throat cancer, prostate cancer, uterine cancer,
central nervous system cancer, urinary bladder cancer, thyroid
cancer and pancreatic cancer).

In the case of almost half of the analyzed cancer groups (i.e.
throat cancer, kidney cancer, central nervous system cancer,
urinary bladder cancer, thyroid cancer and pancreatic cancer),
anincreasing number of hospitals are providing services below
the thresholds (fig. 1). At the same time, in almost all studied
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Table II. Number of hospitals by cancer type

Year and number of hospitals

Cancer type

2019 2020 2021 2022

throat 88 92 93 95
prostate 132 135 137 135
ovarian 178 183 175 178
colorectal 416 418 394 392
uterine 245 249 248 248
kidney 179 186 183 177
central nervous system 78 79 81 82
urinary bladder 133 140 137 139
breast 176 167 155 156
lung 36 41 40 36
thyroid 172 162 176 191
pancreatic 117 127 122 119
stomach 272 261 250 250
total 471 475 456 455

Source: “Healthy Data" website, published by eHealth Center

groups (except for pancreatic cancer), the number of hospitals
providing services above the required threshold increased. This
is not the result of the emergence of new service providers but
the reorganization of service providers who were previously
in the"potentially above the threshold”category, i.e. providing
services in a volume exceeding the required threshold but
not meeting the conditions of the DiLO card (probably due
to the inability to provide consultation or meet the deadlines
for diagnosis and initiation of treatment).

The degree of concentration of the market for
radical surgery procedures
Analysis of the distribution of the number of services by cate-
gory of hospitals proves the gradual concentration of the mar-
ket (tab. Ill). The share of radical surgery services provided by
hospitals not meeting the threshold decreased from 39%
in 2019 to 35% in 2022. During the period under review,
the share of services provided by hospitals in the “potentially
above the threshold” category also decreased by 3 percenta-
ge points. In turn, the share of services provided in hospitals
above the threshold increased gradually from 49% to 57%.
On the other hand, it can be stated that more than 40% of se-
rvices are still provided by hospitals below the threshold.
Concentration of procedures in large centers is observed
in all (except for pancreatic cancer) examined cancer groups
(fig. 2). In the case of radical surgery for prostate, kidney
and thyroid cancers, the increase in the share of services
provided by high-volume hospitals was 15 percentage points,
14 percentage points and 12 percentage points, respectively.
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*above the threshold - the volume of procedures performed as part of the oncological package or comprehensive oncological care was at least equal to the threshold value;
potentially above the threshold - the volume of procedures was at least equal to the threshold value, regardless of the scope of services in which it was reported; below
threshold — the volume of treatments below the threshold value. Source: own calculation based on “Healthy Data” website, published by eHealth Center

Table I1l. Number of radical surgeries by hospital category

Year
2019
2020
2021
2022

Source: own calculation based on “Healthy data” website, published by eHealth Center.
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Table IV. Number of hospitals providing radical surgeries and projection*
by cancer type (2022 year)

Cancer type 2022 2022* Difference
throat 95 38 -57
prostate 135 80 =55
ovarian 178 62 -116
colorectal 392 133 -259
uterine 248 81 -167
kidney 177 80 -97
central nervous system 82 37 -45
urinary bladder 139 56 -83
breast 156 48 -108
lung 36 28 -8
thyroid 191 40 =151
pancreatic 119 27 -92
stomach 250 66 -184

*max number of hospitals i.e. assuming that hospitals below threshold provide
number of services accounted to threshold (ceteris paribus). Source: own calculation
based on "Healthy data” website, published by eHealth Center

In turn, small increases (at the level of 1 pp or 2 pp) were
observed among procedures performed in lung cancers
and stomach cancers. In the remaining groups the increase
was 6 pp-9 pp.

Considering the number of services provided in hospitals
that do not meet the volume threshold, it should be conclu-
ded that across all cancer groups the number of healthcare
providers providing radical surgery should be limited (tab. IV).
The biggest changes should concern healthcare providers
performing procedures in colorectal cancer surgery — a re-
duction to 133 healthcare providers in the country instead
of the current number of 392.

Discussion
The implemented solution of determining the threshold
above which a hospital qualifies as high-volume is a solution
used in some countries, since several studies show positive
clinical outcomes related to cancer treatment in high-volume
hospitals — emphasising it especially for the most complica-
ted, rare procedures. Individual countries differ in how they
implement this solution, which largely depends on the type
of healthcare system. Some countries, especially those domi-
nated by publicly financed health care, have introduced more
strict regulatory procedures [21]. For example, researchers
in the German sector have determined minimum thresholds
for treatment procedures that ensure better outcomes [22].
However, solutions defining volume thresholds also exist
in the United States [23].

The example of Johns Hopkins Hospital or the Leap-
frog Group have illustrated effective actions toward incre-
asing the share of individual hospitals in the total number
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of procedures. The analysis conducted for Poland did not show
such strong effects in the examined period (four consecutive
years after the implementation of the change). The reason for
the weak consolidation effect may be an insufficiently large
financial incentive that constitutes a real incentive for hospi-
tals to increase the volume of activities. The reasons may also
be organizational - large hospitals may not have sufficiently
large resources to be able to consume a significant increase
in the number of services. Additionally, some hospitals may
fail to meet the organizational conditions for the DILO card.
The additional financing may not cover the costs related to
the reorganization of the treatment process to meet the de-
adlines for starting treatment or implementing counseling.

Onthe other hand, the solution used in Poland introduces an
incentive for high-volume hospitals, while at the same time there
are no entry barriers for hospitals performing fewer procedures,
preventing them from entering the market. What is important is
that oncology had no budget cap before - all services provided
were financed. The solution of excluding from the market provi-
ders with fewer than the required number of procedures is used
in Poland, for example, in relation to arthroplasty procedures; it
is justified by the learning curve and the need to continuously
provide services to maintain high quality.

Additionally, it is the patients and their referring doctors
who decide on where the surgery is performed. Educating
and informing patients and referring doctors on hospital vo-
lumes and outcomes for different procedures would be useful.
Public dissemination of performance data is already under
way in some countries [21]. In Poland, data on the number
of servicesis available in the payer's information system as well
as on the "Healthy data” website, but they do not constitute
a source of information for patients or doctors considered
when choosing the hospital performing the procedure.

In healthcare systems in which patients are free to cho-
ose where to be treated, understanding patients’ behavior
and what drives them towards the most effective choice is
of paramount importance. As Italian research shows, the di-
stance to hospitals is among the most significant factors that
play a role in the patient decision process. The same research
has shown, however, that patients affected by comorbidities
are more responsive to hospital quality and less to distance [24].

A policy of centralization of the most complex cancer
surgery may lead to improved outcomes, and therefore, the in-
troduction of financial or institutional incentives is justified.
As shown by Ciesielski et al,, the specialization of the surgical
department on surgical oncology improves the outcomes
[25]. Efforts should focus on optimizing the balance between
patient access to specialty care and the experience of the tre-
ating center [12]. Perhaps improving the care coordination (e.g.
providing post-hospitalization care closer to home) would be
an important facilitator of the surgery centralization process.

The dispersion of radical oncological surgery procedures
in Poland may be partly because doctors work in more than



one hospital and perform surgical procedures in each facility.
According to the “Maps of health needs’, the average number
of jobs for doctors specializing in oncological surgery in 2019
was 1.78, for thoracic surgeons — 2.08, and for general surge-
ons—1.61[26].This means that the surgeon’s experience often
goes beyond the experience acquired in each hospital. At
the same time, however, research on the importance of volume
of procedures performed in a given hospital indicates that this
relationship is complex. A study by Harmon et al. [2] indicated
that medium-volume surgeons achieved excellent outcomes
similar to high-volume surgeons when operating in medium-
-volume or high-volume hospitals, but not in low-volume
hospitals. As shown by Huo et al., [27] the doctor’s experience
is crucial, but it is strengthened by the experience of the ho-
spital, which translates into the experience of the entire team.
This justifies centralization, not only in terms of the number
of hospitals, but also of the surgeons who carry out the most
complex treatments within them [28]. In Poland, such a solu-
tion is used for robotic treatments.

The analysis of quantitative data indicates that to effective-
ly achieve the goal of consolidating radical oncological surgery
procedures, it is necessary to strengthen the mechanisms used
or tweak them. A possible direction is to implement more rigid
regulations specifying hospitals authorized to perform these
procedures or specifying a minimum threshold for the volume
of services below which the most complex procedures will not
be financed by the payer.

The presented data also provoke consideration of a more
thorough restructuring of the mechanism used. The incentives
of provider payment systems are known to have animpact on
the volume and quality of care. Research conducted by Link
et al. [29] showed that the implementation of a minimum
threshold for colon or rectal resections would exclude a lot
of hospitals in the Netherlands that provide high quality treat-
ment and include hospitals with lower-than-expected quality.

The number of procedures is an imperfect parameter
of treatment quality. Surgical quality is influenced by case mix,
surgical technique, diagnosis, process designs, organizational
structures and volume. High volume has a positive impact on
several of those factors, but only to some extent leads to quality
improvement. Some authors write about a quality plateau [30]
or a surrogate parameter that should be supplemented with
other quality measurements — structural, process and result
[29, 31, 32]. In Poland, such an opportunity is provided by
regulations on the oncology network and the adopted Quality
Act, which supports the implementation of quality parameters
in the system and relates them to the level of hospital revenue.

A limitation of the study is that it does not account for
the impact of the COVID-19 pandemic, which could have
influenced the number of procedures conducted in hospitals.
Although all hospitals operated under challenging conditions
during the pandemic, the degree to which individual facilities
were affected varied significantly. Additionally, the authors

analyzed the values documenting the changes but have not
further analyzed the causes of this situation. A further area that
could be explored is the influence of other factors on the use
of health services, and the subsequent volume of provision
ina given hospital. These factors could include political or social
factors, for example. Further qualitative research is needed.

Conclusions

The financial model introduced for radical oncology surgery
was aimed to induce centralization of services. It is based on
the additional revenue for high-volume hospitals with additio-
nal requirements regarding the treatment process. Its desired
impact was insignificant, as the share of services performed
in high-volume hospitals increased in a very slow peace and at
the same time there were new providers entering the market
with low number of surgical procedures.
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HPV vaccination coverage in the European Region
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Introduction. The human papillomavirus (HPV) is an established cause of cervical cancer and other HPV-related dise-
ases. This study aims to analyze the variation in coverage by HPV vaccination programs — particularly within European
Region countries — and explore possible health outcomes.

Material and methods. A comprehensive literature review and analysis of epidemiological data were conducted,
focusing on HPV vaccination coverage rates, the implementation of vaccination programs, and their outcomes across
the EU/EEA. The study examined various vaccination models, including school-based and health center-based programs,
to understand their effectiveness in achieving high vaccination coverage and the associated reduction in HPV-related
disease burden.

Results. The study’s analysis identified significant variations in HPV vaccination coverage across the EU/EEA. School-
-based vaccination programs, particularly, were highly effective in reaching the target population, achieving coverage
rates significantly higher than those observed in countries relying on health center-based or mixed-model vaccination
strategies.

Conclusions. HPV vaccination programs have played a crucial role in reducing the burden of HPV-related diseases.
These programs' success largely depends on achieving high vaccination coverage, which is more effectively realized
through school-based vaccination strategies.

Key words: human papillomavirus, HPV vaccination, cancer prevention, cervical cancer, school-based intervention,

coverage

Introduction

HPV is a human papillomavirus [1]. There are over 180 types
of HPV, including low-risk types that cause benign genital
warts (condylomas) and papillomas and high-risk types with
a high oncogenic potential, which are responsible for precan-
cerous lesions, cervical cancer, and other types of cancer. An
HPV infection occurs sexually, most frequently shortly after
the initiation of one’s sexual activity. In the course of their
lives, 80% of sexually active men and women have been or
will be infected with HPV [2, 3]. HPV infections are the direct
cause of nearly 99.7% of cervical cancer cases. The virus is
transmitted sexually. Virus transmission is also possible through

contact with an infected person’'s mucous membranes or skin.
According to the World Health Organization, cervical cancer is
the 4" most common type of cancer worldwide. It is detected
in over half a million women every year. It has led to the death
of 250,000 women [4].

The introduction of HPV vaccinations has led to a reduction
in the number of HPV 6/11/16/18 infections, genital warts,
low-grade cervical cytological abnormalities, and histologically
confirmed cervical abnormalities [5, 6]. The results of ran-
domized trials have demonstrated the high safety profile
of HPV vaccines [7]. The most significant benefits are observed
in the population of girls vaccinated before exposure to HPV
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in countries that have achieved high vaccination coverage
rates (VCR) [5, 7]. HPV remains a significant source of cervical
cancer morbidity and mortality worldwide. In light of this,
implementing universal vaccination programs against HPV is
vital forimproving cancer prevention [5].1n 2018, the WHO paid
particular attention to cervical cancer and set a target of 90%
HPV vaccination coverage for the population by 2030 [8].

According to the World Health Organization’s global stra-
tegy, every country should achieve the 90-70-90 targets by
2030 to eliminate cervical cancer in the next century:

« 90% of girls fully vaccinated with the HPV vaccine before

the age of 15,

- 70% of women after screening tests before the age of 35

(and again before the age of 45), and
+ 90% of diagnosed women on treatment (those with

precancerous changes and those with advanced course

of disease).

WHO mathematical models show that implementing
the abovementioned activities in the coming years may lead
to a global decline of cervical cancer incidence by 42% by
2045 and 97% by 2120 [9].

The first country worldwide to introduce a national, uni-
versal HPV vaccination program was Australia. The program
was launched in 2007, and the first population group to be
vaccinated against HPV was girls. In 2013, boys were also vac-
cinated. In the European region, Great Britain was the first to
launch a universal HPV vaccination program for girls in 2008
[10]. By 2019, almost all EU/EEA countries had introduced
the HPV vaccination into their national vaccination programs.
30 out of 31 countries have universal vaccination programs
for girls, and 11 also have catch-up vaccination programs for
older age groups [11].

In most countries, universal HPV vaccination programs are
fully financed from public funds. In a few countries, the pa-
tient covers a part of the costs (this concerns mainly catch-up
vaccinations). According to the current data (as of May 2023),
125 countries worldwide have universal vaccinations against
HPV (data from the Our World in Data platform) [10, 12].

The study aimed to analyze data on vaccination in the po-
pulation eligible for the HPV vaccination as part of free national
vaccinations in individual European Union/European Econo-
mic Area countries.

Material and methods

The material consists of epidemiological data on vaccinations
against human papillomavirus in girls and boys under uni-
versal preventive programs in individual countries. The data
come from collective information on vaccination coverage
in eligible populations across various countries. A focused
literature review was conducted using the National Ministry
of Health websites, the WHO database, and the Our World
in Data database. The data were collected for the following
aspects: vaccination rate in the population per country, date
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of launching the vaccination per country, and vaccination
model,i.e., vaccinations in schools, health centers, pharmacies,
or under a mixed model.

Results

Australia was the first country to introduce a universal HPV
vaccination program, where girls were vaccinated in 2007
and boys in 2013.

Due to the HPV vaccine’s excellent safety profile, effica-
cy, and population effectiveness, in 2017, the World Health
Organization (WHO) published an updated position on HPV
vaccinations with a recommendation on HPV vaccinations for
persons aged 9-14 years (and, if funds are available, catch-up
vaccinations for persons up to 18 years of age) in all countries
of the world.

By 2019, almost all EU/EEA countries had introduced HPV
vaccinations into the national universal vaccination programs.
30out of 31 countries (except Poland) have universal vaccina-
tion programs for girls,and 11 have also implemented catch-up
vaccination programs in older age groups. Universal immuni-
zation programs have been extended to the male population
in 14 of 30 countries (Austria, Belgium, Croatia, The Czech
Republic, Denmark, Finland, Germany, Ireland, Italy, Nether-
lands, Norway, Sweden, and The United Kingdom), and many
other countries plan to extend their programs shortly. In one
country (Liechtenstein), catch-up vaccinations are also per-
formed among older boys. In most countries, vaccinations
are fully financed from public funds, and in a few countries,
it is the patient who covers a part of the costs (this concerns
mainly catch-up vaccinations). Differences between coun-
tries are mostly related to the age of the target populations,
which is 9-14 years for girls and boys, 10-26 years for girls,
and 10-18 years for boys under the catch-up vaccination
programs. Poland introduced the HPV vaccination into the na-
tional vaccination program in June 2023 as part of the National
Public HPV Vaccination Program (tab. I).

The vaccination model in European countries is ba-
sed on vaccinations in schools, health centers, pharmacies,
and the mixed model. Population vaccination models include
vaccinations in schools. For example, in Belgium, vaccinations
in children are scheduled automatically, and only if the guar-
dian declares no consent the child is not vaccinated (opt-out
manner). Another model includes vaccinations in medical
centers or other places, e.g,, pharmacies. The mixed model
includes vaccination both in health centers and schools (fig. 1).

Since 2014, the HPV vaccination has been introduced
in schools in Hungary, where vaccination coverage is almost
80%. In Belgium, the vaccination rate is 90%. In Spain, a reim-
bursed HPV vaccination program for girls has been operating
since 2018. Currently, the vaccination rate is 80%. Subject to
reimbursement are vaccinations for girls and vaccinations for
high-risk groups: persons with primary immune disorders, HIV
carriers, and homosexual men. In Romania, the vaccination



Table I. HPV vaccination coverage in the target populations in Europe

Country Implemen- Vaccination Vaccination
tation model coverage
Austria 2014 mixed 53%
Belgium 2008 schools 90%
Bulgaria 2013 health centers no data
Croatia 2016 schools no data
The Czech 2012 health centers 29%
Republic
Denmark 2008 health centers 80%
Finland 2013 schools 68%
France 2007 health centers 19%
Greece 2008 health centers no data
The Netherlands 2010 mixed 53%
Spain 2007 mixed 82%
Iceland 2010 schools 88%
Ireland 2010 schools 72%
Lichtenstein no data mixed no data
Luxembourg 2008 health centers no data
Lithuania 2016 no data no data
Latvia 2010 mixed 33%
Macedonia 2009 schools 54%
Malta 2012 PHCs 79%
Monaco 2006 no data no data
Germany 2007 health centers 31%
Norway 2009 schools 79%
Poland 2023 health centers 18%
Portugal 2008 mixed 84%
Russia 2014 no data <30%
Romania 2008 mixed no data
Slovakia no data schools no data
Slovenia 2009 schools 46%
Switzerland 2008 mixed 56%
Sweden 2011 schools 80%
The United 2008 schools 85%
Kingdom
Hungary 2014 no data 76%
Italy 2008 health centers 42%

Based on data from the OECD iLibrary: https://www.oecd-ilibrary.org/social-
issues-migration-health/eu-country-cancer-profiles_55f07000-en [13] and Our
World in Data https://ourworldindata.org/grapher/human-papillomavirus-
vaccine-immunization-schedule?tab=table [12]

program was introduced relatively early, i.e, in 2008, but it
was suspended and resumed many times, which has resulted
in poor vaccination rates. The mixed model is used in Romania,
i.e, health centers and schools participate in the program.

In Poland, from June 1 to December 29, 2023, 152,000
teenagers aged 12 and 13 (63% girls and 37% boys) were
vaccinated under the National Public HPV Vaccination Program,
representing approximately 18.3% of the eligible population.
The vaccinations are part of recommended protective measu-
res, with vaccine purchases funded by the Ministry of Health
starting from June 1, 2023, as per announcements made on
February 23, 2023 (Official Gazette of the Ministry of Health,
item 16) and September 29, 2023 (Official Gazette of the Mini-
stry of Health, item 88). The Transparency Council of the Agency
for Health Technology Assessment and Tariff System (AOTMIT)
evaluated the effectiveness of HPV vaccines in preventing
cervical cancer, according to which the two vaccines available
in Poland — Cervarix, 0.5 ml dose (GlaxoSmithKline Biologicals
S.A) and Gardasil 9, 0.5 ml dose (Merck Sharp & Dohme B.V.) —
are effective in preventing cervical cancer. There is no reliable
evidence to suggest the clinical superiority of either vaccine
in terms of clinically significant endpoints.

Discussion

The most common and dangerous disease caused by the HPV
infection is cervical cancer. According to WHO data, cervical
cancer is the fourth most common cancer among women
worldwide; in 2020, it caused the death of over 324,000 wo-
men. [2] InPoland, cervical cancerincidence and mortality rates
are 12.2/100,000 and 5.4/100,000, respectively,and the inciden-
ce of head and neck cancer is 1.27/100,000 (data from 2018).
[14] While infection with HPV types 16 and 18 is associated
with approximately 70% of cervical cancer cases, HPV infec-
tion is etiologically associated with the development of other
diseases [15]. It is estimated that worldwide nine out of ten
cases of anal cancer, seven out of ten cases of vaginal cancer,
one out of two cases of penile cancer, and four out of ten
cases of vulvar cancer are caused by the HPV infection [16, 17].

The estimated effectiveness of vaccinations at the po-
pulation level has been confirmed for HPV infections, genital
warts, and advanced precancerous conditions of the cervix.
These changes appear relatively quickly after contact with
the HPV (the incubation period for genital warts and precan-
cerous conditions of the cervix ranges from a few to several
months) [18, 19].

