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Original article

Cancer epidemiology

Cancer incidence and mortality in Poland in 2023

Joanna A. Didkowska1, 2 , Klaudia Barańska1, 3  , Marta J. Miklewska1, 4 ,  
Urszula Wojciechowska1 

1Polish National Cancer Registry, Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw, Poland 
2Department of Epidemiology and Cancer Prevention, Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw, Poland  

3Faculty of Biomedical Engineering, Silesian University of Technology, Zabrze, Poland 
4Department of Dietetics, Institute of Human Nutrition Sciences, Warsaw University of Life Sciences, Warsaw, Poland

Introduction. � Cancers are a real global health problem.  Europe accounts for 1/10 of the world’s population, but ¼ of all 
cancer cases occurs in this region. Poland is in the group of countries where cancer mortality is the highest. The aim 
of this article is to present a summary of the epidemiological indicators of malignant neoplasms in Poland in 2023.
Material and methods. � This report presents observed morbidity and mortality data for 2010–2021, and also esti-
mated values two years ahead (2022–2023). Data aggregation was carried out according to sex, age, cancer site, or 
administrative division of Poland. Time trends were determined using joinpoint regression. The Polish National Cancer 
Registry is responsible for gathering cancer morbidity data in Poland; mortality data came from Statistics Poland. 
Results.� The Polish National Cancer Registry reported about 171,558 new cases and 93,652 cancer deaths in 2021.  
The most common cancers in men were prostate, lung, and colon cancer. The most common cancers in women 
were breast, lung, and colorectal cancers. The prediction of morbidity and mortality for 2023 indicates a continuation 
of long-term trends.
Conclusions. � The increase in the number of cases (approximately 25,000) and the number of deaths (by approximately 
6000) observed in 2021 compared to 2020 indicates the huge impact of the COVID-19 pandemic on health indicators 
in Poland. However, the year 2021 shows the characteristics of the previous trend among cancer data. 

Key words:� mortality, morbidity, neoplasms, Poland
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Introduction
Cancers are a real global health problem. Europe acco-
unts for 1/10 of the world’s population, but ¼ of all cancer 
cases occurs in this region [1]. In addition, 23% of deaths 
in Europe are caused by cancers (data from 2020) [2–4]. 
Poland is in the group of countries where cancer mortality 
is the highest [1]. The impact of COVID-19 on the mortality 
rate of the Polish population continues. Deaths from CO-
VID accounted for almost the same percentage as deaths 
from cancer (17.0% vs. 18.7%). In 2021, for every 100,000 
inhabitants, 452 people were diagnosed with cancer [5]. 

The purpose of the article is to present a summary of the epi-
demiological indicators of malignant neoplasms in Poland 
in 2021.

Materials and methods
Source of data and identification 
of cancer cases 
The Polish National Cancer Registry (PNCR) is the source of can-
cer morbidity data. In Poland, the entire country has a unified 
protocol, allowing us to maintain the same principles of cancer 
registration in every region. Cancer mortality data comes from 
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Statistics Poland [3]. All the data presented were collected 
dufing the 10th revision of the International Classification of Di-
seases and Health Problems [6].

Statistical analysis
The basic statistical measurements presented in this re-
port are absolute numbers, percentages, crude and age-
-standardized (revised European Standard Population 
(ESP2013) [7]) rates. The projected data for 2022–2023 
were estimated based on linear regression. Time trends 
were determined using Joinpoint regression [2] using 
Joinpoint Trend Analysis Software. 

Results
Overall national analysis
In Poland, cancer is still a growing social problem and a challen-
ge to both economic and health systems. The most common 
cancers in men in 2021 were (listed as the most common):

•	 prostate (21%), 
•	 lung (15%), 
•	 colon (7%), 
•	 bladder cancers (6%). 

In women, these were:
•	 breast (24%), 
•	 lung (9%), 
•	 corpus uteri (7%), 
•	 colon (6%),  
•	 thyroid gland (4%), 
•	 ovarian (4%) cancers. 

Skin cancers also constitute a high percentage in both gro-
ups, in each sex they constitute approximately 8% of cases (tab. I).

Among the main causes of death, the most common can-
cer sites were in men: lung cancer (27%) and prostate cancer 
(11%), in women: breast cancer (16%) and lung cancer (18%) 
(tab. II). Detailed data on morbidity and mortality in women 
and men are presented in tables I and II, respectively.

Table I. Cancer incidence in Poland in 2021

Site ICD-10 Absolute 
number

Crude rate Stand. rate 
(ESP2013)

Absolute 
number

Crude 
rate

Stand. rate 
(ESP2013)

Males Females

all cancers C00–C97, D00–D09 84,275 458.9 549.5 87,283 444.7 419.7

all cancers but skin C00–C97, D00–D09 
excluded C44

77,610 422.6 499.3 80,408 409.7 386.9

oral cavity and pharynx C00–C14 3,173 17.3 18.7 1,357 6.9 6.5

lip C00 171 0.9 1.2 85 0.4 0.4

tongue C01–C02 618 3.4 3.6 239 1.2 1.1

pharynx C10–C13 780 4.2 4.4 173 0.9 0.8

digestive organs C15–C26 17,696 96.4 116.3 13,749 70.1 65.6

oesophagus C15 1,046 5.7 6.4 324 1.7 1.5

stomach C16 3,010 16.4 19.8 1,747 8.9 8.3

small intestine C17 224 1.2 1.4 215 1.1 1.0

colon C18 5,607 30.5 38.1 4,990 25.4 24.0

rectosigmoid junction C19 901 4.9 6.0 649 3.3 3.1

rectum C20 3,428 18.7 22.2 2,133 10.9 10.2

anus and anal canal C21 73 0.4 0.5 226 1.2 1.1

colorectum C18–C21 10,009 54.5 66.6 7,998 40.8 38.4

liver C22 828 4.5 5.3 534 2.7 2.5

gallbladder and biliary tract C23–C24 595 3.2 4.1 880 4.5 4.2

pancreas C25 1,864 10.2 11.9 1,923 9.8 9.1

respiratory system C30–C39 14,417 78.5 91.9 8,791 44.8 41.0

larynx C32 1,743 9.5 10.6 316 1.6 1.5

trachea and lung C33–C34 12,344 67.2 79.2 8,248 42.0 38.5

bone and articular cartilage C40–C41 214 1.2 1.2 190 1.0 1.0
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Predictions for 2023
The publication of PNCR data has two-year intervals compared 
to the current year, the last year reported is 2021. Precise data 
for 2022 and 2023 are incomplete due to the data collection 
process. We have made forecasts for these years to illustrate 
the situation in Poland. The basis for these predictions was 

the years 2010–2021. Tables III and IV present the observed 
cases in 2021 and expected in 2023. 

It is estimated that in 2023 the number of cancer cases 
will increase and the most frequently diagnosed cancer ca-
ses  in men will remain prostate (23%), lung (14%), and co-
lorectal cancer (12%); in women, breast (24%), lung (10%), 

Site ICD-10 Absolute 
number

Crude rate Stand. rate 
(ESP2013)

Absolute 
number

Crude 
rate

Stand. rate 
(ESP2013)

Males Females

neoplasms of skin C43–C44 8,541 46.5 62.2 9,093 46.3 43.5

melanoma C43 1,876 10.2 11.9 2,218 11.3 10.8

other neoplasms of skin C44 6,665 36.3 50.2 6,875 35.0 32.8

mesothelial and soft tissue C45–C49 926 5.0 5.7 842 4.3 4.1

breast C50 167 0.9 1.1 21,079 107.4 102.2

female genital organs C51–C58 – – – 12,662 64.5 61.0

vulva and vagina C51–C52 – – – 620 3.2 2.9

cervix uteri C53 – – – 2,160 11.0 10.4

corpus uteri C54 – – – 6,024 30.7 29.0

ovary C56 – – – 3,624 18.5 17.6

male genital organs C60–C63 19,416 105.7 124.9 – – –

penis C60 259 1.4 1.6 – – –

prostate C61 17,832 97.1 116.7 – – –

testis C62 1,303 7.1 6.5 – – –

urinary tract C64–C68 8,662 47.2 57.1 3,940 20.1 18.8

kidney and renal pelvis C64–C65 3,235 17.6 20.0 2,107 10.7 10.2

bladder C67 5,301 28.9 36.3 1,742 8.9 8.2

eye C69 238 1.3 1.5 260 1.3 1.2

central nervous system C70–C72 1,469 8.0 8.7 1,300 6.6 6.4

brain C71 1,375 7.5 8.1 1,195 6.1 5.8

endocrine glands C73–C75 950 5.2 5.3 4,019 20.5 19.9

thyroid gland C73 842 4.6 4.6 3,871 19.7 19.1

ill-defined, secondary 
and unspecified sites

C76–C80 1,014 5.5 6.6 1,094 5.6 5.2

lymphoid, haematopoietic 
and related tissue

C81–C96 5,295 28.8 33.8 4,871 24.8 23.7

Hodgkin lymphoma C81 372 2.0 2.0 378 1.9 2.0

non-Hodgkin lymphoma C82–C86, C96 1,863 10.1 11.8 1,768 9.0 8.5

immunoproliferative diseases C88 69 0.4 0.4 98 0.5 0.5

multiple myeloma C90 855 4.7 5.5 878 4.5 4.2

lymphoid leukaemia C91 1,324 7.2 8.7 1,002 5.1 4.9

myeloid leukaemia C92 681 3.7 4.4 645 3.3 3.1

all leukaemias C91–C95 2,136 11.6 14.0 1,749 8.9 8.5

carcinoma in situ D00–D09 1,504 8.2 10.5 3,486 17.8 17.0

Table I cont. Cancer incidence in Poland in 2021
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Table II. Cancer deaths in Poland in 2021

Site ICD-10 Absolute 
number

Crude rate Stand. rate 
(ESP2013)

Absolute 
number

Crude 
rate

Stand. rate 
(ESP2013)

Males Females

all cancers C00–C97, D00–D09 50,581 275.4 355.0 43,071 219.5 203.3

all cancers but skin C00–C97, D00–D09 
excluded C44

50,484 274.9 354.1 42,988 219.0 202.9

oral cavity and pharynx C00–C14 2,300 12.5 13.9 789 4.0 3.7

lip C00 68 0.4 0.6 40 0.2 0.2

tongue C01–C02 467 2.5 2.8 164 0.8 0.8

pharynx C10–C13 653 3.6 3.9 145 0.7 0.7

digestive organs C15–C26 15,101 82.2 105.3 11,640 59.3 54.9

oesophagus C15 1,157 6.3 7.3 340 1.7 1.6

stomach C16 2,820 15.4 19.6 1,539 7.8 7.3

small intestine C17 122 0.7 0.8 115 0.6 0.5

colon C18 4,262 23.2 31.3 3,491 17.8 16.5

rectosigmoid junction C19 249 1.4 1.8 176 0.9 0.8

rectum C20 1,966 10.7 14.0 1,247 6.4 5.9

anus and anal canal C21 93 0.5 0.6 108 0.6 0.5

colorectum C18–C21 6,570 35.8 47.7 5,022 25.6 23.8

liver C22 1,219 6.6 8.2 876 4.5 4.1

gallbladder and biliary tract C23–C24 575 3.1 4.0 1,035 5.3 4.9

pancreas C25 2,328 12.7 15.4 2,363 12.0 11.1

respiratory system C30–C39 14,644 79.7 97.1 8,218 41.9 38.4

larynx C32 1,220 6.6 7.8 197 1.0 0.9

trachea and lung C33–C34 13,059 71.1 86.8 7,807 39.8 36.5

bone and articular cartilage C40–C41 179 1.0 1.2 117 0.6 0.6

neoplasms of skin C43–C44 758 4.1 5.8 699 3.6 3.3

melanoma C43 661 3.6 4.9 616 3.1 2.9

other neoplasms of skin C44 97 0.5 0.9 83 0.4 0.4

mesothelial and soft tissue C45–C49 601 3.3 4.1 473 2.4 2.3

breast C50 63 0.3 0.5 6,406 32.6 30.5

female genital organs C51–C58 – – – 6,415 32.7 30.5

vulva and vagina C51–C52 – – – 401 2.0 1.9

cervix uteri C53 – – – 1,361 6.9 6.5

corpus uteri C54 – – – 1,647 8.4 7.8

ovary C56 – – – 2,639 13.4 12.7

male genital organs C60–C63 5,764 31.4 47.0 – – –

penis C60 138 0.8 1.0 – – –

prostate C61 5,458 29.7 45.1 – – –

testis C62 146 0.8 0.8 – – –
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Site ICD-10 Absolute 
number

Crude rate Stand. rate 
(ESP2013)

Absolute 
number

Crude 
rate

Stand. rate 
(ESP2013)

Males Females

urinary tract C64–C68 4,558 24.8 34.1 1,849 9.4 8.6

kidney and renal pelvis C64–C65 1,491 8.1 10.4 891 4.5 4.2

bladder C67 2,978 16.2 23.1 889 4.5 4.1

eye C69 64 0.3 0.5 56 0.3 0.3

central nervous system C70–C72 1,471 8.0 9.3 1,376 7.0 6.6

brain C71 1,369 7.5 8.5 1,285 6.5 6.2

endocrine glands C73–C75 134 0.7 0.9 273 1.4 1.3

thyroid gland C73 75 0.4 0.6 200 1.0 0.9

ill-defined, secondary 
and unspecified sites

C76–C80 2,065 11.2 14.8 2,048 10.4 9.6

lymphoid, haematopoietic 
and related tissue

C81–C96 2,845 15.5 20.4 2,683 13.7 12.7

Hodgkin lymphoma C81 64 0.3 0.4 60 0.3 0.3

non-Hodgkin lymphoma C82–C85, C96 817 4.4 5.8 814 4.1 3.9

immunoproliferative diseases C88 24 0.1 0.2 19 0.1 0.1

multiple myeloma C90 604 3.3 4.3 664 3.4 3.1

lymphoid leukaemia C91 671 3.7 5.1 472 2.4 2.2

myeloid leukaemia C92 548 3.0 3.8 547 2.8 2.6

all leukaemias C91–C95 1,336 7.3 9.7 1,126 5.7 5.3

carcinoma in situ D00–D09 0 0.0 0.0 0 0.0 0.0

Table III. Estimated cancer cases and deaths numbers in 2023 from the most common cancers among men and women

Males

Cancer cases Cancer deaths

Site Absolute 
number

Percents Site Absolute 
number

Percents

all cancers 84,390 100% all cancers 53,399 100%

prostate 19,745 23% lung 14,525 27%

lung 11,525 14% colorectum 7,375 14%

colorectum 10,304 12% prostate 6,134 11%

bladder 5,389 6% bladder 3,312 6%

kidney 3,108 4% stomach 3,024 6%

stomach 2,819 3% pancreas 2,494 5%

leukaemias 1,978 2% leukaemias 1,543 3%

melanoma 1,969 2% kidney 1,527 3%

pancreas 1,836 2% brain 1,524 3%

non-Hodgkin lymphomas 1,757 2% larynx 1,351 3%

Table II cont. Cancer deaths in Poland in 2021
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and colorectal cancer (9%). These cancer sites will also be 
the leading causes of death (tab. III). Based on the crude rate 
(cases per 100,000), the number of cases primarily of stomach, 
larynx, and lung cancer in men will be noticeably lower in 2023 
than in 2021. Most of the rest of the cancer sites show an in-
crease in incidence in 2023. There will be a reduction in cases 
of breast and ovarian cancers by comparing crude rates among 
women. Mortality will increase for every cancer site in both 
sexes, except gallbladder in women (tab. IV and V).

The number of cancer cases increases throughout the ob-
servation period in both sexes. Until 2007, the number of cases 
among men was higher than among women, after which 
both became equal. In 2020, due to the COVID-19 pande-
mic, there was a break in the trend, but the estimated data 
for 2021 indicate a return to the previous trend. The change 
in the number of deaths shows a similar trend for both sexes, 
an increase until 2003 and then a slowdown, although there 
is a clear difference in the absolute number, approximately 
10,000 more deaths in men (fig. 1). 

The standardized incidence rate among both sexes in-
creased until 2013, with varying annual percentage changes. 
Then, among men, this rate began to decline, and among 
women, the incidence rate remained at a similar level. Among 
men, the standardized mortality rate showed an increasing 
trend until 2002, when it became decreasing. Among women, 
the trend in the standardized mortality rate has remained 
at a similar level since 1980 (fig. 1). The three cancer sites 

with the highest incidence rate in men are: prostate, lungs, 
and colorectum. This order of occurrence has been maintained 
since 2013. Previously, lung cancer took first place, followed 
by prostate cancer. This change was caused by a favorable 
reversal of the trend in lung cancer incidence and a decrease 
in the incidence value since 1995 (fig. 2).

The highest incidence rate in women is in breast cancer; 
the trend has been constantly increasing since 1980. The dif-
ference between the incidence of breast cancer and other 
cancers in women is noticeable (fig. 3). The next cancer sites 
with the highest incidence rates are the lung and colorectum. 
For the last 30 years, colorectal cancer has taken second place, 
but according to predictions, in 2022 this will change and lung 
cancer will be the second most frequently diagnosed cancer 
among women (fig. 3).

Since the early 1970s, the most common cause of death 
among Polish men has been lung cancer. Since the begin-
ning of the 21st century, we have been observing a decline 
in mortality due to this cancer. Data from 2021 and forecasts 
indicate that the trend has leveled out in the following years 
(fig. 4). The next causes of death are colon and prostate cancer. 
In the case of colorectal cancer, a slowdown in the increasing 
trend in mortality has been observed since 2003, and a decrease 
in mortality has been observed since 2018 (annual percentage 
change – APC = –3.6% [CI: –5.3; –1.1] ) (fig. 6). After a period 
of stabilization of the coefficient values, an increase in mortality 
due to prostate cancer has been observed since 2012 (APC = 1.5 

Females

Cancer cases Cancer deaths

Site Absolute 
number

Percents Site Absolute 
number

Percents

all cancers 86,697 100% all cancers 46,434 100%

breast 20,530 24% lung 8,872 19%

lung 8,835 10% breast  7,355 16%

colorectum 8,097 9% colorectum 5,358 12%

corpus uteri 6,161 7% ovary 2,783 6%

thyroid gland 3,969 5% pancreas 2,586 6%

ovary 3,507 4% corpus uteri 2,109 5%

melanoma 2,223 3% stomach 1,555 3%

kidney 1,994 2% cervix uteri 1,402 3%

pancreas 1,971 2% brain 1,301 3%

bladder 1,916 2% thyroid 1,301 3%

cervix uteri 1,875 2% leukaemias 1,268 3%

stomach 1,733 2% bladder 1,044 2%

Table III cont. Estimated cancer cases and deaths numbers in 2023 from the most common cancers among men and women
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Table IV. Estimated number of cancer cases in Poland in 2023 comparing to observed data in 2021 

Males

Site ICD-10 2021 – observed 2023 – expected

Absolute 
number

Crude rate Stand. rate 
(ESP2013)

Absolute 
number

Crude rate Stand. rate 
(ESP2013)

all cancers C00–D09 84,275 458.9 549.5 84,390 463.9 526.4

oesophagus C15 1,046 5.7 6.4 1,083 6.0 6.4

stomach C16 3,010 16.4 19.8 2,819 15.5 17.9

colorectum C18–C21 10,009 54.5 66.6 10,304 56.6 65.4

pancreas C25 1,864 10.2 11.9 1,836 10.1 11.2

larynx C32 1,743 9.5 10.6 1,514 8.3 9.0

lung C33–C34 12,344 67.2 79.2 11,525 63.4 70.9

melanoma C43 1,876 10.2 11.9 1,969 10.8 12.2

prostate C61 17,832 97.1 116.7 19,745 108.6 121.1

kidney C64 3,054 16.6 18.8 3,108 17.1 18.3

bladder C67 5,301 28.9 36.3 5,389 29.6 35.1

brain C71 1,375 7.5 8.1 1,285 7.1 7.4

Hodgkin lymphoma C81 372 2.0 2.0 344 1.9 1.9

non-Hodgkin lymphomas C82–C86+C96 1,863 10.1 11.8 1,757 9.7 10.8

leukaemias C91–C95 2,136 11.6 14.0 1,978 10.9 12.4

Females

Site ICD-10 2021 – observed 2023 – expected

Absolute 
number

Crude rate Stand. rate 
(ESP2013)

Absolute 
number

Crude rate Stand. rate 
(ESP2013)

all cancers C00–D09 87,283 444.7 419.7 86,697 445.5 406.1

stomach C16 1,747 8.9 8.3 1,733 8.9 8.0

colorectum C18–C21 7,998 40.8 38.4 8,097 41.6 37.5

gallbladder C23–C24 880 4.5 4.2 664 3.4 3.0

pancreas C25 1,923 9.8 9.1 1,971 10.1 9.0

lung C33–C34 8,248 42.0 38.5 8,835 45.4 39.6

melanoma C43 2,218 11.3 10.8 2,223 11.4 10.6

breast C50 21,079 107.4 102.2 20,530 105.5 97.3

cervix uteri C53 2,160 11.0 10.4 1,875 9.6 8.9

corpus uteri C54 6,024 30.7 29.0 6,161 31.7 28.9

ovary C56 3,624 18.5 17.6 3,507 18.0 16.7

kidney C64 1,984 10.1 9.6 1,994 10.2 9.3

bladder C67 1,742 8.9 8.2 1,916 9.8 8.7

brain C71 1,195 6.1 5.8 1,106 5.7 5.3

thyroid gland C73 3,871 19.7 19.1 3,969 20.4 19.7

Hodgkin lymphoma C81 378 1.9 2.0 345 1.8 1.8

non-Hodgkin lymphomas C82–C86+C96 1,768 9.0 8.5 1,717 8.8 8.0

leukaemias C91–C95 1,749 8.9 8.5 1,626 8.4 7.7
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Table V. Estimated number of cancer deaths in Poland in 2023 comparing to observed data in 2021

Males

Site ICD-10 2021 – observed 2023 – expected

Absolute 
number

Crude rate Stand. rate 
(ESP2013)

Absolute 
number

Crude rate Stand. rate 
(ESP2013)

all cancers C00–D09 50,581 275.4 355.0 53,399 293.6 362.6

oesophagus C15 1,157 6.3 7.3 1,249 6.9 7.6

stomach C16 2,820 15.4 19.6 3,024 16.6 20.3

colorectum C18–C21 6,570 35.8 47.7 7,375 40.5 51.4

pancreas C25 2,328 12.7 15.4 2,494 13.7 15.9

larynx C32 1,220 6.6 7.8 1,351 7.4 8.3

lung C33–C34 13,059 71.1 86.8 14,525 79.9 92.7

melanoma C43 661 3.6 4.9 780 4.3 5.5

prostate C61 5,458 29.7 45.1 6,134 33.7 47.8

kidney C64 1,418 7.7 9.8 1,527 8.4 10.2

bladder C67 2,978 16.2 23.1 3,312 18.2 24.5

brain C71 1,369 7.5 8.5 1,524 8.4 9.3

Hodgkin lymphoma C81 64 0.3 0.4 86 0.5 0.5

non-Hodgkin lymphomas C82–C86+C96 817 4.4 5.8 1,038 5.7 7.0

leukaemias C91–C95 1,336 7.3 9.7 1,543 8.5 10.8

Females

Site ICD-10 2021 – observed 2023 – expected

Absolute 
number

Crude rate Stand. rate 
(ESP2013)

Absolute 
number

Crude rate Stand. rate 
(ESP2013)

all cancers C00–D09 43,071 219.5 203.3 46,434 238.6 211.9

stomach C16 1,539 7.8 7.3 1,555 8.0 7.1

colorectum C18–C21 5,022 25.6 23.8 5,358 27.5 24.5

gallbladder C23–C24 1,035 5.3 4.9 948 4.9 4.3

pancreas C25 2,363 12.0 11.1 2,586 13.3 11.8

lung C33–C34 7,807 39.8 36.5 8,872 45.6 39.8

melanoma C43 616 3.1 2.9 684 3.5 3.1

breast C50 6,406 32.6 30.5 7,355 37.8 34.0

cervix uteri C53 1,361 6.9 6.5 1,402 7.2 6.5

corpus uteri C54 1,647 8.4 7.8 2,109 10.8 9.6

ovary C56 2,639 13.4 12.7 2,783 14.3 12.9

kidney C64 848 4.3 4.0 883 4.5 4.0

bladder C67 889 4.5 4.1 1,044 5.4 4.7

brain C71 1,285 6.5 6.2 1,301 6.7 6.1

thyroid gland C73 200 1.0 0.9 228 1.2 1.0

Hodgkin lymphoma C81 60 0.3 0.3 65 0.3 0.3

non-Hodgkin lymphomas C82–C86+C96 814 4.1 3.9 893 4.6 4.1

leukaemias C91–C95 1,126 5.7 5.3 1,268 6.5 5.8
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Figure 1. Cancer morbidity and mortality trends in Poland in 1980–2023*

*Values for 2022–2023 estimated based on trends in 2010–2021

Figure 2. Incidence trends of the leading cancer sites for males, Poland 1980–2023 (2022–2023 estimation)
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Figure 3. Incidence trends of the leading cancer sites for females, Poland 1980–2023 (2022–2023 estimation)

Figure 4. Mortality trends of the leading cancer sites for males, Poland 1980–2023 (2022–2023 estimation)
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[CI: 0.6; 3.9]) (chart 6). It is also worth emphasizing the long-term 
downward trend in the case of stomach cancer, which became 
the 5th cause of death in 2015 (fig. 4). 

In women, as in men, a temporary decrease in cancer 
mortality can be observed among all analyzed cancers during 
the COVID-19 pandemic. Data from 2021 and forecasts indicate 

that mortality rates will return to pre-pandemic levels in the co-
ming years. Since 2007, lung cancer has been the first cause 
of cancer death in women. The mortality and incidence rates 
for lung cancer are very similar. Breast cancer remains the se-
cond cause of death, with an increasing trend in mortality since 
2010 (APC = 1.1 [CI: 0.6; 2.5]) (fig. 6). Although colorectal cancer 
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Figure 5. Mortality trends of the leading cancer sites for females, Poland 1980–2023 (2022–2023 estimation)

Figure 6. Time trends in incidence and mortality standardized rates (ESP2013) from lung, colorectal, prostate and breast cancer in 1980–2021 based on 
Joinpoint regression analysis
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still ranks third in terms of mortality, a downward trend has 
been observed since 2000 (APC = –0.7% [CI: –0.9; –0.5] (fig. 6). 
Similarly to among men, a steady decline in stomach cancer 
mortality has been observed for over 6 decades.

Age group analysis
In both girls and boys (0–19 years of age), the most common 
cancer diagnoses are leukemia, brain and central nervous 
system (CNS) tumors. The same cancers are also the most 
common causes of death in children. In women, breast cancer 
ranks first among all age groups older than 20 years. In men, 
the most common diagnoses vary according to age. Testicu-
lar cancer is most common in the 20–44 age group (24%), 
and prostate cancer is most common in older groups (over 
45 years). Among the five most common cancers in adult men 
aged 20 to 44 years, there are also cancers of the thyroid, skin, 
colorectum, brain, and CNS. In women, these include thyroid 
cancer, skin cancer, cervix uteri cancer and cancers in situ. 

In the 45+ age group in men, the first three sites of inciden-
ce include prostate, lung, and colorectal cancer, which coinci-
des with the most common causes of death, with the excep-
tion of prostate cancer in men aged 45–64, which is characteri-
zed by a much lower mortality rate in this group, and its place 
in the top three in terms of mortality is taken by pancreatic 
cancer.

In women 45+ years, the most common cancers depend 
on the age group. In the 45–64 group, the most common 
breast cancer survivors are corpus uteri and lung cancer, 
and in the 65+ group, lung and colorectal cancer. The first two 
causes of cancer death in women over 40 years of age are lung 
and breast cancer. The exact incidence and mortality values 
for the most common cancers by sex and age are presented 
in tables VI and VII, respectively.

Geographical analysis 
In 2021, the most cancer cases were recorded in the Śląskie 
and Mazowieckie Voivodship, which also have the largest 
population. The fewest cases were recorded in the Lubuskie 
Voivodship. Among the most common cancers in Poland, 
especially in the Mazowieckie, Śląskie, and Dolnośląskie Voivod-
ships, lung cancer ranks high, where the highest mortality rate 
is also observed (tab. VIII).

Breast cancer is the most common form of cancer among 
women, with the highest incidence in the Mazowieckie, Śląskie, 
and Wielkopolskie Voivodships, accounting for a total of 35% 
of cases throughout the country. However, in terms of wom-
en’s mortality, the leader is lung cancer, which is responsible 
for 14.6% of deaths in the Mazowieckie Voivodship (tab. IX).