In 2015, a meta-analysis of 20 studies covering 140 million
person-years in countries where >50% of girls were vacci-
nated was published. The results showed that the inciden-
ce of HPV infections types 16 and 18 was reduced by 68%
(relative risk [RR]: 0.32 [95% Cl: 0.19-0.52]). The risk of HPV
infections type 31, 33, and 45 was also reduced (RR: 0.72 [95%
Cl: 0.54-0.96]), which suggests cross-protection. The inciden-
ce of genital warts in girls aged 13-19 decreased by 61%
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Figure 1. HPV vaccination coverage by the year of introduction of the organized vaccination program
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(RR:0.39[95% CI:0.22-0.71]). Reduction in the incidence of ge-
nital warts was observed in men <20 years of age (RR: 0.66
[95% Cl: 0.47-0.91]) and in women aged 20-39 (RR: 0.68 [95%
Cl: 0.51-0.89] ), which indicates the development of popula-
tion (herd) immunity [19]. These results have been confirmed
in recent publications, constituting new evidence of the po-
pulation effect of the HPV vaccination. The results of a meta-
-analysis conducted in 2019 by Drolet et al. indicated that after
several years of widespread, routine vaccinations among girls
aged 13-19 in developed countries, the incidence of HPV 16
and 18 decreased by 83%, and HPV 31, 33, and 45 fell by 54%.
The incidence of anogenital warts among boys aged 15-19
decreased by 48% [5]. In Australia, a reduction in the frequency
of carrying vaccine HPV types was observed in unvaccinated
men [20, 21]. A decrease in the incidence of genital warts was
also observed in Italy, Canada, Denmark, Israel, Spain, the Uni-
ted States, and Sweden [22-28]. A reduction in the frequency
of HPV infections was observed in population-based studies
of men and young women in the United States and young wo-
men in the United Kingdom [29-31]. Another significant piece
of evidence supporting the effectiveness of HPV vaccinations
in the population for the prevention of cervical cancer, several
decades before the anticipated reduction in the incidence
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of invasive cancer, is data indicating a decrease in the incidence
of cervical intraepithelial neoplasia. This data has been collec-
ted in Australia, Denmark, Sweden, and the United States [32].

Implementing a structured HPV vaccination program is
much more common in countries with a high vaccination rate.
Importantly, in areas with high HPV vaccination rates, vaccina-
tions took place mainly in schools, the HPV vaccine was always
administered on-site, and the reminder communications were
sent to children’s parents. In areas with meager vaccination
rates, the HPV vaccine was administered mainly in health cen-
ters or private doctors' offices. Access to HPV vaccinations can
be facilitated by increasing the availability of on-site vaccines,
sending reminders to parents, and administering vaccines
in schools, which results in high vaccination coverage [33-35].

In Poland, the percentage of children vaccinated under
the National Public HPV Vaccination Program should be com-
pared with the number of vaccinations carried out as part
of health policy programs, including those implemented by
local government units. Only then can the total number of girls
and boys vaccinated against HPV — both under the National
Public HPV Vaccination Program and through health policy
programs — be estimated. The estimate should also inclu-
de children whose parents funded vaccinations privately.


https://www.oecd-ilibrary.org/social-issues-migration-health/eu-country-cancer-profiles_55f07000-en
https://ourworldindata.org/grapher/human-papillomavirus-vaccine-immunization-schedule?tab=table

However, local government programs are not available in every
city, especially in rural areas. Hence, the National Public HPV
Vaccination Program increases the coverage of the eligible
population for vaccination.

Among the factors contributing to the low vaccination
rate are registration in the central system, which may pose
a barrier for parents and providers alike, anti-vaccine pro-
paganda, the presence of fake news related to vaccination,
and anti-vaccine movements. Responding to these challenges
includes accurate education, promotion, and intersectoral
cooperation. The Polish Ministry of National Education we-
bsite features a message regarding HPV vaccinations, and this
information should be disseminated to schools. However, no
other actions have been identified to date regarding promo-
ting HPV vaccinations in educational facilities. The experience
of countries where vaccinations are administered in schools
suggests high effectiveness, as these countries report high HP
vaccination take-up rates among children and adolescents.
Children and adolescents spend a significant portion of their
time in school. In contrast, contact with primary healthcare
facilities is less frequent at 12 and 13, as health assessments
are not commonly conducted at this age. An interesting ini-
tiative appears to be an SMS campaign developed based on
experiences from COVID-19 vaccinations.

The literature review on interventions aimed at improving
HPV vaccination coverage, which was conducted by Walling
et al,, stressed community-based interventions as effective
in promoting and implementing HPV vaccinations. Commu-
nity-based interventions, primarily vaccinations in schools,
are often associated with high vaccination coverage since
they increase access to vaccinations. For example, in Swit-
zerland, where the practical implementation of vaccinations
varied depending on location, implementing the mixed vac-
cination model showed that the vaccination rate was higher
in the areas where vaccinations were performed in schools.
School-based vaccination programs have also been par-
ticularly effective in achieving high HPV vaccination rates
in Australia [33-36].

Conclusions

The effectiveness of population-based HPV vaccination pro-
grams has been confirmed in many scientific studies. Moni-
toring of HPV vaccinations is crucial to ensure vaccination
sustainability and, consequently, to ensure population effects
related to the prevention of cervical cancer and other cancer
sites. Countries that offer reimbursed national vaccinations
in the school-based vaccination model achieve the highest
vaccination rates. Countries that offer reimbursed national
vaccinations in the medical center-based vaccination model
achieve significantly lower vaccination rates. A vaccination
model based on primary schools should be considered to
increase vaccination take-up within the public HPV vaccination
program in Poland.
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Introduction

Squamous-cell carcinoma (SCC) and basal-cell carcinoma
(BCC) are the most frequently occurring malignant tumours
in Caucasians [1-3]. Merkel-cell carcinoma (MCC) is a cancer
that occurs many times less frequently than the two previo-
us types of the skin cancer, yet with respect to the aggressive
course and a relatively significant incidence in the popula-
tion characteristic of the residents of Poland, it also came
under the spotlight of the Surveillance Standardization
Section of the Polish Oncology (https://www.pto.med.pl/
sekcja-standaryzacji-nadzoru-po-leczeniu-onkologicznym)
(4.

In spite of the large prevalence of the above cancers in pe-
ople, the existing recommendations concerning the principles
of surveillance after the treatment, published so far, were
significantly diversified and were based, to a large degree, on
consensus conferences and opinions of expert groups appo-
inted on an ad hoc basis by various organisations. However,
within the two recent years, updated agreed European recom-
mendations concerning the clinical managementin SCC, BCC
and MCC were published under the common banner of the Eu-
ropean Association of Dermato-Oncology (EADO), European
Dermatology Forum (EDF), European Society for Radiotherapy
and Oncology (ESTRO), European Union of Medical Specialists
(UEMS), European Academy of Dermatology and Venereology
(EADV) and European Organization for Research and Treatment
of Cancer (EORTC) and European Society for Medical Oncology
(ESMO) [1-5].

The objective of this study was to work out uniform recom-
mendations concerning the surveillance after the completion
of the treatment of the patients with SCC, BCC and MCC desi-
gned for doctors of numerous specialisations, including family
doctors, taking into consideration the manner of operation
of the national healthcare system in Poland.

Material and methods

A critical overview of some selected guidelines for clinical
management with regards to their fragments referring to
the surveillance of convalescents who completed the treat-
ment of SCC, BCC and MCC [1-8] was made. The overview
did not include the skin melanoma, because, for this cancer,
specific national guidelines concerning the surveillance after
the treatment have recently been published [9-10].

Recommendations

The surveillance of the patients after

the treatment of skin basal-cell cancer

The objective of the surveillance after the treatment of BCC is
the following: local recurrence; another primary BCC, and other
skin cancers with similar risk factors for development (squamo-
us-cell carcinoma, melanoma).

The first follow-up visit after the treatment should inc-
lude detailed information for the patient on the following:
diagnosis and prognosis; risk factors of skin cancers; methods
of protection against sun radiation; clinical signs of local re-
currence which can be detected by the patients themselves;

Table I. The principles of surveillance of the patients with basal cell carcinoma of the skin without signs of an active disease [1, 5]

Intervention

Recommendation

medical examination, involving, in particular in the scar, its area
and the entire skin

dermatological assessment (with dermatoscopy) of the skin
in the patients with at least 1 of the additional recurrence risk
factors listed below:
- aplanned solid organ, bone marrow or hematopoietic cells
transplantation or a history of it;
- the occurrence of at least 1 skin melanoma within the last
5 years;
- the occurrence of at least 4 non-melanocytic skin cancers
within the last 5 years

patient self-examination of the scar and the entire skin once a

every 6-12 months in the first 5 years, and then at least every 12 months*

every 4-6 months for the first 5 years, then every 6-12 months (lifetime) *

the patients should be appropriately trained (in particular those with recurring

month lesions) and an immediate medical visit must be recommended in case of noticing
any lesion in the place of a previous surgical intervention

skin protection against UV

sun exposure should be limited during the midday (between 10 a.m.and 4 p.m.),

protective clothing must be worn, including headgear and sunglasses; regular use
of broad-spectrum sunscreens is recommended on the exposed skin (especially for
people with light complexion)

imaging diagnostics if, on account of initial stage/ location,
physical examination might not be efficient to diagnose
recurrence

imaging technique (ultrasound, CT, MRI), the target area and frequency should be
defined by a multispecialist team upon the completion of the treatment, on the basis
of the suspicion of the type of recurrence (i.e. local, regional, metastatic)

Note! During the first follow-up visit detailed information concerning the risk of recurrence must be communicated to the patient, which will facilitate self-diagnosis; there are
data available showing that in patients with non-advanced form of BCC and whose personal characteristics make self-surveillance possible, only one follow-up visit is possible
when all the information concerning the skin protection and self-examination is communicated.

#— the definite frequency of the interventions undertaken within the surveillance process depends first of all, on individual characteristics of the disease and treatment response;
more intensive schedule of visits should apply to convalescents after treatment with primarily local advancement of BCC or BCC with regional/systemic dissemination

198


https://www.pto.med.pl/sekcja-standaryzacji-nadzoru-po-leczeniu-onkologicznym
https://www.pto.med.pl/sekcja-standaryzacji-nadzoru-po-leczeniu-onkologicznym

Table Il. Recommended surveillance principles after the treatment of patients with squamous-cell carcinoma of the skin without the signs of an active disease

[2,3,6]

Medical examination
of the skin

Disease stage upon
diagnosis

and regional lymph
nodes

every 12 months for
the first 2 years

low risk

high risk* every 3-6 months for
the first 2 years, then

every 12 months

every 3 months

for the first 5 years
and then every 6-12
months

very high risk**

all convalescents after SCC,
who are at the same time
transplant recipients or

every 3-6 months for
a lifetime

Regional lymph nodes
ultrasound

not necessary if

the lymph nodes are not
palpable during physical
examination

every 3-6 months for
the first 2 years

every 3-6 for the first
5 years and then every
6-12 months

in accordance with
the classification to
the risk group

Other imaging Other interventions
procedures (CT, MRI,

PET-CT)

patient self-examination

of the regional lymph nodes
and the entire skin to be made
once per month?

skin protection against sun (SPF
30-50)°

not necessary without
clinical indications

not necessary without
clinical indications

every 3-6 for

the first 3 years

and then depending on
the clinical situation

in accordance with
the classification to
the risk group

have a chronic lymphatic
leukaemia

Note! The definite frequency of the interventions undertaken within the surveillance process depends first of all, on individual characteristics of the disease and treatment

response.

@ — the patients should be appropriately trained (in particular those with recurring lesions) and an immediate medical visit must be recommended in case of noticing any lesion
in the place of a previous surgical intervention; ® - sun exposure should be limited between 10 a.m. and 4 p.m,, protective clothing, including headgear and sunglasses, should
be worn. Regular use of broad-spectrum sunscreens is recommended on the exposed skin (especially for people with light complexion); * - squamous-cell carcinoma without
in-transit, regional or distant metastases (i.e. NO M0) with accompanying high risk factors of local or distant recurrence (see table IV); ** — squamous-cell carcinoma with regional

(i.e. N+) or systemic (i.e. M1) dissemination

the necessity of self-examination of the patient’s skin on
connection with an increased risk of developing new primary
cancer [1].

Overall cumulative risk of BCC recurrence is low, yet
the risk of developing a subsequent basal-cell carcinoma is
approx. 30-50% within 5 years [9]. On account of the BCC
prevalence and a large number of convalescents, the manner
of surveillance must be adapted to the risk of recurrence.
A large BCC recurrence risk group is made up by the pa-
tients with a history of a previous BCC recurrence and pa-
tients with a history of numerous BCCs. BCC tumors with
a high risk of recurrence are most often located on the face
and characterized by an aggressive course with perineu-
ral and perivascular infiltration [1]. Moreover, the process
of individualisation of the surveillance must include the hi-
stopathological variants of BCC burdened with a high risk
of recurrence. The recent WHO classification of skin tumors
introduced the distinction into BCC subtypes connected
with a low risk (superficial, nodular, with adnexal differentia-
tion and fibroepithelial) and with a high risk (micronodular,
infiltrating, sclerosing, basosquamous carcinoma and BCC
with sarcomatoid differentiation) of recurrence [10]. In
the case of patients with a history of irradiation (especially
with the use of older techniques) in the therapy of BCC or
other cancers, the surveillance must also include the risk
of development of post-irradiation cancer within the irradia-
ted field. On the basis of the collected date, the guidelines
were formulated, as presented in table I.

The surveillance of patients after the completion
of treatment of skin squamous-cell carcinoma

The objective of the surveillance after the treatment of BCC
is the following: local, regional and distant recurrence; another
SCC; diagnosis of other skin cancers with similar risk factors for
development (basal-cell carcinoma, melanoma); clinical and ra-
diological assessment of the treatment efficiency and adverse
effects; education of the patient and their carers about the risk
of recurrence [2, 6]. Additionally, follow-up visits allow to treat
the precancerous skin lesions, which is especially important

Table Ill. High risk factors of local or distant recurrence in skin squamous-
-cell carcinoma [2, 3]

Risk factor Characteristic

diameter >20 mm

location lips, ears, temples

thickness >6 mm or infiltration outside
subcutaneous adipose tissue

histological differentiation  low (poorly differentiated)

desmoplasia present

infiltration of peripheral present (microscopic, symptomatic or

nerve fibres radiological)
bone infiltration present
immunosuppression present
surgical margin positive
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in the case of the patients with an increased field of carcino-
genesis, patients with immunosuppression and numerous
primary SCCs [3].

Squamous-cell carcinoma of the skin occurs primarily
in elderly persons with numerous comorbidities. This leads to
the necessity of adaptation of the surveillance principles to an
individual situation of the patient and involvement of the clo-
sest caring persons to the surveillance process (e.g. family
members of the nursing facility staff) [2, 3].

In the case of patients with a history of SCC therapy invo-
Iving irradiation, the surveillance should include the risk of de-
velopment of post-irradiation cancers within the irradiation
field. The recommendations, based on the collected data, are
summarized in tables Il and Ill.

The surveillance of patients after the treatment
of Merkel-cell carcinoma of the skin
The objective of the surveillance after the treatment of MCC
includes the following: diagnosing the recurrence at an early
stage; diagnosis of other skin cancers with similar risk factors
for development (SCC, BCC, skin melanoma); clinical and ra-
diological assessment of the treatment efficiency and adverse
effects; increasing the awareness of the risk of recurrence
in the patient and their carers [2, 4].

The website of an international organisation dedicated to
patients with MCC presents a Recurrence Risk Calculator, which

Year of original MCC diagnosis

2020 v

Month of original MCC diagnosis

9 -

Age at diagnosis

65

=
o
o

Sex
@ Male O Female

~
(Sl

AJCC 8th Edition Stage Type (overview of MCC stages)
@® Pathological O Clinical

AJCC 8th Edition Stage (pathological)
@ P-l OP-l OP-IA O P-IB O P-IV

Site of Primary Tumor

O Extremity @ Chestabdomen/pelvis O Head/neck
O Unknown primary

Immune suppressed at diagnosis?

O Yes @ No

Patients without Recurrence, %
w
o

Figure 1. MCC Recurrence Risk Calculator available at: https://merkelcell.org/
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might be helpful to individualise the surveillance program
after the treatment (https://merkelcell.org/prognosis/recur/)
(fig. 1). Based on the collected data, the recommendations
were formulated as presented in the table IV.

Conclusions

Based on the overview of the European and American recom-

mendations concerning the principles of patient surveillance

after the treatment of skin cancers, some cardinal rules may
be defined in this respect:

1. The fundamental method of patient surveillance after
the treatment of these skin cancers involves regular cli-
nical assessment (initially every 3-6 months, then every
6-12 months), possibly supplemented by dermatoscopic
assessment of the entire skin. Special attention should
be given to the area of the scar, regional lymph nodes
and the skin areas exposed to the same risk factors.

2. The selection of imaging diagnostic procedures within
the surveillance process should be based on the initial stage
of the skin cancer, its location and the presence of additional
risk factors (first of all chronicimmunosuppression) and the fin-
dings of an interdisciplinary team after the treatment is com-
pleted; the selection of imaging diagnostic procedures should
follow the principle of using the basic and easily accessible
procedures first (such as ultrasound), followed by other ima-
ging methods (i.e. CT, MRl or PET) as needed.

Chance of Recurrence

 Starting right after initial treatment: 18%

 Starting today (3.5 years after diagnosis): <2%

k—.

Today

2 a4 6
Years since Initial Treatment


https://merkelcell.org/prognosis/recur/
file:///D:/2/korekta/%20https://merkelcell.org/

Table IV. Recommended surveillance principles after the treatment of patients with Merkel-cell carcinoma of the skin without the signs of an active disease [4, 7]

Disease stage upon diagnosis

Interventions undertaken

in patients without the signs

Frequency Additional remarks

of interventions

stage 01l without high risk factors*

stage lll, in good clinical condition
and not in immunosuppression

stage IV and lower stages with a bad

clinical condition

patients in immunosuppression,
irrespectively of the MCC stage

of active disease

physical examination and interview
with dermatoscopic assessment

of the whole body, palpation

of the scar and surrounding skin
and lymph nodes

ultrasound assessment of the scar,
lymph nodes and lymphatic
drainage

physical examination and interview
with dermatoscopic assessment

of the whole body, palpation

of the scar and surrounding skin
and lymph nodes

ultrasound assessment of the scar,
lymphatic drainage or the area
and lymph nodes

18F-FDG PET/CT of the whole body
(if accessible) or contrast enhanced
neck/chest/ abdominal/ pelvis CT
and head MRl or CT

every 3-6 months for
the first 3 years, then every
12 months up to 5 years

in the case of primary location

of the tumour within the head or neck:
the recommended imaging diagnostics as
in the case of patients with higher disease
stages (i.e. '8F-FDG PET/CT of the whole
body or contrast enhanced neck/chest/

I abdorninal/ pelvis CT and head MRI or CT)

the first 3 years, then every
12 months up to 5 years

every 3 months for

the first 3 years, then every
6 months up to 5 years,
then once per year

every 3 months for
the first 3 years, then every
6 months up to 5 years

every 3-6 months for
the first 3 years, then every
6-12 months up to 5 years

individual follow-up program for a specific patient

physical examination and interview
with dermatoscopic assessment

of the whole body, palpation

of the scar and surrounding skin
and lymph nodes

ultrasound assessment of the scar,
lymphatic drainage or the area
and lymph nodes

18F-FDG PET/CT of the whole body
(if accessible) or contrast enhanced
neck/chest/ abdominal/ pelvis CT
and head MRl or CT

every 3 months for
the first 3 years, then every
6 months

in the case of lack of recurrence or any other
primary tumour, after 5 years, follow-up
visits can be made once per year

every 3 months for
the first 3 years, then every
6 months up to 5 years

Every 3-6 months for
the first 3 years, then every
6-12 months up to 5 years

* —high risk factors in Merkel-cell carcinoma: tumour diameter >2 cm, chronic immunosuppression, primary location of the tumour within the head or neck, lymph nodes
involvement or the lack of correct specification of the condition of the lymph nodes (Nx), infiltration of the lymphatic or blood vessels; '®F-FDG PET - positron emission
tomography with the use of '®F-fluorodeoxyglucose; CT - computed tomography; MR — magnetic resonance

3. Onaccount of the easiness of identification of the majo-

rity of recurrences by the patient themselves as well as
continual impact of the main factors of risk of recurren-
ce, a significant role in the surveillance process is played

by the education of a patient (or their carers) concerning

clinical signs of skin cancer recurrences and protection

UV radiation (i.e. avoiding sun exposure between 10 a.m.

and 4 p.m.; wearing protective clothing, including head-
gearand sunglasses; regularly using of broad-spectrum
sunscreens on the exposed skin (especially for people

with light complexion) and self-examination of the skin.
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Infectious diseases constitute a significant burden for cancer patients. This became particularly evident during
the COVID-19 pandemic. Due to cancer itself and its treatment, the course of infectious diseases in oncology patients
is often unpredictable and may negatively affect them. Preventing infectious diseases through a wide range of vac-
cinations may help maintain the continuity of treatment and constitute an element of holistic patient care. Testing
patients with symptoms or suspected infections allows proper treatment and may avoid unfavorable consequences.
More education on preventing and treating infectious diseases is necessary to improve the standard of cancer care.

Key words: infectious diseases, cancer, vaccines, COVID-19

Introduction

Cancer patients present an increased risk of severe infec-
tions. However, their awareness of the need for preventive
measures is low. In the United States of America, the number
of cancer-related deaths among cancer patients increased
slightly between 2018 and 2021 [1]. In parallel, a significant
increase in other death causes was observed, mainly due
to the COVID-19 pandemic. The number of deaths in can-
cer patients caused by non-cancer causes was highest
in the winter months of 2021 and 2022, corresponding to

subsequent waves of COVID-19 [1]. In Poland, a significant
increase in the mortality of cancer patients was also obse-
rved during the COVID-19 pandemic, although some deaths
may be attributed to delayed diagnosis and poorer access
to health care. The highest 30-day mortality was noted
in patients with lung cancer. Mortality rates due to vaccine-
-preventable infections (including influenza, COVID-19
and pneumococcal diseases) in cancer patients are higher
than 10%, reaching up to 50% in cases of invasive pneu-
mococcal disease [2-4].
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Taking into account Polish cancer patients'insufficient awa-
reness of the burden of infectious diseases, their prevention,
testing and treatment, we present herewith the interdisciplinary
expert position statement on these aspects from the perspective
of infectious diseases, vaccinology and oncology. Considering
the significant impact of the COVID-19 pandemic on cancer
patients, this article focuses mainly on this infectious disease.
We aim to facilitate actions to implement the prevention of in-
fectious diseases in cancer patients, focusing on COVID-19 [1].

Infectious diseases burden in cancer patients,
focusing on COVID-19

Infectious diseases have a significant impact on cancer pa-
tients. Vaccinations can effectively protect against the conse-
quences of infectious diseases, allow the continuity of anti-
cancer therapy, and a decrease in mortality [1, 5. This impact
is apparent for COVID-19, where subsequent infection waves
were accompanied by peaks of excess deaths [1]. Indeed, pe-
ople with a history or current cancer are at high risk of severe
disease and death from this infection [6-8]. In the case of se-
asonal influenza, hospitalized cancer patients were shown to
have higher mortality, longer hospital stays and a greater risk
of health-related complications, including pneumonia, neutro-
penia and sepsis [9]. Importantly, viral infections pave the way
for bacterial infections. Therefore, Streptococcus pneumoniae
infections are secondary infections or co-infections, which
in immunosuppressed cancer patients may be particularly
harmful [10-12].

Typically, hematologic malignancies carry an increased risk
of severe infections compared to solid tumors, as shown for
COVID-19113, 14]. At the same time, however, solid malignan-
cies are more common than hematologic malignancies [15].
Importantly, cancer patients are not a homogeneous group.
The main risk factors for severe COVID-19 in cancer patients are:

multiple comorbidities [6, 16-18],

type of cancer (including acute leukemia, lung cancer,

genital cancer, thyroid cancer) [6, 17, 19, 20],

cytotoxic treatment (including time elapsed since ther-

apy) [18],

bone marrow transplants,

advanced age [6, 16-18],

male gender [6, 16, 17, 19],

ethnicity [6, 16, 17,19,

multi-neoplastic syndromes [17],

smoking [16],

average or poor Eastern Cooperative Oncology Group

performance status [16],

history of active cancer versus cancer in remission [16].

Due to impaired immune system and treatment-related
ilmmunosuppression, cancer patients are more susceptible to
unpredictable courses of infections and post-infectious com-
plications [21]. Numerous factors related to cancer influence
the course of infectious diseases:
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corticosteroids and other immunosuppressive drugs re-

duce the immune response,

cytotoxic drugs may cause bone marrow suppression,

which may lead to thrombocytopenia and neutropenia,

thus prompting bacterial infections [22],

radiotherapy-related lymphopenia increases the risk of se-

vere viral infections [22],

inhibiting the activity of immune checkpoints may re-

sultin excessive cytokine production and may contribute

to the development of a cytokine storm.

Multiple factors increase the risk of severe COVID-19 in-
fections in cancer patients. These include impaired immune
system function, synergistic inflammatory reaction, chro-
nic inflammation, increased expression of the ACE2 recep-
tor (in some cancer types) and TMPRSS2 (prostate cancer),
and increased procoagulant activity. The SARS-CoV-2 virus
is evolving, which changes the burden of COVID-19. During
the dominance of the BA.1 and BA.2 subvariants (early Omicron
phase), the mortality among hospitalized patients was 12—14%.
During the dominance of BA.5,BA.2.75,BQ.1 and XBB.1.5 sub-
variants (late Omicron phase), the overall burden of COVID-19
was lower in the general population but persisted in hospi-
talized patients at the alarming level of 9% [23]. The number
of deaths among cancer patients was the highest during
the COVID-19 wave in early 2022 and was disproportionately
higher than that in the general population [24]. Unvaccinated
individuals are much more susceptible to COVID-19 sequelae;
therefore, vaccination appears to be the most effective pre-
vention of severe COVID-19 infection [25].

Complications of infectious diseases in cancer
patients

Recently, much attention has been paid to complications fol-
lowing infection with the SARS-CoV-2 virus called long-COVID
syndrome [26, 27]. It is estimated that this syndrome may affect
as many as % of patients [27]. It manifests as persistent impaired
functioning of the respiratory and cardiovascular systems, fati-
gue and cognitive disorder [28], which may last several weeks
or months after the infection [29]. An analysis of the OnCovid
registry showed that complications persisted after COVID-19
for6and 12 monthsin 9.8% and 8.0% of patients, respectively.
Factors associated with a higher complication risk included
male gender, age >65 years, >2 comorbidities, history of smo-
king and a severe course of COVID-19 [29].

The time of virus elimination (identified as a positive
PCR test) is longer in cancer patients than in patients with
an effective immune system [30-33]. Such situations may
affect the continuity of anticancer treatment. Indeed, the data
from the OnCovid registry showed that anticancer treatment
was modified or discontinued in 14.6% and 22.9% of patients,
respectively, and treatment termination due to COVID-19 com-
plications was associated with a significantly reduced survival
compared to that among patients who continued treatment



(hazard ratio [HR]: 6.75; 95% confidence interval [Cl]: 2.37-19.9)
[34]. Current recommendations advise treatment continuation
in the case of asymptomatic chronic viremia.

The vaccination benefits for cancer patients include
preventing severe disease, hospitalization and death. Still,
vaccinations may also shorten possible infection duration,
limit potential therapeutic breaks, or avoid deferring the an-
titumor treatment. Interruption of the ongoing treatment
due to any infection is a significant problem that intensifies
during seasonal infection peaks, mainly considering COVID-19
and influenza. The general public underestimates infections
as a medical problem, and this also applies to cancer patients.
Often, patients who require anticancer treatment, including
surgery, show up with an active infection and rarely use vacci-
nation. The COVID-19 pandemic caused a significant increase
in the number of excess cancer deaths resulting from delayed
cancer diagnosis [35]. The spread of the SARS-CoV-2 virus af-
fected cancer screening, health problems reporting, diagnosis,
access to treatment and clinical research. Consequently, pre-
ventive vaccinations are gaining new importance as a basis
for maintaining the continuity of the diagnostics and therapy
of cancer patients [36].

Vaccinations in cancer patients

Cancer itself and immunosuppressive anticancer treatment hinder
the protective effects of some vaccinations by reducing seroconver-
sion and accelerating the waning of immunity over time [37, 38].

For these reasons, cancer patient vaccination schedules may differ
from those used in the general population (e.g., the number of do-
sesand revaccination frequency), therefore the vaccination history
should be in particular documented (e.g. centralized electronic
vaccination system) [39]. Unfortunately, knowledge of this topic
is scarce. Of note, the example of vaccination against COVID-19
shows that despite a significantly weakened humoral response,
the cellular response often remains satisfactory [37].

A comprehensive approach to vaccinations for cancer
patients is often presented in a graphic form as the so-called
vaccination calendar. Developing such calendars for the ge-
neral cancer population is difficult due to limited knowledge.
However, vaccination schedules exist for some risk groups, inc-
luding patients with hematologic malignancies or asplenia [40]
and rheumatic diseases [41]. Table | shows the recommended
seasonal and year-round vaccinations for cancer patients [21].

In Poland, detailed data on vaccination rates in particular risk
groups are lacking; thus, assessing cancer patients'vaccination
willingness is difficult. Available data indicate that overall influen-
za vaccination coverage in Poland is low (around 5% each year
inthe general population and around 20% among people aged
>65 years) [42]. The primary COVID-19 vaccination rate is about
60%, and the first and second booster doses were taken by 30%
and 7.7% of Poles, respectively. According to the American So-
ciety of Clinical Oncology (ASCO) data, the COVID-19 vaccination
rate is about 20% lower than in the general population, which
may also apply to other vaccinations [43, 44].

Table I. Recommended seasonal and year-round vaccinations for cancer patients [21]

Vaccination type Infectious disease

Optimal vaccination time

Practical remarks

seasonal COVID-19

influenza

RSV

non-seasonal pneumococcal disease,
meningococcal disease, HBV,

HiB, HPV, VZV, Tdap

vaccination against COVID-19 should be performed

in line with the latest national or international
recommendations for a given season once the adapted
vaccine becomes available. However, the vaccination
should not be delayed, awaiting the availability

of the adapted vaccine [70]. Revaccination should take
place every 6-12 months in consultation with a health
care provider, and at least 3 months after COVID-19
recovery [71]

in Poland, the influenza epidemic season lasts

from October to May and peaks from January to

March [76]. Considering it takes about 2 weeks to
develop protective antibodies, the best time to get
vaccinated is in September. However, if this optimal
vaccination period is missed, vaccination is indicated till
the circulation of given viral strains [77]

RSV vaccine is currently a single-dose vaccine with

no need for revaccination. This vaccination should be
provided before RSV infections peak, which typically starts
in October, meaning in late summer or early fall [78-80]

no specific vaccination time throughout the year
is indicated. Therefore, a year-round vaccination
is possible; however, the faster vaccination is
administered, the better for patient protection

for detailed vaccination schedules,
refer to current vaccination
calendars recommended by

the Polish Vaccinology Society

[72] for brand names of specific
vaccines, see table II.

The non-seasonal infections may
overlap with seasonal infections
during the autumnal-winter period,
presenting more severe clinical
outcomes, such as influenza

and pneumococcal disease [73].
Vaccination against seasonal

and non-seasonal infections may
be administered during a single
visit or at separate visits, provided
they contain non-live antigens [74].
Considering seasonal infections,

it is important to protect patients
before the fall-winter period. It

is also worth getting vaccinated
during the season. For best
protection time see the “Optimal
vaccination time” column [75]

COVID-19 - coronavirus disease; HBV — hepatitis B virus; HiB — Haemophilus influenzae type B; HPV — human papillomavirus; RSV - respiratory syncytial virus; VZV - varicella zoster

virus; Tdap - tetanus, diphtheria, pertussis vaccine
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Table Il cont. Indications, vaccines, dosage regimens and patient payment levels of vaccines available in Poland (46, 80-87)

The implementation of vaccination depends on the pa-
tient’s attitude and individual understanding of the importance
of the recommendation. Therefore, there is an apparent need
for educational activities to address both patients and their
immediate environment [36]. One such element is the vacci-
nation advice based on current recommendations given by an
oncologist. Issuing a vaccine prescription against, e.g., pneu-
mococci, RSV, or shingles may motivate the patient. The pa-

The National Immunization Program for 2024 provides free-
of-charge Tdap vaccinations for all people who are before

or after transplantation of hematopoietic cells, internal
organs, splenectomy, with asplenia, or splenic dysfunctions

9 tient should be informed that several preventive vaccinations,

_g except those using live microorganisms, can be administered

£ during one visit. Within the scope of permissions, primary

E care physicians and pharmacists may implement oncologists’

_E g "c%i recommendations. Additionally, an important issue is the im-

3 § § plementation of the cocoon strategy, which includes, among
others, vaccination of household members, close relatives
and healthcare workers [36, 45].

Vaccination recommendations for adult patients with he-
matological malignancies are available in Polish, implemented
into clinical practice and updated [40]. However, there are

2 no similar national recommendations for patients with solid
E tumors. In 2018, joint recommendations for preventing infec-
£ . N " tious diseases were developed by ASCO and the Infectious
g g g g Diseases Society of America (IDSA) [46]. That said, they do

not respond to all current medical needs. In turn, the latest
National Comprehensive Cancer Network (NCCN) guidelines
cover the prevention and treatment of infectious diseases
in a more up-to-date and comprehensive way, taking into
account influenza, COVID-19, pneumococcal and meningo-
coccal infections, HPV, RSV, VZV, Tdap and other infections
(47). Table Il summarizes these recommendations, pointing
out the vaccines available in Poland, their standard dosages
and reimbursement status.

Diagnosis of cancer is a rough emotional experience
and may distract patients from the implementation of pro-
phylactic measures, including vaccinations [48, 49]. Additio-
nally, the COVID-19 pandemic hampered cancer treatment
and appropriate prevention implementation [50]. The patient
should be clearly informed that infection may affect antican-
cer treatment. The vaccination should ideally be performed
at cancer diagnosis and before anticancer treatment, as this
may lower vaccine effectiveness. Inactivated vaccines should
be administered at least two weeks (vaccines containing live
microorganisms at least four weeks) before starting treatment.
Due to the risk of infection induction, vaccinations containing
live microorganisms are contraindicated during chemotherapy
and inimmunocompromised patients [51]. Inturn, vaccinations
without live microorganisms can be safely used in these popula-
tions [21]. If vaccination is substantiated after anticancer therapy,
the optimal time is from three to 12 months after its completion,
depending on the vaccine and oncological treatment [51].

The vaccinations indicated in table Il are safe for cancer
patients. The contraindications to vaccination are limited
and include, among others:

Abrysvo - bivalent vaccine
Arexvy — monovalent vaccine

Adacel Boostrix

*
(]
=
<
=
(]

o
o

=

tract diseases caused by respiratory syncytial
virus (RSV) in infants from birth to 6 months

of age after maternal vaccination during

pregnancy
of the vaccine in cancer patients is unknown

passive protection against lower respiratory
diseases caused by RSV. The effectiveness

active immunization of people >60
years against lower respiratory tract

administered every 10 years

Indication

diphtheria/tetanus/whooping

respiratory syncytial virus
cough (Tdap)

Vaccination
(RSV)

!Influvac Tetra is reimbursed for the entire group aged 18-64, and Vaxigrip Tetra for people aged 18-64 with additional risk factors; * — vaccines available in Poland as of January 3, 2024; ** - additional doses may be administered to people with severe immune disorders

by national recommendations. As of January 3, 2024, no published recommendations exist for this patient population
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active infection,

active cancer during intensive chemotherapy and/or ra-

diotherapy (however, there are no clear contraindications

to the administration of influenza and COVID-19 vaccines),
intensive immunosuppression, i.e., corticosteroid thera-
py (calculated for prednisone >0.5 mg/kg/day for over

14 days), rituximab, or other anti-CD20 monoclonal an-

tibodies,

allergic reactions to a given vaccine [51].

Notably, influenza vaccinations were shown to prolong
overall survival (OS) in cancer patients administered immune
checkpointinhibitors (ICl) [52]. Given influenza's relatively low
mortality, vaccination against more deadly infections (e.g.,
COVID-19) may carry even greater OS benefit [53].

Vaccination access for cancer patients in Poland
Cancer patients should be among the vaccination priority
groups due to their high risk of severe infections and compli-
cations [21, 36,47]. Access to vaccinations in Poland has been
recently significantly improved (tab. Il), due the extension
of reimbursement of pneumococcal and influenza vaccines
and local vaccination prevention programs [54, 55].

An essential step in improving the protection of cancer
patients by vaccination should be the development of national
practice guidelines addressed to medical oncologists, surgeons
and radiation oncologists. Currently, the reimbursement sys-
tem for medicinal products is dispersed between pharmacies
and primary care facilities, and in the case of vaccinations, it
does not cover specialist treatment. Hence, although oncolo-
gists know the importance of vaccinations, they are notimple-
mented in clinical practice. To facilitate this process, vaccination
points should be located in cancer centers. A good example
is the Swietokrzyskie Oncology Center, where vaccinations
against pneumococci are carried out in patients with most
common solid and hematological malignancies [56]. It is pos-
tulated that all vaccines necessary for comprehensive primary
prevention should be available in hospitals and administered
within the facility. All of the above ventures should increase
vaccination rates in a population that is particularly sensitive
to the severe course of infections, and these actions may also
include other groups of patients.

The National Oncology Strategy provides an opportunity
to popularize vaccination prevention [57]. So far, the popula-
rization of vaccinations in Poland has been limited, illustrated
by low HPV vaccination rates [58]. Therefore, broad educational
activities in the field of vaccinations in Poland are still needed.

Testing and treatment of COVID-19

in cancer patients

Despite preventive measures, infectious diseases in cancer
patients remain a significant challenge. The American Covid
Data Tracker data for 2018-2021 clearly shows increased mor-
tality due to cancer as an underlying cause and a significant
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increase in the number of deaths due to infectious diseases,
particularly COVID-19 [1].

Despite the accessibility of combo antigen tests (including
COVID-19, RSV, influenza A and B) as part of primary health
care services in Poland, they are not performed sufficiently
frequently. This situation hinders causal treatment imple-
mentation, e.g., influenza (oseltamivir) and COVID-19 [59, 60].
Subsequently, the number of these infections and the overall
data for the Polish population are blurred. Considering these
facts, the WHO focuses on testing all symptomatic and high-
-risk asymptomatic patients [61]. According to the current
IDSA diagnostic algorithm, testing for COVID-19 should only
be performed in symptomatic patients [62]. It is recommended
to use antigen tests with a diagnostic sensitivity and specificity
of at least 90% and 97%, respectively. If symptoms suggesti-
ve of COVID-19 persist and the first test is negative, it should
be repeated after 3-4 days, when the highest concentration
of antigens is recorded [63].

According to the recently updated WHO COVID-19 treat-
ment guidelines, depending on the clinical condition of cancer
patients, the risk of severe COVID-19 may be classified as high
or moderate, corresponding to a hospitalization risk of 6%
and 3%, respectively [64]. The current guidelines are similar to
those in the general population [64]. These recommendations
are in line with those of the Polish Society of Epidemiologists
and Infectious Disease Physicians from 2022 because inhaled
budesonide and the use of monoclonal antibodies against
the S protein of the SARS-CoV-2 virus are principally no longer
relevant for clinical practice [64, 65].

According to Polish guidelines, antiviral treatment can be
used in the first and second COVID-19 stages, i.e,, in the mild
and full-symptomatic phases, before the development of re-
spiratory failure [65]. According to the latest WHO recommen-
dations, the only strongly recommended therapy in the early
phase of COVID-19 in patients at high risk of hospitalization
is a short-term oral course of nirmatrelvir/ritonavir (NIR/RIT).
The use of NIR/RIT may be considered in patients with a mo-
derate risk of hospitalization [61]. In contrast, the indications
for molnupiravir and remdesivir in patients at high risk of ho-
spitalization are weak or conditional.

According to NCCN guidelines for cancer-related infec-
tions, NIR/RIT or remdesivir may be used in patients with acute
iliness, recent onset of symptoms and high risk of COVID-19
progression (prolonged neutropenia, lymphopenia, or T-cell
dysfunction accompanying hematologic malignancies
and lung cancer). During hospitalization, treatment with rem-
desivir is recommended. NIR/RIT and/or remdesivir may be
used in patients with persistent SARS-CoV-2 infection, typically
in patients with B-cell hematologic malignancies [47].

The authorization of molnupiravir in the European Union
was withdrawn in June 2023 [66]. So far, remdesivir and NIR/RIT
are not reimbursed in Poland, although the reimbursement pro-
cess for NIR/RIT is ongoing [67]. Given the burden of COVID-19



and the high mortality of cancer patients, access to effective
treatment of this infection in Poland remains an unmet me-
dical need [61].

NIR/RIT may interact with anticancer drugs; it is therefore
recommended that potential interactions be checked using
a simple online tool on the University of Liverpool website
[68]. Since NIR/RIT therapy is short-term (up to 5 days from
COVID-19 symptoms’ onset), in most cases, drug interactions
can be prevented by modifying treatment doses or changing
some active substances [64]. Of greatimportance is that drug-
-drug interactions for NIR/RIT are based on data obtained from
ritonavir studies in HIV, where these compounds were used at
a higherdose and in a chronic manner [61, 64]. Ritonavir, being
an inhibitor of some cytochrome P450 isoenzymes (mainly
CYP3A4, CYP2D6) and having a high affinity for P-glycoprotein
(P-gp), may affect the concentration of other concomitantly ad-
ministered drugs [64]. Hence, when implementing the NIR/RIT,
a risk-benefit ratio should always be considered.

Many patients are not aware of the risk of severe COVID-19
and neglect antigen testing after viral exposure or symptoms
emergence. Likewise, few at-risk people know that appropriate
treatment may reduce their risk of hospitalization and death
due to COVID-19. Further, patients must realize that delayed
intervention may substantially reduce treatment efficacy. Pa-
tients must be educated about the risk of progression to severe
COVID-19 and know what to do once they develop symptoms
and test positive for COVID-19.The post-vaccination immunity
weakens over time, whereas the willingness to receive sub-
sequent booster doses decreases, allowing for SARS-CoV-2
immune escape. It is expected, therefore, that the number
of hospitalizations among vaccinated people, especially
among high-risk groups, will increase [61]. A cross-sectional
study in the US showed that hospitalizations due to breakth-
rough infection were reported in up to 25% of vaccinated pa-
tients during the dominance of the Omicron variant. Therefore,
owing to the low rate of booster vaccinations, the proportion
of patients hospitalized with COVID-19 is expected to increase
[69]. For this reason, providing effective COVID-19 treatment
for cancer patients and other high-risk patients remains an
important issue.

Conclusions

Infections pose a significant threat to cancer patients.
The COVID-19 pandemic caused a significant disruption in can-
cer management, worsened treatment outcomes and signi-
ficantly increased cancer mortality — directly and indirectly.
Vaccinations remain the cornerstone of preventing the conse-
quences of infections. However, the COVID-19 booster and in-
fluenza vaccination rates remain low in Poland.

Avital issue hindering the implementation of recommen-
ded vaccinationsin cancer patients is a concern of primary care
physicians and patients about vaccination safety after cancer
diagnosis. Therefore, the development of Polish vaccination

recommendations for patients with solid malignancies is an
urgent medical need. Cancer patients themselves are often
unaware of the risk of severe infections, especially COVID-19,
which reduces their willingness to vaccination, testing and im-
plementing casual treatment. A limited number of cancer
patients are aware of outpatient COVID-19 treatment options.
Therefore, education on this matter is essential. The health care
system should shorten the patient clinical path and enable
the co-administration of necessary vaccinations during a single
visit. The organization and financing of the health care system
should also support rapid diagnosis and treatment of infections
in cancer patients. Organizational, logistic and reimbursement
changes are warranted to improve patients'safety in all cancer
care institutions.