In most voivodships, the most common malignant tumor 
in men in 2021 was prostate cancer, with the largest share 

in the Wielkopolskie Voivodship (27%). Only in the Warmiń-
sko-Mazurskie Voivodship is lung cancer the most common 
disease, with a share of approximately 18% (tab. X).

The structure of cancer incidence in women by voivodship 
repeats one pattern: in all voivodships, breast cancer comes 
first, with its share ranging from 21% (Warmińsko-Mazurskie 
Voivodship) to 27% (Mazowieckie Voivodship), and the second 
place is lung cancer, from 7% to 13%, followed by colorectal 
cancer, 8–10% (tab. XI). 

Discussion 
In 2021, the number of new cancer cases and deaths was 
similar to the data for 2019, the year before the COVID-19 
pandemic. In 2021, the Polish National Cancer Registry registe-
red 171,558 new cancer incidences and 93,652 deaths, while 
in 2019 it was 171,218 new cancer cases and 100,324 deaths [8].

The morbidity trends observed over many years 
and the mortality rate due to malignant tumors in Poland are 
determined by both the age structure of the population 
and changes in the Polish population’s exposure to carcino-
gens, mainly associated with smoking (in 2023 the percen-
tage of men and women smoking was equal, 21% of adults 
smoke). In 2021, the number of women who died of lung 
cancer exceeded that of women who died of breast cancer 
by 1389 deaths.

The most common disease in men is prostate cancer 
with 21%, characterized by a dynamic increase in incidence 
and a plateau in long-term mortality, which, however, has 
been increasing since 2004. In the male population, a reduc-
tion in the incidence and mortality rate of lung cancer has been 
observed in the last 15 years, mainly attributable to the reduc-
tion in the percentage of men who smoke in recent decades.

In the female population, the main cancer sites are still bre-
ast, lung, colorectum, and cervix uteri. Lung cancer is still the le-
ading cause of death in women (18%) and is superior to breast 
cancer (14.9%). Breast cancer dominates women and has been 
characterized by ever-increasing incidence over the past half 
century. The mortality rate of breast cancer has changed se-
veral times over the past 30 years. The initial increase in mor-
tality was stopped in the mid-1990s, and a decline in morta-
lity was recorded in the years 1996–2010. During the period 
2010–2021, there was an unfavorable change in the trend. 
Colorectal cancer has been the third most common cause 
of cancer death in recent years.

Infection with the SARS-Cov2 virus among cancer pa-
tients in 2021 caused 11,640 deaths. Most deaths due to CO-
VID-19 were found in patients with digestive system cancers 
(17%), lymphatic, lymphatic tissue and related tissue can-
cers (15%), cancers of the respiratory system (14%), and male 
genital cancers (14%).
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Table VI. The incidence of the 5 most common cancer sites in Poland in 2021, depending on sex and age

Males

0–19 years 20–44 years 45–64 years 65+ years

Number Percents Number Percents Number Percents Number Percents

all cancers all cancers all cancers all cancers

691                 100% 4,199              100% 23,891           100% 55,494             100%

leukaemias 
(C91–C95)

testis 
(C62)

prostate 
(C61)

prostate 
(C61)

180 26% 1,001 24% 4,091 17% 13,715 25%

brain and CNS 
(C71–C72)

thyroid 
(C73)

lung 
(C33–C34)

lung 
(C33–C34)

117 16% 277 7% 3,571 15% 8,668 16%

non-Hodgkin lymphomas 
(C82–C85+C96)

melanoma 
(C43)

colorectum 
(C18–C21)

colorectum 
(C18–C21)

72 10% 273 7% 2,955 12% 6,783 12%

Hodgkin lymphoma (C81) colorectum 
(C18–C21)

kidney and renal pelvis 
(C64–C65)

other and unspecified malignant 
neoplasm of skin 

(C44)

56 8% 267 6% 1,271 5% 5,225 9%

other connective and soft tissue 
(C49)

brain and CNS 
(C71–C72)

other and unspecified malignant 
neoplasm of skin 

(C44)

bladder 
(C67)

45 7% 257 6% 1,231 5% 3,756 7%

Females

0–19 years 20–44 years 45–64 years 65+ years

Number Percents Number Percents Number Percents Number Percents

all cancers all cancers all cancers all cancers

605 100% 8,934 100% 28,912 100% 48,832 100%

leukaemias 
(C91–C95)

breast 
(C50)

breast 
(C50)

breast 
(C50)

148 24% 2,501 28% 9,104 31% 9,472 19%

brain and CNS 
(C71–C72)

thyroid 
(C73)

corpus uteri 
(C54)

lung 
(C33–C34)

92 15% 1,631 18% 2,464 9% 5,969 12%

thyroid 
(C73)

cancer in situ 
(D00–D09)

lung 
(C33–C34)

colorectum 
(C18–C21)

56 9% 1,010 11% 2,190 8% 5,561 11%

Hodgkin lymphoma (C81) melanoma 
(C43)

colorectum 
(C18–C21)

other and unspecified malignant 
neoplasm of skin 

(C44)

52 9% 503 6% 2,126 7% 5,206 11%

kidney and renal pelvis  
(C64–C65)

cervix uteri 
(C53)

ovary 
(C56)

corpus uteri 
(C54)

34 6% 437 5% 1,533 5% 3,342 7%
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Table VII. The mortality of the 5 most common cancer sites in Poland in 2021, depending on sex and age

Males

0–19 years 20–44 years 45–64 years 65+ years

Number    Percents Number Percents Number Percents Number Percents

all cancers all cancers all cancers all cancers

107 100% 974 100% 12,665 100% 36,835 100%

brain and CNS 
(C71–C72)

brain and CNS 
(C71–C72)

lung 
(C33–C34)

lung 
(C33–C34)

34 32% 131 13% 3,580 28% 9,419 26%

leukaemias 
(C91–C95)

colorectum 
(C18–C21)

colorectum 
(C18–C21)

colorectum 
(C18–C21)

25 23% 100 10% 1,411 11% 5,057 14%

bone and articular cartilage
(C40–C41)

testis 
(C62)

pancreas 
(C25)

prostate 
(C61)

12 11% 93 10% 763 6% 4,989 14%

other connective and soft tissue 
(C49)

lung 
(C33–C34)

stomach 
(C16)

bladder 
(C67)

12 11% 60 6% 759 6% 2,008 5%

liver 
(C22)

leukaemias 
(C91–C95)

brain and CNS 
(C71–C72)

stomach 
(C16)

5 5% 58 6% 516 4% 1,815 5%

Females

0–19 years 20–44 years 45–64 years 65+ years

Number Percents Number Percents Number Percents Number Percents

all cancers all cancers all cancers all cancers

75 100% 1,084 9,633 32,279

brain and CNS (C71–C72) breast (C50) lung (C33–C34) lung (C33–C34)

31 41% 287 26% 1,830 19% 5,931 18%

leukaemias (C91–C95) cervix uteri  (C53) breast (C50) breast (C50)

16 21% 114 11% 1,706 18% 4,413 14%

other connective and soft tissue 
(C49)

colorectum (C18–C21) ovary (C56) colorectum (C18–C21)

4 5% 96 9% 856 9% 4,070 13%

kidney and renal pelvis  
(C64–C65)

brain and CNS (C71–C72) colorectum (C18–C21) pancreas (C25)

4 5% 89 8% 855 9% 1,849 6%

non-Hodgkin lymphomas 
(C82–C85+C96)

ovary (C56) cervix uteri  (C53) ovary (C56)

4 3% 75 7% 501 5% 1,706 5%
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Table VIII. Numbers of incidences and deaths for the most common malignant tumors among men in 2021 by voivodships

Voivodship All 
cancers

Sto-
mach

Colorec-
tum1

Pancre-
as

Lung Melano-
ma

Prostate Kidney Bladder non-
-Hodgkin 
lympho-

mas2

Leuka-
emias3

Incidence 

Dolnośląskie 6,543 215 774 154 1,005 200 1,275 249 468 152 172

Kujawsko-Pomorskie 5,080 197 566 95 893 108 994 195 348 94 68

Lubelskie 4,667 151 488 81 585 80 1,158 197 369 93 125

Lubuskie 1,939 83 236 48 283 27 458 103 110 29 32

Łódzkie 5,462 204 665 119 759 150 1,067 187 304 139 251

Małopolskie 6,759 228 749 151 882 142 1,321 220 380 201 167

Mazowieckie 9,994 370 1,193 245 1,611 242 1,994 345 545 279 249

Opolskie 2,390 75 303 47 309 60 474 89 165 46 55

Podkarpackie 4,369 161 541 118 562 122 881 183 200 113 124

Podlaskie 2,647 65 352 61 312 59 652 110 165 46 53

Pomorskie 6,018 191 566 88 861 105 1,629 225 510 105 73

Śląskie 10,605 427 1,447 246 1,561 199 2,240 320 670 238 314

Świętokrzyskie 3,368 117 383 76 470 66 802 100 228 80 89

Warmińsko-Mazurskie 2,980 98 381 54 533 61 520 104 172 63 111

Wielkopolskie 8,229 292 1,025 226 1,091 183 1,675 313 455 154 209

Zachodniopomorskie 3,225 136 340 55 627 72 692 114 212 31 44

Poland 84,275 3,010 10,009 1,864 12,344 1,876 17,832 3,054 5,301 1,863 2,136

 Deaths

Dolnośląskie 3,940 231 497 219 1,013 48 426 117 226 55 82

Kujawsko-Pomorskie 2,828 158 344 146 860 36 306 59 182 50 75

Lubelskie 2,657 129 368 112 643 30 290 105 140 36 83

Lubuskie 1,205 61 142 56 369 16 132 21 65 23 25

Łódzkie 3,404 198 487 136 926 36 322 83 205 46 98

Małopolskie 4,283 253 516 179 997 63 510 125 303 65 125

Mazowieckie 6,747 358 852 328 1,825 94 713 166 399 120 178

Opolskie 1,284 67 186 45 305 18 140 40 83 20 41

Podkarpackie 2,395 160 320 97 517 39 297 63 121 47 59

Podlaskie 1,488 76 198 59 369 23 179 45 88 22 45

Pomorskie 3,090 169 353 180 816 39 339 86 171 42 90

Śląskie 6,599 404 894 270 1,597 83 653 172 372 94 161

Świętokrzyskie 1,839 98 231 84 454 19 234 61 122 33 43

Warmińsko-Mazurskie 1,862 97 257 75 516 28 220 58 89 66 47

Wielkopolskie 4,571 233 636 231 1,180 54 461 142 295 63 119

Zachodniopomorskie 2,389 128 289 111 672 35 236 75 117 35 65

Poland 50,581 2,820 6,570 2,328 13,059 661 5,458 1,418 2,978 817 1,336

1colorectum C18–C21; 2non-Hodgkin lymphomas C82–C85 + C96; 3leukaemias C91–C95
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Table IX. Number of incidences and deaths for the most common malignant tumors among women in 2021 by voivodships

Voivodship All  
cancers

Colorec-
tum1

Lung Breast Cervix 
uteri

Corpus 
uteri

Ovary Kidney Bladder non-
-Hodgkin 
lympho-

mas2

Leuka-
emias3

Incidence

Dolnośląskie 7,276 637 720 1,808 167 451 313 156 166 142 173

Kujawsko-Pomorskie 5,468 445 662 1,254 117 317 245 144 116 83 43

Lubelskie 4,431 375 371 1,035 98 335 189 138 97 103 115

Lubuskie 1,913 171 194 451 55 115 92 73 47 24 33

Łódzkie 6,162 543 546 1,539 156 440 296 119 114 138 207

Małopolskie 7,376 649 526 1,727 147 531 298 124 103 173 141

Mazowieckie 10,987 886 1,146 2,990 258 732 325 207 170 251 242

Opolskie 2,275 241 194 541 63 209 94 49 30 53 42

Podkarpackie 4,288 396 277 1,014 84 374 192 98 64 113 107

Podlaskie 2,716 262 189 629 75 193 121 74 54 34 25

Pomorskie 5,547 471 703 1,300 151 309 182 149 178 106 55

Śląskie 10,315 1,152 1,019 2,336 283 768 559 226 240 212 207

Świętokrzyskie 3,015 293 234 643 90 241 118 94 57 69 71

Warmińsko-Mazurskie 3,299 309 353 702 96 169 145 67 66 76 105

Wielkopolskie 8,373 828 663 2,137 213 568 324 193 139 151 153

Zachodniopomorskie 3,842 340 451 973 107 272 131 73 101 40 30

Poland 87,283 7,998 8,248 21,079 2,160 6,024 3,624 1,984 1,742 1,768 1,749

Deaths

Dolnośląskie 3,511 403 662 451 91 128 217 79 72 59 80

Kujawsko-Pomorskie 2,462 293 570 356 64 76 139 46 30 44 60

Lubelskie 2,154 255 337 307 83 104 160 31 31 36 69

Lubuskie 1,053 119 215 143 34 31 66 24 27 21 27

Łódzkie 3,004 354 553 459 88 97 189 54 54 37 100

Małopolskie 3,666 410 540 550 117 179 225 74 78 84 110

Mazowieckie 5,830 652 1,143 895 192 223 335 117 106 116 142

Opolskie 1,140 153 178 184 44 40 58 33 19 20 33

Podkarpackie 1,899 221 242 295 62 108 124 40 31 43 63

Podlaskie 1,214 169 177 196 51 50 73 29 27 22 39

Pomorskie 2,548 291 540 337 89 75 144 43 57 49 57

Śląskie 5,691 689 938 908 157 227 384 103 122 84 128

Świętokrzyskie 1,365 153 185 214 49 72 104 28 33 23 46

Warmińsko-Mazurskie 1,507 154 305 206 51 58 70 43 43 71 36

Wielkopolskie 3,934 475 745 641 122 114 246 64 106 64 81

Zachodniopomorskie 2,093 231 477 264 67 65 105 40 53 41 55

Poland 43,071 5,022 7,807 6,406 1,361 1,647 2,639 848 889 814 1,126

1colorectum C18–C21; 2non-Hodgkin lymphomas C82–C85 + C96; 3leukaemias C91–C95
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Table X. Standardized rates of morbidity and mortality for the most common malignant neoplasms in men in Poland in 2021 by voivodships

Voivodship All 
cancers

Sto-
mach

Colorec-
tum1

Pancre-
as

Lung Melano-
ma

Prostate Kidney Bladder non-
-Hodgkin 
lympho-

mas2

Leuka-
emias3

Incidence rates (ESP2013)

Dolnośląskie 556.3 18.5 66.9 12.9 84.7 16.3 108.1 20.4 41.0 12.6 15.6

Kujawsko-Pomorskie 618.3 24.0 70.8 11.6 105.8 13.1 118.5 22.5 45.3 10.7 8.7

Lubelskie 544.9 17.2 58.6 9.1 65.6 9.1 137.0 21.9 46.2 10.8 14.6

Lubuskie 482.3 22.0 58.7 11.4 70.0 7.4 112.3 23.8 28.2 8.8 9.1

Łódzkie 528.0 20.1 65.7 11.9 71.6 14.6 102.1 17.0 30.9 13.0 24.6

Małopolskie 511.5 17.7 57.9 11.5 66.6 10.7 101.8 15.8 30.9 14.5 12.1

Mazowieckie 469.6 17.6 56.6 11.5 75.5 10.7 94.2 15.3 26.6 13.0 12.3

Opolskie 589.7 19.6 76.7 11.6 76.1 14.7 113.6 20.1 41.2 10.2 14.7

Podkarpackie 528.5 19.8 67.1 14.2 69.4 14.3 109.9 20.4 25.4 13.2 14.0

Podlaskie 565.7 14.2 76.0 11.8 66.9 12.3 141.7 22.7 36.1 9.2 10.9

Pomorskie 674.3 20.5 65.3 9.6 95.8 11.0 182.5 23.6 61.7 11.0 8.2

Śląskie 562.9 23.0 78.4 12.4 81.1 10.3 120.5 16.1 36.6 12.5 16.3

Świętokrzyskie 624.9 22.2 71.5 14.5 84.6 12.0 143.6 17.9 43.5 15.1 16.3

Warmińsko-Mazurskie 553.8 17.2 70.7 9.7 93.8 11.9 98.9 17.9 34.2 11.0 21.4

Wielkopolskie 619.1 22.2 80.4 16.6 80.8 13.4 125.8 22.1 36.2 10.5 15.7

Zachodniopomorskie 455.8 19.5 49.0 7.5 85.3 10.0 99.0 14.5 30.3 4.3 6.7

Poland 549.5 19.8 66.6 11.9 79.2 11.9 116.7 18.8 36.3 11.8 14.0

Mortality rates (ESP2013)

Dolnośląskie 363.6 21.2 47.0 19.1 89.2 5.2 46.0 10.8 23.5 5.2 8.2

Kujawsko-Pomorskie 371.3 19.8 47.0 18.6 108.1 5.2 48.3 7.1 27.7 5.9 10.6

Lubelskie 331.3 15.3 47.5 13.9 76.2 4.0 42.5 13.1 19.3 4.8 10.6

Lubuskie 331.8 17.1 39.9 13.7 94.7 5.0 46.6 5.4 19.7 5.6 7.4

Łódzkie 352.2 20.7 51.7 13.8 90.4 3.6 38.0 8.2 24.0 4.7 10.3

Małopolskie 352.9 20.5 43.3 14.1 78.7 5.7 48.6 10.5 27.4 5.3 10.3

Mazowieckie 337.5 17.7 44.3 15.7 87.4 4.8 40.9 8.1 21.8 6.1 9.1

Opolskie 337.1 17.3 50.7 11.3 75.5 4.9 42.3 10.2 22.8 5.1 11.1

Podkarpackie 315.0 20.3 43.0 11.5 64.0 5.0 45.6 8.1 18.2 6.8 8.0

Podlaskie 340.3 18.3 47.3 13.4 80.6 5.7 45.1 10.0 21.2 4.6 10.8

Pomorskie 368.8 19.5 44.3 20.3 92.6 4.5 48.8 10.4 22.4 5.1 11.1

Śląskie 374.0 23.0 52.6 13.9 86.6 5.1 43.1 9.6 22.1 5.6 9.3

Świętokrzyskie 368.4 20.2 47.4 15.5 83.7 3.7 54.6 12.1 27.3 7.3 9.1

Warmińsko-Mazurskie 384.9 18.9 55.5 14.2 96.7 5.3 59.5 10.9 20.8 13.2 10.6

Wielkopolskie 368.2 18.6 53.9 17.4 89.8 4.7 44.0 11.5 26.7 5.1 9.8

Zachodniopomorskie 365.2 20.2 43.8 16.2 96.1 6.3 44.3 11.6 19.9 6.0 10.0

Poland 355.0 19.6 47.7 15.4 86.8 4.9 45.1 9.8 23.1 5.8 9.7

1colorectum C18–C21; 2non-Hodgkin lymphomas C82–C85 + C96; 3leukaemias C91–C95
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Table XI. Standardized rates of morbidity and mortality for the most common malignant neoplasms in women in Poland in 2021 by voivodships

Voivodship All 
cancers

Colorec-
tum1

Lung Breast Cervix 
uteri

Corpus 
uteri

Ovary Kidney Bladder non-Hodg-
kin lym-
phomas2

Leuka-
emias3

Incidence rates (ESP2013)

Dolnośląskie 444.9 38.6 42.1 112.0 10.0 10.0 19.2 9.8 9.7 8.8 10.9

Kujawsko-Pomorskie 493.3 40.0 57.8 113.7 10.6 10.6 22.2 12.9 10.2 7.7 4.2

Lubelskie 381.9 32.0 30.9 90.8 8.3 8.3 16.4 12.2 8.1 8.8 9.9

Lubuskie 351.6 31.8 34.8 82.5 9.9 9.9 16.7 13.6 8.4 4.3 6.5

Łódzkie 429.1 37.1 35.8 108.7 11.2 11.2 21.1 8.5 7.9 9.9 15.0

Małopolskie 417.6 37.0 29.9 97.8 8.2 8.2 17.4 7.2 5.8 9.9 8.0

Mazowieckie 373.1 30.0 38.1 102.7 8.8 8.8 11.3 7.0 5.7 8.5 8.2

Opolskie 416.5 43.8 34.5 99.3 12.1 12.1 17.2 8.7 5.6 10.0 7.5

Podkarpackie 390.9 36.0 25.2 92.8 7.7 7.7 17.5 8.9 5.7 10.6 9.9

Podlaskie 426.4 41.2 29.3 99.5 12.2 12.2 19.4 11.9 8.1 5.2 3.7

Pomorskie 462.7 39.9 57.4 109.6 12.5 12.5 15.4 12.4 15.0 8.9 4.6

Śląskie 407.4 45.0 38.4 92.8 11.6 11.6 22.3 8.9 9.2 8.4 8.6

Świętokrzyskie 435.9 41.6 32.1 95.1 13.3 13.3 17.1 13.4 7.8 9.6 10.2

Warmińsko-Mazurskie 444.5 42.2 46.2 95.3 12.8 12.8 19.3 8.9 8.6 10.1 14.2

Wielkopolskie 462.4 46.4 36.2 118.6 11.6 11.6 17.6 10.8 7.4 8.1 8.3

Zachodniopomorskie 413.2 36.0 45.2 105.8 11.6 11.6 14.2 8.0 11.1 4.5 3.4

Poland 419.7 38.4 38.5 102.2 10.4 10.4 17.6 9.6 8.2 8.5 8.5

Mortality rates (ESP2013)

Dolnośląskie 210.4 24.3 39.6 27.2 5.4 7.6 13.2 4.8 4.2 3.4 4.7

Kujawsko-Pomorskie 219.1 26.6 50.0 31.5 5.6 6.7 12.8 3.9 2.6 3.9 5.4

Lubelskie 180.1 21.2 28.1 25.6 7.2 8.6 13.8 2.8 2.4 3.0 5.8

Lubuskie 195.5 22.5 39.1 25.9 6.1 5.9 12.0 4.7 5.3 4.1 5.3

Łódzkie 198.5 23.3 35.7 31.2 5.9 6.4 12.6 3.7 3.5 2.4 6.8

Małopolskie 203.3 22.6 30.4 30.5 6.5 10.0 12.6 4.1 4.2 4.8 6.0

Mazowieckie 193.2 21.3 38.0 30.0 6.5 7.4 11.5 3.9 3.4 3.8 4.5

Opolskie 204.2 27.0 31.0 33.2 8.1 7.4 10.2 5.8 3.4 3.6 6.1

Podkarpackie 170.4 20.1 22.0 26.9 5.5 9.4 11.2 3.6 2.6 3.8 5.4

Podlaskie 181.9 24.9 27.3 29.3 8.0 7.2 11.1 4.2 4.0 3.3 6.0

Pomorskie 212.3 24.8 44.3 28.2 7.3 6.1 11.9 3.6 4.6 4.1 4.7

Śląskie 220.5 26.8 35.6 35.4 6.2 8.8 15.1 3.9 4.7 3.3 5.0

Świętokrzyskie 187.9 20.7 25.1 29.5 6.8 9.8 14.6 3.6 4.4 3.1 6.5

Warmińsko-Mazurskie 202.8 21.0 40.2 28.1 6.9 7.7 9.4 5.5 6.0 9.6 4.7

Wielkopolskie 218.2 26.9 40.5 35.9 6.8 6.4 13.8 3.6 5.8 3.6 4.4

Zachodniopomorskie 223.4 24.5 49.9 28.6 7.1 7.1 11.3 4.3 5.5 4.5 6.2

Poland 203.3 23.8 36.5 30.5 6.5 7.8 12.7 4.0 4.1 3.9 5.3

1colorectum C18–C21; 2non-Hodgkin lymphomas C82–C85 + C96; 3leukaemias C91–C95
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Conclusions
Deaths from COVID-19 are still a competitive cause of death 
compared to cancer. Both data from 2021 and forecasts until 
2023 indicate that after a temporary reduction in cancer mor-
bidity and mortality during the COVID-19 pandemic, both 
values will return to the trends presented before the pandemic.

In Poland in 2021, the most frequently diagnosed can-
cers among men were prostate, lung, and colorectal cancers. 
Among women, the main cancer sites remain: breast, lung, 
and colorectum. Mortality from colorectal cancer has been on 
downward trend since 2015, and this decreasing trend con-
tinues. A still disturbing phenomenon is the higher mortality 
rate than morbidity for lung cancer among men, and the similar 
number of lung cancer cases and deaths in women. 

Strengths and limitations of the report 
The analysis covers the entire population of Poland, and is 
the best source of cancer incidence data. Cancer registration 
in the Polish National Cancer Registry (PNCR) is mandatory, 
ensuring a high level of completeness of the data.
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Factors that may contribute to non-radical resections 
in patients undergoing breast-conserving treatment for 

breast cancer
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Introduction. � Breast-conserving treatment in breast cancer consists of radical removal of the cancerous tumor combi-
ned with a satisfactory aesthetic result. This study aimed to retrospectively analyze factors that may contribute to non-
-radical resections in patients undergoing breast-conserving treatment for infiltrating breast cancer and carcinoma in situ.
Material and methods. � This retrospective study analyzed the medical records of 1,312 patients with stage I and II 
breast cancer and patients with ductal carcinoma in situ (DCIS) who underwent breast-conserving treatment from 
January 2013 to December 2022.
Results. � The number of non-radical resections (R1) was 6.4% (80 cases out of 1,237). Fifty-five (4.4%) of R1 patients 
were re-operated with larger margins and 25 (2%) had a mastectomy. Analysis of factors contributing to a non-radical 
resection showed a significant correlation with age, histological type, multifocality, preoperative treatment and clinically 
detectable lesions.
Conclusions. � The use of contrast-enhanced spectral mammography as a standard method in surgical planning 
of breast cancer treatment, taking into account R1 resection risk factors, will allow better selection of patients eligible 
for breast-conserving treatment.

Key words:� breast cancer, breast-conserving treatment, resection margin, contrast-enhanced spectral  
mammography 

How to cite:

Lorek AJ, Steinhof-Radwańska K, Zarębski W, Lorek J, Stojcev Z. Factors that may contribute to non-radical resections in patients undergoing breast-conserving 
treatment for breast cancer. NOWOTWORY J Oncol 2024; 74: 94–98. 

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

Introduction
Breast cancer is the most common malignancy and accounts 
for as many as 22.9% of cancer cases in women. The peak 
incidence is between the ages of 50 and 69 [1, 2].

The choice of local or systemic therapy for each stage 
of breast cancer depends on the clinical and pathomorpho-
logical assessment, taking into account the histological type, 
the degree of malignancy of the cancer, the receptor status, 
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the size of the primary tumor and the status of the regional 
lymph nodes, the presence and extent of metastases in distant 
organs. It also depends on the patient’s age, menopausal 
status, fitness, past and coexisting diseases, as well as prefe-
rences. Any decision taken on the extent of surgical treatment 
between breast-conserving treatment and a mastectomy pri-
marily depends on the size of the tumor and the exclusion 
of the multicentricity of tumor lesions [3–5]. According to 
Breast Cancer Unit (BCU) recommendations in breast cancer 
centers, approximately 60% of patients should be treated using 
breast-conserving techniques [6]. Careful planning as regards 
the type of surgical procedure is important for treatment out-
comes, and translates directly into a reduction in the incidence 
of local recurrence [7, 8]. In most centers, breast-conserving 
treatment is planned based on digital mammography, whose 
sensitivity in assessing tumor size and the presence of ad-
ditional foci is not high, which may result in a non-radical 
resection [9, 10]. In the authors’ own practice, the imaging 
method on the basis of which breast-conserving treatment 
was planned was contrast-enhanced spectral mammography 
(CESM). Contrast-enhanced spectral mammographyis based 
on a dual-energy technique that utilizes the difference in X-ray 
attenuation of breast tissue and iodine. It provides not only 
morphological information analogous to conventional mam-
mography, but also additionally allows the imaging of breast 
areas that show increased contrast uptake usually associated 
with neoangiogenesis, similarly to breast magnetic resonance 
imaging (MRI) [11]. 

Breast-conserving treatment aims to radically remove 
the cancerous tumor while achieving a good aesthetic re-
sult [12]. According to current recommendations, a negative 
margin in infiltrating breast cancer is defined as the absence 
of cancerous tissue in the line of excision confirmed by po-
stoperative histopathological examination [13]. For ductal 
carcinoma in situ (DCIS), the minimum margin should not be 
smaller than 2 mm [14].

Material and methods
This study aimed to retrospectively analyze factors that may 
contribute to non-radical resections in patients undergoing 
breast-conserving surgery for infiltrating breast cancer and car-
cinoma in situ (DCIS).