Article information and declarations

Author contributions

Piotr Rutkowski — conceptualization, supervision, writing —
original draft preparation, writing — review and editing.
Bozena Cybulska-Stopa — conceptualization, writing — original
draft preparation, writing — review and editing.

Jacek Jassem — conceptualization, writing — original draft pre-
paration, writing — review and editing.

Adam Ptuzanski — conceptualization, writing — original draft
preparation, writing — review and editing.

Krzysztof Tomasiewicz — conceptualization, writing — original
draft preparation, writing — review and editing.

Lucjan Wyrwicz — conceptualization, writing — original draft
preparation, writing — review and editing.

Piotr Wysocki — conceptualization, writing — original draft pre-
paration, writing — review and editing.

Jacek Wysocki — conceptualization, writing — original draft
preparation, writing — review and editing.

Robert Flisiak — conceptualization, writing — original draft pre-
paration, writing — review and editing.

Acknowledgments

We acknowledge Karolina Wieruszewska-Kowalczyk and Mi-
chat Abendrot for critical manuscript review and editing sup-
port. We thank Urszula Sot for her contribution in literature
search that helped develop this paper.

Financial support

Pfizer Polska has organized the meeting of the Expert Com-
mittee on infectious diseases in cancer patients with particular
attention to COVID-19. Medical writing support was provided
by Marcin Balcerzak (Medink) and was funded by Pfizer.

Conflicts of Interest

Piotr Rutkowski — consulting fees (Bristol-Myers Squibb, MSD,
Novartis, Pierre Fabre, Philogen, Pfizer), honoraria (Bristol My-
ers Squibb, MSD, Novartis, Pfizer, Pierre Fabre, Sanofi, Merck,
Astra Zeneca), Speakers' Bureau (Pfizer, Novartis, Pierre Fabre,

209



MSD, BMS), support for attending meetings and/or travel (Or-
phan Europe, Pierre Fabre). Bozena Cybulska-Stopa — honoraria
forlectures, grants, consultancies and fees (MSD, BMS, Novartis,
Pierre Fabre, Sanofi, Merck, GlaxoSmithKline, Roche, Pfizer).
Jacek Jassem — consulting or advisory roles (from BMS, Roche,
and MSD), travel, accommodation, and expenses (Takeda),
speakers bureau support (from Roche — not compensated,
Pfizer, Novartis, and MSD). Adam Ptuzanski — advisory board,
travel grant (Pfizer). Krzysztof Tomasiewicz — consultancy, ad-
visory board, speaker (AbbVie, Alfasigma, AstraZeneca, Bausch
Healthcare, Gilead, GSK, Novo Nordisk, Pfizer, Promed), grant
or research (AbbVie, Gilead, GSK). Lucjan Wyrwicz — no conflict
to declare in connection with this publication. Piotr Wysocki
— consulting fees (Bristol-Myers Squibb, MSD, Novartis, Pierre
Fabre, Immunicom, Merck, Astellas, Janssen, Ipsen), honoraria
(Bristol-Myers Squibb, MSD, Novartis, Pierre Fabre, Immunicom,
Pfizer, Merck, Astellas, Janssen, Ipsen), support for attending
meetings and/or travel (BMS, Astra Zeneca, Pierre Fabre), par-
ticipation in Data Safety Monitoring or Advisory Boards (Bri-
stol-Myers Squibb, MSD, Novartis, Pierre Fabre, Immunicom,
Pfizer, Merck, Astellas, Janssen, Ipsen). Robert Flisiak — grants
(AbbVie, Gilead, MSD, Pfizer, Roche), Consultations (AbbVie,
Baush, Gilead, MSD, Moderna, Novo Nordisk, Pfizer), honoraria
(AbbVie, Baush, Gilead, MSD, Pfizer).

Marcin Balcerzak

Medink

ul. Ogrodowa 11d/1

05-500 Mysiadto, Poland

e-mail: marcin.balcerzak@medink.eu

Received: 11 Apr 2024
Accepted: 19 Apr 2024

References

1. Henley SJ, Dowling NF, Ahmad FB, et al. COVID-19 and Other Underly-
ing Causes of Cancer Deaths - United States, January 2018-July 2022.
MMWR Morb Mortal Wkly Rep. 2022; 71(50): 1583-1588, doi: 10.15585/
mmwr.mm7150a3, indexed in Pubmed: 36520660.

2. Echavarrial, Carrién Galindo JR, Corral J, et al. SEOM clinical guidelines
for the prophylaxis of infectious diseases in cancer patients (2021). Clin
Transl Oncol. 2022; 24(4): 724-732, doi: 10.1007/s12094-022-02800-3,
indexed in Pubmed: 35230619.

3. Fattore GL, Olivos NS, Olalla JE, et al. Mortality in patients with cancer
and SARS-CoV-2 infection: Results from the Argentinean Network of
Hospital-Based Cancer Registries. Cancer Epidemiol. 2022; 79: 102200,
doi: 10.1016/j.canep.2022.102200, indexed in Pubmed: 35772301.

4. Burgos J, Lujan M, Larrosa MN, et al. The problem of early mortality
in pneumococcal pneumonia: a study of risk factors. Eur Respir J.
2015; 46(2): 561-564, doi: 10.1183/09031936.00034415, indexed in
Pubmed: 26022957.

5. Zembower TR. Epidemiology of infections in cancer patients. Cancer
Treat Res.2014; 161:43-89, doi: 10.1007/978-3-319-04220-6_2, indexed
in Pubmed: 24706221.

6.  Chavez-MacGregor M, Lei X, Zhao H, et al. Evaluation of COVID-19
Mortality and Adverse Outcomes in US Patients With or Without Cancer.
JAMA Oncol. 2022; 8(1): 69-78, doi: 10.1001/jamaoncol.2021.5148,
indexed in Pubmed: 34709356.

7. Anantharaman A, Dusendang JR, Schmittdiel JA, et al. SARS-CoV-2
Clinical Outcomes in Patients with Cancer in a Large Integrated Health
Care System in Northern California. Oncologist. 2021; 26(3): e500-e504,
doi: 10.1002/0nc0.13602, indexed in Pubmed: 33210439.

210

20.

21.

22.

23.

24,

25.

26.

27.

Giannakoulis VG, Papoutsi E, Siempos II. Effect of Cancer on Clinical
Outcomes of Patients With COVID-19: A Meta-Analysis of Patient Data.
JCO Glob Oncol. 2020; 6: 799-808, doi: 10.1200/G0.20.00225, indexed
in Pubmed: 32511066.

Li J, Zhang D, Sun Z, et al. Influenza in hospitalised patients with
malignancy: a propensity score matching analysis. ESMO Open. 2020;
5(5): e000968, doi: 10.1136/esmoopen-2020-000968, indexed in
Pubmed: 33093022.

Klein EY, Monteforte B, Gupta A, et al. The frequency of influenza and
bacterial coinfection: a systematic review and meta-analysis. Influenza
Other Respir Viruses. 2016; 10(5): 394-403, doi: 10.1111/irv.12398,
indexed in Pubmed: 27232677.

Gaudin J, Thayalakulasingam T. Invasive Pneumococcal Disease and
COVID-19 With Acute Otitis Media and a Tegmen Tympani Defect.
Cureus. 2023; 15(9): e44869, doi: 10.7759/cureus.44869, indexed in
Pubmed: 37814724.

Sagar AES, Evans SE. Pneumonia in the Cancer Patient. In: Nates J, Price
KE. ed. Oncologic Critical Care. Springer, Cham 2020.
Papakonstantinou E, Dragoumani K, Efthimiadou A, et al. Haemato-
logical malignancies implications during the times of the COVID-19
pandemic. Oncol Lett. 2021; 22(6): 856, doi: 10.3892/01.2021.13117,
indexed in Pubmed: 34777590.

Langerbeins P, Hallek M. COVID-19 in patients with hematologic mali-
gnancy. Blood. 2022; 140(3): 236-252, doi: 10.1182/blood.2021012251,
indexed in Pubmed: 35544585.

Rolston KVI. Infections in Cancer Patients with Solid Tumors: A Review.
Infect Dis Ther. 2017; 6(1): 69-83, doi: 10.1007/540121-017-0146-1,
indexed in Pubmed: 28160269.

Kuderer NM, Choueiri TK, Shah DP, et al. COVID-19 and Cancer Con-
sortium. Clinical impact of COVID-19 on patients with cancer (CCC19):
a cohort study. Lancet. 2020; 395(10241): 1907-1918, doi: 10.1016/
S0140-6736(20)31187-9, indexed in Pubmed: 32473681.

Sharafeldin N, Bates B, Song Q, et al. Outcomes of COVID-19 in Patients
With Cancer: Report From the National COVID Cohort Collaborative
(N3C).J Clin Oncol. 2021; 39(20): 2232-2246, doi: 10.1200/JC0.21.01074,
indexed in Pubmed: 34085538.

Wang Lu, Sun'Y, Yuan Ye, et al. Clinical challenges in cancer patients
with COVID-19: Aging, immunosuppression, and comorbidities. Aging
(Albany NY). 2020; 12(23): 24462-24474, doi: 10.18632/aging.104205,
indexed in Pubmed: 33232275.

Russell B, Moss CL, Shah V, et al. Guy’s Cancer Real World Evidence.
Risk of COVID-19 death in cancer patients: an analysis from Guy’s
Cancer Centre and King's College Hospital in London. Br J Cancer.
2021; 125(7): 939-947, doi: 10.1038/541416-021-01500-z, indexed in
Pubmed: 34400804.

Venkatesulu B, Chandrasekar V, Girdhar P, et al. A Systematic Review
and Meta-Analysis of Cancer Patients Affected by a Novel Coronavirus.
JNCI Cancer Spectr. 2021; 5(2), doi: 10.1093/jncics/pkaa102.
Czyzykowski R, Pluzanski A. Supportive care. Prophylaxis and treatment of
infections. Oncol Clin Pract. 2020; 16: 143-149, doi: 10.5603/0CP.2020.0010.
Rapoport BL. Management of the cancer patient with infection and
neutropenia. Semin Oncol. 2011; 38(3): 424-430, doi: 10.1053/j.semi-
noncol.2011.03.013, indexed in Pubmed: 21600373.

Flisiak R, Zarebska-Michaluk D, Dobrowolska K, et al. Change in the
Clinical Picture of Hospitalized Patients with COVID-19 between the
Early and Late Period of Dominance of the Omicron SARS-CoV-2
Variant. J Clin Med. 2023; 12(17), doi: 10.3390/jcm12175572, indexed
in Pubmed: 37685639.

Potter AL, VaddarajuV, Venkateswaran S, et al. Deaths Due to COVID-19
in Patients With Cancer During Different Waves of the Pandemic in
the US. JAMA Oncol. 2023; 9(10): 1417-1422, doi: 10.1001/jamaon-
€0l.2023.3066, indexed in Pubmed: 37651113.

Cortellini A, Tabernero J, Mukherjee U, et al. OnCovid study group.
SARS-CoV-2 omicron (B.1.1.529)-related COVID-19 sequelae in
vaccinated and unvaccinated patients with cancer: results from the
OnCovid registry. Lancet Oncol. 2023; 24(4): 335-346, doi: 10.1016/
$1470-2045(23)00056-6, indexed in Pubmed: 36898391.

Dagher H, Chaftari AM, Subbiah IM, et al. Long COVID in cancer
patients: preponderance of symptoms in majority of patients over
long time period. Elife. 2023; 12, doi: 10.7554/eLife.81182, indexed in
Pubmed: 36748905.

Fankuchen O, Lau J, Rajan M, et al. Long COVID in Cancer: A Mat-
ched Cohort Study of 1-year Mortality and Long COVID Prevalence
Among Patients With Cancer Who Survived an Initial Severe SARS-
-CoV-2 Infection. Am J Clin Oncol. 2023; 46(7): 300-305, doi: 10.1097/
COC.0000000000001005, indexed in Pubmed: 37072891.


http://dx.doi.org/10.15585/mmwr.mm7150a3
http://dx.doi.org/10.15585/mmwr.mm7150a3
https://www.ncbi.nlm.nih.gov/pubmed/36520660
http://dx.doi.org/10.1007/s12094-022-02800-3
https://www.ncbi.nlm.nih.gov/pubmed/35230619
http://dx.doi.org/10.1016/j.canep.2022.102200
https://www.ncbi.nlm.nih.gov/pubmed/35772301
http://dx.doi.org/10.1183/09031936.00034415
https://www.ncbi.nlm.nih.gov/pubmed/26022957
http://dx.doi.org/10.1007/978-3-319-04220-6_2
https://www.ncbi.nlm.nih.gov/pubmed/24706221
http://dx.doi.org/10.1001/jamaoncol.2021.5148
https://www.ncbi.nlm.nih.gov/pubmed/34709356
http://dx.doi.org/10.1002/onco.13602
https://www.ncbi.nlm.nih.gov/pubmed/33210439
http://dx.doi.org/10.1200/GO.20.00225
https://www.ncbi.nlm.nih.gov/pubmed/32511066
http://dx.doi.org/10.1136/esmoopen-2020-000968
https://www.ncbi.nlm.nih.gov/pubmed/33093022
http://dx.doi.org/10.1111/irv.12398
https://www.ncbi.nlm.nih.gov/pubmed/27232677
http://dx.doi.org/10.7759/cureus.44869
https://www.ncbi.nlm.nih.gov/pubmed/37814724
http://dx.doi.org/10.3892/ol.2021.13117
https://www.ncbi.nlm.nih.gov/pubmed/34777590
http://dx.doi.org/10.1182/blood.2021012251
https://www.ncbi.nlm.nih.gov/pubmed/35544585
http://dx.doi.org/10.1007/s40121-017-0146-1
https://www.ncbi.nlm.nih.gov/pubmed/28160269
http://dx.doi.org/10.1016/S0140-6736(20)31187-9
http://dx.doi.org/10.1016/S0140-6736(20)31187-9
https://www.ncbi.nlm.nih.gov/pubmed/32473681
http://dx.doi.org/10.1200/JCO.21.01074
https://www.ncbi.nlm.nih.gov/pubmed/34085538
http://dx.doi.org/10.18632/aging.104205
https://www.ncbi.nlm.nih.gov/pubmed/33232275
http://dx.doi.org/10.1038/s41416-021-01500-z
https://www.ncbi.nlm.nih.gov/pubmed/34400804
http://dx.doi.org/10.1093/jncics/pkaa102
http://dx.doi.org/10.5603/OCP.2020.0010
http://dx.doi.org/10.1053/j.seminoncol.2011.03.013
http://dx.doi.org/10.1053/j.seminoncol.2011.03.013
https://www.ncbi.nlm.nih.gov/pubmed/21600373
http://dx.doi.org/10.3390/jcm12175572
https://www.ncbi.nlm.nih.gov/pubmed/37685639
http://dx.doi.org/10.1001/jamaoncol.2023.3066
http://dx.doi.org/10.1001/jamaoncol.2023.3066
https://www.ncbi.nlm.nih.gov/pubmed/37651113
http://dx.doi.org/10.1016/S1470-2045(23)00056-6
http://dx.doi.org/10.1016/S1470-2045(23)00056-6
https://www.ncbi.nlm.nih.gov/pubmed/36898391
http://dx.doi.org/10.7554/eLife.81182
https://www.ncbi.nlm.nih.gov/pubmed/36748905
http://dx.doi.org/10.1097/COC.0000000000001005
http://dx.doi.org/10.1097/COC.0000000000001005
https://www.ncbi.nlm.nih.gov/pubmed/37072891

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Davis HE, McCorkell L, Vogel JM, et al. Long COVID: major findings, me-
chanisms and recommendations. Nat Rev Microbiol. 2023; 21(3): 133~
146, doi: 10.1038/541579-022-00846-2, indexed in Pubmed: 36639608.
Cortellini A, Salazar R, Gennari A, et al. On Covid study group. Persistence
of long-term COVID-19 sequelae in patients with cancer: An analysis
from the OnCovid registry. Eur J Cancer. 2022; 170: 10-16, doi: 10.1016/j.
€jca.2022.03.019, indexed in Pubmed: 35576848.

Shoham S, Batista C, Ben Amor Y, et al. Lancet Commission on COVID-19
Vaccines and Therapeutics Task Force. Vaccines and therapeutics for
immunocompromised patients with COVID-19. EClinicalMedicine.
2023; 59: 101965, doi: 10.1016/j.eclinm.2023.101965, indexed in
Pubmed: 37070102.

Abbasi J. Researchers Tie Severe Immunosuppression to Chronic
COVID-19 and Virus Variants. JAMA. 2021; 325(20): 2033-2035,
doi: 10.1001/jama.2021.7212, indexed in Pubmed: 33950236.
Rahmani A, Dini G, LesoV, et al. Duration of SARS-CoV-2 shedding and
infectivity in the working age population: a systematic review and
meta-analysis. Med Lav. 2022; 113(2): €2022014, doi: 10.23749/mdl.
v113i2.12724, indexed in Pubmed: 35481581.

Pérez-Lago L, Aldamiz-Echevarria T, Garcia-Martinez R, et al. Different
Within-Host Viral Evolution Dynamics in Severely Immunosuppres-
sed Cases with Persistent SARS-CoV-2. Biomedicines. 2021; 9(7),
doi: 10.3390/biomedicines9070808, indexed in Pubmed: 34356872.
Maringe C, Spicer J, Morris M, et al. The impact of the COVID-19 pan-
demic on cancer deaths due to delays in diagnosis in England, UK:
a national, population-based, modelling study. Lancet Oncol. 2020;
21(8): 1023-1034, doi: 10.1016/51470-2045(20)30388-0, indexed in
Pubmed: 32702310.

Recommendations of the National Comprehensive Cancer Network
(NCCN) COVID-19 Vaccination Advisory Committee. Version 8.0
03/06/2023 Internet: National Comprehensive Cancer Network;
2023. https://www.evig.org.au/getmedia/6de8cf1f-54d5-4c5d-
9045-f3b5ff384bbc/2021-covid-19-vaccination-guidance-v8-0.pdf.
aspx (16.02.2024).

Reimann H, Kremer AN, Blumenberg V, et al. Cellular and humoral
immune responses to SARS-CoV-2 vaccination in patients after CD19.
CAR T-cell therapy. Blood Adv. 2023; 7(10): 2066-2069, doi: 10.1182/
bloodadvances.2022007806, indexed in Pubmed: 36206194.
Mahalingam S, Peter J, Xu Z, et al. Landscape of humoral immune
responses against SARS-CoV-2 in patients with COVID-19 disease and
the value of antibody testing. Heliyon. 2021; 7(4): e06836, doi: 10.1016/j.
heliyon.2021.e06836, indexed in Pubmed: 33898857.

Kamboj M, Bohlke K, Baptiste DM, et al. Vaccination of Adults With Can-
cer: ASCO Guideline.J Clin Oncol. 2024;42(14): 1699-1721, doi: 10.1200/
JCO.24.00032, indexed in Pubmed: 38498792.

Hus |, Piekarska A, Rolinski J, et al. Szczepienia ochronne u dorostych
chorych na nowotwory hematologiczne oraz u chorych z asplenig -
zalecenia PTHIT i sekcji do spraw zakazer PALG. Acta Haematologica
Polonica. 2018; 49(3): 93-101, doi: 10.2478/ahp-2018-0016.

FurerV, Rondaan C, Heijstek M, et al. 2019 update of EULAR recommen-
dations for vaccination in adult patients with autoimmune inflammato-
ry rheumatic diseases. Ann Rheum Dis. 2020; 79(1): 39-52, doi: 10.1136/
annrheumdis-2019-215882, indexed in Pubmed: 31413005.

Antczak A, Nitsch-Osuch A, Balcerzak M, et al. Coalition Shaping the
Vaccination Landscape. Vaccines (Basel). 2022; 10(12), doi: 10.3390/
vaccines10122030, indexed in Pubmed: 36560440.

ASCO COVID-19 Registry Data Dashboard Internet: ASCO; 2023. https://
old-prod.asco.org/covid-resources/asco-registry/data-dashboard.
The ASCO Post Staff. COVID-19 Vaccination Rates May Be Lower in
Patients With Cancer Who Have Comorbidities, Certain Types of Cancer,
and Specific Sociodemographic Factors Internet: ASCO; 2023. https://
ascopost.com/news/march-2023/covid-19-vaccination-rates-may-be-
lower-in-patients-with-cancer-who-have-comorbidities-certain-types-
of-cancer-and-specific-sociodemographic-factors/.

KUCHAR E, ANTCZAK A, SKOCZYNSKA A, et al. Pneumococcal vac-
cination among adults - updated Polish recommendations. Family
Medicine & Primary Care Review. 2022; 24(3): 285-291, doi: 10.5114/
fmpcr.2022.119420.

Taplitz RA, Kennedy EB, Bow EJ, et al. Antimicrobial Prophylaxis
for Adult Patients With Cancer-Related Immunosuppression: ASCO
and IDSA Clinical Practice Guideline Update. J Clin Oncol. 2018;
36(30): 3043-3054, doi: 10.1200/JC0.18.00374, indexed in Pub-
med: 30179565.

Prevention and treatment of cancer-related infections (ver-
sion 2.2023) Internet: National Comprehensive Cancer Network;

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

2023. https://www.nccn.org/guidelines/guidelines-detail?category-
=3&id=1457 (12.02.2024).

Prabani KIP, Weerasekara |, Damayanthi HD. COVID-19 vaccine accep-
tance and hesitancy among patients with cancer: a systematic review
and meta-analysis. Public Health. 2022; 212: 66-75, doi: 10.1016/j.
puhe.2022.09.001, indexed in Pubmed: 36244261.