This retrospective study analyzed the medical records 
of 1,312 patients with stage I and II breast cancer and patients 
with DCIS who underwent breast-conserving treatment. Pa-
tients who had preoperative diagnostics performed outside 
our center were excluded from the study. A total of 1,237 pa-
tients with primary operable cancer as well as those undergoing 
preoperative systemic treatment were included in the study. 
The procedures were carried out at the Department of On-
cological Surgery of Prof. K. Gibinski University Clinical Centre 
of the Medical University of Silesia in Katowice from January 2013 
to December 2022. All patients included in the study had pre-

operative diagnostic tests performed at the Hospital Oncology 
Surgery Outpatient Clinic, which included: history-taking, phy-
sical examination, imaging studies including contrast-enhanced 
spectral mammography (CESM) and core needle biopsy (CNB). 
The procedures were performed by the same team of four surge-
ons with many years of experience in breast surgery. All surgically 
removed lesions were marked with threads to identify the resec-
tion margins, and the bed of the removed tumor was marked 
with metal clips. For lesions not clinically detectable, an anchor 
was placed on the day of surgery in the radiology department 
under ultrasound or mammography guidance. All removed 
clinically undetectable lesions were evaluated intraoperatively 
with the use of mammography to assess the presence of a tra-
cer in the tumor and the size of the margins. Tumor removal 
procedures were combined with a sentinel node procedure or 
with the removal of the axillary lymphatic system, depending 
on the cN category. The postoperative histopathological exa-
mination was performed at the Department of Histopathology 
of the Medical University of Silesia. The preparations were asses-
sed by 2 experienced pathologists. The study included infiltra-
ting carcinomas and carcinomas in situ. R0 resection in infiltrating 
carcinomas meant that there was no ink in the tumor margins 
in DCIS margins of no less than 2 mm. The number of non-
-radical procedures, the number of re-operations with breast 
conservation and the number of amputations were assessed. It 
was investigated whether non-radical margins were dependent 
on age, histopathological type of cancer, grading, biological 
subtype, preoperative treatment, multifocality, clinically palpable 
lesion or nonpalpable lesion requiring anchorage.

Statistical analysis
Because the variables describing the characteristics under 
study were not measured on quotient scales and did not 
meet the assumption of normality of distributions, non-pa-
rametric statistical tests were used in the calculations. A non-
-parametric test of independence was used to assess whether 
the counts in the study groups differed significantly from each 
other. P-values <0.05 were considered statistically significant.  

Results
The age distribution of the participants was not a normal distri-
bution, with a median of 63.23 (±11.5) years (the minimum age 
in the sample was 29 years, the maximum 91 years). There were 
80 (6.4%) cases of R1 resection confirmed by the postoperative 
histopathology report. 55 (4.4%) of the 80 R1 patients were re-
-operated with larger margins and 25 (2%) had a mastectomy. 
The investigated variables that may affect the radicality of re-
section are shown in table I.

Discussion 
In this study, the rate of re-operation due to non-radical mar-
gins was 6.4%, far from the data available in the literature that 
indicate a resection rate of 20% in invasive carcinoma of no 
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special type (NST) and often higher in infiltrating lobular car-
cinoma and DCIS [14, 16 ,17]. Such a low percentage should 
be explained by the considerable experience of the surgeons, 
who perform more than 80 breast cancer procedures per year, 
and treatment planning on the basis of CESM, whose sensitivity 
in determining the size of the tumor lesion and additional tu-
mor foci is far superior to classical digital mammography [8, 18].

The authors’ analysis of the causes of R1 resection indi-
cates a higher risk of non-radical resection in patients under 
62 years of age. The glandular-adipose structure of the breast, 
more common at this age, may be the reason for the difficulty 
in identifying the extent of the cancerous lesion. Cancers at 
younger ages are also characterized by greater aggressiveness 
than those at later ages [19]. In the conducted analysis, the size 
of the tumor lesion was not a significant factor in increasing 
the risk of non-radical resection. Histopathological type was 
a significant factor confirming a higher risk of non-radical 
resection in invasive lobular carcinoma and DCIS. This should 
be associated with the clinical picture and radiological features 
of these lesions as confirmed by numerous studies [20–22]. 
The grade of malignancy (G) in our analysis was not a signifi-
cant factor for the increased risk of R1 resection; a higher risk 
in more aggressive G2–3 carcinomas was to be expected. This 
is probably to be explained by the relatively small study group. 

Data available in the literature indicate that luminal car-
cinoma is diagnosed more frequently than other biological 
types, is associated with a lower clinical and pathological stage 
of the disease, and thus allows more frequent use of breast-con-
serving treatment [22–23]. In this study, the biological subtype 
was not a significant factor in increasing the risk of non-radical 
resection. Perhaps this should also be attributed to the small 
size of the study group.

Multifocality in the presented analysis was associated with 
a higher incidence of R1 resection. Identification of additional 
microscopic foci of cancer is sometimes possible on the basis 
of postoperative histopathology alone. The authors believed 
that with a CESM result in each patient, with a very high sen-
sitivity in detecting additional cancer foci, comparable to that 
of MRI as shown in this study, non-radical procedures in these 
cases could be reduced completely. However, as can be seen, 
this is not always possible [24].

When analyzing patients who were operated on with clini-
cally palpable lesions compared to nonpalpable lesions requ-
iring anchor placement, a significantly higher number of R1 re-
sections were observed for the former. Apparently, macroscopic 
assessment is less accurate compared to intraoperative mam-
mographic assessment. Furthermore, for lesions with anchor 
placement, when the radiologist signals during intraoperative 

Table I. The analysis of variables that may contribute to non-radical resection

Characteristics Total number 
n = 1,237

Resection R1 
n = 80

Resection R0 
n = 1,157

Statistical 
significance

age – yy, M (± SD) 63.23 (±11.5) 62.98 (±11.5) 66.80 (±11.2) p < 0.11

histopathological size – mm, M (± SD) 21.0 (±14.3) 18.7 (±14.3) 21.2 (±14.4) NS

histopathological type of cancer:
NST
lobular
ductolobular
special subtype
DCIS
HG
LG

65.8%
13.3%
7.1%
6.3%
3.0%
0.3%
4.2%

3.6%
0.4%
0.7%
1.0%
0.8%
0.0%
0.0%

62.2%
12.9%
6.4%
5.3%
2.2%
0.3%
4.2%

p < 0.0001
–
–
–
–
–
–
–

grading:
G1
G2
G3

7.5%
74.3%
18.2%

0.6%
3.9%
0.6%

6.9%
70.4%
17.6%

NS
–
–
–

biological subtype:
luminal A
luminal B (HER-negative)
triple-negative
luminal B (HER-positive)
non-luminal (HER-positive)

40.2%
34.3%
11.4%
12.1%
2.0%

3.4%
1.3%
0.6%
0.6%
0.1%

36.8%
33.0%
10.8%
11.5%
1.9%

NS
–
–
–
–
–

multifocal
monofocal

84.9%
18.3%

6.3%
0.6%

76.0%
17.1%

p < 0.029
–

clinically palpable
clinically impalpable (anchor)

98.7%
1.3%

10.4%
1.3%

88.3%
0.0%

p < 0.0001
–

treated preoperatively
not treated preoperatively

26.5%
73.5%

1.9%
9.8%

24.6%
63.6%

p < 0.037
–

yy – years; M – mean; mm – millimetres; SD – standard deviation; R0 – radical resections; R1 – non-radical resections; NST – no special type; DCIS – ductal carcinoma in situ; HG – 
high grade; LG – low grade
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mammography that any of the margins appear too narrow or 
that there is no marker in the tumor, there is always the possi-
bility of expanding the margin during the same procedure [25].  

In the group of patients undergoing systemic treatment 
prior to surgery, non-radical resections were observed signifi-
cantly less frequently compared to patients undergoing prima-
ry surgery. This is most likely related to the fact that the majority 
of postoperative procedures were performed with anchor 
placement, where intraoperative radiographic verification mi-
nimized the possibility of non-radical margins [26].

A limitation of the study was the relatively small group 
of patients; moreover, the volume of the mammary glands 
and the technique of the procedure – oncoplastic surge-
ry versus tumorectomy – were not taken into account. De-
spite the incomplete elimination of non-radical procedures 
in the analyzed group, the re-operation rate of 6.4% is not high. 
The use of CESM as a standard method to assess the extent 
of the disease seems to minimize the number of non-radical 
resections and significantly alter the extent of planned surgery 
as shown in the authors’ previous studies [27, 28].

Conclusions
The use of contrast-enhanced spectral mammography as a stan-
dard method in surgical planning of breast cancer treatment 
taking into account R1 resection risk factors will allow better 
selection of patients eligible for breast-conserving treatment.
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Warthin tumors – risk factors, diagnostics, treatment

Katarzyna Kolary-Siekierska , Anna Jałocha-Kaczka , Piotr Niewiadomski ,  
Jarosław Miłoński 

Department of Otolaryngology and Laryngological Oncology, Audiology and Phoniatrics, Medical University of Lodz, Lodz, Poland

Introduction. �Warthin tumors are the second most common benign tumor of the salivary gland, located mainly 
in the parotid glands, sometimes bilaterally. The main risk factor is nicotine addiction. The aim of the study was to 
present our own experience in the diagnosis and treatment of salivary gland neoplasm, and to analyze the risk factors 
for the development of Warthin tumors.
Materials and methods. � The study group consisted of 55 patients operated on with Warthin tumors (between 2009 
and 2023). 55 control individuals with no Warthin tumors were recruited. The patients underwent a retrospective analysis 
of risk factors for head and neck cancer.
Results.�  Warthin tumor patients reported salivary gland diseases, such as urolithiasis, inflammation, dry mouth, nicotine 
addiction, and chronic diseases, such as hypercholesterolemia. In 83% of cases of fine-needle aspiration biopsy (FNAB) 
of Warthin tumors, results were confirmed by postoperative histopathological diagnosis. The therapy included extra-
capsular tumor removal, partial parotidectomy with preservation of the facial nerve, and removal of the submandibular 
gland. Postoperative complications were a cutaneous fistula and paresis of the marginal branch of the facial nerve.
Conclusions. �The study confirmed that nicotine addiction (smoking duration and number of cigarettes smoked per day) 
was the main risk factor for developing Warthin tumors. An increase in body-mass index (BMI), hypercholesterolemia, 
salivary gland diseases, and dry mouth symptoms manifested Warthin tumors. FNAB, ultrasonography (USG) and compu-
ter tomography (CT) or magnetic resonance imaging (MRI) with contrast were essential in the diagnostics and planning 
therapeutic strategy. The main treatment used in the clinic was extracapsular tumor removal.
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Introduction
Salivary gland neoplasm account for 6% of all head and neck 
neoplasm. More than 80% of large salivary gland tumors are 
benign [1]. After pleomorphic adenoma (PA), the second most 
common is Warthin tumors (WT) [2]. In recent years, a predomi-
nance of Warthin tumors has been observed in certain regions 
of Germany, 44.9–48% compared to 17.3–23% pleomorphic 
adenomas [3]. In Poland, according to the Registry of Non-
-Malignant Tumors of Major Salivary Glands, Warthin tumors 
(37.1%) rank second after pleomorphic adenoma (217/585) 
[4]. Warthin tumors were first described in 1895 by Hildebrand. 

It is located mainly in the parotid glands (it accounts for 2–15% 
of parotid tumors), rarely in the submandibular glands. Isolated 
cases of Warthin tumors were described in the oral cavity, 
larynx, nasopharynx, eyelids and perisalivary lymph nodes [5].

One of the theories of the pathogenesis of tumors is their 
development from the cells of the salivary gland ducts present 
in the intra- and peri-parotid lymph nodes [6]. Another theory 
suggests it is an active process based on an inflammatory 
reaction leading to neoplasm proliferation [7]. Warthin tumors 
grow slowly and are not painful whereas large tumors may 
cause discomfort and distort facial features. It is estimated 
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that approximately 0.3% of tumors undergo transformation 
into malignancy [8]. Diagnostics is based on an interview, 
physical examination, fine-needle aspiration biopsy (FANB) 
under ultrasound guidance, computer tomography (CT) or 
magnetic resonance imaging (MRI) with contrast. Treatment 
involves surgical removal of the tumor – depending on the lo-
cation of the lesion: extracapsular removal of the tumor along 
with a margin of healthy tissue or partial parotidectomy with 
preservation of the facial nerve. These methods are usually 
chosen to protect the facial nerve [9]. 

The aim of the study was to present our own experience 
in the diagnosis and treatment of salivary gland neoplasm, 
and to analyze the risk factors for the development of Warthin 
tumors.

Materials and methods
One hundred and ten individuals were recruited for the study. 
They were divided into 2 groups, the study group and the con-
trol group. The study group consisted of 55 patients, 24 (44%) 
females aged 27–85 years (mean age 60.1 years) and 31 (56%) 
males aged 40–78 years (mean age 52 years) treated for War-
thin tumors of the salivary glands at the Department of Otola-
ryngology and Laryngological Oncology, Audiology and Pho-
niatrics, Medical University of Lodz. Pre-operative diagnosis 
involved a history and physical examination, laboratory tests 
(morphology, creatinine, CRP) and additional tests: ultrasound 
guided FNAB examination, CT or MRI with contrast. In all cases, 
surgical treatment was performed – extracapsular tumor re-
moval or partial parotidectomy with preservation of the facial 
nerve. Post-operative care included: suction drainage (24 h), 
postoperative wound care (changing the dressing, rinsing 
with Octenisept), check-up and removal of stitches 7 days 
after the procedure, also a conservative lifestyle was recom-
mended (2 weeks).

The control group consisted of 55 individuals, the so-called 
healthy volunteers (the criterion for inclusion was the absen-
ce of a salivary gland tumor confirmed by imaging; the pa-
tients and the controls were matched according to gender 
and age). The comparison group consisted of 24 females 
aged 27–75 years (mean age 58.2 years) and 31 males aged 
24–71 years (mean age 53.4 years). The patients completed 
a questionnaire regarding the risk of head and neck cancer. 
The study was granted the consent of the bioethics committee 
of the Medical University of Lodz (RAN/222/17/KE).

Statistical analysis: for statistical analysis STATISTICA 12.0 
software, the chi-square test was used and the V-Cramer co-
efficient was calculated. P < 0.05 was considered statistically 
significant.

Results
Statistical analysis (p < 0.05) showed that patients with War-
thin tumors had a higher BMI, tendency to obesity, suffered 
from hypercholesterolemia, reported symptoms in the salivary 

glands (i.e. stones, inflammation) and dry mouth. They were 
also addicted to smoking, they smoked more cigarettes per 
day for a longer time than the control group (tab. I). Among 
smokers, more than half (52%) have been smoking more than 
10 cigarettes a day for 10 years.

No statistically significant differences between the groups 
were found in: gender, thyroid disease, diabetes, hypertension, 
education, alcohol consumption, number of sexual partners, 
exposure to ionizing factors, UV, radiotherapy, exposure to 
the automotive industry, rubber industry, exposure to nickel, 
chromium, cement dust, asbestos dust, work in a hairdressing 
salon, treatment for cancer, head and neck cancer, and the in-
cidence of Epstein-Barr virus. A physical examination revealed 
a tumor with a soft or taut consistency, movable in relation 
to the ground. Facial expressions were preserved. No cervical 
lymphadenopathy was observed. In most patients, tumor 
growth was painless (49/55), 6 individuals reported pain within 
the tumor. The lesions were located in the parotid (52/55) 
and in the submandibular glands (3/55) (tab. II). Synchronous 
tumors were observed in 6 and metachronous in 2 patients. 
Multiple tumors in a single salivary gland were present in 6 ca-
ses. The average time of tumor growth was 2.2 years. Based 
on neck CT with contrast or USG, the average tumor volume 
was estimated at 5.97 cm3 [4], and the mean tumor size was 
2.56 cm. A history of autoimmune diseases revealed hypothy-
roidism (13/55) and hyperthyroidism (2/55). The FNAB results 
were confirmed in postoperative histopathological diagnosis 
in 49 patients (83%). The following surgical procedures were 
performed: extracapsular removal of the tumor (50/55), su-
perficial parotidectomy with preservation of the facial nerve 
(2/55) – parotidectomy II according to the ESGS classification 
and removal of the submandibular gland (3/55). Postoperative 
complications included, cutaneous fistula (2/7) and paresis 
of the marginal branch of the facial nerve (5/7). In patients 
with a cutaneous fistula, a strip dressing was applied, in those 
with paresis of the VIIth nerve, galantamine injections (Nivalin) 
and rehabilitation were recommended. All subjects regained 
normal facial nerve function. Recurrence of Warthin tumor was 
observed in two patients.

Discussion
Warthin tumors constitute approximately 17% of all salivary 
gland tumors. It is a benign, encapsulated tumor composed 
of oncocytic epithelium surrounded by lymphoid stroma with 
active germinal centers [10]. The risk of malignancy in case 
of the epithelial component is 0.3%; mucoepidermoid car-
cinoma, squamous-cell carcinoma, adenocarcinoma, onco-
cytic carcinoma were observed; the lymphatic component 
may undergo transformation towards malignant lymphoma 
[11]. Cases of coexistence of Hodgkin’s lymphoma or non-
-Hodgkin’s lymphoma with Warthin tumors are also known 
[12].  In the examined material, Warthin tumors and Hodgkin’s 
lymphoma of the parotid gland were detected in one patient.
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Table I. Characteristic elements of the physical examination of patients in the study groups

Analyzed trait Study group
n = 55

Control group
n = 55

p < 0.05*

number (SD) number (SD)

gender:
female
male

24 
31 

24 
31 

1

age in years – mean 58.64 56.22 0.6572

education:
primary
secondary
higher

13/55
27/55
15/55

7/55
31/55
17/55

0.3853

BMI – mean  28.5 25.4 0.0451*

normal weight (BMI 18–25)
overweight (BMI 25–30)
obesity (BMI > 30)
metabolic syndrome

12 
29 
12 
2 

24
28
3
0

0.0533

smoking status
“yes”

41/55 17/55 6.231e-08*

duration smoking – in years 15.1 7.3 1.882e-04*

number of cigarettes per day – mean 12.1 8.2 1.424e-11*

alcohol consumption:
never
<30 U/week
>30 U/week

21/55 
33/55 
1/55 

24/55
30/55
1/55

0.733

thyroid disease:    
hyperthyroidism
hypothyroidism 

2/55
13/55

2/55
3/55

0.0887

diabetes:
diabetes 1
diabetes 2

0/55
6/55

1/55
3/55

0.6214

hypercholesterolemia 16/55 4/55 0.0055*

hypertension artery 11/55 6/55 0.1531

number of sexual partners:
1–3
3–7
>7

36/55
13/55
6/55

35/55
15/55
5/55

0.2565

oral sexual activity 19/55 22/55 0.4321

salivary gland disease (inflammation, stones) 29/55 4/55 4.26e-05*

dry mouth 28/55 6/55 0.003145*

oncological treatment among patient’s family (parents, 
grandparents, siblings)

12/55 4/55 0.08482

treatment for head and neck neoplasm among patient’s 
family (parents, grandparents, siblings) 

7/55 3/55 0.2998

oncological treatment in the past 7/55 2/55 0.05661

treatment of head and neck neoplasm in the past 1/55 1/55 1

exposure to:
radiotherapy
UV
ionizing factors

4/55 
10/55 
3/55 

1/55
9/55
1/55

0.2166
0.2773
0.1457

Epstein-Barr virus infection 2/55 1/55 0.4652

exposure to: the automotive industry, rubber industry, 
exposure to nickel, chromium, dust cement, asbestos 
dust, work in a hairdressing salon

14/55 3/55 0.0642
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Epstein-Barr virus infection was found to cause multiple 
occurrences of Warthin tumors [13]. The main risk factor is 
nicotine addiction. Other risk factors comprise autoimmune 
diseases, inflammatory diseases and ionizing radiation [14] 
as well as an increase in BMI (average value 29.1), obesity 
and diseases related to the metabolic syndrome (hyperten-
sion, diabetes, coronary heart disease). Based on a database 
of smoking addiction in Austria (from 23.5% in 1972 to 24.3% 
in 2014) and the occurrence of Warthin tumors (from 1970 
to 2015, a 3.9-fold increase in tumors was observed) it was 
concluded that other factors including increased BMI may 
influence the development of tumors [15]. Mycobacterium 
tuberculosis infections were detected in a Warthin tumor in one 
patient. In tobacco smokers, the occurrence of Warthin tumors 
was 8 times more frequent than mixed tumors, exacerbating 
factors include: benzopyrene, arsenic, and N-nitrosoguanidi-
nes present in tobacco smoke that affect the transformation 
of gland tissue [16].

The neoplasm develops mainly in men in the 5th and 6th de-
cade of life. There has been an increase in Warthin tumor cases 
in women. The male to female Warthin tumor patient ratio 
ranged from 2.3:1, 1.8:1 to 12.6:1 [3, 17]. In our study, Warthin 
tumors were found in 56% of men aged 27–75 years (mean 
age was 54.3 years) and the male to female ratio was 1.3:1.

The first symptoms of Warthin’s tumor are changes 
in the shape of the face – a palpable tumor in the area of the sa-
livary gland. These lesions are oval, soft [18], and usually grow 
asymptomatically. It was found that approximately 7% of tu-
mors may be painful, then malignant growth should be ruled 
out. Warthin tumors tend to be multifocal (12–20% of cases) 
and bilateral (5–14% of cases) [19]. The tumors are most often 
located in the superficial lobe, in the lower part, the so-called 
tail of the parotid gland (level II according to the European 
Classification of Salivary Glands), where intrasalivary lymph 
nodes are present. WT recurrences are observed in 5–10% 
patients [20].

In the diagnosis of monomorphic adenoma, additional 
tests are recommended: FNAB, ultrasound. According to 
the Milan Classification it is category IV.A – “benign tumor” or 
category IV.B “salivary gland tumor with uncertain malignant 
potential (SUMP)” [21]. Cells characteristic of Warthin tumors 
are lymphocytes and oncocytic cells. The FNAB results were 

consistent with the postoperative diagnosis at 95% to 74% 
[22]. In our study it was 83%. Although no statistically signi-
ficant differences were observed between CT with contrast 
and MRI, due to the benefits for the patient (no radiation, no 
contrast containing iodine), magnetic resonance imaging is 
recommended [23].

The first choice treatment is surgical removal of the tumor. 
Depending on the location of the tumor, different techniques 
are recommended: partial parotidectomy is when the tumor 
is in the lower part of the salivary gland (tail), superficial paro-
tidectomy when it affects the superficial lobe or, in the case 
of tumors located in the deep lobe, total paratidectomy with 
preservation of the facial nerve [24]. Based on meta-analysis, 
Quer et al. proposed parotidectomy II (partial parotidecto-
my) or extracapsular tumor removal (extracapsular dissec-
tion – ECD) when a single tumor is located in area I or II; 
parotidectomy depending on the size of the lesion when 
a single tumor is in area II or IV or intrasalivary; parotidectomy 
II (partial lateral parotidectomy) or ECD when a single lesion 
is larger than 3 cm and is located in the tail of the salivary 
gland; in the case of multifocal lesions in the superficial lobe, 
parotidectomy I or II (lateral or superficial parotidectomy), 
when multifocal lesions affecting the superficial and deep lobe 
are present, parotidectomy I, II, III, IV (total parotidectomy) are 
indicated [8]. Wierzbicka et al. described surgery for salivary 
gland tumors using new technologies such as VITOM 3D [28] 
and also emphasized the importance of synoptic reporting 
in the surgery of recurrent salivary gland tumors [29]. Mant-
sopoulos et al. recommend ECD using neuromonitoring as 
a procedure with the lowest risk of complications (including 
Frey syndrome) [25]. Postoperative complications include facial 
nerve damage, sialocele, postoperative hematoma, cutaneous 
fistula, Frey syndrome and scarring [31]. It is recommended to 
describe procedures for benign salivary gland tumors accor-
ding to the ESGS classification [32]. Patients who do not decide 
to  undergo the procedure or those with contraindications 
for general anesthesia should be observed and development 
of the tumor monitored by imaging tests [28]. 

In recent years, minimally invasive treatment procedures 
were used. There are isolated cases of treatment of Warthin tu-
mors by ethanol sclerotherapy under ultrasound guidance with 
satisfactory results (reduction of tumor size, patient satisfaction 

Table II. Clinical features of Warthin tumors in the study group

Tumor location Features of tumors

parotid gland* submandibular gland soft 
consistency

taut 
consistency

movable in relation to 
the surround tissue

right left right left 38 17 49

I II III IV I II III IV 0 3

9 11 4 – 10 17 1 –
* Region of parotid gland according to the ESGS classification I, II, III, IV 



103

resulting from  changes in appearance) [29] and ablation of tu-
mors using radiofrequency [30] or microwaves [31].

Conclusions
In the operated patients, nicotine addiction (duration 
of smoking and number of cigarettes smoked per day) was 
the main risk factor for Warthin tumors. Increased BMI (inclu-
ding obesity), hypercholesterolemia, salivary gland diseases, 
and the presence of dry mouth were observed (statistically 
significant) in the group of patients with Warthin tumors. FNAB, 
USG and neck CT/MRI with contrast are essential in diagno-
sing and planning the therapy. The main treatment method 
was extracapsular tumor removal (according to the ESGS clas-
sification).
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Outcomes of treatment, laboratory results, adverse effects, 
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metastatic renal-cell carcinoma treated with sunitinib after 
cytoreductive nephrectomy

Maciej Michalak1 , Piotr Tomczak2, Tomasz Milecki1, Andrzej Antczak1

1Department and Clinic of Urology and Oncological Urology, Poznan University of Medical Sciences, Poznan, Poland 
2Department of Oncology, Poznan University of Medical Sciences, Poznan, Poland

Introduction.� This publication aims to present the results of a retrospective analysis of the treatment outcomes 
of patients with metastatic renal-cell carcinoma (RCC) who underwent cytoreductive nephrectomy (CN) followed by 
systemic treatment with sunitinib.
Material and methods.� The retrospective analysis includes the results of 67 patients treated and followed up at 
the Institute of Oncology in Poznan University of Medical Sciences.
Results.� Among the 67 patients included in the study, 24 were female (35.82%) and 43 were male (64.18%). The patients 
treated with sunitinib experienced several adverse effects, including weight loss, anaemia, neutropenia, hypokalemia, 
and thyroid dysfunction. For these reasons, some patients (n = 32, 47.76%) required a reduction in the dose of sunitinib. 
The most common reason for sunitinib discontinuation was disease progression (n = 52,77.61%). 
Conclusions.� Treatment with sunitinib requires regular clinical and laboratory monitoring to appropriately reduce 
the drug dose or increase the interval between drug cycles in the event of adverse effects.
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Introduction
Renal-cell carcinoma (RCC) is a significant challenge in onco-
logy. According to current literature, an estimated 30% of pa-
tients with RCC have metastases at the time of diagnosis [1]. 
In 2020, 4,770 cases of kidney cancer were recorded in Poland, 
and 2,522 people died from this cancer [27]. In recent years, 
significant progress has been made in understanding the mo-
lecular mechanisms underlying the development of this can-
cer. RCC is characterized by losing the VHL gene, leading to 
increased angiogenesis [2]. As our understanding of the bio-

logy of RCC deepens, innovative therapies that target specific 
molecules involved in cancer cell proliferation and angioge-
nesis processes emerge. One of the directions in treating RCC 
is sunitinib – an anti-angiogenic drug that represents a group 
of medicines known as tyrosine kinase inhibitors. Sunitinib 
can inhibit a number of key signaling pathways involved 
in the processes of cancer development and growth. It works 
by inhibiting angiogenesis – forming new blood vessels that 
supply blood and nutrients to the tumor – limiting tumor 
growth and inhibiting cancer cell proliferation. The U.S. Food 

NOWOTWORY Journal of Oncology 
2024, volume 74, number 2, 105–111

DOI: 10.5603/njo.98971
© Polskie Towarzystwo Onkologiczne

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

https://orcid.org/0000-0002-8466-1273


106

and Drug Administration (FDA) approved the drug in 2006 as 
a first-line treatment for patients with advanced RCC. The ap-
proval of sunitinib in this indication was based on the results 
of a phase 3 study in which patients treated with sunitinib 
had a significantly longer median progression-free survival 
(PFS) – 11 months – than patients treated with interferon-α 
(INF-α) – 5 months – previously the leading systemic treat-
ment for metastatic RCC [3]. Regarding secondary endpoints, 
28% of patients showed significant tumor shrinkage with 
sunitinib compared to 5% of patients treated with IFN-α. At 
the end of the study, the primary endpoint of median PFS 
was still better with sunitinib (11 months vs. 5 months for 
IFN-α, p < 0.000001) [4].

In addition to treating RCC, sunitinib is also used to treat 
gastrointestinal stromal tumors and pancreatic neuroendocri-
ne tumors [5]. What is more, reports suggest the use of suniti-
nib in treating thyroid cancer [6]. Although sunitinib has low 
toxicity compared to chemotherapy, it can cause systemic 
complications such as cardiotoxicity, heart failure, and hyper-
tension [7]. The toxic effect of sunitinib on thyroid function, 
resulting in iatrogenic hypothyroidism, is also significant [8]. 
Other adverse effects include weakness, diarrhea, nausea, 
vomiting, skin lesions, mucositis, and hand–foot syndrome 
[9]. The classic treatment regimen for metastatic RCC is a daily 
dose of 50 mg of sunitinib for 4 consecutive weeks, followed 
by a 2-week interval, so one cycle lasts an average of 6 weeks. 
If adverse effects occur, the dose can be reduced to 37.5 mg 
or even 25 mg, but the cycle duration remains unchanged 
(4 weeks of drug administration, then 2 weeks off ). In special 
situations, such as poor patient health or significant toxicity 
from sunitinib, the interval between cycles may be extended 
at the treating physician’s discretion.

Sunitinib was part of two prospective randomized clinical 
trials, CARMENA and SURTIME, which evaluated the role of cy-
toreductive nephrectomy (CN) in patients with metastatic RCC 
treated with sunitinib [10, 11]. The CARMENA study enrolled 
450 patients (an intermediate and poor prognosis group accor-
ding to the Memorial Sloan Kettering Cancer Center – MSKCC) 
randomly assigned to an experimental arm (radical nephrec-
tomy + sunitinib – 226 patients in total) and a control arm 
(sunitinib only, no surgical treatment – 224 patients in total). 
The study was designed to test whether sunitinib alone is not 
inferior (non-inferiority) to nephrectomy followed by suniti-
nib. The results were surprising – median overall survival was 
shorter in patients who received cytoreductive nephrectomy 
(CN) in combination with systemic treatment with sunitinib 
compared to patients who received systemic treatment alone 
without nephrectomy. Therefore, it was concluded that suniti-
nib alone is not worse than nephrectomy followed by sunitinib, 
thus questioning the validity of performing CN in patients 
with metastatic RCC, previously the gold standard of care until 
the above results were published. Therefore, it was concluded 
that patients in the poor and intermediate prognosis group, 

according to the MSKCC, should not undergo surgery but only 
receive systemic treatment.

In another clinical trial evaluating the role of CN in pa-
tients with metastatic RCC treated with sunitinib – SURTI-
ME – patients were randomized into two groups: in the first 
group (experimental group), sunitinib treatment was started 
before CN and continued after the procedure. The second 
group of patients (the control group) did not receive the initial 
therapy with sunitinib but instead received CN followed by 
sunitinib. A total of 99 patients were enrolled in the SURTIME 
study, and their treatment outcomes were compared with 
respect to the assumed 28-week PFS. The primary objective 
of the SURTIME study was to determine whether pretreatment 
with sunitinib prior to CN improves prognosis. Another study 
objective was to identify patients refractory to systemic the-
rapy who are unlikely to benefit clinically from CN. Previous 
single-arm phase 2 studies of delayed CN after preoperative 
sunitinib showed that this approach is safe and helps avoid 
CN in people with early resistance to tyrosine kinase inhibi-
tors (VEGFR) [12, 13]. In addition, the approach of delayed 
CN after initiating preoperative treatment with sunitinib may 
reduce the size and vascularity of the primary tumor, there-
by facilitating the procedure and reducing the perioperative 
risk [14, 15]. No differences in progression-free survival were 
observed between the two groups in the SURTIME study 
(experimental and control). However, there was a reduction 
in the relative risk of death in patients in the experimental 
group (patients treated with sunitinib prior to CN) compared 
to patients in the control group. Median overall survival was 
significantly longer in patients treated with sunitinib prior to 
nephrectomy – 32.4 months, compared to the control group, 
where median survival was 15 months. The SURTIME study also 
showed that delaying the initiation of systemic treatment by 
performing CN may put some patients at risk of not receiving 
systemic treatment. The results of the SURTIME study suggest 
that the delayed CN approach, in which patients are started on 
sunitinib and offered nephrectomy only if their disease does 
not progress, may be better than performing the procedure 
upfront in every patient and then including sunitinib.

Both the CARMENA and SURTIME studies had limitations 
and inconsistencies, so their results should be interpreted 
with great caution by urologists and oncologists. However, 
since the publication of the results of these two prospective 
randomized studies, the role of CN and the indications for its 
use in patients with metastatic RCC have become an integral 
part of discussions among physicians treating RCC.

Material and methods
In this study, we present the results of a retrospective analysis 
of the cancer treatment of patients with metastatic RCC who 
underwent CN and subsequently received systemic treatment 
with sunitinib. The retrospective analysis includes the results 
of 67 patients diagnosed with metastatic RCC who were 
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treated and followed up at the Institute of Oncology in Poznań 
University of Medical Sciences in 2022 and 2023.

The software used for statistical analysis was Dell Inc. 
(2016), Dell Statistica (data analysis software system) version 
13. software.dell.com and Cytel Studio version 11.1.0. The nor-
mality of the distributions of the variables studied was tested 
using the Shapiro–Wilk test. Quantitative variables with a nor-
mal distribution were presented using the mean and standard 
deviation, and the remaining quantitative variables were pre-
sented using the median (minimum-maximum). Categorical 
parameters were described as n (%). The statistical significance 
of the relationships and differences studied was checked at 
the level of significance α = 0.05. 

Results
Among the 67 patients diagnosed with metastatic RCC, there 
were 24 women (35.82%) and 43 men (64.18%). The mean 
age of the patients at the initiation of sunitinib treatment was 
63.16 years (ranging from 49 years to 84 years). The mean age 
of women and men was similar – the mean age of women 
was 63.25 years, and the mean age of men was 63.12 years. 
In most patients (n = 35, 52.24%), the tumor was located 
in the right kidney, while left-sided tumors were less common 
(n = 32, 47.76%). All patients included in the study (n = 67, 
100%) underwent CN before initiating systemic treatment 
with sunitinib. The mean duration of sunitinib treatment was 
23.00 months (ranging from 0.73 months to 113.67 months), 
with a mean duration of treatment of 16.18 months in women 
and 26.80 months in men (p = 0.083). The most common re-
asons for sunitinib discontinuation were disease progression 
(n = 52, 77.61%), less frequently cardiac complications (n = 6, 
8.95%), poor tolerability (n = 3, 4.48%), death due to unrelated 
causes (n = 3, 4.48%), or other reasons (n = 3, 4.48%). Among all 
patients, 54 (80.60%) were qualified to continue treatment with 
another drug (including axitinib, nivolumab, cabozantinib). In 
the analyzed patient group, 3 patients (4.48%) discontinued 
sunitinib treatment during the first cycle. They were, there-
fore, excluded from the comparative analysis of laboratory 
test results at baseline and at the end of sunitinib treatment. 
The laboratory test results of the remaining patients (n = 64) at 
baseline and the end of treatment were subjected to statistical 
analysis; the collected results are presented in table I. 

Among the patients included in the study, a statistically 
significant decrease in body weight was observed during syste-
mic treatment with sunitinib (p = 0.001) (tab. I). Moreover, a sta-
tistically significant decrease in hemoglobin levels (p < 0.001), 
hematocrit levels (p < 0.001), platelet count (p = 0.001) and blood 
smear neutrophil count (p < 0.001) was also revealed in patients 
treated with sunitinib. A statistically significant decrease was 
also observed in serum albumin levels (p < 0.001). Importantly, 
a statistical increase in aspartate aminotransferase (AST) was 
found (p = 0.007). In addition, there was a statistical decrease 
in alkaline phosphatase (p < 0.001) and a statistical  increase 

in lactate dehydrogenase (p < 0.001). Importantly, statistically 
significant potassium levels were also revealed during suniti-
nib treatment (p = 0.004). There were no statistical differences 
in creatinine levels at baseline and at the end of treatment, 
indicating that sunitinib did not cause statistically significant 
renal toxicity in the patient population analyzed. There were 
also no statistically significant changes in liver parameters such 
as alanine aminotransferase (ALT) or bilirubin; however, given 
the statistically significant increase in AST during sunitinib tre-
atment, the effect of this drug on liver toxicity remains unclear. 
Importantly, short-term liver toxicity was observed in several 
patients during treatment, requiring a reduction in sunitinib 
dosage or an increase in the interval between cycles, which may 
indicate a negative effect of sunitinib on liver function. No sta-
tistically significant effect was found on serum sodium and cal-
cium levels. Sunitinib treatment was associated with significant 
thyroid dysfunction manifested by iatrogenic hypothyroidism, 
most of which required thyroid hormone replacement. The TSH 
test was used as the reference parameter. At the start of sunitinib 
treatment, the mean TSH level was 1.89 (μIU/ml), while at the end 
of treatment, the mean TSH level was 6.27 (μIU/ml) – p < 0.001. 
It should be noted that most patients required thyroid hormone 
replacement during sunitinib treatment, so the final mean TSH 
appears to be significantly underestimated. Sunitinib-related 
adverse effects required dose reductions in 32 patients (47.76%). 
In addition to the above-mentioned laboratory abnormalities, 
the following adverse effects were observed in patients tre-
ated with sunitinib: weakness, hand–foot syndrome, diarrhea, 
decreased appetite, numbness of the upper and lower limbs, 
skin lesions, hypertension, oral mucosal lesions, musculoskeletal 
pain, and abdominal pain.

The study also analyzed factors that may have influenced 
the need to reduce the dose of sunitinib during treatment 
because of the adverse effects caused by the drug. The need to 
reduce the dose of sunitinib during treatment was observed to 
be correlated with patient age at the initiation of treatment – 
patients whose dose of sunitinib was reduced were older at 
the start of sunitinib treatment than patients whose dose of su-
nitinib was not reduced during the treatment (p = 0.038) (fig. 1).

The study also analyzed factors that may influence the pre-
sence or absence of cancer progression during sunitinib treat-
ment. A correlation was found between patient age at the start 
of sunitinib treatment and the occurrence of disease progression 
– patients with disease progression during sunitinib treatment 
were younger at the start of sunitinib treatment. Therefore, 
the prognosis of younger patients treated with sunitinib is sta-
tistically worse than that of older patients (p = 0.004) (fig. 2).

Discussion
The retrospective analysis of the treatment outcomes of pa-
tients with metastatic RCC treated with sunitinib allowed us to 
identify the adverse effects of the drug that require special at-
tention during the treatment process. A better understanding 
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of the molecular mechanisms underlying sunitinib-related 
adverse effects helps physicians maximize the efficacy of suni-
tinib, and minimize the occurrence of adverse effects, thereby 
improving patients’ quality of life. The analysis of the results 
collected allows us to conclude that, due to the adverse effects 
caused by sunitinib, appropriate qualification for treatment is 

necessary and that, when using sunitinib, it is absolutely es-
sential to constantly monitor laboratory test results to reduce 
the dose of the drug or extend the interval between cycles 
in case of drug toxicity.

The adverse effects observed in the analyzed group 
of patients, such as weight loss, anemia, thrombocytopenia, 

Table I. The laboratory test results at baseline and sunitinib treatment’s end

Laboratory test n Mean Median Minimum Maximum Stabilization of the 
disease

p-value

body weight (start of treatment) (kg) 64 82.82 83.50 45.00 124.00 17.56 0.001

body weight (end of treatment) (kg) 64 79.50 76.50 49.00 114.00 14.25

hemoglobin (start of treatment) (mmol/l) 64 8.63 8.65 6.00 11.30 1.09 <0.001

hemoglobin (end of treatment) (mmol/l) 64 7.57 7.60 5.40 10.50 1.16

hematocrit (start of treatment) (L/l) 64 0.41 0.41 0.27 0.55 0.05 <0.001

hematocrit (end of treatment) (L/l) 64 0.37 0.37 0.27 0.50 0.06

platelets (start of treatment) (10⁹/l) 64 265.38 249.00 126.00 508.00 74.63 0.001

platelets (end of treatment) (10⁹/l) 64 231.25 211.50 72.00 533.00 81.73

neutrophils (start of treatment) (10⁹/l) 64 4.69 4.64 1.72 11.07 1.67 <0.001

neutrophils (end of treatment) (10⁹/l) 64 2.82 2.39 0.58 14.98 1.99

creatinine (start of treatment) (μmol/l) 64 107.45 106.00 60.00 247.00 29.17 0.521

creatinine (end of treatment) (μmol/l) 64 114.44 106.00 58.00 281.00 42.27

albumin (start of treatment) (g/l) 64 38.85 39.30 25.50 49.00 4.15 <0.001

albumin (end of treatment) (g/l) 64 35.13 36.05 19.00 43.00 5.57

ALT (start of treatment) (IU/l) 64 33.40 25.50 10.00 134.00 25.13 0.342

ALT (end of treatment) (lU/l) 64 31.23 25.00 8.00 113.00 21.05

AST (start of treatment) (lU/l) 64 26.67 21.00 11.00 118.00 18.96 0.007

AST (end of treatment) (lU/l) 64 30.11 25.00 12.00 104.00 16.94

bilirubin (start of treatment) (μmol/l) 64 10.71 10.10 4.00 23.00 4.09 0.946

bilirubin (end of treatment) (μmol/l) 64 10.87 9.00 4.40 30.00 5.59

natrium (start of treatment) (mmol/l) 64 140.31 140.50 133.00 146.00 2.77 0.140

natrium (end of treatment) (mmoll) 64 140.81 141.00 130.00 146.00 3.17

potassium (start of treatment) (mmol/l) 64 4.59 4.60 3.90 5.50 0.39 0.004

potassium (end of treatment) (mmol/l) 64 4.39 4.35 3.50 5.30 0.43

alkaline phosphatase (start of treatment) (lU/l) 64 106.03 92.00 48.00 427.00 56.38 <0.001

alkaline phosphatase (end of treatment) (lU/l) 64 98.25 88.50 34.00 430.00 66.23

lactate dehydrogenase (start of treatment) (lU/l) 64 187.11 184.00 106.00 280.00 37.04 <0.001

lactate dehydrogenase (end of treatment) (lU/l) 64 222.17 211.50 132.00 386.00 55.22

calcium (start of treatment) (mmol/l) 64 2.42 2.42 2.14 2.75 0.15 0.954

calcium (end of treatment) (mmol/l) 64 2.42 2.41 2.12 2.92 0.16

TSH (start of treatment) (μIU/ml) 64 1.89 1.64 0.01 6.44 1.35 <0.001

TSH (end of treatment) (μIU/ml) 64 6.27 2.87 0.01 88.08 11.80
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decreased neutrophil count, decreased albumin levels, in-
creased liver function test values (ALT), electrolyte imbalan-
ce (hypokalemia), increased lactate dehydrogenase levels, 
or decreased alkaline phosphatase levels, may be related to 
the neoplastic process or its progression and not necessarily 
to the use of sunitinib. However, the adverse effects of sunitinib 
described in the study are consistent with reports in the lite-
rature regarding sunitinib [3, 4].

The thyroid toxicity of sunitinib is of particular interest 
in the results analyzed. The vast majority of patients developed 
iatrogenic hypothyroidism requiring thyroid hormone repla-
cement. This observation is consistent with reports in the lite-
rature. Sunitinib causes iatrogenic hypothyroidism and even 
atrophy of the gland. The mechanism of this adverse effect is 
not fully understood. According to literature reports, the causes 
may include the antiangiogenic effect of sunitinib [16, 17], in-
hibition of iodine uptake [18], induction of destructive thyroid 
inflammation [19], inhibition of thyroid peroxidase activity [20], 
or reduced vascularization of thyroid cells due to regression or 
narrowing of blood vessels [16, 21]. Because of iatrogenic 
hypothyroidism in patients, screening for hypothyroidism is 
mandatory during sunitinib treatment, and any laboratory 
abnormalities or symptoms reported by patients suggesting 
hypothyroidism require levothyroxine supplementation [8]. 

The CheckMate 214 study compared nivolumab + ipili-
mumab with sunitinib in patients with metastatic RCC. A total 
of 1096 patients with metastatic RCC were enrolled between 
October 2014 and February 2016. The patients were rando-
mized into two groups – those treated with nivolumab + 
ipilimumab (550 people) and those treated with sunitinib 
(546 people). The study showed that immunotherapy (nivo-
lumab + ipilimumab) was significantly more effective than 
sunitinib in patients with intermediate and poor prognosis, 

according to the IMDC (International Metastatic RCC Database 
Consortium) scale in terms of overall survival, progression-free 
survival, and clinical response rate [22]. In addition, patients 
treated with the nivolumab + ipilimumab regimen had a sta-
tistically better quality of life compared to sunitinib [23]. 

Another phase 3 study – COMPARZ – compared sunitinib 
with another antiangiogenic drug – pazopanib [24]. Among 
the 1,110 patients with metastatic RCC enrolled in the study, 
557 received pazopanib, and 553 received sunitinib. Pazopa-
nib was shown to be non-significantly inferior to sunitinib 
in terms of progression-free survival and overall survival. Ho-
wever, pazopanib treatment was better tolerated, and fewer 
adverse effects were reported by pazopanib-treated patients 
compared to sunitinib-treated patients. Patients treated with 
sunitinib when compared to pazopanib, had a higher inciden-
ce of fatigue (63% vs. 55%), hand-foot syndrome (50% vs. 29%), 
and thrombocytopenia (78% vs. 41%), while patients treated 
with pazopanib had a higher incidence of ALT elevations (60% 
vs. 43% with sunitinib). The overall analysis of the COMPARZ 
study results concluded that pazopanib and sunitinib had 
similar efficacy. However, the safety profile, number of adverse 
effects, and patients’ quality of life during treatment favored 
pazopanib.

Another clinical trial – CABOSUN – compared sunitinib 
with another antiangiogenic drug – cabozantinib, as initial 
therapy for advanced RCC of intermediate and poor progno-
sis according to the IMDC scale. A total of 157 patients were 
randomized 1:1 to cabozantinib (n = 79) or sunitinib (n = 78). 
In this trial, cabozantinib treatment significantly prolonged 
PFS compared with sunitinib as initial systemic therapy for 
advanced RCC of poor or intermediate risk [25].

Due to the emergence of drugs with higher efficacy and fe-
wer adverse effects compared to sunitinib, the use of sunitinib 
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has been limited in recent years. However, this drug is still used 
in the following clinical situations: 
•	 patients with advanced RCC in good and intermediate 

prognosis groups (I, A),
•	 patients with advanced RCC in intermediate prognosis 

group without access to cabozantinib, immunotherapy, or 
immunotherapy combined with kinase inhibitors (I, B) [26].
Tailored oncological treatment based on molecularly tar-

geted therapies and immunotherapies (for example ipilimu-
mab and nivolumab) play an increasing role in the multidisci-
plinary approach to patients with advanced RCC, so the use 
of sunitinib has recently been limited. The use of immune 
checkpoint inhibitors (ICI), i.e. ipilimumab and nivolumab, 
in the therapy of metastatic kidney cancer, has revolutionized 
treatment recommendations due to the high effectiveness 
of these drugs. Treatment personalization extends the sco-
pe of therapy and extends the survival of patients. Tremendous 
progress in molecular biology and the development of new 
molecularly targeted drugs allow treatment personalization for 
very narrow, genetically selected groups of cancer patients [28].

The study’s main limitation is that it was conducted retro-
spectively, assessing the results of previous oncological treat-
ments without the possibility of prospective assessment. There 
was no assessment of the quality of life in patients receiving 
sunitinib, which is clinically very important in the treatment 
of advanced cancer. Moreover, only patients who had previo-
usly undergone CN were included in the study. To increase 
the study’s scientific value in the future, it seems reasonable 
to expand the experimental group to include additional pa-
tients with metastatic RCC treated with sunitinib who did not 
undergo CN, and to compare patients treated with sunitinib 
after CN and without CN in the past.

Conclusions
Since sunitinib was approved by the U.S. Food and Drug Admi-
nistration (FDA) in 2006 as a first-line treatment for advanced 
RCC, the recommendations for its use have been modified 
several times in response to new clinical and literature data. 
Despite the emergence of immunomodulatory drugs, par-
ticularly ipilimumab and nivolumab, which are increasingly 
being introduced in the treatment of advanced RCC, sunitinib 
is still used with good results in patients with metastatic RCC 
in the aforementioned prognostic groups.

The complexity of the mechanisms associated with me-
tastatic RCC forces researchers, oncologists, and urologists to 
constantly monitor the clinical effectiveness of the treatment 
regimens implemented. Since the introduction of sunitinib into 
widespread use, many studies have been published evaluating 
the efficacy of this drug. That said, all the reasons for the success 
or failure of the oncological treatment of patients with meta-
static RCC receiving sunitinib still remain unknown. Therefore, 
the efficacy of sunitinib treatment in patients with metastatic 
RCC should continue to be evaluated and monitored, prefera-

bly using prospective randomized studies, the results of which 
are the most reliable from a scientific and clinical point of view.

Qualification to the correct prognostic group and the sub-
sequent initiation of appropriate systemic treatment of meta-
static renal-cell carcinoma requires a thorough analysis, which 
should be performed by a multidisciplinary oncology team 
(case conference). Treatment with sunitinib requires regular 
clinical and laboratory follow-ups, monitoring of the occurren-
ce of adverse effects, and assessment of the patient’s quality 
of life to appropriately reduce the dose of the drug or increase 
the interval between cycles in the event of adverse effects; 
this includes the possible implementation of the appropriate 
pharmacological treatment aimed at reversing the adverse 
effects of the drug.
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�Fine needle aspiration (FNA) is widely used in the examination of head and neck lesions and has been considered an 
important diagnostic tool in the evaluation of thyroid and parathyroid nodules. Thyroid nodules are frequent findings 
in the general population, although 90-95% of these nodules are benign. FNA plays a crucial role to determine which 
nodules are at greatest risk of malignancy and which nodules are benign and do not require surgical intervention. 
In the case of the parathyroid glands, the US-guided parathyroid FNA is an effective method for the identification 
of intrathyroidal or ectopic parathyroid tissue, and distinguish it from thyroid and other surrounding anatomical 
structures. In addition, the use of FNA can significantly increase the accuracy of parathyroid gland location in patients 
with hyperparathyroidism who are candidates for surgical treatment in cases where imaging techniques fail to identify 
the parathyroid. Widespread US guidance in FNA procedures, constellation of clearly defined, reproducible key diagno-
stic cytopathological criteria for individual lesions in conjunction with images and clinical data as well as evolutions 
in FNA techniques and ancillary tests facilitate further diagnostic and clinical management. This paper aims to review 
the current state of the art in cytological evaluation of thyroid and parathyroid lesions.

Key words:� cytology, fine needle aspiration, thyroid, parathyroid, cytological diagnosis

How to cite:

Bakuła-Zalewska EB, Żyłka A, Dedecjus M, Góralski P, Gałczyński J, Długosińska J, Durzyńska M, Prochorec-Sobieszek M, Domanski HA. Cytology of thyroid and 
parathyroid glands in oncology diagnosis – a contemporary review of updates and innovations. NOWOTWORY J Oncol 2024; 74: 112–122. 

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

Introduction
Most thyroid and parathyroid nodules represent benign col-
loid nodules and parathyroid adenomas or hyperplastic para-
thyroid glands respectively. Malignant tumors represent less 
than 5% of all thyroid tumors and less than 1% of parathyroid 
tumors [1–4]. The selection of patients with malignant thyro-
id tumors and parathyroid tumors who are eligible for surgical 

treatment is the greatest challenge in the work up of thyroid 
and parathyroid nodules. Surgical treatment can result in com-
plications such as post-operative thyroid hormone imbalance, 
hypoparathyroidism, recurrent laryngeal nerve injury, bleeding 
and infection. Surgical treatment of benign tumors should be 
limited to cases of hyperthyroidism and hyperparathyroidism, 
nodular lesions in conjunction with Graves’s disease and patients 
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with compressive symptoms. Numerous studies have found 
fine needle aspiration (FNA) to be a minimally invasive, safe, 
accurate, and cost-effective diagnostic tool for management 
of thyroid and parathyroid nodules. As ultrasound-guided (US-
-guided) thyroid FNA is recommended for initial evaluation 
of thyroid nodules and to triage patients based on its results [5,6], 
the cytologic examination of parathyroid has not been recom-
mended in the past [7–9]. Dense fibrotic reaction to the needle, 
disruption of the lesion and seeding along the needle tract has 
been reported as complications caused by parathyroid FNA 
[10–15]. However, FNA is an efficient technique for the identi-
fication of parathyroid tissue in patients with intrathyroidal or 
ectopic parathyroid gland location, and to distinguish it from 
thyroid and other surrounding anatomical structures. In cases 
of persistent hypercalcemia after a failed surgery or in a recurrent 
disease when neck anatomy is distorted, the use of US-guided 
FNA can significantly increase the accuracy of parathyroid gland 
localization [16–21].

Clinical perspectives and role of image studies
Thyroid
Thyroid nodules are common with a higher prevalence in wo-
man, and with palpable nodules found in 4–7% of adults [1, 
3, 22–25] and subclinical nodules identified in approximately 
70% of adults [26, 27]. Although 90–95% of thyroid nodules 
are benign, the rate of thyroid cancer has been on the rise 
over the last 3 decades [5, 27, 28]. Factors such as an increase 
in radiation exposure and more frequent diagnostic imaging 
with higher resolution US as well as overall diagnostic im-
provements contribute to this trend. Increased detection 
of microcarcinomas is also attributed to increasing prevalen-
ce of thyroid cancer worldwide [28–31].

Thyroid nodules are more frequent in women than in men 
and the female risk of carcinoma is approximately 3-fold com-
pared to that of men. Pregnancy and the effect of estrogen 
have been suggested as factors associated with increased risk 
of malignancy [32]. Chronic iodine deficiency has been known 
to be a risk factor for goiter and follicular thyroid carcinoma 
[32, 33]. On the other hand, according to some epidemiologic 
studies, iodine excess might increase the incidence of papillary 
thyroid carcinoma [34]. Other risk factors include environ-
mental factors such as ionizing radiation. The risk of radia-
tion-related thyroid carcinoma was shown to be 3-fold higher 
in iodine deficient areas than elsewhere [35–37]. 

Tumors of the thyroid gland are the most common endo-
crine neoplasm. The majority of these derived from follicular 
epithelial cells, a smaller number from calcitonin-secreting C 
cells and rarely from both follicular and C cells [38]. Somatic re-
arrangements of the RET proto-oncogene occur in about 35% 
and BRAV V600E mutations in 45% of adult sporadic papillary 
carcinoma [38–42]. Follicular thyroid carcinoma and thyroid 
neoplasms with follicular architecture and an expansive but 
not infiltrative growth pattern are characterized by a high 

incidence of RAS mutations [43]. Medullary thyroid carcinoma, 
tumor derived from C cells, is characterized by RET and RAS 
mutations being detected in 80–90% of cases [44].

US examination provides valuable information about 
the sonographic characteristics of thyroid nodules. Sonogra-
phic characteristics for suspicious malignant nodules include 
irregular margins, solid structure, markedly hypoechogenicity, 
microcalcifications, larger vertical than horizontal dimensions 
and dominant central vascularity. Benign nodules are usually 
well-defined, isoechoic, with regular borders, without micro-
calcifications and commonly cystic.

In 2009 a standardized risk-stratification system for thyroid 
lesions (TI-RADS), assessing the risk of malignancy of thyroid no-
dules based on ultrasound features, was proposed. TI-RADS scale 
informs practitioners about the risk of malignancy and further 
management of the lesion. Since then, there have been various 
modifications to this scale, and similar systems were established by 
the European Thyroid Association (EU-TI-RADS), the American Col-
lege of Radiology (ACR-TI-RADS), the American Thyroid Association 
(ATA guidelines) and the Korean Society of Thyroid Radiology (K-TI-
-RADS) [45–48]. In 2022, Polish Scientific Societies and the Natio-
nal Oncological Strategy introduced updated recommendations 
referring to diagnosis and treatment of thyroid cancer in adult 
patients. In that guideline, the EU-TI-RADS-PL classification, modi-
fied based on EU-TIRADS classifier, was introduced. According to 
EU-TI-RADS-PL, the malignancy risks of thyroid lesions are evalu-
ated as non-suspicious (TR2), low-risk (TR3), intermediate-risk (TR4) 
and high-risk (TR5) nodules. The most significant modification, 
compared to EU-TI-RADS, referred to EU-TIRADS-PL 5 class with 
indication for FNA in TR5 nodules of dimension ≥5 mm (instead 
of ≥10 mm in EU-TI-RADS 5 lesions) [49].

Parathyroid 
Typically, parathyroid glands are small, weighing between 
30–50 mg, with an oval or kidney-shaped appearance, and the-
ir color ranges from yellow to brown. They usually measure 
2–7 mm in size. It’s common for a person to have four parathy-
roid glands, but variations exist, and about 15% of individuals 
may have additional parathyroid glands. The upper parathy-
roid glans, which emerge from the fourth branchial pouches 
alongside the thyroid gland lateral anlages, are generally found 
behind the middle section of the thyroid at the level of isth-
mus. Less than 2% of upper glands occur in ectopic location. 
Conversely, the lower parathyroids and the thymus originate 
from the third branchial pouch, usually located lateral to, or 
less commonly slightly below the thyroid’s lower pole. Due to 
their shared embryonic origins with the thyroid gland and thy-
mus, ectopic parathyroid glands can be found in locations 
like the mediastinum or near the carotid sheath in the aorto-
pulmonary window in 10–20% of individuals. A small subset 
of intrathyroidal parathyroids account for about 2% of all cases.