Yong CW, Robinson A, Hong C. Dental Evaluation Prior to Cancer Thera-
py. Front Oral Health. 2022; 3: 876941, doi: 10.3389/froh.2022.876941,
indexed in Pubmed: 35510226.

Visweshwar N, Rico JF, Ayala |, et al. Insights into the Impact of He-
sitancy on Cancer Care and COVID-19. Cancers (Basel). 2023; 15(12),
doi: 10.3390/cancers15123115, indexed in Pubmed: 37370725.

Rubin LG, Levin MJ, Ljungman P, et al. Infectious Diseases Society of
America, Infectious Diseases Society of America. 2013 IDSA clinical
practice guideline for vaccination of the immunocompromised host.
Clin Infect Dis. 2014; 58(3): e44-100, doi: 10.1093/cid/cit684, indexed
in Pubmed: 24311479.

Bersanelli M, Verzoni E, Cortellini A, et al. FICOG group (Federation of
Italian Cooperative Oncology Groups). Impact of influenza vaccination
on survival of patients with advanced cancer receivingimmune check-
pointinhibitors (INVIDIa-2): final results of the multicentre, prospective,
observational study. EClinicalMedicine. 2023;61: 102044, doi: 10.1016/j.
eclinm.2023.102044, indexed in Pubmed: 37434748.

Severe Viral Respiratory lliness Internet: Centers for Diseases Control
and Prevention; 2024. https://www.cdc.gov/respiratory-viruses/data-
-research/dashboard/illness-severity.html (09.02.2024).

Sciubisz. M. Wazne zmiany w refundacji szczepionek In-
ternet: Medycyna Praktyczna; 2023. https://www.mp.pl/
szczepienia/aktualnosci/330272,wazne-zmiany-w-refundacji-
szczepionek (16.02.2024).

Nowy program szczepieni w Warszawie Internet: Polska Agencja Praso-
wa; 2023. https://www.pap.pl/aktualnosci/nowy-program-szczepien-
w-warszawie-radni-zdecydowali.

Opinia Prezesa Agencji Oceny Technologii Medycznych i Taryfikacji
nr 166/2018 z dnia 17 sierpnia 2018 r. o projekcie programu polityki
zdrowotnej pn.,Zapobieganie ciezkim zapaleniom ptuc u chorych on-
kologicznych z najczestszymi nowotworami litymi i hematologicznymi”
realizowanego przez: wojewddztwo $wietokrzyskie Internet: Agencja
Oceny Technologii Medycznych i Taryfikacji; 2018. https://bipold.aotm.
gov.pl/assets/files/oopz/2018/0OP-0166-2018.pdf (13.02.2024).
Program wieloletni pn. Narodowa Strategia Onkologiczna na lata 2020-
2030. Ministarstwo Zdrowia, Warszawa 2020.

SobierajskiT, Rzymski P, Matecka |, et al. Trust in Physicians in the Context
of HPV Vaccination of Children from the Perspective of Social Exchange
Theory: A Representative Study of Polish Parents.Vaccines (Basel). 2023;
11(10), doi: 10.3390/vaccines11101618, indexed in Pubmed: 37897019.
GRYPA / RSV / COVID-19 - antygenowy test combo Internet: Zwrotnik
Raka; 2023. https://www.zwrotnikraka.pl/test-combo-grypa-rsv-co-
vid/ (16.02.2023).

Guidelines for the clinical management of severe iliness from influenza
virus infections Internet: World Health Organization; 2022. https://iris.
who.int/handle/10665/352453 (27.03.2024).

Therapeutics and COVID-19. Living Guideline. 10 November 2023. World
Health Organization, Geneva 2023.

Hayden MK, Hanson KE, Englund JA, et al. The Infectious Diseases Socie-
ty of America Guidelines on the Diagnosis of COVID-19: Antigen Testing
(January 2023). Clin Infect Dis. 2024; 78(7): e350-e384, doi: 10.1093/
cid/ciad032, indexed in Pubmed: 36702617.

Frediani J, Parsons R, McLendon K, et al. The New Normal: Delayed Peak
SARS-CoV-2 Viral Loads Relative to Symptom Onset and Implications
for COVID-19Testing Programs. Clinical Infectious Diseases. 2023; 78(2):
301-307, doi: 10.1093/cid/ciad582.

Charakterystyka Produktu Leczniczego Paxlovid. Data ostatniej
aktualizacji 11.01.2024. Internet: European Medicines Agency; 2022
(16.02.2024).

Flisiak R, Horban A, Jaroszewicz J, et al. Management of SARS-CoV-2 in-
fection: recommendations of the Polish Association of Epidemiologists
and Infectiologists as of February 23, 2022. Pol Arch Intern Med. 2022;
132(3), doi: 10.20452/pamw.16230, indexed in Pubmed: 35352546.
Lagevrio (molnupiravir) Internet: European Medicines Agency;
2023. https://www.ema.europa.eu/en/medicines/human/EPAR/
lagevrio (16.02.2024).

Whiosek o objecie refundacja leku Paxlovid (nirmatrelvirum + rito-
navirum) we wskazaniu: COVID-19 u pacjentéw dorostych, ktérzy
nie wymagaja tlenoterapii, i u ktérych wystepuje zwigkszone ryzyko

211


http://dx.doi.org/10.1038/s41579-022-00846-2
https://www.ncbi.nlm.nih.gov/pubmed/36639608
http://dx.doi.org/10.1016/j.ejca.2022.03.019
http://dx.doi.org/10.1016/j.ejca.2022.03.019
https://www.ncbi.nlm.nih.gov/pubmed/35576848
http://dx.doi.org/10.1016/j.eclinm.2023.101965
https://www.ncbi.nlm.nih.gov/pubmed/37070102
http://dx.doi.org/10.1001/jama.2021.7212
https://www.ncbi.nlm.nih.gov/pubmed/33950236
http://dx.doi.org/10.23749/mdl.v113i2.12724
http://dx.doi.org/10.23749/mdl.v113i2.12724
https://www.ncbi.nlm.nih.gov/pubmed/35481581
http://dx.doi.org/10.3390/biomedicines9070808
https://www.ncbi.nlm.nih.gov/pubmed/34356872
http://dx.doi.org/10.1016/S1470-2045(20)30388-0
https://www.ncbi.nlm.nih.gov/pubmed/32702310
https://www.eviq.org.au/getmedia/6de8cf1f-54d5-4c5d-9045-f3b5ff384bbc/2021-covid-19-vaccination-guidance-v8-0.pdf.aspx
https://www.eviq.org.au/getmedia/6de8cf1f-54d5-4c5d-9045-f3b5ff384bbc/2021-covid-19-vaccination-guidance-v8-0.pdf.aspx
https://www.eviq.org.au/getmedia/6de8cf1f-54d5-4c5d-9045-f3b5ff384bbc/2021-covid-19-vaccination-guidance-v8-0.pdf.aspx
http://dx.doi.org/10.1182/bloodadvances.2022007806
http://dx.doi.org/10.1182/bloodadvances.2022007806
https://www.ncbi.nlm.nih.gov/pubmed/36206194
http://dx.doi.org/10.1016/j.heliyon.2021.e06836
http://dx.doi.org/10.1016/j.heliyon.2021.e06836
https://www.ncbi.nlm.nih.gov/pubmed/33898857
http://dx.doi.org/10.1200/JCO.24.00032
http://dx.doi.org/10.1200/JCO.24.00032
https://www.ncbi.nlm.nih.gov/pubmed/38498792
http://dx.doi.org/10.2478/ahp-2018-0016
http://dx.doi.org/10.1136/annrheumdis-2019-215882
http://dx.doi.org/10.1136/annrheumdis-2019-215882
https://www.ncbi.nlm.nih.gov/pubmed/31413005
http://dx.doi.org/10.3390/vaccines10122030
http://dx.doi.org/10.3390/vaccines10122030
https://www.ncbi.nlm.nih.gov/pubmed/36560440
https://old-prod.asco.org/covid-resources/asco-registry/data-dashboard
https://old-prod.asco.org/covid-resources/asco-registry/data-dashboard
https://ascopost.com/news/march-2023/covid-19-vaccination-rates-may-be-lower-in-patients-with-cancer-who-have-comorbidities-certain-types-of-cancer-and-specific-sociodemographic-factors/
https://ascopost.com/news/march-2023/covid-19-vaccination-rates-may-be-lower-in-patients-with-cancer-who-have-comorbidities-certain-types-of-cancer-and-specific-sociodemographic-factors/
https://ascopost.com/news/march-2023/covid-19-vaccination-rates-may-be-lower-in-patients-with-cancer-who-have-comorbidities-certain-types-of-cancer-and-specific-sociodemographic-factors/
https://ascopost.com/news/march-2023/covid-19-vaccination-rates-may-be-lower-in-patients-with-cancer-who-have-comorbidities-certain-types-of-cancer-and-specific-sociodemographic-factors/
http://dx.doi.org/10.5114/fmpcr.2022.119420
http://dx.doi.org/10.5114/fmpcr.2022.119420
http://dx.doi.org/10.1200/JCO.18.00374
https://www.ncbi.nlm.nih.gov/pubmed/30179565
https://www.nccn.org/guidelines/guidelines-detail?category=3&id=1457
https://www.nccn.org/guidelines/guidelines-detail?category=3&id=1457
http://dx.doi.org/10.1016/j.puhe.2022.09.001
http://dx.doi.org/10.1016/j.puhe.2022.09.001
https://www.ncbi.nlm.nih.gov/pubmed/36244261
http://dx.doi.org/10.3389/froh.2022.876941
https://www.ncbi.nlm.nih.gov/pubmed/35510226
http://dx.doi.org/10.3390/cancers15123115
https://www.ncbi.nlm.nih.gov/pubmed/37370725
http://dx.doi.org/10.1093/cid/cit684
https://www.ncbi.nlm.nih.gov/pubmed/24311479
http://dx.doi.org/10.1016/j.eclinm.2023.102044
http://dx.doi.org/10.1016/j.eclinm.2023.102044
https://www.ncbi.nlm.nih.gov/pubmed/37434748
https://www.cdc.gov/respiratory-viruses/data-research/dashboard/illness-severity.html
https://www.cdc.gov/respiratory-viruses/data-research/dashboard/illness-severity.html
https://www.mp.pl/szczepienia/aktualnosci/330272,wazne-zmiany-w-refundacji-szczepionek
https://www.mp.pl/szczepienia/aktualnosci/330272,wazne-zmiany-w-refundacji-szczepionek
https://www.mp.pl/szczepienia/aktualnosci/330272,wazne-zmiany-w-refundacji-szczepionek
https://www.pap.pl/aktualnosci/nowy-program-szczepien-w-warszawie-radni-zdecydowali
https://www.pap.pl/aktualnosci/nowy-program-szczepien-w-warszawie-radni-zdecydowali
https://bipold.aotm.gov.pl/assets/files/oopz/2018/OP-0166-2018.pdf
https://bipold.aotm.gov.pl/assets/files/oopz/2018/OP-0166-2018.pdf
http://dx.doi.org/10.3390/vaccines11101618
https://www.ncbi.nlm.nih.gov/pubmed/37897019
https://www.zwrotnikraka.pl/test-combo-grypa-rsv-covid/
https://www.zwrotnikraka.pl/test-combo-grypa-rsv-covid/
https://iris.who.int/handle/10665/352453
https://iris.who.int/handle/10665/352453
http://dx.doi.org/10.1093/cid/ciad032
http://dx.doi.org/10.1093/cid/ciad032
https://www.ncbi.nlm.nih.gov/pubmed/36702617
http://dx.doi.org/10.1093/cid/ciad582
http://dx.doi.org/10.20452/pamw.16230
https://www.ncbi.nlm.nih.gov/pubmed/35352546
https://www.ema.europa.eu/en/medicines/human/EPAR/lagevrio
https://www.ema.europa.eu/en/medicines/human/EPAR/lagevrio

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

212

progresji do ciezkiej postaci COVID-19. Agencja Oceny Technologii
Medycznych i Taryfikacji, Warszawa 2023.

Liverpool COVID-19 Interactions Internet: University of Liverpool;
2023. https://www.covid19-druginteractions.org/checker (16.02.2024).
Havers FP, Pham H, Taylor CA, et al. COVID-19-Associated Hospitaliza-
tions Among Vaccinated and Unvaccinated Adults 18 Years or Older
in 13 US States, January 2021 to April 2022. JAMA Intern Med. 2022;
182(10): 1071-1081, doi: 10.1001/jamainternmed.2022.4299, indexed
in Pubmed: 36074486.

WHO roadmap on uses of COVID-19 vaccines in the context of Omicron
and high population immunity Internet: World Health Organization;
2023. https://iris.who.int/bitstream/handle/10665/373987/WHO-
-2019-nCoV-Vaccines-SAGE-Prioritization-2023.2-eng.pdf?sequen-
ce=1(27.03.2024).

Wysocki J, Siewert B, Mastalerz-Migas A, et al. Vaccinations against
COVID-19in adults in the 2023/2024 season. Recommendations of the
Polish Society of Vaccinology, the Polish Society of Family Medicine, the
Polish Society of Epidemiology and Physicians of Infectious Diseases
and the Polish Society of Gynecologists and Obstetricians. Lekarz POZ.
2024;10: 23-34.

Kalendarze szczepien dorostych Internet: Polskie Towarzystwo
Wakcynologii; 2024. https://ptwakc.org.pl/szczepienia-doro-
slych/ (27.03.2024).

Sender V, Hentrich K, Henriques-Normark B. Virus-Induced Changes
of the Respiratory Tract Environment Promote Secondary Infections
With . Front Cell Infect Microbiol. 2021; 11: 643326, doi: 10.3389/
fcimb.2021.643326, indexed in Pubmed: 33828999.

Timing and Spacing of Inmunobiologics Internet: Centers for Disease
Control and Prevention; 2023. https://www.cdc.gov/vaccines/hcp/
acip-recs/general-recs/timing.html (27.03.2024).

Considerations for Coadministering COVID, Flu and/or RSV Vaccines
this Fall Internet: Infectious Diseases Society of America; 2023. https://
www.idsociety.org/covid-19-real-time-learning-network/vaccines/
considerations-for-coadministering-covid-flu-andor-rsv-vaccines-this-
fall/#/+/0/publishedDate_na_dt/desc/ (27.03.2024).

Kiedy najlepiej zaszczepic sie przeciw grypie? Internet: Narodowy
Instytut Zdrowia Publicznego PZH - Pafistwowy Instytut Badawczy;
2023. https://szczepienia.pzh.gov.pl/fag/kiedy-najlepiej-zaszczepic-
-sie-przeciw-grypie/ (27.03.2024).

COVID-19, influenza, and other respiratory viruses — 2023-2024 autumn
and winter season Internet: World Health Organization; 2023. https://
www.who.int/europe/news-room/questions-and-answers/item/cov-

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

id-19--influenza--and-other-respiratory-viruses---2023-2024-autumn-
and-winter-season (27.03.2024).

Hamid S, Winn A, Parikh R, et al. Seasonality of Respiratory Syncytial
Virus - United States, 2017-2023. MMWR Morb Mortal Wkly Rep.
2023; 72(14): 355-361, doi: 10.15585/mmwr.mm7214a1, indexed in
Pubmed: 37022977.

Frequently Asked Questions About RSV Vaccine for Adults Internet:
Centers for Disease Control and Prevention; 2024. https://www.cdc.gov/
vaccines/vpd/rsv/hcp/older-adults-fags.html (27.03.2024).
Nitsch-Osuch A, Antczak A, Barczyk A, et al. Rekomendacje grupy
ekspertdw w zakresie szczepien przeciw wirusowi RS oséb dorostych.
Lekarz POZ.2023; 9: 301-308.

Obwieszczenie Ministra Zdrowia z dnia 11 grudnia 2023 r. w sprawie
wykazu refundowanych lekéw, srodkéw spozywczych specjalnego
przeznaczenia zywieniowego oraz wyrobéw medycznych na 1 stycz-
nia 2024 r.. Dz. Urz. Min. Zdr. 2023.112: Ministerstwo Zdrowia; 2023.
Charakterystyka Produktu Leczniczego Comirnaty. Data ostatniej
aktualizacji 05.12.2023 Internet: European Medicines Agency;
2021. https://www.ema.europa.eu/en/medicines/human/EPAR/
comirnaty (16.02.2024).

Charakterystyka Produktu Leczniczego Prevenar 13. Data ostatniej
aktualizacji 01.10.2021. Internet: European Medicines Agency;
2010. https://www.ema.europa.eu/en/medicines/human/EPAR/pre-
venar-13 (16.02.2024).

Charakterystyka Produktu Leczniczego Apexxnar. Data ostatniej aktu-
alizacji 09.10.2023. Internet: European Medicines Agency; 2022. https://
www.ema.europa.eu/en/medicines/human/EPAR/apexxnar.
Charakterystyka Produktu Leczniczego Nimenrix. Data ostatniej
aktualizacji 17.05.2022. Internet: European Medicines Agency;
2012. https://www.ema.europa.eu/en/medicines/human/EPAR/
nimenrix (16.02.2024).

Charakterystyka Produktu Leczniczego Neisvac C. Data ostatniej
aktualizacji 17.06.2022. Internet: Pfizer; 2009. https://www.pfizerpro.
pl/produkty (16.02.2024).

Charakterystyka Produktu Leczniczego Trumenba. Data ostatniej
aktualizacji 19.10.2023. Internet: European Medicines Agency;
2017. https://www.ema.europa.eu/en/medicines/human/EPAR/
trumenba (16.02.2024).

Charakterystyka Produktu Leczniczego Abrysvo. Data ostatniej
aktualizacji 23.08.2023. Internet: European Medicines Agency;
2023. https://www.ema.europa.eu/en/medicines/human/EPAR/
abrysvo (16.02.2024).


https://www.covid19-druginteractions.org/checker
http://dx.doi.org/10.1001/jamainternmed.2022.4299
https://www.ncbi.nlm.nih.gov/pubmed/36074486
https://iris.who.int/bitstream/handle/10665/373987/WHO-2019-nCoV-Vaccines-SAGE-Prioritization-2023.2-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/373987/WHO-2019-nCoV-Vaccines-SAGE-Prioritization-2023.2-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/373987/WHO-2019-nCoV-Vaccines-SAGE-Prioritization-2023.2-eng.pdf?sequence=1
https://ptwakc.org.pl/szczepienia-doroslych/
https://ptwakc.org.pl/szczepienia-doroslych/
http://dx.doi.org/10.3389/fcimb.2021.643326
http://dx.doi.org/10.3389/fcimb.2021.643326
https://www.ncbi.nlm.nih.gov/pubmed/33828999
https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/timing.html
https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/timing.html
https://szczepienia.pzh.gov.pl/faq/kiedy-najlepiej-zaszczepic-sie-przeciw-grypie/
https://szczepienia.pzh.gov.pl/faq/kiedy-najlepiej-zaszczepic-sie-przeciw-grypie/
https://www.who.int/europe/news-room/questions-and-answers/item/covid-19--influenza--and-other-respiratory-viruses---2023-2024-autumn-and-winter-season
https://www.who.int/europe/news-room/questions-and-answers/item/covid-19--influenza--and-other-respiratory-viruses---2023-2024-autumn-and-winter-season
https://www.who.int/europe/news-room/questions-and-answers/item/covid-19--influenza--and-other-respiratory-viruses---2023-2024-autumn-and-winter-season
https://www.who.int/europe/news-room/questions-and-answers/item/covid-19--influenza--and-other-respiratory-viruses---2023-2024-autumn-and-winter-season
http://dx.doi.org/10.15585/mmwr.mm7214a1
https://www.ncbi.nlm.nih.gov/pubmed/37022977
https://www.cdc.gov/vaccines/vpd/rsv/hcp/older-adults-faqs.html
https://www.cdc.gov/vaccines/vpd/rsv/hcp/older-adults-faqs.html
https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty
https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty
https://www.ema.europa.eu/en/medicines/human/EPAR/prevenar-13
https://www.ema.europa.eu/en/medicines/human/EPAR/prevenar-13
https://www.ema.europa.eu/en/medicines/human/EPAR/apexxnar
https://www.ema.europa.eu/en/medicines/human/EPAR/apexxnar
https://www.ema.europa.eu/en/medicines/human/EPAR/nimenrix
https://www.ema.europa.eu/en/medicines/human/EPAR/nimenrix
https://www.pfizerpro.pl/produkty
https://www.pfizerpro.pl/produkty
https://www.ema.europa.eu/en/medicines/human/EPAR/trumenba
https://www.ema.europa.eu/en/medicines/human/EPAR/trumenba
https://www.ema.europa.eu/en/medicines/human/EPAR/abrysvo
https://www.ema.europa.eu/en/medicines/human/EPAR/abrysvo

Vi

VIA MEDICA

Review article

NOWOTWORY Journal of Oncology
2024, volume 74, number 3, 213-220
DOI: 10.5603/njo.99156

© Polskie Towarzystwo Onkologiczne
ISSN: 0029-540X, e-ISSN: 2300-2115
www.nowotwory.edu.pl

Head and neck cancers

The management of oral cancer — current standards
and future perspectives. A review of the literature

Natalia Amrogowicz'

. Tomasz Rutkowski?

115t Radiation and Clinical Oncology Department, Maria Sklodowska-Curie National Research Institute of Oncology, Gliwice Branch, Gliwice, Poland
’Department of Radiotherapy, Maria Sklodowska-Curie National Research Institute of Oncology, Gliwice Branch, Gliwice, Poland

Oral cancer (OC) is one of the most common cancers of the head and neck region, with approximately 1,950 new cases
reported in Poland in 2019.The main factors contributing to the development of OC are cigarette smoking and excessive
alcohol consumption. Squamous cell carcinoma accounts for more than 90% of all OCs. In patients with OC, surgery
is the treatment of choice, but there is a high number of patients who require complementary treatment — radiothe-
rapy or radiochemotherapy. The treatment of these tumours should be comprehensive and multidisciplinary. Due to
suboptimal treatment outcomes in this patient group, numerous clinical trials are being conducted to search for new,

more effective treatments. The aim of this study was to review the literature on current and new methods of diagnosis
and treatment of OC, and to analyse the clinical trials currently available for OC patients in Poland. Despite the use
of modern drugs, only modest progress has been made in terms of treatment efficacy.