Sporadic hyperparathyroidism is a leading cause of hy-
percalcemia, with parathyroid adenomas being identified 
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in the majority (more than 85%) of primary hyperparathyro-
idism cases. Hyperactivity in all four glands is the second most 
common cause of primary hyperparathyroidism (10% to 15%) 
while parathyroid carcinoma is found in less than 1% of cases 
[16, 50, 51]. The diagnosis of hyperparathyroidism hinges on 
elevated levels of parathyroid hormone (PTH) and calcium 
in the blood. Both PTH and calcium are elevated in the ma-
jority of the cases. The standard care of primary hyperpara-
thyroidism is preoperatively identification and subsequent 
surgical removal of the affected gland or glands. Surgical 
removal of the affected glands has evolved from extensive, 
bilateral neck explorations to less invasive techniques such 
as minimally invasive parathyroidectomy.

A different approach including radical surgery is required 
in cases of suspicious parathyroid carcinoma The localization 
of parathyroid abnormalities in patients with primary hyper-
parathyroidism is essential for surgical planning. Techniques 
like ultrasound (US) and Technetium 99 m sestamibi scans 
(99Tc-MIBI) are commonly employed, with other methods in-
cluding 4-dimensional computed tomography (CT), magnetic 
resonance imaging (MRI) and positron emission tomography 
(PET) serving as alternatives, especially when initial imaging is 
inconclusive [7, 16]. Both US and sestamibi scintigraphy studies 
show that the effectiveness of these imaging modalities varies 
by the specific location of pathologic parathyroid glands. Both 
methods are more sensitive in detecting lower left adenomas 
than upper right ones. Overall, the positive predictive value for 
all parathyroid gland sites is approximately 54% for sestamibi 
scintigraphy and 59% for US, respectively. High-resolution 
US, in particular, has demonstrated a broad range of sensi-
tivity and specificity between 51% and 87% and between 
90% and 98% respectively. The PET/CT scans with 18F-labeled 
choline analogues might be considered as the alternative ima-
ging method of parathyroid glands, especially in patients with 
negative or equivocal first-line imaging tool findings [19, 20, 
52, 53]. The size of the parathyroid glands does not necessarily 
correlate with their function, and common limitations of US 
are the identification of small, multiple, or ectopic parathyroid 
glands and to differentiate parathyroid tissue from thyroid 
nodules or other neck structures. Although imaging studies 
are used to localize the lesion and not to diagnose hyperplasia 
or parathyroid neoplasms, up to 25% of parathyroid adenomas 
might not be detectable via US or sestamibi scans, highlighting 
the challenges evident in localizing these glands [16, 52, 53].

The role of cytopathology and sampling 
techniques
FNA is widely accepted as a safe, cost-effective, and accurate dia-
gnostic modality that may be performed in an outpatient setting. 

For FNA of thyroid and parathyroid lesions, 27- to 22-gau-
ge (0.4–0.7 mm) needles are suitable, either using a capillary 
technique without aspiration or a plastic disposable 10- or 
20-ml syringe attached to a plastic or metal syringe holder 

(FNA with aspiration). Both air-dried and alcohol-fixed smears 
as well as liquid-based preparations have been used in evalu-
ating thyroid and parathyroid FNAs. Adjunct use of cell block 
preparations may also be helpful in certain situations. There are 
two common fixation methods: air drying or wet fixing using 
either 95% ethanol or ethanol based Cytospray as a fixative. 
Both fixation methods are largely determined by local practice 
patterns and provide comparable results for a reliable diagnosis 
performance. Wet fixation usually better demonstrates such 
details as nuclear pattern, chromatin structure and nucleoli, 
and match nuclear and cytoplasmic structures observed in hi-
stologic sections. Air-dried specimens give better information 
on cytoplasmic details and the background material. Air dried 
smears can be stained with Diff-Quik or May-Grun̈wald-Giemsa 
(MGG), and wet fixed smears with hematoxylin and eosin (H&E) 
or Papanicolaou (Pap) [54]. 

The liquid-based preparation techniques have been re-
ported as a valid method for cytologic diagnosis of thyroid 
and parathyroid lesions. Cellular morphology and nuclear 
details may appear more prominent, and the architectural 
pattern may show only minor differences as compared to 
conventional smears. However, smears from thyroid nodules 
may contain less colloid, the nuclear hallmarks of papillary 
carcinomas may be vague, and cell shrinkage and disruption 
of the cytoplasm may be more pronounced. 

In many institutions, aspirations are routinely performed 
by a clinician or radiologist without the assistance of a cytopa-
thologist or cytotechnologist. A less skilled aspirator may see 
a higher percentage of unsatisfactory FNA smears, and on-
-site adequacy evaluations (ROSE) can be helpful in reducing 
the number of nondiagnostic specimens. ROSE allows the cy-
topathologists to achieve important clinical information and is 
a prerequisite for the multimodal approach. The ROSE proce-
dure, however, is costly and time-consuming with divergent 
results in respect to the FNA adequacy rate. The benefit of on-
-site evaluations depends on the experience of the operator 
and the skill and expertise of the interpreting cytopathologist 
or cytotechnologist [55–57]. 

FNA of the thyroid has emerged as a minimally invasive, 
precise and reliable method for managing thyroid nodules. 
Cytopathology has a low false-negative rate for diagnosis 
of thyroid malignancy and offers crucial insights into the cha-
racteristics of thyroid nodules, aiding in the differentiation 
between benign and suspicious nodules. US-guided FNA has 
significantly increased the triage efficiency, decreased the rate 
of unnecessary surgery for benign thyroid nodules and helped 
to identify nodules that are most appropriate for surgical ma-
nagement [54]. In cases of benign FNA, the recommendation 
is to monitor the patient periodically with imaging. In cases 
of malignant FNA or suspicion of malignancy, the recommen-
dation is to undergo surgical treatment such as lobectomy or 
total thyroidectomy. Controversy still exists regarding the accu-
racy of FNA, and the clinical management for thyroid nodules 
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smaller than 1 cm or greater than 4 cm [6, 58]. FNA of a palpable 
thyroid mass may be performed by any clinician or cytopatho-
logist with appropriate experience and in the past, aspirations 
were often performed only with manual aid. In the last decades, 
thyroid FNA is increasingly performed using ultrasound US 
guidance. The US-guided FNA is a safe and effective method 
that has proven to be superior to palpation-guided FNA to 
reduce inadequate sampling and the need for repeated FNA 
with inadequate sample rates of 14–21% versus 32–50%, re-
spectively [57–60]. Complications due to FNA of the thyroid 
gland are rare and may include persistent pain, hematoma, 
infection, and recurrent laryngeal nerve palsy. 

In the past, thyroid FNA reporting generated much con-
fusion for both clinicians and pathologists due to multiple 
different reporting schemes and descriptive reports that did 
not clearly convey malignancy risk. In 2007, more uniform 
and evidence-based reporting schemes have been instituted, 
including the widely implemented six-tiered Bethesda System 
for Reporting Thyroid Cytopathology (TBSRTC), arising from 
the National Cancer Institute in Bethesda, Maryland. As a re-
sult, the Bethesda system provides clarity of communication, 
facilitating the exchange of data across institutions, as well as 
having an implicit cancer risk associated with each catego-
ry to guide appropriate clinical management [54]. Since its 
introduction and publishing the first edition of TBSRTC, two 
additional editions of the Bethesda system have been publi-
shed. The updated 3rd edition published in 2023 [61, 62] reflects 
advances in the field of thyroid cytology in the last decade such 
as the expanded use of ancillary testing in the cytological dia-
gnosis of neoplastic disease. A simplified reporting structure; 
updated and recalculated risk of malignancy (ROM) for each 
category and harmonization of nomenclature with the 2022 
World Health Organization classification of thyroid tumors 
[38, 61] (tab. I) are important topics that have been expanded 
and updated in the 3rd edition of TBSRTC. After the introduc-
tion of TBSRTC, the system has been most widely accepted 
in Poland with some minor modifications. Polish scientific 
society recommendations regarding the cytological diagnosis 
of thyroid nodules and treatment of thyroid malignancies were 
updated and published in 2022 [48]. The terminology, diagno-
stic categories, risk of malignancy and patient management 
are consistent with the Bethesda recommendations. 

FNA diagnosis of many thyroid lesions is based on cytolo-
gical patterns and the distinctive cytological features of FNA 
smears, and can be a precise match to the endocrine pathology 
diagnosis. In others, the cytological examination can show 
a particular pattern that can help to place the lesion in a specific 
diagnostic category of TBSRTC but may not provide a specific 
histological diagnosis [61, 62]. 

Normal components of a thyroid FNA are comprised of fol-
licular cells and colloid. Follicular cells may appear as intact 
macrofollicles or flat sheets of uniformly spaced follicular cells 
with small round nuclei and condensed chromatin. Microfollic-

les composed of 15 or fewer follicular cells are absent or only 
a minor component in aspirates of non-neoplastic thyroid 
nodules. Follicular cells that underwent oncocytic metaplasia 
show abundant granular cytoplasm with enlarged, round, 
eccentrically placed nuclei with prominent nucleoli. Colloid 
has a variable appearance and may appear as rounded or 
irregular aggregates with a jagged “cracking” artifact. Smears 
of common cystic thyroid nodules exhibit hemosiderin-laden 

Table I. Diagnostic categories in the 3rd edition of the Bethesda System for 
Reporting Thyroid Cytopathology*

Nondiagnostic

cyst fluid only

virtually acellular specimen

other (obscuring blood, clotting artifact, drying artifact, etc.)

Benign

consistent with follicular nodular disease (includes adenomatoid 
nodule, colloid nodule, etc.)

consistent with chronic lymphocytic (Hashimoto) thyroiditis 
in the proper clinical context

consistent with granulomatous (subacute) thyroiditis

other

Atypia of undetermined significance

specify if AUS-nuclear atypia or AUS-other

Follicular neoplasm

specify if oncocytic (formerly Hürthle cell) type

Suspicious for malignancy

suspicious for papillary thyroid carcinoma

suspicious for medullary thyroid carcinoma

suspicious for metastatic carcinoma

suspicious for lymphoma

other

Malignant

papillary thyroid carcinoma

high-grade follicular-derived carcinoma

medullary thyroid carcinoma

undifferentiated (anaplastic) carcinoma

squamous-cell carcinoma

carcinoma with mixed features (specify)

metastatic malignancy

non-Hodgkin lymphoma

other

* Adapted from Ali SZ, VanderLaan PA. The Bethesda System for Reporting Thyroid 
Cytopathology: Definitions, Criteria, and Explanatory Notes, 3rd ed. Springer: New 
York, NY, USA; 2023
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macrophages and “cyst-lining” cells with elongated, drawn-out 
cytoplasm. Multinucleated giant cells may be seen in thyroid 
aspirates, although these cells are not specific for either beni-
gnity or malignancy. Nonthyroidal elements may be obtained 
through transit of the needle to the target lesion. Of nonthy-
roidal elements, smears of parathyroid nodules and lymph 
nodes may mimic thyroid lesions [54].

Adequacy in thyroid aspirates generally requires identifi-
cation of six or more groups of at least 10 follicular cells per 
group. Any aspirate with a diagnostic abnormality is counted 
as adequate regardless of cellularity. Classification of cystic 
lesions lacking adequate follicular cells as nondiagnostic has 
been a controversial topic and in the 3rd edition of TBSRTC, 
FNA smears of colloid nodules that consist of abundant colloid 
without minimum number of follicular cells are considered 
satisfactory for evaluation and benign (TBSRTC category II).

Key diagnostic cytopathological features 
and ancillary tests
Key cytological description and clearly defined and repro-
ducible cytological criteria are established for most benign 

and malignant diagnoses in thyroid pathology. Benign 
diagnoses with distinctive cytologic diagnostic criteria 
include follicular nodular diseases, colloid cysts, and thy-
roiditis. Papillary carcinoma accounts for 80% of all thyroid 
cancers and has readily recognizable cytologic features. 
(fig. 1A–D) Several histologic variants of papillary carcino-
ma have been described. The cytologic features of most 
of these overlap and specific recognition of subtypes is 
difficult or impossible. However, diagnosis of a specific 
subtype of papillary carcinoma is not clinically necessary 
in most instances [54].

In the new 2022 WHO classification scheme, tumors 
of the thyroid gland are stratified into the following main 
categories: 
•	 follicular cell-derived neoplasms, 
•	 C-cell-derived neoplasms, 
•	 mixed medullary and follicular cell-derived neoplasms, 
•	 salivary gland type carcinomas, 
•	 thyroid tumors of uncertain histogenesis, 
•	 thymic tumors within the thyroid, and 
•	 embryonal thyroid neoplasms. 

Figure 1. FNA of papillary thyroid carcinoma. A – tumor sheets with extensive nuclear changes of papillary carcinoma: grooves, nuclear membrane 
abnormalities, powdery chromatin, crowding, and nuclear enlargement. (hematoxilin and eosin staining). The most specific nuclear finding of papillary 
carcinoma is that of intranuclear pseudoinclusions; B –this air-dried smear juxtaposes two; C – alcohol fixed smear three true nuclear pseudoinclusions. (MGG 
and hematoxilin and eosin stains); D – another case of papillary thyroid carcinoma which also exhibits the common nuclear features of papillary carcinoma: 
nuclear enlargement, pale and powdery chromatin and irregular nuclear membranes with grooves. (hematoxilin and eosin stain) 

A 

C

B

D
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Even though cytologic criteria for most malignant enti-
ties exists, specific and accurate diagnosis of some thyroid 
malignancies requires synergies with immunocytochemistry 
and molecular tests [63–72]. Thyroglobulin indicates follicular 
thyroid cells and calcitonin parafollicular cells with high speci-
ficity. Thyroglobulin positivity occur in most follicular neoplasms 
of the thyroid, and for the columnar cell variant of papillary 
carcinoma. Thyroid neoplasms of follicular origin show immuno-
positivity for thyroid transcription factor-1 (TTF-1) and the cells 
of oncocytic tumors for thyroglobulin and for low-molecular-
-weight keratin. TTF-1 shows nuclear expression by IHC in thyroid 
follicular and parafollicular cells and lungs. TTF-1 is diffusely 
expressed in papillary thyroid carcinoma, follicular thyroid car-
cinoma, high-grade follicular-derived non-anaplastic thyroid 
carcinoma, and medullary thyroid carcinoma. Immunopositivity 
for calcitonin, carcinoembryonic antigen (CEA) and neuroendo-
crine markers, such as chromogranin, synaptophysin, and rarely 
CD56 is appropriate for the diagnosis of medullary carcinoma. 
In addition, the second-generation neuroendocrine markers 
insulinoma-associated protein 1 (INSM1) is a highly sensitive 
and specific marker in the diagnosis of medullary thyroid car-
cinoma and C-cell hyperplasia. The anaplastic type of thyroid 
cancer shows inconsistent positive reactivity for cytokeratin, 
PAX8, p53 and occasionally TTF-1. An immunopanel comprising 
thyroglobulin, TTF-1, GATA-3, PTH and chromogranin is helpful 
to distinguish cells of thyroid origin from those of parathyroid 
origin [63-65]. Example of immunoprofiles for primary thyroid 
neoplasms and parathyroid lesions are presented in table 2. In 
addition, the selective panels of antibodies may be applicable 
to differentiate tumors of thyroid origin from neoplasms me-
tastatic to the thyroid gland. For example, panel of CK7, CK20, 
TTF-1, CDX2, CEA, MUC1, MUC5AC, SATB2 and MOC31 helps 
to distinguish secondary esophagus, stomach and colorectal 
malignancies from primary thyroid neoplasms; panel of CK7, 

CK20, GATA3, mammaglobin, GCDFP15, ER, PR, TTF-1 and TG, 
metastasis of mammary carcinoma from primary thyroid neopla-
sms and panel of SOX10, Melan-A, S100, HMB45, CK7 and CK20, 
metastatic melanoma from primary thyroid neoplasms. 

The TBSRTC may reliably establish a benign or malignant 
nodule diagnosis in 70–80% of all cases. The FNA diagnosis 
for the remaining 20–25% of nodules, falls in indeterminate 
cytology categories such as follicular lesion of undetermined 
significance/atypia of uncertain significance (FLUS/AUS, Be-
thesda category III), follicular neoplasm/suspicious for follicular 
neoplasm (FN/SFN, Bethesda category IV) [61, 62, 66]. 

The majority of lesions representative of these catego-
ries are benign on surgical pathology, indicating unneces-
sary surgical interventions [67]. Molecular tests have been 
increasingly applied to complement cytopathology [68] 
and improve risk-based stratification of indeterminate thy-
roid nodules [69, 70]. Molecular tests are based on detec-
tion of thyroid tumor specific mutations, sometimes added 
by gene expression profiling (Mutations in papillary thyro-
id carcinoma: BRAF mutation (29–69%), RET rearrangement 
(13–43%), NTRK1 rearrangement (5–13%), RAS mutation 
(0–21%), the  infiltrative follicular variant of papillary carcino-
ma (higher rates of BRAF than RAS mutations), follicular thyro-
id carcinoma: RAS mutation (40–53%), PPARG rearrangement 
(25–63%) [41–43, 71–73]. Although molecular testing has been 
useful for the diagnosis of indeterminate thyroid FNA, there 
are no molecular panel confidently discriminate malignancy. 

While cytopathology offers valuable insights in the eva-
luation of head and neck masses, it has been of limited value 
in the diagnosis of parathyroid disorders as the differentiation 
between normal, hyperplastic, or neoplastic parathyroid tis-
sue solely on FNA samples can be challenging or impossible 
[16, 74–76]. However, FNA guided by US can enhance the pre-
cision of locating parathyroid glands prior to potential surgical 

Table II. Examples of immunoprofile of thyroid tumors and parathyroid

Thyroid tumors Immunoprofiles

thyroid tumors of follicular cells origin CK7+, CK20–, TTF-1+, PAX8+, thyroglobulin+, calcitonin–, synaptophysin–, 
chromogranin–

thyroid tumors of parafollicular C-cells origin CK7+, TTF-1+, PAX8–, calcitonin+, CEA+, synaptophysin+, chromogranin+, thyroglobulin–

mixed medullary and follicular cell-derived thyroid 
carcinomas

calcitonin+, TTF-1+, thyroglobulin+

oncocytic carcinoma TTF-1+, PAX8+, CK7+, thyroglobulin+, calcitonin–

high-grade follicular cell-derived non-anaplastic carcinoma TTF-1+, PAX8+, CK7+, thyroglobulin+, calcitonin–

anaplastic thyroid carcinoma inconsistent positive reactivity; CK+ (75% of cases), PAX8+ (50% of cases with epithelioid 
morphology), P53+ (50% of cases), squamous-cell carcinoma phenotype: P63+, P40+, 
34BE12+, CK5/6+ 

cribriform morular thyroid carcinoma b-catenin, TTF-1+ (mainly in cribriform components), PAX8–, thyroglobulin–

hyalinizing trabecular tumor TTF-1+, PAX8+, thyroglobulin+, MIB1 (membranous)

parathyroid TTF-1–, PAX8–, thyroglobulin–, calcitonin– (rarely +), PTH+, GATA3+, chromogranin+, 
synaptophysin+
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treatment of hyperparathyroidism, especially in complex cases 
such as recurrent disease or following unsuccessful surgeries. Yet, 
certain cytomorphologic characteristics can help differentiate 
parathyroid tissue from thyroid and other anatomical structures 
in cases of unintentional aspiration of intrathyroidal and ectopic 
parathyroid glands, although overlaps exist [16–21]. 

The effectiveness of FNA for cytopathological analysis can 
be hindered by factors like the small size, divergent location 
and number of parathyroid glands, as well as coexisting lesions 
of the thyroid gland or previous neck surgeries. An experience 
and skill of the aspirator in US-guided FNA and the expertise 
of the interpreting cytopathologist may significantly affect 
the adequacy and accuracy of the procedure. 

Potential complications of parathyroid FNA include 
hematoma, parathyroid abscess, disruption of the lesion 
and seeding along the needle tract (parathyromatosis) or 
dense fibrotic reaction to the needle [11–15]. The number 
of needle pass, the size of the needle and the skill of the aspi-
rator may influence these complications. However, these 
uncommon events may rarely convert a minimally invasive 
surgery to a standard surgical approach, and in the majority 
of reported series of parathyroid FNA no severe complica-
tion occurred associated with FNA procedure of parathyroid 
gland [16].

Recent studies have addressed the cytomorphological 
aspects of parathyroid lesions, revealing a range of dia-
gnostic sensitivities (40.4–88.9%) in identifying parathyroid 
tissue [16–18, 76–78]. The availability of clinical and radio-
logical data at the time of FNA can improve diagnostic 
accuracy. In two reported series, sensitivity was found to 
be 50% and 71% in cases without clinical and radiologic 
data and 86.7% and 88.9%, respectively, in cases with ava-
ilable serum PTH and results of the US examination [7, 77]. 
Distinguishing parathyroid and thyroid lesions is not easy 
because of their adjacent anatomical location and the over-
lapping of cytological and radiological features. Knowledge 
of cytomorphologic features of parathyroid is essential 
in distinguishing parathyroid from thyroid lesions and to 
avoid misdiagnosis. Many studies have focused on the cy-
tomorphological aspects of parathyroid lesions. Yet, certa-
in cytomorphologic characteristics enhance the accuracy 
of FNA in identifying parathyroid tissue and distinguishing 
parathyroid and thyroid lesions [7, 16, 77, 79–84].

Three-dimensional tight or loose fragments with variable 
architectural patterns are common in parathyroid aspirates, 
whereas flat sheets are more common in thyroid. A mixture 
of scattered cells and naked nuclei in the background and nuc-
lei with stippled chromatin are common features of parathyroid 
aspirates, while microfollicles, papillary and papillary-like featu-
res may be present in both thyroid and parathyroid aspirates 
[16, 77, 80, 85]. According to the studies published to date, 
FNA smears of the parathyroid show certain reproducible 
architectural patterns, as well as characteristic features of in-

dividual cells, nuclei, and background of the smears. Consi-
stent cytomorphology comprises high to moderate cellular 
smears consisting of tight or loose three-dimensional clusters 
with cribriform, trabecular and wedge-shaped architectural 
patterns. These cohesive or loose cellular clusters of round, 
uniform, or slightly pleomorphic cells, have an overlapping 
appearance with numerous naked nuclei and/or isolated single 
cells in the background (fig. 2A). Less common findings inc-
lude disorganized or follicular/microfollicular sheets, papillary 
fragments with fibrovascular cores, and capillary networks with 
associated epithelial cells [16–18, 77–81, 84]. Parathyroid cells 
in FNA smears are smaller than cells from thyroid follicular 
lesions and are usually round to oval in shape. The cells have 
a moderate to high nuclear to cytoplasmic ratio with pale to 
finely granular, occasionally oxyphilic cytoplasm and uncom-
mon cytoplasmic vacuoles. 

The nuclei are uniform with regular nuclear membrane, 
absent or inconspicuous nucleoli, coarsely granular, and typi-
cally stippled chromatin. Nuclear grooves, nuclear molding, 
and nuclear inclusions are fewer common features, while ani-
sonucleosis may be seen in relatively many cases [7, 16, 17, 
78]. Colloid-like material, macrophages and lymphocytes may 
be occasionally present in the background of the smears [16, 
79–81, 84]. Cytologic pitfalls leading to misdiagnosis include 
the presence of cells with oxyphilic cytoplasm (oncocytic 
pattern) [16, 83–85]. Some reported series describes possible 
diagnostic criteria to classify parathyroid lesions and to distin-
guish benign parathyroid lesions from parathyroid carcinoma. 
The preliminary observations suggested that evident nucleoli, 
mitoses and possibly a papillary-solid pattern may guide the dif-
ferentiation between parathyroid adenoma and parathyroid 
carcinoma [17, 18, 20, 77]. Differentiating between benign 
and malignant parathyroid lesions, however, remains complex 
due to overlapping cytomorphological features of parathyroid 
hyperplasia, parathyroid adenoma and parathyroid carcinoma 
[16]. Most parathyroid lesions can be highly variable in terms 
of cytomorphologic features and many different patterns may 
be seen in an aspirated specimen from one lesion. True Para-
thyroid cysts are rare and most represent non-functional cysts. 
Parathyroid cysts usually yield thin water-clear fluid as opposed 
to the thick colloid or bloody or colored cystic fluid with macro-
phages obtained from cystic thyroid lesions. A pathologically 
altered parathyroid gland can take on the form of a cystic or 
partly cystic lesion which in our experience may yield bloody 
fluid as opposed to water-clear fluid of pure parathyroid cysts. 
Such cystic parathyroid lesions may be difficult to distinguish 
from cystic lesions of the thyroid, especially if the FNA material 
is just a fluid without cells on microscopic examination. In such 
cases, the high level of PTH in the needle rinsed fluid speak for 
the parathyroid cyst [16].

Assessing PTH levels in the needle washout fluid (FNA-
-PTH assay) and applying immunocytochemistry (IC) to 
the aspirated material are ancillary techniques that enhance 
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the accuracy of FNA in identifying parathyroid lesions. Im-
munohistochemistry, in particular, helps distinguish para-
thyroid from thyroid tissue by testing for specific markers. 
Parathyroid cells are immunoreactive for PTH, GATA-3, 
and chromogranin (98%) [86–88] and negative for TTF-1, 
INSM1, and thyroglobulin. A small subset of parathyroid 
tissue is immunoreactive for synaptophysin. IC can be ap-
plied to any of the several types of preparations such as 
direct smears, cytospin, liquid-based preparations or cell 
blocks (fig. 2B–D). 

The usefulness of detecting PTH in the rinse material 
obtained from FNAB has been a well established technique 
with a strong correlation observed between levels of PTH 
and the cytologic findings [7, 16, 21, 80–83]. The FNA-PTH assay 
is especially useful in the location of pathological parathyro-
id glands while immunostainings on aspirated material can 
improve the discrimination between parathyroid and thyroid 
nodules. There are studies suggesting that the FNA procedure 
with PTH assay is more sensitive than parathyroid scanning 
or US alone and is also superior to FNA alone. [16, 21, 89–91] 

The PTH washout greater than 436.5 pg/ml has been reported 
to be 90% sensitive and 89% specific in localizing parathyroid 
tissue [89, 91]. 

Conclusions
US-guided FNA is a reliable and sensitive method to diagnose 
thyroid nodules and to detect parathyroid lesions. A key role 
of cytopathology in evaluation of thyroid nodules depends 
in part on evolutions in reporting criteria and the creation 
of uniform reporting systems such as TIRADS and TBSRTC. Tho-
se reporting systems facilitate easier and more reliable inter-
preting and sharing the results of FNA examination of thyroid 
with clinicians and improve patient management. In addition, 
the recent development of thyroid cytopathology and the gro-
wing role of parathyroid cytopathology includes widespread 
US guidance in FNA procedures, improved resolution of US 
for nodule detection, evolutions in FNA techniques and in-
creasingly growing ancillary tests on cytopathology samples. 
However, clinical judgment remains of crucial importance 
in interpreting FNA results. 

Figure 2. FNA of parathyroid. A – three-dimensional, crowded and loose clusters of uniform cells with small round nuclei without nucleoli and scant 
granular cytoplasm (hematoxilin and eosin staining). Cell block sections. Positive immunostainings; B – parathyroid hormone; C – GATA-3; D – negative 
TTF-1, confirming parathyroid tissue (cell block, PTH+, GATA-3+, TTF-1–)
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� Although re-irradiation as a therapeutic procedure has already been explored over a few decades, it still remains a field 
of various uncertainties, and the majority of retrospective clinical studies contain quite a lot of “blank points”. The critical 
point of this therapy is the severity of the radiation response of the normal organs at risk, which limits the planned 
and delivered dose. Re-irradiation is often considered a palliative treatment, although the results of the stereotactic 
hypofractionation (SHRT) strongly suggest that it can easily be used with radical intent. While tolerance doses (TD) 
were more or less arbitrarily established (not estimated) many years ago, they have not been verified during the passing 
time, but at least accounted for the 3/3 or 1/3 volume of the organ at risk. Regarding the so-called “remembered dose”, it 
becomes crucial when the primary and re-irradiated volume of normal organs overlap. Knowledge of that parameter 
contains many loopholes. Such “doses” have mainly been approximately deduced from experimental and some clinical 
studies, and for a few organs at risk only. Present review the selected studies including 8,427 recurrences reported 
in a small number of the retrospective studies providing complete factors and parameters of the primary and re-
-irradiation procedures. The review’s results are presented and discussed. In 2022, the ESTRO/EORTC experts council 
defined re-irradiation procedures including three therapeutic scenarios, which are presently discussed. That consen-
sus provides at least the detailed basics to optimize and improve quantitative knowledge on re-irradiation, which is 
the major aim of this paper. 
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Introduction
For many decades, the use of re-irradiation after radical radiothe-
rapy has generally been considered taboo because of the strong 
belief and fear that re-irradiation may inevitably often induce 
severe late radiation sequelae (complications) in normal tissues/
organs (organs at risk – OAR) surrounding recurrent tumors or 
metastasis. However, the progressive increase of experimental 
and clinical studies challenges this prevailing dogma, revealing 
at least partial capability of some normal tissues to repair radia-
tion sublethal and potentially lethal damages (SLD, PLD).