Key words: oral cancer treatment, clinical trials

Introduction

Oral cancer (OC) is one of the most common cancers
in the head and neck region. In 2020, there were 377,713 new
cases worldwide, with the highest incidence found in the Asian
countries of Pakistan, Sri Lanka and India [1]. According to
the American Joint Committee on Cancer (AJCC) classification,
OCis a squamous cell carcinoma (SCC) originating in the mu-
cosa of the upper and lower lip, cheek, retromolar trigone,
vestibule of oral cavity, alveolar process and upper and lower
gingiva, hard palate, movable part of the tongue and the floor
of the mouth. Treatment of tumours located in this area should
be comprehensive and multidisciplinary. The aim of this study
was to review the literature on current and new methods for
diagnosing and treating oral cancer, and to analyse the clinical
trials currently available for oral cancer patients in Poland.

Epidemiology

Epidemiological data show that in 2019, approximately
1,950 new cases (accounting for approximately 1.13% of all
malignancies) and 1,234 deaths from OC were reported in Po-
land [2]. According to World Health Organization (WHO) data,
Poland ranked 5t in Europe in the number of new cases
(after Ukraine, Belarus, Hungary and Latvia) and 6 in Europe
in the number of deaths (after Ukraine, Romania, Lithuania,
Malta and Moldova) due to OC [1-2]. According to a report by
the National Cancer Registry, since 2001, there has been a clear
upwards trend in both incidence and mortality from OC for
all possible locations with the exception of lip cancer in men,
where there has been a gradual decline in incidence. Men are
more frequently affected by OC. The movable part of the ton-
gue (data for 2019) is the most common oral location of OC
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in the Polish population at present. The peak incidence of OC
occurs after the age of 50 years [1].

Ethiology

The main factors influencing the development of OCin Poland
include cigarette smoking and excessive alcohol consump-
tion. Tobacco use in any form (chewing, smoking) can lead
to the development of cancer in the oral cavity and pharynx
[3-5]. Smoking is estimated to be associated with a 7-fold
increased relative risk of developing OC, and alcohol con-
sumption >50 g/day is associated with a 6-fold increased risk
of developing OC [3]. Both stimulant users had a significantly
increased risk of developing OC. The additive effect associated
with alcohol consumption potentates the activation of procar-
cinogens present in tobacco. Alcohol abusers who are heavy
smokers have a 38-fold greater risk of developing OC than
non-users of either stimulant [6].

Another stimulant popular in Asian countries, used by
about 20% of the world’s population, that increases the risk
of OCis betel (areca nut) chewing. According to a study, betel
chewing increases the risk of OC mortality by approximately
12.5 times [7].

The risk of developing OC increases with age, and only
about 6% of all OCs develop in patients younger than 45 or
even 40 years of age. This approach applies mainly to patients
with cancer of the mobile part of the tongue. Among the-
se patients, approximately % had not been exposed to any
of the currently known risk factors. It is thought that in these
people, the development of cancer may be caused by other
yet unknown factors or have a viral basis, e.g. in the course
of the human papillomavirus (HPV) infection.

The human papillomavirus is a known aetiological fac-
tor in the development of oropharyngeal cancer [8]. Its role
in the development of OC is controversial, but it is also thought
to cause this type of cancer in younger subgroups of patients
[9-10]. The most common virus types identified in OC were
HPV-16 and HPV-18 [11-14].The occurrence of HPV-associated
cancers is associated with better prognosis [8].

Otherviruses that may underlie cancerin the head and neck
region are the herpes virus (HSV) and the Epstein—Barr virus
(EBV). Lip cancers may be related to HSV infection. Its nucleic
acids have been shown to be present in lip cancers, while
antibody levels for HSV-1 and HSV-2 are greater in patients
with lip cancer than in controls [15]. Furthermore, the pre-
sence of HSV in smokers is associated with an increased risk
of cancer [16]. The Epstein—Barr virus may also be associated
with the development of OC, but at this point, its role remains
controversial [17-22].

Poor oral hygiene, bacterial and fungal infections causing
periodontal disease are documented irritants in the oral cavity,
which consequently constitute risk factors for the development
of cancerinthis area [23]. In the elderly, ill-fitting dentures that
cause chronic irritation of the mucosa are an additional factor
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influencing the development of cancer, especially of the gums
and tongue shafts [24].

Dietary factors also influence the development of OC.
Freedman et al. showed that low fruit and vegetable intake
was associated with an increased risk of head and neck cancer
[25]. A Mediterranean diet has been shown to have a bene-
ficial effect on reducing the risk of oral and oropharyngeal
cancers [26].

Other aetiological factors include UV radiation (lip can-
cer), low socioeconomic status, ionising radiation and genetic
syndromes associated with the impairment of genes respon-
sible for DNA repair and induced cell death (e.g., Li-Fraumeni
syndrome, Fanconi anaemia), riboflavin and iron deficiency
(Plummer-Vinson syndrome) and lupus and syphilis-like le-
sions [6, 27-28].

Histology

The oral cavity is highly exposed to external factors that can
cause pre-cancerous lesions on mucous membranes that, over
time, may develop into malignant tumours. These conditions
include whitish (leukoplakia) and red patches (erythroplasia,
erythroplakia), lichen planus and rhomboid tongue inflamma-
tion. Conditions directly leading to the development of ma-
lignancy include small-, medium- and high-grade squamous
metaplasia or dysplasia and carcinoma in situ [27, 29-30]. SCC
accounts for more than 90% of all OCs [31-32]. Other histopa-
thological diagnoses, such as basaloid carcinoma and papillary
carcinoma, are rare [33].

The lymphatic system that drains the oral cavity is extreme-
ly extensive. The presence of cervical lymph node metastases
is an important prognostic factor [34-36]. Although macro-
scopic cervical lymph node metastases can be predicted to
some extent by clinical staging, the probability of hidden neck
lymph node metastases is high, ranging from 20% to 45%
[37-40]. The submental and submandibular lymph nodes are
the first stations of lymphatic metastasis, followed by group I
and Il neck lymph nodes. Because of the crossed lymphatic
drainage through the anterior group of submandibular nodes,
OCs can metastasise bilaterally and even contralaterally [38].
Tumour cells originating from the OC may bypass the first or
even second metastatic station, and move to more distant
levels according to the so-called skip pattern of metastasis [41].
There is an internationally accepted consensus that removal
of neck lymph nodes is generally recommended, especially
if the risk of hidden metastases exceeds 15-20% [42-43]. Se-
veral studies have shown that the depth of primary tumour
infiltration (DOI) proportionally influences the risk of cervical
lymph node metastasis [37, 44].

A complete histopathological report after OC resection
should, as a standard, include the histological type of tumour
and its grade of differentiation, tumour dimensions, DOI, de-
scription of removed bony structures infiltration, assessment
of neuroinvasion and angioinvasion, width of the surgical



margins, number of lymph nodes removed, number of in-
volved lymph nodes, presence of extranodal extension with
the designation of nodal groups, and the stage of pTN ac-
cording to the current TNM classification (currently TNM 8th
edition according to the AJCC) [45-47]. For the reliability
of complete histopathological reports, adequately labelled
preparations by the operating team are essential.

In modern histopathological diagnoses, which involves
combining classical risk factors with molecular biology, new
scales are being sought to assess personalised risk for pa-
tients. Such scales and new prognostic factors may include
the type of infiltration (pattern of infiltration — POI) [48-49],
assessment of the lymphocytic response (LHR) [50], assessment
of the aggressive risk scale, tumour budding [51] and HPV
status determination, especially in tumours also involving
the oropharynx [52]. For immunotherapy, it is also necessary
to determine the status of PD1 and PD-L1 in histopathological
material [53-54] or its equivalent. The combined positive score
(CPS), which is defined as the sum of PD-L1-stained tumour
cellsand surrounding lymphocytes and macrophages divided
by the total number of viable tumour cells multiplied by 100
[55], seems to be a standard procedure.

In recent years, there have also been a number of studies
tested which investigate the role of various genetic and mo-
lecular factors in postoperative material and surgical mar-
gins —including PTEN [56], TIMP3, SFRP1, SFRP2, CDH1, RASSFT,
RORA, DAPKT [57], TIL — tumour-infiltrating lymphocytes [58]
and many others [59-61]. However, a clear statement of their
clinical utility requires further research.

Diagnostic and treatment

Diagnostic imaging — a computed tomography (CT) scan
of the head and neck with contrast to assess bone infiltration
seems to be crucial prior to treatment decision-making. For
the assessment of soft tissue infiltration and donor vessels
for reconstructive surgery, contrast-enhanced magnetic re-
sonance imaging (MRI) is indicated as the sole diagnostic
tool or supplementation of CT scans. A chest X-ray or chest
CT scan and abdominal ultrasound are also indicated to exc-
lude the possibility of distant spread of disease. In patients
with a higher risk of distant metastases, positron emission
tomography (PET) examination could also be considered.
Careful laryngological examination of the oral cavity should
not be omitted.

Surgery is the treatment of choice for patients with OC.
Surgery involves resection of the primary tumour within
the margins of healthy tissue with histopathological exami-
nation of the margins (intraoperative) and cervical lymphade-
nectomy to an extent appropriate for the disease stage (with
an intraoperative histopathological evaluation of the adjacent
lymph node groups). Depending on the extent of resection,
concomitant reconstructive surgery of the tissue defect should
be considered — locoregional or free flap reconstruction [33].

Prehabilitation to prepare patients for aggressive treat-
ment, often followed by a significant functional, energetic
and metabolic burden, should always be considered. Prehabili-
tation includes assessment of nutritional status and prevention
of malnutrition; psychological support and education about
the disease; treatment methods; preoperative pharmaceuti-
cal care; and information about the patient’s social benefits
after treatment. After surgery, early rehabilitation of speech,
swallowing and consumption of fluids and meals of different
consistencies is crucial for further outcomes.

The indications for postoperative radiotherapy (pRT) inc-
lude stage of the primary tumour (T3 or T4), regional lymph
node involvement, nerve infiltration, blood vessel congestion
and lymphatic vessel infiltration. Positive postoperative mar-
gins and extracapsular extension (ECE) for lymph nodes are
indications for postoperative concurrent radiochemothera-
py fractionated conventionally with platinum compounds
[62-65].

Despite the above, clinical practice shows that, accor-
ding to histopathological findings, almost all patients with OC
after surgery require at least complementary RT. In selected
cases with a“save”postsurgical histopathological report, aban-
doning of complementary treatment could be considered.
The patient’s age, general performance status and additional
medical conditions have to be assumed. On the one hand,
age may be an indication to abandon RT, taking into account
the side effects and the risk of a second cancer; on the other
hand, our clinical experience shows that OC in younger pa-
tients can be extremely aggressive.

According to the National Comprehensive Cancer Ne-
twork (NCCN) guidelines 2.2023, pRT should be started no
later than 6 weeks after surgery. Conventional fractionated
radiotherapy (RT) (2 Gy/fx), 5 days a week (Monday to Friday)
over 6-6.5 weeks to a total dose of 60-66 Gy for areas at high
risk of recurrence and to a dose of 44-50 Gy for elective areas
is preferred. Intensity-modulated radiation therapy (IMRT) or
3-dimensional conformal radiation therapy (3D-CRT) is cur-
rently the technique of choice [66].

In advanced cases, despite pRT, the risk of locoregional
recurrence and distant metastases is relatively high (5-year
PFS 36%, 5-year OS 40% and 5-year LRC 69% [65]; incidence
rate of DM, median 6.0% [67]). The risk increases with adverse
prognostic factors according to the postoperative histopa-
thological examination. Risk factors include positive surgical
margins [65,68-71], lymph node metastases with ECE [62-63,
68-74], perineural infiltration [62, 75], and cancer cell emboli
in blood vessels [75]. To reduce the risk of failure in this group
of patients, postoperative chemoradiotherapy (CHRT) should
always be considered.

Cooper et al. (2004) showed that the addition of chemothe-
rapy (CHT) to pRT significantly prolonged DFS (HR for disease
or death 0.78; p = 0.04) but had no effect on OS (HR for death
0.84, p=0.19) [65]. Similarly, Bernier et al. (2005) showed that
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the addition of CHT to high-risk groups at the 5-year follow-up
significantly prolonged PFS (47 vs. 36%) and OS (53 vs. 40%)
without significantly increasing late adverse effects [64].

Definitive RT or brachytherapy (BT) (when anatomically
feasible and ata low stage —T1, possibly T2, without lymph node
spread) could be considered as a less effective primary treatment
alternative to surgery when surgery is not feasible or the patient
does not consent. For definitive RT, the NCCN guidelines 2.2023
outline three possible fractionation modalities — standard RT
fractionation to a total dose of 66-70 Gy (2 Gy/fraction), 5 days
a week to the primary tumour area and metastatic lymph no-
des; RT with concomitant boost — 72 Gy in 6 weeks — 1.8 Gy
per fraction to large fields and a 1.5 Gy boost as a second daily
fraction during the last 12 days of treatment or RT 66-70 Gy for
6 days a week or hyperfractionated RT — 81.6 Gy over 7 weeks
(1.2 Gy/fraction, twice daily). For radical BT, the NCCN suggests
LDR brachytherapy (0.4-0.5 Gy/h) as a boost to external-field
RT to a total dose of 50 Gy or alone to a total dose of 60-70 Gy
or HDR BT - a 21 Gy boost in 3 fractions combined with
external-field RT to a dose of 50 Gy or as a single treatment —
45-60 Gy in 3-6 Gy fractions [66]. However, RT to high, curative
doses only in selected cases is applicable due to the proximity
of the maxilla and the high risk of bone necrosis.

As an alternative method for external beam boost in pa-
tients with early-stage disease, the use of intraoperative radio-
therapy (IORT) at a single dose of 5-7.5 Gy, followed by external
beam radiotherapy up to 50 Gy could be considered [76].

In the literature, 5-year OS for patients with OC after pRT
ranges from 59% to 70%. Survival rates may vary depending
on the anatomical location of the various subsites, stage, grade
of OC, age at diagnosis, treatment and comorbidities [77].

In patients with initially unresectable tumours, induction
chemotherapy (indCHT) could be an option. Despite the often
observed clinical benefit, the efficacy of such treatment has
not been proven in randomised clinical trials [78-80]. In ge-
neral, the results of treatment in this group of patients are
suboptimal, and clinical trials to search for new, more effective
treatments are needed.

Examples of such trials are described below. The most
promising clinical trials available for patients with operable
OCinclude GORTEC 2018-01 (NIVOPOSTOP), the MK-3475-689
trial and the MS202359-0002 trial.

GORTEC 2018-01 (NIVOPOSTOP) is a randomised phase Il
clinical trial evaluating postoperative adjuvant therapy with
nivolumab concomitantly with CHRT in high-risk patients
following radical surgery. Nivolumab starts 3 weeks before
CHRT and is continuing in the dose of 360 mg on days 1, 22
and 43 of CHRT. After completion of CHRT, nivolumab alone
isadministered as maintenance treatment. In the controlarm,
patients receive standard CHRT with 100 mg/m? cisplatin on
days 1,22 and 43 of RT [81].

In another phase Il study, pembrolizumab is given twice
every 3 weeks prior to surgery,and is continuing in combination
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with RT or CHRT after surgery (MK-3475-689). In another ran-
domised double-blind phase Ill clinical trial after surgery, pa-
tients receive xevinapant and RT when the platinum-derived
compound is contraindicated. In this study, in the experi-
mental arm, patients receive 3 cycles of xevinapant at a dose
of 200 mg/day once daily from day 1 to day 14 in a 3-week
cycle in combination with RT followed by 3 cycles of xevina-
pant (1 to day 14) in a 3-week cycle (each cycle lasts 3 weeks).
In the control arm, a placebo is used in the same way [82].
In patients who have relapsed after radical treatment, salvage
surgery is the treatment of choice. The 5-year OS rate after
salvage surgery ranges from 10-74% and depends largely on
risk factors, mainly the presence of nodal recurrence and prior
treatment. Better results are observed in younger patients
without nodal recurrence and those who did not received RT
as primary treatment [83-84]. When surgery is not possible,
stereotactic RT is attempted, limited by the radiation dose
previously received.Vargo et al., in a multicentre study of SBRT
for recurrent or second primary head and neck cancer, showed
a 2-year patient survival rate of 16.3% [85].

There are two studies summarising the clinical outcomes
of repeat salvage irradiation with curative intent for unresecta-
ble recurrent squamous cell carcinoma of the head and neck
— the RTOG 96-10 and RTOG 99-11 trials, which investigated
reirradiation with concurrent chemotherapy [86-87]. Previous
RTin eligible patients should be terminated at least 6-months
earlier. The results of these studies highlight the uncertain
prognosis for patients with recurrent disease treated with re-ir-
radiation with 2-year OS rates of 15.2% in RTOG 96-10 patients
and 25.9% in RTOG 99-11 patients. Unfortunately, only 20-30%
of patients with primary treatment failure are candidates for
salvage surgery or RT [88]. For these patients, palliative syste-
mic treatment or best supportive care is the only option. An
approximately 30% response rate and median progression-free
survival (PFS) of 3 to 4 months and a median overall survi-
val (OS) of 6 to 8 months could be obtained with platinum
combined with fluorouracil or a taxans [89-90]. An EXTREME
trial with cetuximab, an inhibitor of epidermal growth factor
receptor (EGFR) added to a platinum-based chemotherapy
with fluorouracil, significantly increased PFS from 3.3 to 5.6
months and median OS from 7.4 months to 10.1 months
compared to chemotherapy alone [91]. A KEYNOTE-048 trial
showed that patients with metastatic H&N cancer or recurrent
H&N may benefit from pembrolizumab given alone (when slow
progression without clinical symptoms is observed) or when
it is combined with platinum and fluorouracil (for quick pro-
gression and/or aggravated clinical symptoms of this tumour)
when the combined positive score (CPS) >1 has been found
[92].The results of this trial showed a statistically significant in-
crease in 2-year overall survival (OS) to 31% for patients treated
with the combination of pembrolizumab with chemotherapy
versus 17% for patients treated with standard treatment (cetu-
ximab with chemotherapy) [92]. Monotherapy with docetaxel,



methotrexate or cetuximab for several years was the only
therapeutic option for those who failed first-line palliative
chemotherapy. Currently, for second-line treatment, nivolumab
could be used according to the results of the CheckMate study
141.This study showed a statistically significant improvement
in OS (1-yr 36.0% vs. 16.6% in favour of nivolumab compared
with standard treatment) in patients randomised to the nivolu-
mab group compared with the investigator-selected treatment
group, as well as a significant increase in response time (median
9.7 months vs. 4.0 months) [93].

For recurrent or untreated OC and primary disseminated
cancers, various clinical trials are also being conducted to im-
prove the results. [94-100]. Current trials evaluate the efficacy
of otherdrugs, such as lenvatinib in combination with pembro-
lizumab versus pembrolizumab monotherapy, GSK3359609 or
placebo in combination with pembrolizumab ora comparison
of BNT113 in combination with pembrolizumab versus pem-
brolizumab monotherapy [94-96].

For distant dissemination in oligometastatic disease,
the treatment of choice is also primary surgery or, if ineligible,
stereotactic radiotherapy. Preliminary results from the SABR-
-COMET trial of ablative stereotactic radiotherapy in patients
with up to five metastatic sites from any primary tumour site
showed improved progression-free survival (12 vs. 6 months,
p < 0.01) and overall survival (41 vs. 28 months, p = 0.09) when
metastatic sites were treated with irradiation [97]. Sun et al.
simulated 5-year survival rates of 20% in selected patients with
head and neck cancer who underwent oligometastasis surgery
with stereotactic irradiation of metastases [98].

In symptomatic patients with poor performance status
who are not eligible for surgery, palliative radiotherapy remains
the treatment of choice. Mohanti et al. described similar weekly
treatmentin a large retrospective study involving 505 patients.
Patients were treated with a dose of 20 Gy in five fractions.
Symptom relief was obtained in 47-59% of the patients fol-
lowing palliative RT [99]. Compared to the Fortin et al. studly,
in which patients were treated with a dose of 25 Gy in 5 frac-
tions, this regimen showed a lower objective response rate
of 50% [100]. Furthermore, all patients in this cohort developed
patchy mucositis at follow-up, 1 month after treatment.

Conclusions
There is an urgent need to develop new, more effective treat-
ment methods for oral cancer patients. In this context, the role
of immunotherapy as well as targeted therapies should be
more extensively investigated. Several ongoing clinical trials
evaluate novel therapeutic approaches, such as immune
checkpoint inhibitors (e.g. nivolumab, pembrolizumab), mo-
noclonal antibodies (cetuximab), small molecule inhibitors
(lenvatinib) or cancer vaccines (BNT113).

Moreover, further research is warranted to establish new
prognostic and predictive factors, as well as disease and pa-
tient stratification models. These could enable personalized

therapy tailored to the biological characteristics of the tumour
and the patient. Genetic and molecular analyses seem espe-
cially interesting in this matter.

Special attention should also be paid to gaining a better
understanding the etiopathogenesis of oral cancer. The role
of HPV infection, but also other potential viral factors, requires
further elucidation. Additionally, promotion of healthy lifestyles
and reduction of risk factor exposure in the general popula-
tion could contribute to oral cancer prevention at the public
health level.

In summary, advancing the diagnostics and treatment
of oral cancer calls for a coordinated effort from various
fields of clinical medicine and basic science. Only multidirec-
tional research and multidisciplinary collaboration can bring
a significantimprovement in the outcomes of patients affected
by this disease.
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Introduction. The lack of response to chemotherapeutic drugs is one of the major challenges faced in the treatment
of colorectal cancer. Several studies have indicated that the microbiome of the bowel affects the treatment response
and specifically, certain bacterial species contribute to the development of chemoresistance. With Fusobacterium
nucleatum being one of the bacterial species frequently found in the bowel of colorectal cancer patients, the present
systematic review was undertaken to gather the existing literature on the relationship of Fusobacterium nucleatum
with chemotherapy response.

Material and methods. Major online academic databases were searched using a combination of keywords and Bo-
olean operators, in order to retrieve literature on the topic from inception until February 2023. Observational studies
with relevant information were included in the present systematic review and their quality was assessed.

Results. A total of 7 studies with 2,280 colorectal cancer patients who underwent adjuvant or palliative chemotherapy
were included in the qualitative synthesis. No study with a major risk of bias was found after a quality assessment.
The majority of studies observed poorer prognosis in patients who had high levels of Fusobacterium nucleatum in their
bowel, although, due to the small number of studies, a meta-analysis could not be performed.

Conclusions. High levels of Fusobacterium nucleatum result in a poorer response to chemotherapy in colorectal can-
cer. Nevertheless, to further verify this assertation, more observational and experimental studies must be undertaken

in the clinical field.

Key words: colorectal cancer, colon cancer, Fusobacterium nucleatum, chemoresistance

Introduction

Colorectal cancer (CRC) remains one of the leading causes
of cancer-related mortality globally, with its incidence rate
predicted to be doubled in the upcoming decade [1]. One
of the underlying reasons for its high mortality in some pa-
tients is the lack of response to chemotherapy, also known as
chemoresistance, since adjuvant and palliative chemotherapy
remain one of the main therapeutic strategies in the therapy

of CRC [2-4]. There are many possible molecular mechani-
sms that can affect the response to chemotherapy in cancer
cells, usually involving genetic mutations that occur during
the tumor’s progression [5]. Nevertheless, other factors may
also result in the development of resistance, especially those
which trigger genetic mutations. The bowel’s microbial com-
position, typically known as the microbiome, has recently
been found to be related to the formation of drug resistance
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in CRC and indeed increase the risk of occurrence of certain
related mutations [6, 7].

One of the most commonly found bacteria in the micro-
biome of CRC patients is the anaerobic gram-negative species
Fusobacterium nucleatum (Fn); it has been shown that the latter
species affects the formation and progression of tumors [8].
For this reason, CRC patients are sometimes screened for fn
levels in the bowel and are classified as Fn-positive or fn-
-negative based on the concentration of the species in biopsy
or stool samples [9, 10]. More specifically, research has indica-
ted that Fnis related to poor prognosis in CRC, suggesting that
the bacterium may perhaps be an underlying cause of drug
resistance [11, 12]. Hence, in this study, a systematic review was
performed on all existing literature that relate levels of Fn with
chemotherapy outcomes in colorectal malignancies, so as to
assess whether there is a relation between chemoresistance
and Fn-positivity. Such an association would certainly provi-
de new insights for medical oncologists and researchers on
how to combat drug resistance and improves the outcomes
of chemotherapy in CRC.

Material and methods

The present systematic review has been registered in the OSF
Registries platform on 16 January 2024, after the completion
of the study.

Search strategy

A systematic literature search was performed in the electronic
databases PubMed, SCOPUS and Embase from inception until
January 2023, using a combination of keywords and Boolean
operators. The keywords used were:"f. nucleatum’,"Fusobacte-

" o "

rium nucleatum”,"colorectal’,“colon’,"bowel

" nu

,'cancer’,"carcino-
ma’,“tumor’,‘chemoresistance”and ‘chemotherapy resistance’”.
The search was limited to citations written in English.

After the retrieval of the literature, duplicate citations were
removed by using the citation manger EndNote and subse-
quently, all remaining citations were assessed for eligibility by
screening their titles and abstracts. The inclusion criteria for this
systematic review were observational studies which compa-
red outcomes between Fn-positive and Fn-negative bowel
cancer patients who received chemotherapy. In turn, full-text
versions of citations were assessed and studies which met
the inclusion criteria were included in this review. The search
and screening process was performed by two independent
reviewers (DK and VT).

Data extraction and quality assessment

Data regarding the design of the studies, the number of partici-
pants, the stage and position of the tumors, the chemotherapy
regimens used and the treatment outcomes were extracted
from the eligible studies by two independent reviewers (DK
andVT).Inturn, the reviewers assessed the quality of the inclu-
ded studies using the Newcastle-Ottawa scale which evaluates
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the quality of the inclusion process of each study, the compa-
rability between the cohorts and their respective outcomes
[13]. Disagreements did not arise between the two reviewers
during the whole selection and assessment process.

Results

Included studies

The electronic database search retrieved a total of 111 articles,
out of which only a total of 63 articles remained after removal
of duplicates. After screening the abstracts and titles of each
citation, a total of 24 citations were deemed irrelevant and hen-
ce excluded from the study. From the remaining 39 citations,
which were assessed based on the content of their full texts,
a total of 12 citations did not contain relevant information
on chemotherapy outcomes, 9 citations were review articles,
8 citations were animal studies and 3 citations were in vitro
studies. Since the included studies were very heterogenous
in their design and method of conduction, the presentation
of the results varied and our review only contained a small
number of studies, a meta-analysis was not conducted. Figu-
re 1 presents a PRISMA diagram of the search strategy and in-
clusion process. The characteristics of the included studies are
summarized in table I.

In general, the studies involved in this systematic review
included a total of 2,280 patients with tumors in the colon
or the rectum who underwent adjuvant or palliative chemo-
therapy. All studies, except one, found that Fn-positivity was
associated with a higher risk of mortality and a lower survival
expectancy in patients taking chemotherapeutic drugs, in-
dicating that Fn colonies in the bowel are associated with
a lower response to chemotherapy [14, 15, 17-20]. The study
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Figure 1. PRISMA diagram of the search strategy and inclusion process
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which found no statistically significant difference, included
patients with rectal cancer only [16]. One study by Kim et.
al limited the results only to patients with right-sided carci-
nomas, in other words, carcinomas found within the cecum,
the ascending or the transverse colon [17].In all studies, a re-
gimen of folinic acid, fluorouracil, and oxaliplatin (FOLFOX) or
capecitabine and oxaliplatin (XELOX) was used for adjuvant
post-surgery chemotherapy. However, in the case of palliative
chemotherapy, the S-1 and oxaliplatin (SOX) or folinic acid,
fluorouracil, and irinotecan (FOLFIRI) regimens were also used
in some patients [18]. Overall, most studies found an approxi-
mately twofold hazard ratio of cancer-specific mortality (CSM)
in patients who were Fn-positive [14, 15, 18, 20].

Quality assessment

The Newcastle-Ottawa scale was used by two reviewers (DK
and VT) to evaluate the quality of each individual study in-
cluded in this systematic review and the results have been
recorded in table II. In general, the studies were classified as
good quality in accordance with the Agency for Healthcare
Research and Quality (AHRQ) standards, since for all studies,
3 or 4 stars were given in the selection domain, 1 or 2 stars
in the comparability domain and 2 or 3 stars in the outcome
domain [13]. This confirms that the conclusions of this syste-
matic review are not highly affected by bias.

Discussion

The present systematic review evaluated all existing literature
relating levels of Fn to the efficacy of chemotherapy in patients
with CRC. As seen through the results, the existence of high
levels of Fn lower the response to chemotherapy in CRC pa-
tients and are associated with poorer prognosis. Indeed, in-
-vitro studies have managed to discover that Fn can promote
chemoresistance by triggering signaling pathways which result

Table I1. Quality assessment of studies included in the review

Study (author,  Newcastle-Ottawa scale scores

year)

Selection Comparability Outcome Total

Borozan et al,, 4 2 3 9
2022 [14]

Chenetal, 2019 3 2 1 6
[15]

Hanna et al,, 3 1 2 6
2022[16]

Kimetal, 2018 3 2 2 7
7]

Leeetal, 2018 3 2 2 7
(18]

Ohetal, 2019 3 2 2 7
[19]

Yanetal, 2017 3 2 2 7
[20]
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in the expression of drug efflux pumps, deactivation of apop-
totic mechanisms and modulation of cellular autophagy [21,
22]. The results of this review verify the latter assertations
in clinical studies since patients with Fn in their bowel have
a poorer response to chemotherapy.

Nonetheless, as mentioned previously, one study did not
find statistically significant results in the case of rectal cancer
and another study only found significant results in right-sided
carcinomas [16, 17]. This finding brings up the topic of tumor
sidedness in CRC, which has been of great interest in recent
years. In fact, a meta-analysis in 2017 concluded that tumors
found in the right colon are associated with poorer progno-
sis results [23]. Therefore, it is rational for studies involving
right-sided tumors to show poorer prognosis than left-sided
tumors, which also include rectal tumors. On the other hand,
researchers have discovered that Fn-positive cancers are much
more frequent in right-sided carcinomas and quite rare in rectal
tumors; therefore a lack of relationship between Fn-positivity
and chemoresistance in rectal tumors does not significantly
affect the conclusions of this review [24, 25].

[t is also worth mentioning that some limitations exist
inthis systematic review, although it was performed in comple-
te accordance with the Cochrane guidelines, and no potential
bias was found in the quality assessment using the Newcastle-
-Ottawa scale [26]. Foremost, all included studies had a retro-
spective design, making them more prone to bias and the-
refore lowering the quality of the evidence [27]. Moreover,
the whole review included only a few number of patients,
lowering the statistical reliability of the results [28]. Simulta-
neously, the fact that the qualitative synthesis only included
seven studies reporting their outcomes in different ways, made
it difficult for a formal meta-analysis to be conducted.

Conclusions

The present study managed to collect evidence indicating that
Fn-positivity is directly related to the development of chemo-
resistance. Hence, one of the novel strategies for better CRC
chemotherapy outcomes would be to adjust the colorectal
microbiome and eradicate the existence of the species Fuso-
bacterium nucleatum within the bowel. There are several ways
of achieving the latter, including the adjuvant administration
of antibiotics such as metronidazole to eradicate anaerobes
[29, 30]. Other methods of regulating the microbiome and era-
dicating such bacteria is through the use of probiotics and inc-
luding specific foods to the patient’s diet, such as yogurt, kefir
and sourdough bread alongside anticancer treatments [31-33].
Indeed, a patient’s diet has been found to be correlated with
chemotherapy outcomes [34]. Nevertheless, there is an urgent
need for more studies and clinical trials to be conducted in this
field in order to evaluate the effectiveness of the forementio-
ned methods and their results on chemotherapy response.
More prospective studies should also be undertaken in order
to collect stronger evidence that Fn-positivity contributes to



the development of chemoresistance in CRC, allowing resear-
chers to conduct a meta-analysis confirming the assertation.
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Nutritional problems of patients after gastrectomy
and the risk of malnutrition
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The radical treatment for advanced gastric cancer is gastrectomy. This procedure disrupts the anatomy and physio-
logy of the gastrointestinal tract. After surgery, nausea, heartburn, biliary regurgitation, feeling early satiety, belching,
lack of appetite and swallowing problems are reported to affect food intake. Decreased absorption, loss of nutrients
and increased energy requirements of cancer patients lead to weight loss and the development of malnutrition. After
gastrectomy, the composition of the intestinal microbiome changes, the exocrine activity of the pancreas decreases
and deficiency-metabolic disorders (including iron, vitamin B, zinc, and vitamin D) develop. Approximately 60-70%
of gastrectomy patients experience a clinically significant deterioration in their quality of life. Nutritional management
should include dietary modification, appropriate nutritional supplementation and close monitoring of the nutritional

status of these patients.

Key words: gastric cancer, gastrectomy, malnutrition, vitamins, trace elements

Introduction
Gastric cancer is one of the most frequently diagnosed cancers
in the world. More than 1.1 million new cases and approxima-
tely 800,000 deaths are reported annually. Over 85% of gastric
cancer cases are registered in countries with a high and very
high Human Developing Index, mainly in Asia (China) [1].

Primary risk factors for gastric cancer include infection
with Helicobacter pylori — chronic infection leads to a cascade
of changesin the structure of the gastric mucosa — inadequate
diet (rich in salt and canned and smoked foods, poor in fresh
fruits and vegetables), smoking, alcohol consumption, obe-
sity, gastroesophageal reflux, age, male gender and genetic
predisposition [T, 2].

Adenocarcinomas account for 90% of all gastric cancers.
Other malignancies occurring in the gastric tract include

gastrointestinal stromal tumors (GIST), lymphomas, sarcomas
and neuroendocrine tumors (NET). According to Lauren’s clas-
sification, there are intestinal, diffuse and mixed types of gastric
cancer, and according to the location, tumors of the distal
and proximal parts of the gastric tract are distinguished [1].

Gastric cancer treatment

Radical treatment is the surgical removal of the tumor. De-
pending on the stage and location of the cancer, surgical
treatment may consist of subtotal gastrectomy (excision of %
of the stomach, radical removal without removing the sto-
mach inits entirety) and total gastrectomy (complete removal
of the stomach). The standard of treatment for patients with
locally advanced gastric cancer is perioperative chemothe-
rapy administered before and after total gastrectomy with
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D, lymphadenectomy (stations 1-12) with Roux-en-Y recon-
struction of the gastrointestinal tract. The operation involves
suturing the oesophagus with a loop of the small intestine. This
loop is connected to a part of the intestine that guides bile
and pancreatic juice from the duodenum [3,4]. This procedure
disrupts the anatomy and physiology of the gastrointestinal
tract, interferes with the digestion and absorption of nutrients
and leads to problems with the digestive tract [5].

Nutritional problems of patients after
gastrectomy

Gastrectomy results in a risk of chronic nausea, heartburn,
dumping of food content into the mouth, the feeling of early
satiety, belching, lack of appetite, dysphagia, abdominal pain
and diarrhea. The greatest intensity of symptoms was observed
in the first months after surgery before the digestive tract
adapts to the new conditions. Their intensity decreases with
time. Deficiency-metabolic disorders accompany patients for
the rest of their lives. Each of the ailments affects the food
intake quantity of patients, which causes weight loss and de-
terioration of the their quality of life [5, 6].

One of the early consequences of gastrectomy is dum-
ping syndrome. The leading cause of dumping syndrome is
the sudden passage of high-osmolarity food into the small
intestine, which provokes the accumulation of excessive fluid
in the intestines and increased secretion of intestinal hormo-
nes. Approximately 15-30 minutes after eating an overly large
meal, there is fullness in the epigastrium, bloating, abdominal
pain, nausea, sometimes diarrhea, palpitations, the urge to lie
down or sit up, sweating, pale or flushed skin, dizziness, fain-
ting [4, 7, 8. In Esther Una Cidon's study, dumping syndrome
symptoms occurred in 27% of patients after gastrectomy [9].
In preventing dumping syndrome, it is essential to eat small,
frequent meals (even 6-8 meals a day), eat slowly, limit flu-
ids during meals and compose meals so that each contains
a source of protein and fat [4]. Postprandial hypoglycemia
(late postprandial syndrome) is a sharp drop in blood glucose
levels combined with feelings of hunger, sweating and even
impaired consciousness. It occurs 1-3 hours after a meal and is
caused by a rapid insulin response to hyperglycemia resul-
ting from the rapid absorption of simple sugars in the early
smallintestine. A low glycemic index diet containing complex
carbohydrates and fibre is recommended to prevent future
hypoglycemia. A low glycemic index diet prevents a sudden
glycemic peak and insulin release [10].

Loss of appetite is the most common problem after ga-
strectomy. It may be influenced by the secretion of chole-
cystokinin after surgery, which precludes satiety and causes
a feeling of satiety. Concentrations of the hormones GLP-1
(glucagon-like peptide 1), PYY (intestinal hormone peptide)
and ghrelin are altered. Ghrelin is referred to as the hunger
hormone, after surgery, its concentration decreases by 65%
[11-13]. Loss of appetite after gastrectomy is reported by about

80% of patients [9]. One year after surgery, it is still reported by
more than 30% of patients [14].

About 80% of patients after gastrectomy present symp-
toms such as epigastric pain, heartburn, biliary regurgitation
and occasionally vomiting. The described complaints lead
to reflux esophagitis which occurs when the intestinal loop
separating the oesophagus from the duodenum or inter-
-intestinal anastomosis is too short, and no replacement valve
mechanism has been created [4]. Preservation of the lower
oesophagal sphincter may protect against reflux esophagitis. In
a study by Tomit et al,, reflux symptoms were present in 30.8%
of patients without a lower oesophagal sphincter and only
among 8% of patients in whom the sphincter remained. Symp-
toms of reflux esophagitis are usually more severe in the early
postoperative period but can occur chronically, more than
ayear after surgery. Symptoms of dysphagia and odynophagia
accompany post-gastrectomy patients due to altered oeso-
phagal biomechanics (changes in oesophagal muscle tone),
alkaline reflux esophagitis, vagus nerve damage and anasto-
motic stenosis [15]. In a study by Karanicolas et al.,, dysphagia,
loss of appetite and eating restrictions were the most common
symptoms. They occurred in 45-55% of patients in the imme-
diate post-gastrectomy period. Among the surveyed people,
40% reported reflux symptoms, and 30% reported nausea/
vomiting. Total gastrectomy patients are more likely to report
diarrhea than subtotal gastrectomy patients [16].

Biliary diversion after gastrectomy, changes in the pH
of the gastrointestinal tract and loss of the gastric barrier affect
the composition of the gut microbiome. Gastrectomy-induced
dysbiosis is characterized by an increased abundance of typical
oral cavity bacteria, an increase in aero-tolerant bacteriaand an
increased abundance of bile acid-transforming bacteria. Incre-
ased amounts of Streptococcus, Veillonella, Prevotella, Oribac-
terium, Mogibacterium were observed in the gut microbiome
of patients after gastrectomy [17, 18]. Liang and colleagues
observed a higher abundance of Veillonella bacteria, as well
as Escherichia/Shigella and Clostridium, and a lower abundan-
ce of Bacteroides in the intestinal microflora of gastrectomy
patients. The abundance of genera Akkermansia, Lactobacillus
and Dialister significantly changed in the perioperative period
[19]. Changing the composition of the intestinal microbio-
me affects the induction of chronic inflammation, resulting
in damage to the intestinal mucosa, disruption of intestinal
jon transport and increased permeability of the mucosa to
pathogens, resulting in diarrhea. Patients are often accom-
panied by symptoms such as diarrhea, bloating, abdominal
discomfort and abdominal pain, referred to as SIBO (small
intestinal bacterial overgrowth) [17].In a Pérez Aisa et al. study,
SIBO was found in 61.6% of patients after gastrectomy [20].

Altered bile acid flow and pancreatic insufficiency due
to disturbances in hormonal regulation of gastrointestinal
secretory function, lack of synchronization between food in-
take including pancreatic secretion, and rapid intestinal transit
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can lead to steatorrhea [4]. Significant reduction in exocrine
pancreatic activity and continuous decrease in pancreatic vo-
lume over five years post-operation were observed after total
gastrectomy [21]. Pancreatic insufficiency is one of the causes
of malabsorption. However, routine use of pancreatic enzymes
is not justified. Existing studies on pancreatic enzyme supple-
mentation after gastrectomy show inconsistent results. A study
by Catarci et al. assessed that pancreatic enzyme supplemen-
tation improves nutritional status and quality of life after ga-
strectomy, particularly within 3 months post-operation [22].

Felice van Erning and colleagues assessed the occurrence
of nutritional problems after gastrectomy up to one-year post-
-surgery between 2015 and 2021. Patients after gastric resec-
tion most commonly reported loss of appetite (22.2%), taste
disturbances (15.8%) and dry mouth (14.4%). The occurrence
of symptoms was evaluated before and after the operation.
Before the surgery, 26.4% of the participants reported expe-
riencing 2 or more nutritional problems; after the surgery, it
was 42.4%. Among the participants, 53.6% reported no di-
scomfort before the operation, whereas after the surgery, it
was 43.7% [7]. Surgery and adjuvant chemotherapy exacerbate
discomfort and worsen the quality of life. Patients undergoing
chemotherapy experience its toxicity. Loss of appetite, dry mo-
uth, weight loss and nausea were more common in the group
of patients after gastrectomy with chemotherapy than after
surgery alone [23].

Among approximately 60-70% of patients, there is cli-
nically significant deterioration in quality of life shortly after
gastrectomy. In about % of patients, symptoms persist for
longer than 6 months post-surgery [16]. Total gastric resection
results in weight loss, on average 15% of preoperative weight
[24]. Over 50% of patients after gastrectomy are malnourished
or at risk of malnutrition [5, 25]. In the context of preventing
and treating malnutrition, cooperation between a doctor and
a dietitian is crucial. Appropriate management aims to limit
excessive weight loss and help patients alleviate post-operative
discomfort [26].

Gastrectomy leads to the occurrence of nutritional defi-
ciencies. The frequency of diagnosing zinc deficiencies in pa-
tients after gastrectomy varies from 10 to 75% [27]. Gastric
resection with Roux-en-Y reconstruction may increase the risk
of fat-soluble vitamin deficiencies — A, D, E, K [28]. Vitamin D
deficiency contributes to decreased bone mineral density
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and disturbances in mass and structure (osteoporosis). The le-
vel of vitamin D may drop post-surgery by up to 36% [29].
The development of osteomalacia and osteoporosis is also
influenced by calcium deficiency, which results from the du-
odenum being bypassed by the ingested food, changes in pH
in the upper gastrointestinal tract and insufficient dietary
intake due to a common problem with lactose tolerance
and cow’s milk protein [28]. Incidence of osteoporosis after
gastrectomy can affect about 40% of patients; older patients,
women and people with diabetes are more at risk [30].