Currently, conformal (CRT), dose modulated (IMRT) and arc 
(VMAT) techniques are widely used in radiotherapy and result 

in a higher rate of local tumor control and in prolonged overall 
survival. Particularly stereotactic hypofractionated radiotherapy 
(SHRT) is more often applied, since it tailors the dose focused 
on the tumor volume, with a large dose gradient beyond its 
margins. Despite substantial improvements in radiotherapeu-
tic efficacy, the risks of local recurrences, distant metastases 
and secondary primary tumors still remain (e.g. a secondary 
primary tumor develops in more than 20% of irradiated pa-
tients with a primary cancer, among which 80% occurred 
in the H&N region). To a certain degree, these three types of fa-
ilure may occur out of the initially irradiated volumes, and the-
refore “re-treatment” in such cases can be considered similar 
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to the primary radiotherapy. On the other hand, recurrence 
may develop within the organ which is the site of the previous 
primary tumor, or even frequently, within or close to its original 
volume [1–12].

During recent years, re-irradiation has been more often 
explored in clinical practice. Two main scenarios are considered 
by radiation oncologists. Some of them advocate re-irradiation 
as a “Luke Warm Bath”, by using palliative biological total doses 
(often with low fraction doses delivered twice-a-day – b.i.d.), 
because of a justified fear of severe late normal tissue toxicities. 
This scenario has usually been forced for a large recurrence 
(metastasis) developed close or within the previously irradiated 
volume. Sometimes it can be well grounded, since the risk 
of late complications (late radiation effects – LRE) can be more 
or less precisely predicted, but not eliminated. Moreover, vario-
us complications are individually scored in the different studies, 
and therefore they can be unreliable. This scenario does not 
seem reasonable in the case of a chance of long-term cure 
or durable palliation. Moderate total doses (e.g. 40–50 Gy) 
usually produce a partial regression of the recurrence only or 
a stable status of the disease. Such effects cannot be satisfied, 
since the survived tumor clonogens repopulate much faster 
than those of the untreated primary tumor. Furthermore, It 
should be remembered that possible morbidity from tumor 
progression is frequently greater and more severe than the re-
-irradiation toxicity. Thus, it encourages the consideration of hi-
gher doses, even if the price of such decisions might involve 
a higher risk of the LRE. 

According to radiobiological principles, local recurrence 
(also metastasis) occurs when the primary dose is not radi-
cal enough, at least within a part of the tumor volume (e.g. 
a geographical miss), and results in the survival of some tumor 
clonogenic cells. Even one, well oxygenated tumor clonogen is 
definitely able to initiate a growth of the recurrent tumor, due to 
accelerated repopulation. It may likely suggest their higher radio-
sensitivity (more clonogens actively participate in the cell cycle), 
but also their aggressiveness and fast growth. On the other hand, 
some tumors recurring within or close to a previously irradiated 
volume may sometimes arise from radioresistant clonogens (e.g. 
the salivary gland) and make re-irradiation ineffective. The bio-
logy and kinetics of the recurrent malignant lesions suggest 
a radical scenario of the re-irradiation, called “Hot Bath-Therapy”, 
with total doses higher than that previously. This may imme-
diately raise a fear of much higher risk (~50%) of serious late 
complications (LRE), since the delivered dose comes closer or 
even above tolerance level of the TD50/5 (50% risk within 5-year 
follow-up). But such potentially high incidence of severe late 
complications has not been reported yet. 

The debate on the optimal re-irradiation dose fractionation 
continues. Different “Hot Bath” schedules have been explored 
to re-irradiate recurrent tumors (mainly in the head and neck 
region), among which hyperfractionated schedules have been 
recommended [2, 4, 6, 8, 10, 11, 29, 30, 34, 36], and its effecti-

veness has recently proven by the result of a Chinese trial [39]. 
The dose of at least 72 Gy in 60 fractions (1.2 Gy per fraction) 
given twice-a-day with a 6-hour interval is strongly advised 
by Benson et al. [2]. Hyperfractionation with two daily frac-
tions below 1.8 Gy allows for the delivery of a high biological 
dose [18], since solid malignant tumors are usually much less 
sensitive to change in dose per fraction (high α/β ratio) than 
the majority of late responding normal tissues (very low α/β 
ratio, high rate of the β effects reflecting sublethal damages), 
and moreover it improves the sparing effect in normal tissues. 
For example, 72 Gy in 60 fractions delivered to normal tissue 
(organ) or to a part of it, is in fact, biologically equivalent to dose 
EQD2 of 57 izoGy2. It can lead to the escalation of a physical 
total dose to even 80–85 Gy. Moreover, low fraction doses 
lead to more effective repair of the sublethal and potentially 
lethal damage of the normal tissues, and also improve their 
functional recovery.

The next hypofractionation (single or a few large fractions) 
was widely used during the early years of the orthovoltage 
radiotherapy (geometrically regular fields). However, it resul-
ted on an unacceptably high rate of serious and lethal late 
complications (severe deep necrosis), and therefore it was 
abandoned around 1920–1925. After about 80 years, hypo-
fractionation came back to the market due to technologically 
innovative tools in the linacs (IMRT, VMAT) or stereotactic ac-
celerators (CyberKnife), and became considered as a radical 
option offering a higher rate local control (>80–85%), including 
the recurrent tumors or multiple metastases [5, 14–16, 19, 
20, 33, 35, 38]. Moreover, a major advantage of stereotactic 
hypofractionated radiotherapy (SHRT) of multiple metastases 
(e.g. in the liver, lung, brain or bone) is that a single high dose 
(~10–15 Gy) or a few large fractions can be delivered to each 
of a few lesions at the same time during the patient’s set-up 
on therapeutic table and on each session of the irradiation. 
Another advantage of the SHRT is a specific dose distribu-
tion within the irradiated volume, characterized by a dose 
focused on the recurrent lesion, with a high dose gradient 
within a narrow tissue strip beyond the recurrence margins. 
It significantly improves the normal tissue sparing effect [11, 
12, 17–21]. However, this advantage of the SHRT is that it is 
addressed to limited volumes of malignant lesions [14, 15, 16, 
19–20], smaller than 4 cm in diameter.

An important and required basis for a proper and optimal 
selection of the re-irradiation scenario is detailed knowledge 
on the morphological and functional structure of the normal 
tissues (organs), and the radiobiological mechanisms of their 
response and tolerance to irradiation.

Late normal tissue’s (organ’s) radiation effects 
– tolerance doses
In contrast to acutely responding hierarchical epithelial tissues, 
late radiation effects (LRE) (injuries) develop in the mature tis-
sues (organs) termed “flexible” (type F), and they can manifest 
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months or even years after completing treatment [18, 22, 23, 
29, 30]. Mature morphology does not however deny a com-
ponent of the stem cells with retained proliferative potential. 
That said, the more affected the cells the deeper the cellular 
depletion. Some of them retain the potential to repair the SLD, 
PLD and to regenerate (fig. 1), and if such cellular and functional 
recovery reaches the threshold (tolerance) level, late effects 
may still not occur. But when the cellular damage progresses 
and continues, and the cellular reserve is completely depleted, 
then moderate or severe late complication occurs. 

The severity and latency time of the LRE depend on the in-
itial number of normal, so-called target cells (TC) with prolifera-
tive potential [14], which set-up the functional subunits (FSU). 
The higher the dose, the shorter the latency of the LRE. Mo-
reover, residual, partly injured target cells may increasingly be 
recruited to the proliferative pool (when environmental con-
ditions become favorable), to enter into a cascade (avalanche) 
of cell death, which speeds up morphological and functional 
tissue (organ) disorders. Surgery, chemotherapy, infection, or 
physical trauma usually accelerate the LRE severity.

Withers pointed out [23] that the tolerance dose (TD) for 
a given normal organ mainly depends on the number of their 
TCs per unit of the FSU rather than on the number of the FSUs. 
It may explain the relatively low TD for organs (e.g. hair follicles 
kidney, lung, liver) with a small number of the TCs within each 
FSU. Organs at risk (OARs) with acinar or alveolar structure (e.g. 
the salivary glands, pancreas, testis, mammary epithelium) 
respond to irradiation in a similar way to the kidney, in which 
the nephrons are well defined the structural FSUs with rela-
tively small number of the TCs. It is well-known that among 
other factors, the risk of late effects depends on the irradiated 
volume of the OAR. The larger it is, the lower the delivered dose 
should be [23]. This condition can be fulfilled using the advan-

ced 3D-radiotherapy techniques (IMRT, VMAT), brachytherapy 
and the SHRT as well, which offer significant dose gradient 
within a narrow strip of the normal tissues beyond the tumor 
margins.

An additional important factor, is the arrangement 
of the FSUs into serial or parallel networks within the OARs. 
The threshold tolerance-dose and volume of the re-irradia-
ted OARs arranged in the parallel FSUs such as liver, kidney 
and lung can objectively be achieved, and the use of advanced 
RT techniques improves sparing effect in these organs [11, 14, 
30]. Quite the reverse, if the FSUs are arranged in the series, like 
links in a chain (e.g. nerve tracts, spinal cord, cylindrical sheets 
of the peritoneum in the small intestine, named arteries), 
the loss of even one subunit may result in overt functional 
injury of the other subunits in the series. Post-irradiation small 
bowel obstruction or carotid blowout are examples of such 
volume effect. The key-point is that higher doses to previously 
irradiated volumes may not affect the function of the organs 
arranged in the parallel FSUs, but they can definitely be cata-
strophic for organs arranged in the serial FSUs. Tolerable re-
-irradiation of serial organs needs particular caution and should 
be focused on whether whole or a part of their volumes are 
involved within the irradiated volume. 

It seems that the TCs and FSUs structure may by analogy 
also be referred to the primary malignant solid tumor and con-
sidered as a single, large FSU, within which even one surviving 
tumor clonogenic stem cell (TC) may lead to recurrence (on 
average 67% of irradiated tumors, since recurrence rate = 
1 – TCP = 1 – e-1 = 0.67). However, the malignant TCs differ 
significantly from the normal ones, because they are high-
ly heterogeneous regarding cellular radiosensitivity, oxygen 
consumption and proliferative potential. Nevertheless, both 
primary and recurrent tumors require a suitably high total dose 
to achieve a radical effect and complete local tumor control. 
The only limiting factor is the tolerance and volume of normal 
tissues (organs) surrounding the tumor and its impact on 
late complications, and on the quality of life after primary or 
re-irradiation. 

Although many years passed off, the tolerance doses for 
normal tissues referred to the primary radiotherapy (fig. 2A) 
have not been precisely defined yet, but mainly interpre-
ted only based on the results of various retrospective clinical 
studies [17, 23, 24, 25], and therefore their values are likely 
inaccurate. It is astounding that for over 50–60 years, TD values 
have not been as yet verified, and they remain as more or less 
approximate guidelines for clinical practice [24]. It means that 
after completing radiotherapy we have to wait for the occur-
rence of some failures (recurrence, metastases), or not, but 
we are unable to precisely a priori predict such events. There 
is a lack of clinical studies testing different dose fractionations 
to establish (not to deduce) an optimal TD, and therefore 
the tolerance doses for re-irradiation are still uncertain [10, 
11, 14, 16, 17, 26, 28]. Some TD came from animal experiments 
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Figure 1. Radiation-induced target cell (TC) depletion in normal organ 
(tissue), and clinical manifestation of late radiation effect (LRE) – adopted 
from Rubin [24] If the TC depletion reaches the threshold tolerance level, 
it results in a 5% risk of late complications (LC) during 5-year follow-up 
(TD5/5). After higher dose (TD50/5) depletion, the TC continues and leads 
to a 50% risk of LC
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[22, 25–28], but they cannot be simply and directly transferred 
to clinical practice.

Despite some uncertainties, two levels of the Tolerance 
Dose have been proposed, i.e. the TD5/5 referring to a low risk 
(5%), and TD50/5 to a high risk (50%) of late complications, which 
may occur during the 5-year follow-up. Figure 2A shows a wide 
spectrum of the TD5/5. We had to wait until 1990 when Emami 
et al. [17] defined TD5/5 values depending on the volume of ir-
radiated normal organs (fig. 2B). The smaller irradiated volume 
of the OARs, the higher TD5/5 can be planned and delivered.

Apart from the volumetric factor, fraction size (dfx) has 
also been found to have an important impact on the radia-
tion response of the OARs, which are much more sensitive 
to change in the dose per fraction (dfx) than malignant solid 
tumors. The lower the “dfx”, the more effective the sparing effect 
in the OARs. However, the physical doses expressed in the Gy 
do not necessarily correspond with bioequivalent doses [23, 
25]. For example, 70 Gy in 35 fractions is not biologically equ-
ivalent to 70 Gy in 50 fractions, which is equal to 66.5 izoGy2.0 
for the tumor (α/β = 10.0 Gy) and 59.5 izoGy2.0 for the normal 
organ (α/β = 2.0 Gy). Since the dose is not homogeneously 
distributed within the irradiated volume, it becomes prac-
tically  important to convert physical Gys into bioequivalent 
izoGy2.0, (if given in 2 Gy fractions) based on simple formulas:

EQD2.0 = TDphys (dfx + α/β) / (2.0 Gy + α/β),
or in the case of the SHRT:
BED = TDphys (1 + dfx/ α/β)
   (biological effective dose)

For example, if the planned total dose is e.g. 80 Gy, given 
in 40 fractions, and the DVH shows 56 Gy within a 5 cm length 
of the spinal cord (α/β = 2.0 Gy), the first thought would be to 
revise such a treatment plan, since 56 Gy is higher than a TD5/5 

of 50 Gy. However, the bioequivalent dose EQR2.0  is equal to 
only 42 izoGy2.0 [56 Gy x (80 Gy/40fx + 2.0) / (2.0 Gy + 2.0)], 

that is below TD5/5, and the original plan can be accepted 
with any doubts.

A belief in the sparing effect of a dose per fraction lower 
than 2.0 Gy has sometimes led in the past to a trap. Twenty 
years ago, Nguyen et al. [31] designed a super-hyperfractiona-
ted schedule of 40 fractions of 0.9 Gy delivered every 2 hours, 
8 fractions per day, during 5 days, up to 36 Gy. After a 4-week 
break they repeated once again the same cycle, up to a total 
dose of 72 Gy. The authors used this schedule to treat 178 pa-
tients with advanced H&N cancer (mainly nasopharyngeal). 
Although a high rate of local tumor control was achieved, 
the price paid was tragic, mostly lethal late complications 
(wide and deep necrosis) which developed in about 80% 
of patients. Seven years later, Horiot et al. [32] also used small 
fractions of 1.15 Gy. given twice-a-day, but with 6–8 hour 
intervals, up to a total dose of 80.5 Gy. The 5-year local tumor 
control of the advanced H&N cancers was close to 50%, but 
in contrast to the Nguyen study, late complications were mild 
and their rate was low. It shows that the major and critical 
difference between these two quoted studies was too short 
a time interval between 8 daily fractions used by Nguyen et al. 

Radiobiologically, mucosal “half-time” repair (T1/2) of 
the epithelial cells is 1.5 hour. During short 2-hour intervals, 
a sublethal damage repair in the majority of cells is incomplete 
(~50%), which is increasingly accumulated through consecu-
tive fractions, and finally leads to lethal necroses. Moreover, 
although at first glance it looks the 72 Gy given by Nguyen et 
al. is at the upper limit of the mucosal tolerance, about 50% 
of the incomplete repair should not be referred to the daily 
fraction of 0.9 Gy, but to about 3.6 Gy (0.5 x 7.2 Gy of the da-
ily dose), which may raise the total EQD2.0 to even 86.4 izoGy2.0, 
in contrast to the Horiot study, in which the bioequivalent 
total dose EQD2.0 reduces to 71.9 izoGy2.0. These intentionally 
presented examples should be treated as a warning that even 
a single one risk factor missed or biased leads to much higher 
risk of the LRE than assumed. The situation remains even more 

Figure 2. Tolerance dose (TD5/5 and TD50/5). A – whole volumes of the selected normal organs – according to Mc Bride, Withers [23] and Rubin [24];  
B – the TD5/5 in relation to the volume of the irradiated normal organs – according to Emami [17]

TD5/5

dose – EQD2 (given in 2 Gy fractions)

0

lung
(single dose)

A B

kidney

lung
(fractions)

optical
nerve

spinal
cord

epithelial
mucosa

re
la

tiv
e 

vo
lu

m
e

of
 n

or
m

al
 o

rg
an

lung

parotid
glandspinal

cord lung

brain

liver

liver

single dose fractionated

esophagus

spinal
cord

heart

10 20 30 40 50 60

0 10 20 30 40 50 60

70 80

TD50/5 1/3

2/3

3/3

0

10

20

30

40

50



127

risky when a few OARs (with various α/β indices and TD5/5) are 
within the irradiated volume. Current 3D-techniques nowadays 
allow for the complete exclusion of the cervical spinal cord 
from the irradiated area, but not other OARs. When re-irradia-
tion is considered, fear and uncertainties arise, since one does 
not know, even intuitively, what may radiobiologically happen 
in the OARs during and after primary radiotherapy, and what 
proportion of the re-irradiated total dose can be delivered wi-
thout pronounced increase in the risk of the LRE. It claims that 
re-irradiation still appears to be a really challenging approach. 

Remembered dose mystery
There is still a common conviction that the OARs primarily 
irradiated to the upper limit of the TD5/5 may not tolerate 
re-irradiation. Such a fear gets even stronger when the recur-
rence (metastasis) develops early and/or within or close to 
the previously irradiated volume, as often happens in the case 
of malignant brain tumors and their metastases. Recurrence or 
metastasis develops from surviving cancer cells, therefore they, 
like the original tumor, may likely not remember the primarily 
delivered dose. It logically suggests that the tumor (primary 
or recurrent) does not need any dose restriction, but the OARs 
absolutely do. Some functionally advanced normal tissues 
(organs) do retain residual proliferative potential due to redif-
ferentiation of some of the mature cells into proliferative status 
(e.g. fibrocytes into fibroblasts), whereas some other organs 
can never do that (e.g. neurons). In fact, a proliferative activity 
plays a marginal role (by contrast with malignant tumors), 
with favor on capacity of the repair of the sublethal and po-
tentially lethal (SLD, PLD) damages [11, 23, 25, 30]. The lower 
the dose and irradiated volume of the OAR, the higher the rate 
of the delivered dose which can be offset by the repair pro-
cesses (fig. 3). The remaining part of the delivered but not 
repaired dose is termed the “remembered dose (RD)” [18, 23]. 
The lower the RD is the broader the  “therapeutic window” 
becomes for re-irradiation. However, both kinetics of the OAR 
repair and the RD values are not precisely quantitated, but 
only approximately identified based on the results of animal 
experiments and fragmentary clinical studies on only a few 
OARs, and they practically remain unprecise.

Spinal cord tolerance to re-irradiation was intensively 
and experimentally tested on non-human primates [1, 22, 26, 
28, 30]. The results suggest that the “remembered dose” by 
the spinal cord is close to 50% of the primary dose (fig. 4), if 
the interval between two types of irradiation is not shorter than 
12 months. No myelopathy has occurred after a cumulative 
total-EQD2tot <172%. Moreover, the pronounced sparing effect 
was noted [23, 27, 28, 30, 37] after twice-a-day hyperfractio-
nation. Spinal cord re-irradiation using the SHRT [19, 33] can 
be safe if the cumulative EQD2.0 does not exceed approxima-
tely 70–75 Gy. Generally, spinal cord re-irradiation practically 
limits to the recurrences in the spinal canal or spinal cord 
metastases. For re-irradiation of recurrences within the head 

and neck region, spinal cord tolerance is no longer a problem, 
since the cord can easily be left out of the irradiated volume. 
For example, for nasopharyngeal recurrences, a high dose 
re-irradiation is recommended [39], despite the treatment 
related morbidity. Re-irradiation to the cumulative dose EQD2 
of about 120 Gy (re-irradiation total dose of 60–65 Gy) generally 
resulted in retreatment complications lower than expected 
(e.g. risk of the carotid blowout of <3%), particularly when 
the intertreatment interval was longer than 2 years and the hy-
perfractionation schedule with 1.5 Gy per fraction (b.i.d.) was 
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used with a total dose higher than 60 Gy [1, 8, 11, 14, 25, 30], 
which can produce 35–50% of  local tumor control. By con-
trast, lower total doses turned out to be definitely ineffective. 
Stereotactic hypofractionated re-irradiation (SHRT) has been 
recommended [15, 16, 19, 33, 35, 37, 38] for recurrent cancers, 
mainly localized beyond the previously irradiated area, with 
a relatively safe dose of BED < 130 Gy.

The “remembered dose” for the lung (fig. 4) was infrequen-
tly tested using the animal model [22]. Both the size of the pri-
ming dose and the time interval had a significant impact on 
the post-re-irradiation response [22, 25, 30, 34]. After a low 
primary single dose of 6 Gy, the lung tolerates re-irradiation as it 
was not previously irradiated. At least 1 month after the primary 
dose of 10 Gy, about half of that dose (25–75%) is remembe-
red as a persistent residual damage. However, transferring 
quantitative experimental results to a clinic setting seems 
risky. Jackson and Ball’s study on re-irradiation of recurrent 
non-small-cell lung cancer [34] has revealed a relatively large 
recovery potential of the occult injury. The re-irradiation dose 
EQD2.0 of 20–30 Gy, delivered 18 months after the priming 
dose EQD2.0 of 55 Gy did not cause any symptomatic radiation 
pneumonitis [22, 34]. However, re-irradiation of the lung can be 
a serious problem for patients who suffer(ed) from benign 
pulmonary diseases or heavy smokers.

Some experimental studies showed that kidney and sali-
vary glands are the organs with a vestigial repair capacity [22], 
and the rate of remembered dose after priming irradiation can 
be high and close to 90% (fig. 4). Some functional recovery 
of the salivary glands may however occur 1 year after re-irra-
diation, if the cumulative EQD2.0 did not exceed 40 Gy. Slight 
xerostomia has occurred after 10–15 Gy, if more than 30% 
of the gland was within the irradiated volume.

The kidney is classified as a highly radiosensitive organ 
(low number of the TC within a large number of the FSU), but 
the latent period before expression of the clinical late radiation 
injury can take years, particularly after low doses. Progressive 
renal damage may even develop many years after irradiation. 
For example, after an initial dose of 6 Gy (25% of the EQD2tot), 
the tolerance to re-irradiation decreases during about 26 we-
eks, which may suggest continuous progression of the occult 
damage. Thus far, 1/3 of the kidney volume should not rece-
ive a cumulative dose higher than 30 Gy, and re-irradiation 
of the kidney, similar to the salivary gland, must be considered 
with extreme caution, or not at all. 

Figure 4 shows the remembered doses, but for the selected 
tissues (organs) only, and they are rather deduced than quan-
titively estimated based on the available fragmentary clinical 
and experimental data, and therefore must be considered 
with a limited certainty. By contrast with the kidney and other 
mature tissues, the epithelium (head and neck aero-digestive 
mucosa) is a unique one with enormous repair and prolife-
rative capacity, which effectively balances radiation cell kill 
and sublethal damage. The epithelial cells repopulate fast after 

the primary dose, and it is almost forgotten after a few weeks. 
This means that the remembered dose can drop close to zero 
(fig. 4), unless dose fractionation accelerates and is incessantly 
continued (including weekends). In such a case, the reserve 
of the epithelial cells completely depletes and radiation cellular 
effects gradually progress into a “consequential late effect” 
(CLE). Therefore, the CLE area (even if healed) should not be 
included in the re-irradiated volume.

Re-irradiation – know-how dilemma
Despite a few decades passed, clinical studies on re-irradiation 
still remain fragmentary. Although some animal experiments 
have been carried out, tolerance estimates and the remem-
bered doses cannot be simply and directly transposed to 
clinical radiotherapy. Knowledge on the re-irradiation and un-
derlying radiobiological mechanisms are incomplete, mostly 
limited to experimental and a few retrospective clinical studies. 
The majority of clinical guidelines are rather approximations 
based on expert opinions, but with uncertain reliability [3, 11, 
22, 24, 29, 30]. Thus with a few exceptions, objective dose con-
straints (cumulative biological doses) for re-irradiation, prostate 
recurrence, radical thoracic re-irradiation of non-small-cell lung 
cancer, locally recurrent nasopharyngeal cancer, recurrent 
breast cancer, SHRT for spinal metastases and recurrent cervix 
cancer are generally sparse [4, 5, 15, 18, 19, 29, 30, 33, 34, 36, 37]. 
High-level evidence on re-irradiation is incidentally available, 
especially regarding optimal patient selection and the safety 
of high cumulative doses, since the entire spectrum of dose 
fractionations has been retrospectively explored and assigned 
to more or less precisely defined risk of the severe late compli-
cations. Although technological advances in radiotherapy offer 
the delivery of higher and radical biological doses to the tumor 
with improved sparing effects for normal tissues, radiation 
oncologists are understandably reluctant to re-irradiate tissues 
which primarily received high doses, especially if surgery can 
effectively be applied. There is still a scarcity of precise, quan-
titative data regarding the time interval between treatments, 
the dose fractionation pattern, the type of normal tissue at risk, 
incidence and severity of late complications after the priming 
irradiation [17] and the patient’s life  expectancy and quality.

Regarding retreatment, the following terms have been 
practically used in radiotherapy: re-irradiation, retreatment, 
salvage, recurrent, palliative, metastases’ radiotherapy [3]. An-
dratschke et al. [21] pointed out that specific recommendations 
for re-irradiation did not exist until 2022, despite having been 
urgently needed to ensure common standards. The ESTRO 
and EORTC Delphi consensus of international experts (21) 
proposed the definition that: “re-irradiation is a new course 
of radiotherapy, either to a previously irradiated volume (irre-
spective of concerns of toxicity) or where the cumulative dose 
raises concerns of toxicity”, which should fulfil the following 
four criteria: 
•	 irradiated region defined, 
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•	 prescribed dose, 
•	 time interval between treatments, and 
•	 degree of the overlap of irradiated volumes. 

Three scenarios of re-irradiation have been proposed (fig. 5): 
•	 type 1 is a new course of RT that has geometrically over-

lapped with part or the whole of a previously irradiated 
volume, 

•	 type 2 relates to a new course, with concerns of toxicity 
from the cumulative doses, but with no overlap of the ir-
radiated volumes, and 

•	 type 3 relates to the following two options: 
	ū repeat organ irradiation which is a new course of RT 

to a previously irradiated organ but with no overlap 
of the irradiated volumes, and 

	ū repeat irradiation means a new course of RT to a pre-
viously unirradiated organ, and without concerns for 
toxicity from the cumulative dose. 

This decision-tree based on three binary questions (fig. 5) 
should help to classify the available treatment factors (at le-
ast 4 criteria previously mentioned), and to choose a proper 
scenario of a repeat course of RT.

Type 1 scenario relates to a complete or partial overlap 
of the irradiated volumes. It raises a challenging dilemma 
whether a radical (high) or palliative dose should be applied. 
The time interval between treatments is a crucial factor. It 
seems that at least a 12-month interval is reasonable. If it is 
shorter than 6 months, re-irradiation becomes riskier. Ho-
wever, if the recurrence (metastatic lesion) volume is small 
and the overlap is a small part of a previously irradiated vo-
lume, then precise 3D-IMRT, VMAT, SHRT offer the radiation 
beam(s) a direct focus on the tumor mass with sharp-down 
dose-gradient beyond. For larger re-irradiated volumes, radical 
hyperfractionation with a dose per fraction of 1.5 Gy (b.i.d.) or 
less is advocated as optimal.

The ESTRO and EORTC re-irradiation scenarios were es-
tablished and published in 2022 [21]. In the previous years, 
although the number of clinical studies on re-irradiation has 
increased, the majority of them were retrospective and he-
terogeneous regarding the entire spectrum of dose fractio-
nation schedules and treatment outcomes. Moreover, when 
recurrence developed in the organ with the primary tumor, 
the information as to whether primary and secondary volu-

mes overlapped was not usually recorded, and the situation 
became even more difficult when the interval was short 
and allowed for little to no forgiveness of the prior RT, making 
the re-irradiation riskier and highly challenging. There are many 
reasons for such situations. A review of many retrospective 
studies [6–8, 10–13, 29, 30, 34] raises serious uncertainties since 
more than 9% of them were focused on a single anatomical 
site of recurrence, mainly the head and neck or brain. Only 14% 
of studies reported constraints for OARs and cumulative doses 
to the OARs were infrequently and inconsistently reported 
(17%); quality of life after re-irradiation was evaluated in only 
8% of the reports. Such a deficit of information makes decision 
regarding re-irradiation quite challenging. When a type 1 sce-
nario is chosen then the remembered dose of the OARs within 
the planned re-irradiation volume most be considered as an 
essential parameter. Thereby after 20 years or more, the RDs 
can only be anticipated and for a few OARs only (fig. 4). In 
case of the type 1 scenario, a deficiency of important infor-
mation on the choice of the optimal total dose seems to be 
unattainable. If a high risk of complications is apprehended,  
a “Luke Warm Bath” with a dose of 50 Gy or less is chosen, 
instead of a “hot shower”. One should keep in mind that such 
palliative doses (except the SHRT) are usually ineffective, but 
they can be an overload for late responding normal tissues. 
Such a dilemma might be solved by using 3D-IMRT, VMAT or 
SHRT, which offer the delivery of effective biological doses to 
maximize the chance of durable local control, and to achieve 
high and safe therapeutic gain.

The type 2 and 3 scenarios of repeat- or re-irradiation 
are much less risky since the priming and recurrent volu-
mes are not overlapped. Metastases in various normal organs 
are a “growing family of the customers” for these two types 
of repeat – or re-irradiation scenarios. For a few reasons (men-
tioned earlier), stereotactic hypofractionation (SHRT) has been 
recognized and documented as a highly effective option. 
Moreover, the SHRT significantly shortens overall treatment 
time from weeks to day(s), thereby providing an opportunity 
for out-patient therapy. 

The sources of brain metastases are various primary tumors 
origins. The use of the SHRT reduces neurocognitive toxici-
ties due to a significant reduction of the irradiated volume, 
and it can be used as a radical or salvage re-irradiation with 
high 1-year local control rates between 60% and 91% [3, 30], 
and with a low risk (8%) of radionecrosis. A few small metastatic 
lesions can easily be eradicated by a single dose or a few SHRT 
fractions, in contrast to a single metastasis but with a much 
larger volume (if in both situations the total volumes are equal), 
which would need a rather more conventionally fractionated 
dose than SHRT, and a local control of which is much lower.

Re-irradiation using the SHRT has also turned out to be effec-
tive for spinal cord with no risk of radiation myelopathy and liver 
metastases with the retained adequate function [19, 27, 30, 33, 
35, 37]. For single or multiple bone metastases, the SHRT with 
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a single dose of 10–15 Gy or 3 fractions of 8–15 Gy has widely 
been accepted as an effective therapy with 58–65% complete 
pain relief, lasting 15–22 weeks [3, 20, 30].

Many studies, mainly retrospective, were not included 
since their results were incomplete or at least uncertain, and/or 
sample sizes were too small to accept the results as valid. Ne-
vertheless, the selected number of respective studies [1, 3–8, 
11, 17, 21, 30, 34, 37] fulfilled all established criteria for 8427 
recurrent tumors, although they referred to a few normal 
organs only. They are presented in table I. The majority of pa-

rameters in that table are deduced rather than estimated. 
Among the various RT methods, the IMRT and the SHRT were 
the most often used. The relatively low incidence of the LRE 
may suggest that the re-irradiation doses were suboptimal 
and they can be higher. As a rule, the factors and parameters 
in table I should rather be interpreted as suggestions but not 
recommended standards, since there is a lack of information 
in the majority of studies regarding primary and re-irradia-
ted lesions overlapping or not, is essential prerequisite for 
the type 1 re-irradiation scenario.

Table I. Review of the primary and re-irradiation parameters, cumulative doses, outcomes and risk of late complications for the selected normal organs (tissues) 
[1, 3, 7, 11, 13, 15, 21, 27, 29, 30, 34, 38, 39]

Organ
at risk

First course
RT, TD/no/fx

Time interval
beetween first 
and second 
course of RT 
(months)

Re-irradiation
second course
TD/no/fx

Cumulative 
dose
EQD2(α/β)
BED(α/β)

Outcomes
in years

Risk of LRE
(%)

Technique

brain stem
(230 GMB), 
atrocytm

50–60 Gy/ 
25–30 fx
40.5 Gy/15 fx

>12 mo <10–50 Gy/ 
20–25 fx
12 Gy/1 fx
18–24 Gy/3 fx

EQD2/3
 = 100 Gy3

                135 Gy3

1 yr PFS – 17%
1 yr OS – 36%

radionecrosis
2–5%

3D-IMRT
SHRS

brain metastases 
(626 pts), various 
origins

various primary 
tumors, 
doses irrelevant

9–20 mo

>100 mo

15–20 Gy/1 fx
21–30 Gy/3 fx
21–24 Gy 3 fx

BED3 – 110–160 
Gy
BED3 ~ 100 Gy

2 yr LC –  
70–80%
2 yr OS – 
30–52% 

radionecrosis
~ 8.5%
radionecrosis

SHRS

spinal cord
(227 pts), 
rodents
experiments – 
lumbar

40–45 Gy/2–22 fx
(cervical)
10–12% higher

>6 mo
>18 mo

20–35 Gy/ 
12–14 fx
26–30 Gy/ 
13–15 fx

BED2 ~ 130–145 
Gy2
BED2 ~ 140–150 
Gy2

2 yr LC ~ 85%
2 yr ~ 60%

~ 0.8%
radiolopathy
neuropathy
<1%

SHRS

IMRT
SHRS

bone 
metastases 
(2672 pts), 
primary tumor:
lung, prostate, 
breast, kidney

various primary
tumors and doses
irrelevant

unimportant 10 Gy/1 fx
10–10,  
20 Gy/3 fx
30 Gy/10 fx

BED2.5 ~ 30–70 
Gy2.5

complete pain
relief ~ 30–50%

osteonecrosis
bone fracture
~ <3%

IMRT
SHRS

head and neck
(2992 pts),
•	 mandible
•	 carotid arter
•	 parotid

60–70 Gy/ 
30–38 fx
50–60 Gy/ 
25–30 fx
50–55 Gy/ 
25–27 fx
~30 Gy/30 fx

>6 mo >1 year

>1 year

60–72.4 Gy/ 
50 fx (b.i.d.)
50–56 Gy/ 
34–37 fx
50–56 Gy/ 
34–37 fx
30 Gy (1/2 vol.)
after >2 yrs
salvage surgery 
30–35%

BED3 ~ 125–175 
Gy3

<120 BED3
<100–125 BED3
BED3 ≤ 120 Gy3

3 yrs LRC – 
35–69%
3 yrs OS – 
25–39%

osteonecrosis
8–12%
carotid blowout
~ 3%
xerostomia
<10%

IMRT
(hyper fx)
SHRT

lung – non- 
-small-cell 
cancer
(704 pts), 
organs:
•	 lung 
•	 heart
•	 great vessels
•	 trachea
•	 brachial 

plexus

50–65 Gy/ 
25–37 fx
40 Gy/16 fx
48 Gy/3–5 fx
± chemotherapy

>6–12 mo not well defined
48–56 Gy/ 
30–35 fx (b.i.d.)
30–45 Gy/3–5 fx

IMRT
SHRT

BED4 < 14 5Gy4
V20 < 20%
V40 < 50%
BEDmax < 120 Gy
BEDmax < 110 Gy
BEDmax < 85 Gy

symptomatic
response
60–75%
3 yr OS – 35%
1 yr LTC after
SHRS > 70%
mainly 
peripheral
localisation

various LRE
7–21%

breast – local
(482 pts)

45–50 Gy/ 
25–28 fx
+ 16 Gy boost 
(IORT BRT) ± 
hormono-
-chemotherapy,

various
usually >6 mo

optimal re-RT
unclear
>60 Gy
30 Gy + HPT
± chemotherapy

IMRT
SHRT
BRT

BED5 < 150 Gy5
<30 Gy for 1/3 vol.
of lung
<30 Gy for 15%
vol. of heart

3 yr LC 63–75% ~ 10-25%
teleangiectosis
skin fabrosis
& contracture
cardiac
disfunction

}
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Conclusions
Knowledge on re-irradiation as one among various radiothe-
rapy modalities has mainly been based on fragmentary results 
of retrospective clinical studies and some animal experiments 
until 2022; from that point ESTRO/EORTC experts defined what 
re-irradiation means and proposed a decision-tree for four 
clinical scenarios that fulfil the criteria for re-irradiation to be 
considered as obligatory, and parameters and clinical factors 
must be accounted for and reported (tab. II), before the choice 
one among four re-irradiation scenarios. If life expectancy is 
short, then symptoms referred to the re-irradiation might be 
considered without concerns for irreversible toxicity despite 
excessive cumulative doses. The ESTRO/EORTC guidelines 
and re-irradiation scenarios clarify some uncertainties and are 
important and useful for actual and prospective studies as 
a source of precise data and growing experience in the field 
of re-irradiation. However, nowadays we are still condemned 
to retrospective sources of re-irradiation using a spectrum 
of dose fractionations. Data on the remembered dose, so im-
portant for the type 1 scenario, dose tolerance constraints, 
cumulative biological dose for both treatments are fragmen-
tary, often uncertain and sometimes are even “blank points”. 
Therefore the palliative “bath” or a “hot” radical shower dilemma 
remains, since it is not easy to clarify immediately all uncer-
tainties involved. However, the ESTRO/EORTC guidelines (tab. 
I and II) raise promising perspectives when all required factors 

Organ
at risk

First course
RT, TD / no.fx

Time interval
beetween first 
and second 
course of RT 
(months)

Re-irradiation
second course
TD/no/fx

Cumulative 
dose
EQD2(α/β)
BED(α/β)

Outcomes
in years

Risk of LRE
(%)

Technique

surgery, 
depending
on stage 
of disease

lung local 
fibrosis

liver – 
hepatocellular
cancer (575 pts), 
metastases

50 Gy/5 fx, 
40–45 Gy/ 5 fx
30 Gy/5 fx  
(<1/2 vol.)

>8 mo 30 Gy/20 fx 
(b.i.d.)
25 Gy/ 156 fx 
Gy/3 fx
15 Gy/3 fx  
20 Gy/6 fx
21 Gy/7 fx

SHRT
IMRT (hiperfx)
SHRT

EQD2 98–105 Gy 
D0.5max < 10–15 
Gy 
D800 < 9–13 Gy 
stomach

3 yr OS 28–56%

2 yr LC 80%

stomach
perforation
7–10%
radiat. 
induced
liver disease
10–15%

pelvis (575 pts), 
mainly
cervix ca
OAR: bladder, 
rectum, 
kidney

54–76 Gy/ 
27–38 fx
BRT – 27–35 Gy

>18 mo 36 Gy/5 fx, 42 
Gy/7 fx
40 Gy/4–6 fx
39 Gy/3 fx, 20 
Gy/4 fx
40.8 Gy/34 fx 
(b.i.d.)

IMRT, BRT,
SHRT
chemotherapy
hyperfx

kidney (1/2 vol.)
< 15 Gy
bladder BED3
<120 Gy
rectum  
D2cc < 75 Gy
sigmoid
femoral head
BED < 100 Gy

cervix ca:
3 yr LC ~ 75%
OC ~ 33%

grade 3–4 
toxicity
15–17%
obturation
perforation

TD – total dose in Gy; fx – number of fractions; EQD2.0 – equivalent effective dose if given in 2.0 Gy fractions; BEDx – biologically effective dose for (x) – α/β value; LC – local 
control; OS – overall survival, LRE – late radiation effects; IMRT – intensity modulated  radiotherapy; SHRT – stereotactic hypofractionated radiotherapy; BRT – brachytherapy; RT – 
fractionated radiotherapy

Table II. Factors and parameters required to select an optimal re-irradiation 
scenario and to report the results (according to the ESTRO/EORTC consensus [21])

Patient characteristics

age, sex, performance status

life style (drinking, smoking)

estimated life expectemcy

Tumor characteristics

primary tumor site location and histology

local recurrence, or metastases or new primary tumor

in field marginal or out-field lesion

retreatment target volume

Previous radiotherapy or other treatments

number of courses

dose, time, fractionation

standardised toxicity persisent or not

time interval since priming RT

previous surgical and/ on systemic therapies

RT technique 

Indication to retreatment

treatment intent curative, palliative

goal local control symptom relief or prevention prolongation survival

type 1, 2 or 3 scenario (ESTRO, EORTC)

Table I cont. Review of the primary and re-irradiation parameters, cumulative doses, outcomes and risk of late complications for the selected normal organs 
(tissues) [1, 3, 7, 11, 13, 15, 21, 27, 29, 30, 34, 38, 39]
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and parameters of priming and re-irradiation treatments will 
be accurately recorded and collected. Crane [11] pointed out 
that the most practical way to solve the challenge in the field 
of the state-of the art practice of re-irradiation is to try to reach 
consensus among clinicians who see and treat such patients 
on a regular basis, and are confronted with optimal decisions. 
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� Hepatocellular carcinoma (HCC) accounts for 75% to 85% of primary liver cancers. Recent years have shown a significant 
increase in the incidence of HCC in Europe and the United States. The algorithm used most commonly in the treatment 
of HCC is the one developed in 1999 by Barcelona Clinic Liver Cancer (BCLC), updated from clinical trials. The last update 
is from 2022. Among the available treatments, depending on the stage of HCC, are liver transplantation, resection, ther-
mal ablation, transarterial embolization (TAE), transarterial chemoembolization (TACE), transarterial radioembolization 
(TARE), stereotactic body radiation therapy (SBRT) as well as systemic treatment. The use of irreversible electroporation 
(IRE), a method involving disruption of cell membrane integrity is currently undergoing research. According to the BCLC, 
TACE is recommended for patients with BCLC stage-B (more than three lesions, preserved portal vein flow, preserved 
Child–Pugh A–B liver function and no extrahepatic lesions) and with BCLC stage 0 and stage 1 as an option after failure 
or not feasible for the first treatment option. In this article, we will try to explain in more detail what the chemoembo-
lization method is and what the indications for its implementation are.
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Introduction
Hepatocellular carcinoma (HCC) accounts for 75% to 85% 
of primary liver cancers [1]. In Poland, there are between 2,000 
and 3,000 new cases per year, while globally in 2020, HCC will 
account for around 900,000 new cases and around 830,000 
deaths [2, 3]. HCC is the sixth most common cancer and third/
fourth most common cause of death among cancers [4, 5].

It is three times more frequent in men. Recent years have 
shown a significant increase in the incidence of HCC in Euro-
pe and the United States. Between 2000 and 2016, mortality 
from HCC in the United States increased by 43% [6].  HCC is 
associated with chronic liver disease and cirrhosis in 80–90% 
of cases. Major risk factors include hepatitis B and C, alcohol 
abuse, non-alcoholic steatohepatitis (NASH), as well as diabe-

tes, obesity and aflatoxin B1. It is estimated that approximately 
one-third of patients with cirrhosis may develop HCC with 
a one-year rate of 1–8% [7]. Elevated α-fetoprotein levels are 
found in 70–80% of patients with HCC. 

There is also a variant of HCC – fibrolamellar carcinoma 
(FLC) – unrelated to cirrhosis, occurring mainly in young people 
with a slight predominance in women. This form has a different 
pathology and histopathology, and also a different prognosis. 
α-fetoprotein levels remain normal.

The algorithm used most commonly in the treatment 
of HCC is one developed in 1999 by The Barcelona Clinic 
of Liver Cancer (BCLC), updated from clinical trials. The last 
update from 2022 is presented in figure 1 [8]. Among the ava-
ilable treatments, depending on the stage of HCC, are liver 
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transplantation, resection, thermal ablation (microwave [MWA], 
radiofrequency [RFA] and laser ablation), transarterial embo-
lization (TAE), transarterial chemoembolization (TACE), trans-
arterial radioembolization (TARE), stereotactic body radiation 
therapy (SBRT) as well as systemic treatment. The use of irrever-
sible electroporation (IRE), a method involving disruption of cell 
membrane integrity [9, 10], is currently undergoing research. 
According to the BCLC, TACE (transarterial chemoembolization) 
is recommended for patients with BCLC stage-B (more than 
three lesions, preserved portal vein flow, preserved Child-
-Pugh A–B liver function and no extrahepatic lesions) [11–15], 
and with BCLC stage 0 and stage 1 as a option after failure or 
not feasible for the first treatment option [8].

Treatment strategy for HCC
An understanding of the liver’s vascularity and HCC is ne-
cessary for the correct choice of treatment strategy for HCC. 
Healthy liver parenchyma is nourished approximately 75% 
from the portal vein branch, with only the remainder co-
ming from the hepatic artery branch [16]. The terminal bran-
ches of the hepatic artery are divided into two sections. The first 
section accompanies the portal vessels and supplies the peri-
biliary vascular plexus (PBP), the interstitial tissue of the portal 
system and the walls of the portal vessels.  The second section, 
named the isolated artery, penetrates the liver parenchyma 
independently of the portal vein branch. In the cirrhotic li-
ver, PBPs are more developed which provides a link between 
the arterial and portal systems, and favors tumour survival 
in the event of arterial occlusion.  The development of HCC 
in a cirrhotic liver progresses in several stages from a regene-
rative nodule undergoing transformation initially to a dyspla-
stic nodule with a low and then high degree of dysplasia. In 
subsequent stages, a foci of HCC, known as nodule-in-nodule, 
appears within the dysplastic nodule to eventually progress 
to a large HCC. With this process, the proportions of vascula-
rization change – the role of the portal system gradually dec-
lines in favor of the arterial system. In poorly and moderately 
differentiated HCC, portal vascularization almost completely 
disappears [17]. HCC can grow in an expanding, infiltrating or 
mixed form. The first form is encapsulated and compresses 
the surrounding parenchyma, while the second form is poorly 
differentiated without a capsule with blurred outlines.  This 
differentiation makes some HCCs, especially encapsulated, 
well-differentiated and extracapsular infiltrating HCCs having 
partially preserved portal vascularization. 

The mode of enhancement has an obvious impact on HCC 
characteristics in imaging studies. In patients at risk, LI-RADS 
criteria are used in the assessment of liver lesions. These take 
into account lesion size, non-rim arterial phase hyperenhan-
cement (APHE), non-peripheral washout, enhancing capsule 
and threshold growth. Using the above as a basis, the lesion can 
be assigned to one of the groups from LI-RADS 1, defined as 
definitely benign, to LI-RADS 5, defined as definitely HCC [18]. 

The first reports of hepatic artery embolization in the tre-
atment of hepatic cancers date back to 1974. In the 1970s, 
the first doses of chemotherapeutic agents were administered 
via the hepatic artery, and results showed that even single 
procedures gave better results than multiple cycles of syste-
mic therapy [19–22].  There are currently two types of TACE 
procedures resulting from the embolization material used. 
Conventional TACE (cTACE) in which the chemotherapeutic 
agent is mixed with Lipiodol – an oily, thick contrast agent to 
act as a drug carrier. 

Drug eluting bead TACE (DEB TACE) – drug-soaked mi-
crospheres which, when injected into the vasculature, close 
the vasculature and then release the chemotherapeutic agent 
into the tumour in a controlled manner. The microspheres 
require the addition of a contrast agent to visualize the mixture. 

Both procedures can be performed using a standard 
microcatheter or with a balloon-tipped microcatheter that, 
when inflated, changes regional hemodynamic conditions 
in the catheterized vessel or can be used as a safeguard against 
reflux. This method is called ballon occluded TACE (b-TACE). 
There is a difference in the distribution of embolization ma-
terial in cTACE and DEB-TACE. In cTACE, the emulsion, formed 
at a ratio of one part chemotherapeutic agent to two parts 
Lipiodol, selectively injected into the arteries is initially depo-
sited in the tumor’s sinusoids and then passes into the tumor’s 
draining vessels on the side of the portal system and, via PBP, 
enters the portal system of healthy liver tissue in the tumor’s 
immediate vicinity and into the arterial anastomoses [23–25]. 
This results in the prevention of flow reversal in the outflow 
pathway, the tumors necrosis and the increased margin of he-
althy liver surrounding the tumour. There is also an opportunity 
to potentially identify other tumour feeding routes that were 
not originally visible [26]. In the case of richly vascularized 
lesions, where the mixture’s full dose is not sufficient to close 
the tumor’s vascular bed, embolization can be completed 
using particles or Spongostan. As this mechanism also causes 
necrosis of healthy hepatocytes surrounding the tumour, ultra-
-selective embolization of the feeding vessels to minimize liver 
damage is very important [27].

DEB-TACE involves injecting embolization material satura-
ted with a chemotherapeutic agent (usually doxorubicin but 
also epirubicin, mitomycin, cisplatin) through a catheter direc-
tly into the branch of the hepatic artery feeding the tumour. 
In DEB-TACE, it is possible to select the size of microspheres 
(from 40 µm to 900 µm). Smaller microspheres result in more 
peripheral vascular closure (i.e. closer to the tumor’s centre) 
resulting in better deposition of the chemotherapeutic agent, 
but also significantly more necrosis of the liver parenchyma 
compared to the procedure performed with larger particles 
[28]. With smaller microspheres, there may also be an incre-
ased risk of biliary necrosis and blockages outside the liver. 
At the same time, microspheres are unable to block outflow 
from the tumour in DEB-TACE. Closing only the arterial vessels 
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enables reverse flow to be generated from the surrounding 
hepatic sinuses and portal veins to the tumor’s peripheral 
part. Arterial micro-anastomoses can also be difficult to block. 
Peripheral tumour tissues can therefore survive due to retained 
vascularization.  Admittedly, the chemotherapeutics released 
from the microspheres in DEB-TACE can induce necrosis of su-
rviving tumour cells, but this requires depositing them close 
to the living part of the tumour.  DEB TACE also causes more 
arterial damage than cTACE and a higher risk of arteriovenous 
fistulae [29–31]. 

The procedure is performed under local anaesthesia 
with fluoroscopy guidance. After a percutaneous puncture 
of the femoral or radial artery, the interventional radiologist 
inserts a vascular sheath 5 Fr (2 mm in diameter) to prevent 
blood loss while providing access for subsequent instruments. 
A guidewire and catheter of appropriate curvature are inserted 
through the sheath, with fluoroscopy guidance, obtained with 
an angiographic apparatus. As an a-traumatic tool, the guide-
wire allows for safe navigation through the vascular system 
while providing guidance for the catheter, through which 
the contrast agent is administered. Aortic nephrography is 
performed first to assess possible routes for feeding the lesion.  
The visceral trunk is catheterized first, followed by the common 
hepatic artery. Angiography is performed by  administering 
25 ml of contrast for 5 seconds. This allows for an accurate 
assessment of the liver’s vascular bed and the tumor’s vascu-
larization. If the vascularization is not complete, arteriography 
of the superior mesenteric artery is also performed in se-
arch of the right hepatic artery. This is the most common ana-
tomical variation. Once the vessels feeding the HCC have been 
identified, the catheter tip is inserted as close to the tumour as 
possible using a micro-catheter, while avoiding the vessels fe-
eding the healthy liver parenchyma.  Once the micro-catheter’s 
correct location is confirmed, a slow infusion of embolization 
material (beads soaked in a cytostatic agent) mixed with con-
trast begins, thereby enabling observation of the material’s 
distribution. Chemoembolization using slow-release drug 
particles produces a synergistic effect: it closes or reduces 
the arterial blood supply to the tumour with simultaneous 
deposition of the chemotherapeutic agent in the tumour area 
and reduced washout.

Depending on the number, size and degree of vasculari-
zation of the lesions, the authors perform 1 to 3 procedures 
at intervals of 4–6 weeks per TACE cycle. A follow-up exa-
mination is performed after the last procedure, preferably 
using the same technique as the eligibility examination. MRI 
is the preferred method.  If there is no enhancement after em-
bolization and the tumour regresses, a follow-up examination 
is performed after another 3 months. 

If enhancement of the residual tumour tissue is visualized, 
thermal ablation is used or further TACE sessions are perfor-
med, depending on the tissue’s extent and availability. Two 
thermal ablation systems can be used: Emprint Medtronic 

(tMVA) and Echo Laser Elesta. In BCLC stage A patients, a com-
plementary TACE procedure, after thermal ablation of lesions 
with borderline indications, is used. The efficacy of such com-
bination therapy is confirmed in the available literature [32–37]. 

The causes of TACE failure and incomplete tumor necro-
sis can be divided into two groups. The first group includes 
reasons related to the technical side of the procedure. The-
se include: incomplete, overly rapid embolization which re-
sults in compaction of the embolization material and blood 
supply into the vessels proximally feeding the lesion. Another 
reason may be the catheterization of the abnormal vessel (this 
occurs when tumors have a poor vascularization) or embo-
lization of not all the vessels feeding the lesion, particularly 
marginal, subcostal lesions, where additional feeding may 
come from arterial anastomoses or from extrahepatic arteries, 
e.g. from the internal thoracic or diaphragmatic artery, which 
is usually given off directly from the aorta. 

The second group can be described as dependent on 
the form of HCC. A proportion of HCCs, especially encapsu-
lated, well-differentiated and extracapsular infiltrating HHCs 
have partially preserved portal vascularization.

In other cases, arterial inflow closure may result in portal 
vascularization of the tumour due to reversed flow in the small 
vessels on the portal system side and in the surrounding hepa-
tic sinusoids [38–40]. Although TACE enables obtaining high 
concentrations of chemotherapeutic agents in the tumor 
not achievable with systemic treatment and relatively low 
concentrations outside the tumour area, it is the ischaemia 
caused by embolization that contributes significantly to HCC 
necrosis [41]. 

The mRECIST criteria, in which areas undergoing contrast 
enhancement are considered as a viable tumour, are adopted to 
assess the response to treatment [42]. This is of great importan-
ce, as necrosis caused by TACE often leads to tumour swelling 
and an increase in tumour size which can be incorrectly treated as 
progression. Unintentional chemoembolization of a healthy part 
of the liver, and a concentrated dose of the cytostatic agent can 
lead to local liver damage and the formation of perfusion lesions 
in the healthy part of the liver, or lesions that mimic new foci. 

Hence, it is extremely important that imaging examinations 
are evaluated by radiologists who are familiar with the specifics 
of the procedures and are members of multidisciplinary teams.

The efficacy of both TACE and also TAE methods has been 
evaluated in a number of studies. 

In a five-year follow-up of 173 patients treated with DEB-
-TACE with Child-Pugh class A/B (102/71 [59/41%]), and mean 
lesion diameter 7.6 ± 2.1 cm, Malagari and her team obtained 
the following results: Overall survival at 1, 2, 3, 4, and 5 years 
was 93.6, 83.8, 62, 41.04, and 22.5 %, with higher rates achieved 
in Child class A compared with Child class B patients. Mean 
overall survival was 43.8 months (range 1.2–64.8). Cumulative 
survival was better for Child class A compared to Child class 
B patients (p = 0.029). For patients with dominant lesions 
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≤5 cm  1-, 2-, 3-, 4-, and 5-year survival rates were 100, 95.2, 
71.4, 66.6, and 47.6 % for Child class A and 94.1, 88.2, 58.8, 
41.2, 29.4, and 23.5% for Child class B patients. Regarding 
DEB-DOX treatment, multivariate analysis identified a number 
of lesions (p = 0.033), lesion vascularity (p < 0.0001), initially 
achieved complete response (p < 0.0001), and objective re-
sponse (p = 0.046) as significant and independent determi-
nants of 5-year survival (43). 

The PRECISION V study compared cTACE with DEB-TACE. 
The microsphere treated group showed higher rates of com-
plete response (27% vs. 22%), objective response (52% vs. 44%) 
and disease control (63% vs. 52%) compared to the cTACE 
treated group. The hypothesis of a DEB TACE advantage was 
not confirmed (unilateral p = 0.11). Nevertheless, patients with 
cirrhosis and Child-Pugh class B, ECOG 1 performance, lesions 
in both lobes of the liver and disease recurrence showed a si-
gnificant increase in objective response (p = 0.038) compared 
to cTACE. The use of microspheres was associated with impro-
ved tolerability, a significant reduction in severe liver toxicity 
(p < 0.001) and a significantly lower rate of doxorubicin-related 
side effects (p = 0.0001) [44]. 

In a randomized controlled trial (RCT) conducted betwe-
en 1996 and 2000, Llovet and his team compared the efficacy 
of TAE, TACE and conservative treatment. Of the 903  pa-
tients, 112 were eligible for the study. Survival probabilities 
at 1 year and 2 years were 75% and 50% for embolization; 
82% and 63% for chemoembolization, and 63% and 27% 
for control (chemoembolization vs control p = 0.009). che-
moembolization induced objective responses sustained for 
at least 6 months in 35% [14] of cases, and was associated 
with a significantly lower rate of portal-vein invasion than 
conservative treatment [45]. 