Iron deficiency anaemia is also a common sequela of to-
tal gastrectomy. It is diagnosed in 40-70% of patients after
gastrectomy [28, 29]. It is caused by perioperative blood loss
and a change in the pH of the upper gastrointestinal tract.
Increased pH in this region impairs the reduction of trivalent
iron to the better-absorbed divalent iron. The way the ga-
strointestinal tract is reconstructed after gastrectomy causes
the digestive contents to bypass the duodenum and upper
part of the small intestine. The lower consumption of iron-
-rich foods is another cause of iron deficiency [4, 28, 29]. Folic
acid and vitamin B, , deficiency is a leading cause of megalo-
blastic anaemia. Vitamin B,, deficiency is significantly more
common due to the lack of the Castle’s factor, which ena-
bles the absorption of this vitamin. The onset time of disease
symptoms depends on the condition of the gastric mucosa
before treatment and the body’s vitamin reserves. Lifelong sup-
plementation of vitamin B, , through intramuscular injections
is recommended [28, 29]. During the five years after gastrec-
tomy, the incidence of anaemia increases; the risk of anaemia
is higher in women, patients after total gastrectomy, diabetics
and patients with low body mass index (BMI) [31]. Anaemia
is also significantly more common in patients with advanced
T-stage and lymph node metastasis. Patients with anaemia
have lower concentrations of nutritional markers (albumin,
prealbumin) and overall survival rates [32].

Conclusions

The increased energy demands of oncological patients, ina-
dequate intake, reduced absorption and loss of nutrients can
lead to weight loss and malnutrition. Nutritional management
should include dietary modification, appropriate nutritional
supplementation and careful monitoring of these patients’
nutritional status (fig. 1, 2).



Characteristics of the patient
-+ 78-year old man diagnosed with gastric cardia cancer
- Body weight: 68 kg, body height: 158 cm, BMI: 27.2 kg/m?
Loss of 10% of body weight in 6 months
Comorbitidies: hypertension, type 2 diabetes, coronary artery disease,

Symptoms: abdominal pain, belching

Oncological treatment
Chemoradiotherapy according to CROSS regimen, qualified for surgery
Excision of the distal part of the oesophagus and total excision of the stomach, D2 regional
lymphadenectomy. Reconstruction of the gastrointestinal tract by the Roux-en-Y method

- Nutritional microjejunostomy — during hospitalization patient received enteral nutrition (800 kcal
peptide diet) and parenteral nutrition (800 kcal)
After a few days, oral nutrition was introduced

Nutritional status after 2 months of surgery

- After the end of hospitalization, the patient was fed exclusively by oral route
Mediocre appetite
Loose bowel movements, up to 3 per day, stools with an admixture of fat
Intolerance of FSMP based on cow's milk protein
Body weight: 61.4 kg, body height: 158 cm, BMI: 24.6 kg/m?
Weight loss of 10% in 2 months

- Estimation energy intake 60% of requirement

Nutritional Management

Dietitian consultation:
Nutrition reeducation on small, frequent meals (6-8 meals per day), high-calorie, high-protein diet
Modification of the consistency of the diet - soft products in sauce, easy to divide with afork mousses,
purées, cream soups, jellies, shakes

- Enrichment of the diet with high-calorie, protein-rich plant-based FSMP products (30 g of protein
and 600 kcal)

Inclusion of pancreatic enzymes

Outcomes
Gain of 3 kg in 2 months, increase in food intake to 8 meals per day, regulating the rhythm of bowel
movements

Figure 1. Case study 1
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Figure 2. Case study 2
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Characteristics of the patient
-+ 67-year old man diagnosed with gastric cardia cancer
Body weight: 102 kg, body height: 176 cm; BMI: 32.9 kg/m?
No body weight loss
Comorbitidies: type 2 diabetes, dyslipidemia, gastric and duodenal ulcer disease
Symptoms: abdominal pain

Oncological treatment
4 x FLOT chemotherapy, qualified for surgery. Excision of the distal part of the oesophagus and
total excision of the stomach, D2 regional lymphadenectomy

- Reconstruction of the gastrointestinal tract by the Roux-en-Y method
Nutritional microjejunostomy — patient was receiving parenteral and enteral nutrition (peptide
diet), which he tolerated poorly
Only parenteral nutrition was left

After a few days, oral diet was introduced. After surgery, qualified for adiuvant chemotherapy

Nutritional status after 2 months of surgery
After hospitalization, the patient was fed exclusively by oral route
Lack of appetite, biliary regurgitation
Problems with swallowing (loss of microjejunostomy)
Diarrhoea (3-10 defecation per day)
Body weight: 88 kg, body height: 176 cm; BMI: 28.4 kg/m?
- Weight loss of 14% in 2 months

Estimation of energy intake 60% of requirements

Nutritional management

Dietitian consultation:
Nutrition reeducation on small, frequent meals (6-8 meals per day), high-calorie, high-protein diet
Modification of the consistency of the diet — soft products in sauce, easy to divide with a fork
mousses, purées, cream soups, jellies, shakes

- Enrichment of the diet with high-calorie, high protein FSMP (food for special medical purpose)
products (36 g of protein and 640 kcal) with low osmolality

Inclusion of probiotic — Lactobacillus plantarum 299 v.

Outcomes

Loss of 1 kg in the next 2 months, improvement of bowel rhythm — reduction to 1-2 stools per day
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The Paris System for Reporting Urinary Cytology — a critical
review of its role in advancing precision diagnostics with
insights into artificial intelligence integration
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Urinary cytology serves as a vital diagnostic tool for urothelial carcinoma, offering a non-invasive screening method
and guiding treatment decisions. The Paris System for Reporting Urinary Cytology (TPS) addresses historical challenges,
providing a structured framework and enhancing diagnostic precision. The review explores the integration of artificial

intelligence (Al) into urinary cytology, emphasizing its collaborative potential with TPS. A systematic literature review
analyzes Al applications, revealing promising advancements but highlighting concerns about generalizability and over-
reliance on deep learning. The study underscores the importance of collaborative efforts for successful Al implemen-
tation, addressing challenges and ensuring seamless integration into clinical practice. While the synergy between TPS
and Al shows promise, cautious consideration is necessary for widespread and reliable adoption, emphasizing ongoing

refinement and validation.

Key words: urinary cytology, urothelial carcinoma, The Paris System for Reporting Urinary Cytology, precision
diagnostics, standardized reporting, diagnostic challenges, clinical implications

Introduction
Urinary cytology plays an important role in the diagnosis
of urothelial carcinoma, a type of cancer that primarily affects
the urinary tract, including the bladder, ureters, and renal
pelvis [1]. The significance of urinary cytology lies in its ability
to detect abnormal cells shed from the lining of the urinary
tractinto the urine. These cells, when carefully examined under
amicroscope, can provide valuable information about the pre-
sence of urothelial carcinoma and its potential aggressiveness.
Urinary cytology emerges as a pivotal diagnostic modality
in urothelial carcinoma, providing a multifaceted approach to
enhance patient care. The non-invasive screening capability

of urinary cytology offers a straightforward and repeatable
method, making it an invaluable tool for routine monitoring,
especially in high-risk populations with a history of bladder
cancer. Complementary to advanced imaging studies such
as cystoscopy, urinary cytology contributes unique insights
at the cellular level, confirming the presence of cancerous
cells and guiding subsequent diagnostic and treatment de-
cisions [1].

One of the distinctive strengths of urinary cytology lies
in its capacity to reduce the necessity for invasive procedures.
The non-invasive nature of urine sample collection minimizes
patient discomfort and contributes to a more patient-friendly
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diagnostic approach. In cases where urinary cytology indicates
a low likelihood of urothelial carcinoma, unnecessary invasive
interventions may be avoided, aligning with the principles
of personalized and targeted medicine.

The Paris System for Reporting Urinary Cytology (TPS)
is a standardized classification system designed to improve
the consistency and precision of reporting urinary cytology,
providing distinct categories with defined clinical implications
[2, 3]. Before TPS, interpreting results faced challenges, inclu-
ding subjective interpretations, lack of standardized criteria,
and inconsistencies [2, 4]. Pathologists used varied terminolo-
gy, leading to confusion, while different classification systems
hindered result comparison. Limited interobserver agreement
and unclear clinical implications posed further issues, risking
overdiagnosis or underdiagnosis. TPS addressed these challen-
ges, offering a structured framework, improving consistency,
and enhancing clinical utility in urinary cytology reporting [5].

This review aims to analyze TPS's effectiveness in overco-
ming historical challenges. Additionally, the research explores
artificial intelligence (Al) and image processing integration
in urinary cytology, emphasizing image analysis, pattern reco-
gnition, and potential contributions to personalized treatment
strategies. Anticipated findings aim to enhance understanding
of the synergistic relationship between TPS and Al illuminating
their potential to revolutionize urinary cytology reporting for
improved diagnostic precision in oncology.

Overview of TPS

The TPS introduces a structured classification system compri-
sing categories with distinct clinical implications [2, 3]. TPS cate-
gorizes specimens as non-diagnostic, negative for high-grade
urothelial carcinoma, atypical urothelial cells, suspicious for
high-grade urothelial carcinoma, high-grade urothelial carci-
noma, and other malignancies. This standardized approach ad-
dresses the historical lack of uniformity, providing clear criteria
for each category. TPS significantly improves communication
between pathologists and clinicians, ensuring a consistent
understanding of findings, and facilitating informed decision-
-making in patient management.

The TPS demonstrates notable strengths in enhancing
diagnostic precision. Its standardized categories provide a clear
and consistent framework, reducing the subjectivity that pre-
viously characterized urinary cytology reporting. The structu-
red approach, including categories like “atypical urothelial cells”
and“suspicious for high-grade urothelial carcinoma, facilitates
more accurate and reliable interpretations [6]. By offering well-
-defined criteria for each category, TPS minimizes variability
among pathologists, resulting in improved diagnostic precision
[7,8].This standardization is particularly crucial in the context
of urothelial carcinoma, where early and precise diagnosis is
paramount for effective clinical management.

Several studies and real-world examples have highli-
ghted the effectiveness of TPS in providing a standardized

and comprehensive system for urinary cytology reporting
[9]. However, like any diagnostic system, TPS has areas for
improvement. Challenges may arise in cases with borderline
or atypical features, where the interpretation may still rely on
the pathologist’s expertise. Ongoing research and feedback
from clinical practice are essential for refining TPS and ad-
dressing any limitations, ensuring its continuous evolution to
meet the dynamic demands of urinary cytology diagnostics.

Despite its strengths, the implementation of TPS in clinical
practice is not without challenges. One notable controversy
surrounds the concern of potential over-reliance on urinary
cytology alone for the diagnosis of urothelial carcinoma, hi-
ghlighting the need for a multimodal approach. Additionally,
challenges persist in standardizing reporting across diverse
clinical settings, laboratories, and pathologists. Ensuring consi-
stent adherence to TPS criteria and overcoming interobserver
variability remain ongoing challenges. Ongoing efforts are di-
rected toward addressing these controversies and challenges,
with a focus on refining TPS guidelines and fostering broader
acceptance within the medical community [3].

The role of Al in urinary cytology
Currently, urine cytology is assessed through manual exami-
nation by skilled cytopathologists, who visually identify and in-
terpret cellular abnormalities. However, the increasing volume
of samples and the need for precision make automated analysis
crucial. Automation ensures consistent and efficient evaluation,
reducing the potential for human error and enabling faster
turnaround times. Implementing automated tools, especially
with the integration of Al, not only enhances diagnostic accu-
racy but also addresses the growing demand for streamlined
and standardized urinary cytology reporting in clinical settings.
In medical diagnostics, Al emerges as a transformative
force, promising heightened precision and efficiency [10].
Within urinary cytology, its applications, notably in image
analysis and pattern recognition, offer enhanced capabilities
foraccurate diagnosis. Recent studies showcase the integra-
tion of Al'tools with the TPS, underscoring their collaborative
potential to refine diagnostic accuracy [11]. This synergy
between Al and TPS represents a significant stride towards
advancing urinary cytology as a more effective and reliable
diagnostic tool.

Al advancements in urinary cytology

In this study, a systematic literature review was performed by
searching PubMed until January 8, 2024, utilizing the query
("Urine’[Mesh]) AND (("Artificial Intelligence”[Mesh]) OR (“Dia-
gnosis, Computer-Assisted"[Mesh])). While the study protocol
was not registered, deviating from the PRISMA guidelines,
it was a deliberate choice as the systematic review served as
a supportive tool rather than the primary focus. The aim was to
offerinsights into the current landscape of artificial intelligence
applications in automated urine cytology analysis, providing
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a comprehensive understanding of the state of the field as
of the specified date.

The inclusion criteria for the literature review were meticu-
lously defined: eligible papers had to focus on urine cytology
testing for potential urothelial diagnosis, employ artificial in-
telligence orimage processing for automated image analysis,
involve human materials, be published in English, and have
a publication date of 2014 or later. Conversely, exclusion criteria
were clearly outlined, excluding papers on urine testing for
non-oncological purposes, those not assessing image analysis
method performance, studies where the model only descri-
bed cellular features without offering a provisional diagnosis,
and those based on animal studies. This stringent criteria fra-
mework ensured a focused and relevant selection of literature
aligning with the study’s objectives.

The search process in PubMed initially yielded 81 titles,
which were subjected to title screening, resulting in the selec-
tion of 12 abstracts for further evaluation (fig. 1). After thorough
abstract screening, 7 articles were chosen for full-text reading.
To ensure a comprehensive review, 4 additional references
were manually added. In total, 11 articles underwent full-text
examination. Following a meticulous review, 8 articles were
deemed relevant and included in the comprehensive analysis,
ensuring the synthesis of the most pertinent information for
the study’s objectives (tab. I).

The studies included in the review exhibited diverse aims
and employed varied study designs. Dataset sizes ranged
widely, from 49 to 2405 cytology slides, with some studies
adopting the conventional division into subsets for model
development, validation, and testing. Notably, the imaging me-
thods used varied, with one study utilizing digital still camera
images and others employing whole-slide images obtained
through digital pathology scanners. Despite these differences,
a consistent benchmark for evaluating model performance
across the majority of the studies was maintained; the com-
parison to previous assessments conducted by experienced
cytopathologists served as the universally recognized golden
standard in all instances.

Among the eight studies included, three specifically focu-
sed on Al-assisted methods for the detection of high-grade
urothelial carcinoma cells or atypical cells. The predominant
trend observed in most of the published research involved
the utilization of deep learning models to automate predicted
diagnoses. Notably, only one of the studies employed classical
image processing methods, indicating a prevalent reliance on
advanced deep learning approaches for the development
and implementation of Alin automated urine cytology analysis.

The evaluation of model performance in the study encom-
passed various metrics, with most studies reporting the area
under the curve (AUC). The AUC is a metric used in binary
classification models, representing the ability of the model to
distinguish between positive and negative instances. It ranges
from 0to 1, with a higher AUC indicating better discriminatory
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Figure 1. PRISMA 2020 flow diagram

power. In the presented studies, the AUC values of the develo-
ped models ranged from 0.78 to 0.99, suggesting a high level
of accuracy. Additionally, specificity, indicating the model’s
ability to correctly identify negative instances, varied between
83% and 85%, while sensitivity, reflecting the model's capability
to identify positive instances, ranged from 63% to 97%. These
metrics collectively provided a comprehensive assessment
of the models' discriminatory performance and diagnostic
accuracy in automated urine cytology analysis.

While Aladvancements in urinary cytology exhibit promi-
se, the heterogeneity in study methodologies and dataset sizes
raises concerns about generalizability. The reliance on deep
learning without classical image processing warrants scrutiny,
as the field may benefit from a more balanced exploration
of diverse methodologies. Additionally, the high AUC values
suggest robust discriminatory power, yet skepticism lingers
over potential overfitting to specific datasets. Despite these
reservations, the transformative potential of Al in urothelial
carcinoma diagnostics is evident, but careful consideration
and validation are crucial in ensuring the reliability and appli-
cability of these models in diverse clinical scenarios.
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Table | cont. Overview of Al-/image-processing-assisted diagnostic approaches in urinary cytology: a comparative analysis of image analysis methods and model performance
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Challenges, considerations, and future
directions

The integration of Al tools in urinary cytology reporting brings
forth potential challenges. One significant hurdle is the need
for robust datasets that encompass the diverse spectrum
of urinary cytology specimens. Limited datasets may hinder
the Al's ability to accurately identify nuanced patterns or rare
abnormalities. Additionally, the interpretability of Al-generated
results poses a challenge, as understanding the underlying
decision-making process of complex algorithms is crucial to
gain trust in their clinical application. Ensuring the seamless
integration of Alinto existing laboratory workflows and addres-
sing issues related to standardization and validation are key
challenges that must be overcome to realize the full potential
of Al'in urinary cytology reporting.

Successful implementation of Al tools in urinary cytology
reporting hinges on collaborative efforts between pathologi-
sts, clinicians, and Al developers. Establishing a strong synergy
among these stakeholders is essential for tailoring Al algori-
thms to meet the specific needs of urinary cytology diagno-
stics. Collaborative endeavors foster a mutual understanding
of the clinical context and intricacies of pathology, enabling
Al developers to design algorithms that align with the nuan-
ced decision-making processes of pathologists. Continuous
communication and feedback loops ensure that Al tools are
refined based on real-world clinical experiences, optimizing
their performance over time. This collaborative approach not
only accelerates the development and validation of Al algo-
rithms but also enhances their acceptance and integration
into routine clinical practice, ultimately improving diagnostic
accuracy and patient outcomes.

Conclusions

In summary, the critical review underscores the transformative
impact of the TPS in addressing historical challenges and pro-
viding a standardized framework. TPS enhances diagnostic
precision, reduces subjectivity, and improves communica-
tion between pathologists and clinicians [19]. The integration
of Al introduces exciting prospects, but the prevailing relian-
ce on advanced algorithms raises concerns about potential
overfitting and limited exploration of alternative methodo-
logies. The collaboration between TPS and Al shows promise,
but a cautious approach is essential to ensure the reliability
and applicability of these advancements across diverse clinical
scenarios.
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Figure 1. Abdominal contrast-enhanced computed tomography.
In the liver, beneath the frontal capsule, there is an oval lesion that
enhances after the administration of contrast medium intravenously. This

enhancement is observed in the arterial phase (A), followed by a“wash out”

in the portal (B) and venous phases (C). The lesion should be differentiated
between a metastatic or primary liver tumor and an atypical hemangioma.
A follow-up abdominal computed tomography (D) performed after 22
months revealed an oval lesion of the same size and enhancement pattern

In March 2021, an elevated concentration of CA 19.9
(1177.95 U/ml) was detected in a 71-year-old patient during
a routine check-up. The remaining biochemical parameters,
including the CEA marker, and the blood count, were within
normal limits. The patient remained asymptomatic. In the pre-

vious year (January 2020), the patient underwent a right-sided
hemicolectomy as a curative treatment for partially mucinous
G2 adenocarcinoma (pT4bNOROLVO0). Based on an elevated
concentration of CA 19.9, suspicion was raised regarding pri-
mary biliary carcinoma or dissemination of CRC. An abdominal
and pelvic computed tomography (CT) in May 2021 revealed
a hepatic lesion, necessitating differentiation between chol-
angiocarcinoma and atypical hemangioma (fig. 1 A-C). After
22 months, afollow-up CT did not confirm the presence of ma-
lignancy and stable CT picture (fig. 1 D). Concurrently, CA 19.9
concentrations, initially elevated in multiple measurements,
exhibited a decrease, returning to normal levels by June 2021.
At present, the patient remains asymptomatic, with imaging
and biochemical test results within the normal range. This clini-
cal case shows thata CA 19.9 marker concentration test is not
intended for screening purposes, but is useful for monitoring
the treatment and follow-up of patients with gastrointestinal
malignancies who demonstrated elevated levels prior to ini-
tiating therapy. In addition, a high concentration of Ca 19.9 is
not a pathognomonic symptom of gastrointestinal cancers.
Numerous non-neoplastic conditions may manifest with ele-
vated levels of CA 1991, 2].
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Figure 1. A baseline CT revealed a 96-mm-sized primary tumor in the
left kidney and a metastatic tumor in the left lung (A, B). The best overall
response with reduction in diameter in both target lesions (C, D)

Combined immunotherapy with nivolumab and ipilimumab has
become the standard first-line therapy for intermediate and poor-
-risk patients with RCC specifically those with clear cell (ccRCC)
and sarcomatous components. However, in a pivotal CheckMate
214 trial [1], the median age was 62, and patients 65 years did
not benefit. An octogenarian patient with ccRCC presented
to our Unit. A CT confirmed the disease stage as cT3aNTM1
(fig. 1 A, B). The patient was unsuitable for nephrectomy due to
biological age and advancement of the disease. According to the
prognostic criteria of the IMDC [2], the patient fell into the inter-

mediate-risk group (time from diagnosis to treatment <1 year
and KS <80%). He was qualified for combined immunotherapy,
adhering to the criteria of the National Drug Program (NDP). The
initial treatment cycles were well-tolerated, with no significant
treatment-related adverse events (trAEs). The CT scan performed
after 4 cycles of nivolumab (3 mg/kg every 3 weeks) and ipili-
mumab (1 mg/kg every 3 weeks), revealed PR per the iRECIST
criteria. Subsequently, the patient experienced general malaise
(G1 CTCAE), kidney injury (G2), and hepatotoxicity (G2), which
did not preclude the continuation of maintenance monotherapy
with nivolumab (480 mg every 4 weeks per protocol). These
trAEs were successfully managed with treatment interruption.
In summary, the patient received 11 cycles (4 in combination
and 6 in monotherapy) with stable disease per iRECIST in the
last CT scan (fig. 1 C, D). This case highlights that chronological
age alone should not be a direct contraindication for combined
immunotherapy, as it may offerimproved outcomes with mana-
geable trAEs also in the elderly population.
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