The systematic review and meta-analysis presented by 
Bzeizi and co-authors included 34 studies involving 4,841 
patients with HCC, and an average follow-up period of 1.5 
to 18 months. There were no significant differences between 
DEB-TACE and cTACE in terms of complete response, partial 
response and disease stability. However, disease control 
(OR: 1.42, 95% CI: 1.03, 1.96) and objective response (odds 
ratio [OR]: 1.33, 95% confidence interval [CI]: 0.99, 1.79) 
were significantly more successful with DEB-TACE treatment 
with fewer major complications and overall mortality. A po-
oled analysis showed no superiority of DEB-TACE in terms 
of complete or partial response, disease stability, disease 
progression control or mortality at 30 days or at the end 
of the study [46]. 

However, the results showed that DEB-TACE was associa-
ted with better objective response, disease control and lower 
overall mortality compared to C-TACE treatment with fewer 
major complications. DEB-TACE shows less systemic expo-
sure to the chemotherapeutic agent. Furthermore, it shows 
a standardized release of the chemotherapeutic agent from 

microspheres, resulting in prolonged retention in the tumor 
as well as lower liver toxicity. An important aspect is the ability 
to select the size of the microspheres. 

Our extensive experience also shows the advantage 
of DEB-TACE in terms of controlling the rate and volume of mi-
crospheres administered [44].

In vivo studies performed on pigs have shown the spread 
of doxorubicin to a distance of 600 µm from the edge of the mi-
crosphere, with a very rapid decrease in the first 100–200 µm 
around the particle, and a very slow decrease in the next 400 µm. 
A sudden drop in drug concentration suggests the presence 
of barriers to drug diffusion [47]. Particles released 43% of the in-
itial doxorubicin load within the first month and 89% within 
3 months of the procedure, consistent with in vitro tests pre-
dicting a 50% release within 2–3 months [48, 49].

However, it should be noted that the above study took 
place on healthy pig livers without a tumor. HCC occurring 
in a cirrhotic liver has a different vascularization from healthy 
tissue, and the permeability and sensitivity of tumor cells to 
doxorubicin is also different [50–52]. The above work suggests 
that when deciding on the type of TACE (cTACE vs. DEB-TACE), 
an in-depth analysis of imaging examinations, in particular, is 
required to optimally select the procedure technique due to 
the heterogeneity of the BCLC B group. Despite the clear ad-
vantages of DEB-TACE, some authors identify groups of patients 
in whom they prioritize cTACE.

Adverse effects associated with TACE include post-embo-
lism syndrome, which is the body’s natural response to tumor 
embolization. It can manifest in a number of ways: abdominal 
pain, raised body temperature, vomiting or temporary dete-
rioration of liver function. The duration of symptoms is highly 
individual, ranging from 2–3 days to 2 weeks. The incidence 
ranges from 5 to about 22% [53]. It is important to adequately 
provide patients with painkillers. More serious complications 
include liver abscesses requiring drainage, acute pancreatitis or 
acute cholecystitis, liver failure, kidney failure. Their incidence 
ranges from 2% to 4% [53]. Vascular dissection and punctures 
are even rarer.

Monier et al. in their study assess adverse effects of forming 
biloma, portal vein trombosis, portal vein branch narrowing, 
and bile duct dilatation. They assess incidence range up to 
5% and for global hepatic damages up to 15% [54]. In order 
to detect potential side effects quickly, patients require regu-
lar monitoring after TACE, especially of liver parameters. Due 
to the contrast agent used during the procedure, contrast- 
-induced nephropathy should be excluded in patients at 
risk. It is defined as an increase in creatinine concentration 
by ≤0.5  mg/dl or more than 25% from the baseline within 
2–3  days of contrast agent administration. The evaluation 
of liver function is done according to the Child-Pugh scale 
correlated with the pre-treatment results. The ALBI score also 
shows great usefulness in post-treatment evaluation [55]. 
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Conclusions
In case of TACE failure and disease progression at BCLC stage C 
and Child-Pugh liver stage A–B, the patient receives systemic 
treatment. Systemic therapy should be considered as a first line 
over TACE in patients where: HCC exceeds “up to seven” criteria, 
tumor(s) is/are larger then 5 cm, contiguous multinodular tumors, 
poorly differentiated or undifferentiated HCC and if there is no 
objective response after two consecutive TACE treatments [56].

Sorafenib was initially used, being the first multi-kinase in-
hibitor available for the treatment of advanced HCC. Currently, 
a atezolizumab and bevacizumab combination is the preferred 
treatment method, superior to Sorafenib, and demonstrating 
prolonged overall survival. On the other hand, in the presence 
of sorafenib contraindications, lenvatinib remains the preferred 
drug of choice. Second-line treatment includes using regora-
fenib, cabozantinib, nivolumab, pembrolizumab, ramucirumab 
and combination therapies [57]. 
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�The human microbiome contains trillions of microorganisms. These organisms vary from person to person like fin-
gerprints, and their composition depends on both host and environmental factors, of which diet plays a crucial role. 
Knowledge of the human microbiome is possible thanks to the introduction of new DNA sequencing methods, which 
have been developed over the last decade (Human Microbiome Project). This is when the notion of dysbiosis, which is 
not quite correct, was coined, i.e. disruption of the normal human microbiota. In the absence of standards for the com-
position and function of the microbiome, dysbiosis is a conventional term describing the differences in the composition 
and function of the microbiome between a healthy population and a population affected by, for example, a disease; 
despite its imperfections, this definition is quite suitable for describing changes in the microbiome in the case of various 
diseases, including cancer. 
�The microbiome can influence the development and course of cancer through direct oncogenic effects, pro-in-
flammatory effects on mucous membranes, generation of metabolic abnormalities, modulation of the immune 
response and efficacy of anticancer treatment. Both tumour tissue and neighbouring tissues contain their own mi-
crobiome, and the same applies to other tissues and body fluids, which, through the microbiome and its metabolites, 
antigens, etc., can influence tumour development, progression and response to treatment. The gut microbiome is an 
important regulator of the immune response. It can also influence tumours and their treatment in distant organs. Due 
to the link between the microbiome and cancer, the potential of its modification in oncological treatment is of great 
interest to researchers and clinicians. 
�The aim of this paper is to present the current state of knowledge of one of the most popular methods of modify-
ing the microbiome-probiotics, which are commonly used by oncology patients. The safety aspects of the use of pro-
biotics and current meta-analyses on this group of products are mainly discussed. 
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Introduction
The human microbiome contains trillions of microorgani-
sms [1]. These organisms vary from person to person like 
fingerprints, and their composition depends on both host 
and environmental factors, of which diet plays a crucial 

role [2]. Knowledge of the human microbiome is possible 
thanks to the introduction of new DNA sequencing me-
thods, which have been developed over the last decade 
(Human Microbiome Project). This is when the notion of dys-
biosis, which is not quite correct, was coined, i.e. disruption 
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of the normal human microbiota. In the absence of stan-
dards for the composition and function of the microbiome, 
dysbiosis is a conventional term describing the differences 
in the composition and function of the microbiome betwe-
en a healthy population and a population affected by, for 
example, a disease; despite its imperfections, this definition 
is quite suitable for describing changes in the microbio-
me in the case of various diseases, including cancer [2]. 
The microbiome can influence the development and co-
urse of cancer through direct oncogenic effects, pro-in-
flammatory effects on mucous membranes, generation 
of metabolic abnormalities, modulation of the immune 
response and efficacy of anticancer treatment [1, 2]. Both 
tumour tissue and neighbouring tissues contain their own 
microbiome, and the same applies to other tissues and body 
fluids, which, through the microbiome and its metabolites, 
antigens, etc., can influence tumour development, progres-
sion and response to treatment. The gut microbiome is an 
important regulator of the immune response. It can also 
influence tumours and their treatment in distant organs 
[2]. Due to the link between the microbiome and cancer, 
the potential of its modification in oncological treatment is 
of great interest to researchers and clinicians. The aim of this 
paper is to present the current state of knowledge of  one 
of the most popular methods of modifying the microbiome-
-probiotics, which are commonly used by oncology patients. 
The safety aspects of the use of probiotics and current meta-
-analyses on this group of products are mainly discussed.

Material and methods
This paper is a literature review. The articles for this paper were 
chosen based on whether they evaluate the mechanisms 
of probiotic action and their effects mainly on oncological 

patients. The keywords used in the search queries included  
“probiotics”, “cancer”, “radiation”, “chemotherapy”, “surgery”, 
“tumor”, “mucositis”, and related articles were identified by 
searching PubMed, NCBI (National Center for Biotechnology 
Information), and Google Scholar. Boolean terms included 
“And, Or, Not.”  We focused on meta-analyses, systematic re-
views and original contributions. 

Probiotics
Probiotics are live microorganisms that, when administered 
in adequate amounts, confer a health benefit [3]. Probiotics 
must contain live bacteria that, in the digestive tract, provide 
an appropriate physiological effect (e.g. biofilm formation, 
secretion of bioactive substances, antagonism against pa-
thogens). The amount of probiotics declared by the producer 
in a given product should be maintained in the indicated 
amount throughout its shelf life. The health benefits of taking 
probiotic bacteria are strain-dependent (fig. 1), and should 
be demonstrated after analysis of the effects of the product 
on the target group taking it, based on the results of well-de-
signed and conducted clinical trials preferably supported by 
the results of a meta-analysis [4].

Probiotic strains should be fully genetically characterized 
using molecular biology methods. It is necessary to confirm 
the safety of the strain based on toxicological studies [6] and to 
exclude the possibility of transmission of antibiotic resistance 
genes, as described later in this article. The efficacy of a pro-
biotic should be confirmed in at least one randomized clinical 
trial. The Oxford EBM Centre describes five levels of evidence 
of probiotic efficacy (from highest to lowest) [7]:
1.	 systematic review of RCTs, ‘n-of-1’ studies,
2.	 RCT/observational study with a ‘very favorable’ outcome,
3.	 non-randomized cohort study, follow-up study, 

Mechanisms of action of probiotics

rare, strain-dependent

common

frequent, species-dependent

e�ects on the central nervous 
system
immunomodulation
regulation of endocrine 
metabolism
production of bioactive 
compounds

inhibition of pathogen growth
restoring the balance 
of the microbiota
prevention of colonization
production of SCFAs
regulation of intestinal transit

vitamin synthesis
direct antagonism
improving the integrity 
of the intestinal barrier
metabolism of the bile salts
enzymatic activity
neutralization of carcinogens

Figure 1. Overall mechanisms of probiotic action. Own elaboration based on literature (acc. Hill et al.) [5] in BioRender 
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4.	 case reports, case-control,
5.	 inference based on mechanism of action.

Although there are probiotics on the market with different 
levels of evidence, probiotics with a level 1 or 2 should be 
used in oncological patients. In certain cases it is acceptable 
to use a probiotic with a level of evidence 3, when its efficacy 
was tested in a large population and the adverse effects were 
well characterized in this study. Although there are probiotics 
on the market with different levels of evidence, probiotics 
with a level 1 or 2 should be used in oncological patients. In 
certain cases it is acceptable to use a probiotic with a level 
of evidence 3, when its efficacy was tested in a large population 
and the adverse effects were well characterized. Of note, that 
probiotics most often have the registration status of dietary 
supplements rather than medicines, which is due, on the one 
hand, to the nature of these products, which contain live bac-
teria, causing standardization problems from the point of view 
of  pharmacopeial requirements and, above all, to the impossi-
bility of patenting probiotic strains, which, occurring in nature, 
cannot be subject to patent restrictions, which, in turn, makes 
the very costly investment involved in the process of develo-
ping an innovative medicine uneconomic. The average rese-
arch and development (R&D) to marketplace cost for a new 
medicine is nearly $4 billion, and can sometimes exceed $10 
billion [8]. Due to legal requirements in the EU, manufacturers 
are not allowed to advertise the beneficial effects of probiotics 
on the body. This is a very complex issue at the intersec-
tion of medicine, law and health policy, a detailed discussion 
of which is beyond the scope of this paper. 

To illustrate only a part of this problem, we would like to 
cite the assumptions of The European Food Safety Authority 
(EFSA) regarding health claims in accordance with the Regu-
lation of the European Parliament and of the Council (WE) 
Nr 1924/2006 and (EU) nr 1169/2011 (EU) (https://www.efsa.
europa.eu/sites/default/files/event/190118-ax.pdf ): 
1.	 they must not refer to a disease, 
2.	 disease risk reduction claims must not refer to a reduction 

in disease risk, but to a reduction in a disease risk factor,
3.	 sick people must not be the target population for food 

claims, 
4.	 claims should refer to the general (healthy) population or 

subgroups thereof. 
Due to such limitations, the only sources of information 

on the efficacy of probiotics are scientific studies. At this point, 
it should be emphasized that, for example, yoghurts, pickles 
and other foods that contain bacterial strains with undocumen-
ted beneficial health effects are not probiotics. Unlike fermented 
foods, probiotic products must meet a number of quality re-
quirements as well as those concerning the safety and effica-
cy of their use. These requirements are particularly important 
in the use of probiotics for oncological patients, who are burde-
ned not only by the underlying disease but also by treatment 
with often high risks and severe side effects and complications.

The effect of probiotics is strain-dependent, so the re-
sults obtained from studies of other strains should not be 
extrapolated even to those that are taxonomically closely 
related to them. Therefore, both clinical trials and descriptions 
of probiotics should always give their full taxonomic names. 
The same problem applies to meta-analyses that describe 
collectively the effects of different probiotics. Such meta-
-analyses are, of course, of great value, especially when they 
contain data on their mechanism of action, but only when 
they include papers on a specific strain or a preparation 
of different strains can they be helpful to clinicians in making 
therapeutic decisions.  

Probiotics are primarily used to supplement microbial 
deficiencies that may be the cause of specific conditions. 
A classic example of this approach is the concept of ta-
king probiotics prophylactically during antibiotic therapy 
or chemotherapy, which disrupts the patient’s microbiota. 
However, a cause-and-effect relationship between the micro-
biota and the disease should always be identified. Probiotic 
administration often does not result in changes in the com-
position of the microbiota [8], and may be associated with 
the production of metabolites that enter the interactions 
with the host’s metabolism and immune system. However, 
probiotics can affect gut microbiota gene expression, with 
potential anti-inflammatory effects. Moreover, probiotic in-
tervention alters the influence of microbiota on biochemical, 
physiological and immunological parameters [9]. Further-
more, probiotic strains are administered to patients because 
of their antagonistic properties towards pathogenic bacteria. 
An excellent example is one of the best studied probiotic 
strains Lactiplantibacillus plantarum 299v. On the surface 
of this bacterium are mannose adhesins encoded by the Msa 
gene that have an affinity for receptors located on intestinal 
mucosal cells. L. plantarum 299v, by binding to these recep-
tors, inhibits the competitive adhesion of bacteria (Escherichia 
coli – ETEC/EPEC, Salmonella enterica serovar Enteritidis, Vibrio 
cholerae, Pseudomonas aeruginosa, Saccharomyces cerevisiae) 
and Candida albicans. Other adhesins present on the surface 
L. plantarum 299v are glycolytic enzymes: 3-phosphogly-
cerate aldehyde dehydrogenase (GAPDH), enolase (ENO) 
and phosphoglycerate kinase (PGK). GAPDH inhibits compe-
titively the adhesion of group A streptococci, staphylococci, 
Candida albicans and Schistosoma mansoni. ENO prevents 
adhesion of streptococci, Streptococcus pneumoniae, Strep-
tococcus aureus and Candida albicans. Moreover, L. plantarum 
299v enhances the production of mucin in intestinal epithe-
lial cells, which explains the antagonistic effect of this bacte-
rium towards the Escherichia coli. Probiotic bacteria are also 
recommended to increase the production of short-chain fatty 
acids (SCFAs) in the gut, which improve the integrity of the in-
testinal epithelium, reduce bacterial translocation, regulate 
epithelial cell proliferation and differentiation, improve nu-
trient absorption, are energy substrates for the liver, skeletal 
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muscle, heart, brain, prevent hyperinsulinemia and have 
anti-inflammatory effects [10–11]. According to Dogra et 
al. [12], probiotics can increase the resistance of the micro-
biome to stress factors and/or improve its ability to recover. 
The mechanisms of action of probiotics can be divided into 
rare, which are strain-dependent:
•	 immunomodulation, 
•	 endocrine action, 
•	 production of bioactive compounds, 
•	 effects on the central nervous system; 

frequent, species-dependent: 
•	 vitamin synthesis, 
•	 direct antagonism, 
•	 enzymatic activity, 
•	 metabolism of bile salts, 
•	 neutralization of carcinogens, 
•	 improvement of intestinal barrier integration; 
and common to many probiotics: production of non-short-
-chain fatty acids, prevention of intestinal colonization by pa-
thogens, regulation of intestinal transit, inhibition of pathogen 
growth, restoration of intestinal microbiota balance, improve-
ment of intestinal epithelial renewal [5]. Given the complexity 
of cancer and the consequences of its treatment, all of these 
mechanisms can benefit oncological patients.

Safety
The safety of probiotic usage must be determined on the ba-
sis of established scientific principles, including the conduct 
of appropriate studies. A large number of species of lactic acid 
bacteria, bifidobacteria and yeast are available in many com-
mon dietary supplements and foods, meaning that they are 
safe for consumption. The EFSA has maintained and updated 
a list of species considered safe for human consumption since 
2007. The main classifications are QPS (qualified presumption 
of safety) and novel food [13]. These qualifications are based 
on taxonomic identification and a comprehensive scientific 
data on the safety of the strain in question, which include: 
1.	 genotypic and phenotypic identification, 
2.	 detection of virulence-related genes by validated whole-ge-

nome sequencing (WGS), toxin production potential (toxin 
production potential must be considered for novel foods 
with respect to potentially adverse metabolic properties), 

3.	 animal toxicity tests may be required for novel foods, 
4.	 assessment of the risk of antimicrobial resistance is requ-

ired for all; identification of intrinsic or acquired resistance 
and potential transferable antimicrobial resistance genes. 

It seems that since the effect of probiotics is strain-dependent, 
the safety of their use should also be determined on a strain-
-by-strain basis. The only method is to conduct in vitro toxico-
logical studies and clinical trials. End-product-specific studies 
are particularly important, especially when probiotics are used 
in groups of seriously ill people. Reference can be made to 
studies of the probiotic L. plantarum 299v, which, when admi-

nistered to kidney transplant patients, reduced the incidence 
of infections caused by Clostridium difficile [14–15]. In addition, 
no risk of endocarditis was identified for this strain and the risk 
of use in critically ill patients [15]. 

In contrast, the use of Saccharomyces boulardii is not rec-
ommended in patients with a catheter inserted into a central 
vein, in critical condition or with significantly weakened im-
munity. Great caution is also recommended for the use of this 
probiotic in patients with impaired intestinal barrier integrity, 
which is often seen in patients treated with chemotherapy or 
radiotherapy [16]. Adverse reactions caused by the administra-
tion of a probiotic strain do not necessarily result in its being 
deprived of QPS status. For instance, cases of bacteraemia 
have been observed following the use of the Lacticaseibacillus 
rhamnosus GG strain and endocarditis, however, conditions 
predisposing to opportunistic infections were noted in all 
of these cases, leaving the QPS status of species previously 
included in the genus Lactobacillus spp. and now belonging 
to any of the derived genera unchanged [17].

Meta-analysis confirms the safety of probiotics in onco-
logical patients. Wang et al. found in eleven studies of pro�-
biotics used for prevention of chemoradiotherapy-induced 
diarrhoea in people with abdominal and pelvic cancer, in-
cluding 1612 people (873 receiving probiotics and 739 not 
receiving probiotics) that in seven studies no adverse events 
(AEs) caused by probiotics were observed. In four studies 
varying degrees of AEs were reported in both placebo and pro-
biotic groups. The authors concluded that despite the rare 
occurrence of AEs after probiotic treatment, caution should 
be considered as many cancer patients are immunocompro-
mised [18]. In a subsequent systematic review and meta-anal-
ysis involving twenty-five studies (n = 2,242) in patients with 
different types of cancer, 237 adverse events were observed 
in those consuming probiotics and 314 adverse events in those 
not consuming probiotics. No deaths related to probiotic in-
take were observed and infection events were not clearly 
related to the intervention [19]. It must be added, however, 
that the reporting of adverse effects in this group of patients 
is difficult, and distinguishing their cause is often impossible. 
Therefore, probiotics should not be used, and it is certainly 
necessary to assess the balance of benefits and losses before 
their possible use, in patients: 
•	 with immunodeficiency, 
•	 in a severe general condition hospitalized in an intensive 

care unit, 
•	 with a central venous catheter.

Probiotic therapy in meta-analyses
Some papers on cancer prevention by probiotics have been 
published so far. One of the most interesting is the meta-ana-
lysis by Gheisary Z. et al. on the prevention of oral cancer [20], 
which showed a statistically significant reduction in lesions 
after probiotic therapy. Probiotic-mitigated changes included 
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a reduction in the number of subgingival periodontopatho-
gens P. gingivalis (SMD = 0.402), F. nucleatum (SMD = 0.392), 
and T. forsythia (SMD = 0.341), immunological markers MMP-8 
(SMD = 0.819), and IL-6 (SMD = 0.361). The results of this stu-
dy suggest that probiotic supplementation improves clinical 
parameters and reduces the burden of periodontopathogens 
and proinflammatory markers in patients with periodontal 
disease. Among the bacteria analyzed in the meta-analysis 
are the following B. bifidum, L. acidophilus, L. casei, L. rhamno-
sus, L. salivarius Bifidobacterium, B. longum, L. acidophilus, L. bul-
garicus, L. casei. 

Another meta-analysis [21] estimated the potential effect 
of probiotics on inhibiting oral carcinogenesis. Although 
the studies included in the meta-analysis are of moderate 
quality, it was possible to select bacterial species with poten-
tially carcinogenesis-preventing effects, included Acetobacter 
syzygii, AJ2, Lactobacillus plantarum and  Lactobacillus salivarius 
REN. Among them, the use of L. salivarius REN resulted in a 95% 
lower risk of developing oral cancer (p < 0.05).

Interestingly, another study showed that probiotics can 
be effective in the prevention and treatment of oral mucositis 
caused by chemotherapy, radiation therapy and chemo-radio-
therapy [22]. Five studies involving 435 patients that were inc-
luded in the meta-analysis indicated that the use of probiotics 
reduced the risk of inflammation.

Treatment – surgery, chemotherapy 
and radiation
One of the most common and typical side effects associated 
with chemotherapy or radiation therapy in cancer patients 
is diarrhea (up to 80% of treated patients). Diarrhea can lead 
to some severe consequences: loss of fluids and electrolytes, 
creation of nutritional deficiencies, increased risk of infections 
or  delays in treatment, reduction of dosage or discontinuation 
of treatment. Probiotics have long been used in gastrointestinal 
guidelines to relieve diarrhea [23]. However, can probiotics be 
effective in the treatment of diarrhea in oncological patients? 

In 2018, based on the results collected in the Cochrane 
database [24],evidence supporting the effectiveness of probio-
tics in preventing or treating diarrhea associated with cancer 
treatment was shown to be lacking. However, according to 
the authors, probiotics appear to be safe, as no studies have 
shown serious side effects. Three studies analyzed in this paper 
where probiotics were compared with other drugs in pre-
venting diarrhea in patients treated with radiation therapy 
– with or without chemotherapy – found beneficial effects 
of probiotics. Remarkably, no study reported serious adverse 
events or deaths related to diarrhea. 

Another interesting meta-analysis on the reduction of diar-
rhea induced by chemotherapy and or radiotherapy or chemo- 
-radiotherapy among individuals with abdominal and pelvic 
cancer was published in 2016 [18]. The authors concluded that 
probiotics may have a beneficial effect in preventing chemo- 

-radiotherapy-induced diarrhea, especially in cases of grade ≥2 
diarrhea with rarely cause side effects. An interesting meta-anal-
ysis was conducted by Skonieczna-Zydecka et al. [25], who 
evaluated the effectiveness of probiotic use in the prevention 
of postoperative complications. The authors found a reduction 
in the incidence of postoperative complications like abdominal 
distress, diarrhea, pneumonia, sepsis, surgical wound infections 
and urinary tract infections. They also observed shorter duration 
of antibiotic therapy, occurrence of fever, administration of infu-
sions, hospitalization, shorter times for introducing solid foods 
and also lower levels of C-reactive protein (CRP) and interleukin 
(IL) – 6. This meta-analysis shows that prophylactic administra-
tion of probiotics counteracts postoperative complications by 
modulating the intestinal immune response and production 
of [SCFAs]. In a study by Gan et al. [26], administration of probi-
otics before surgery was shown to reduce the incidence of infec-
tions after liver resection, and may reduce the duration of hospi-
talization and antibiotic use [26]. In the probiotic group, infection 
rates were 11.7%, while in the placebo group they were 30.3% 
respectively (p < 0.001). The rate of wound infection decreased 
the length of hospital stay (–0.57 days) and antibiotic use (mean 
difference: –3.89 days, 95% CI: –4.17 to –3.60; p < 0.001) were 
shortened in the group of patients using probiotics. The probi-
otics used are L. Casei Shirota and synbiotic Pediococcus pentos-
eceus 5–33:3, Leuconostoc mesenteroides 32–77:1 L. paracasei ssp 
paracasei 19 and L. plantarum 2362, as well as 2.5 g inulin, oat 
bran, pectin and resistant starch. 

Similar results were obtained in Chen’s 2022 meta-analysis 
[27] in which it was shown that the use of probiotic therapy 
[including synbiotic therapy] is associated with a significant 
reduction in the risk of postoperative infectious complications 
by 37% (relative risk [RR] = 0.63, 95% confidence interval [CI] 
0.54–0.74, p < 0.001). Probiotic administration was shown to 
be effective in reducing the incision infection, central line 
infection, pneumonia infection, urinary infection and inci-
dence of diarrhea septicemia. A meta-analysis [28] evaluated 
the effect of probiotic therapy on reducing postoperative 
infectious complications in patients who underwent colorec-
tal cancer surgery. In these patients, probiotics may result 
in reducing overall postoperative complications, but may re-
sult in little to no difference in hospital length of stay (LOS) 
and postoperative quality of life (QOL). The authors conclude 
that perioperative administration of probiotics can reduce 
infectious complications in patients undergoing colorectal 
cancer surgery. In addition, compared to standard of care or 
placebo, probiotics may have similar effects on perioperative 
mortality and procedure-related complications such as ana-
stomotic leakage, hospital length of stay, and quality of life. In 
contrast, the meta-analysis of Yang [3] found that probiotics 
(Bifidobacterium, Lactobacillus and Streptococcus species) can 
more effectively reduce inflammation associated with gastric 
cancer by increasing levels of cluster of differentiation 4+ 
and significantly reducing levels of IL-6. 
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In table I, we have summarized the results of systematic 
review and meta-analyses focusing on the potential benefits 
of probiotics for cancers located in the gastrointestinal tract. 
As can be seen, undoubtedly further research on this topic is 
needed, although already the effect of probiotic therapy on 
improving quality of life, reducing gastrointestinal complaints 
or the impact on reducing the frequency of infectious com-
plications seems promising.

Other clinical work on probiotic therapy 
in cancer patients
Bajramagic et al. studied the effect of probiotics in patients 
with colorectal adenocarcinoma [29]. This study included 
78 participants divided into two groups. Patients (n = 39) 
from the first group received a probiotic product containing 
Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus 
plantarum, Lactobacillus rhamnosus, Bifidobacterium lactis, 
Bifidobacterium bifidum, Bifidobacterium breve, Streptococcu-
sthermophilus. The second group (n = 39) did not consume 
probiotics. It was observed that the length of postoperative 
hospitalization was shorter in the probiotic group compared 
to the rest of the studied patients (p < 0.05). Moreover, the au-
thors reported that probiotics are able to reduce postoperative 
complications, however this effect depends on the localization 
of the tumor (i.e. rectum –33.3% whereas ascending colon 
–16.7% and sigmoid colon –12.5%) [29]. Complex multidi-
sciplinary anti-cancer treatment should also be focused on 
improvement of quality of life. In Kaźmierczak-Siedlecka et 
al., a double-blind, randomized and placebo-controlled trial 
studied the effects of the bacterial probiotic strain – L. planta-
rum 299v on nutritional status, tolerance of enteral nutrition 
and quality of life in cancer patients who received home enteral 
nutrition [30]. This study included 35 patients divided into 
2 groups: first received probiotics and the second a placebo for 
4 weeks. Probiotic L. plantarum 299v was administered in doses 
of 2 capsules per day (1 capsule contains 10 x 10 CFU). After 
4 weeks of probiotic supplementation, a statistically signifi-
cant increase of serum albumin concentration was observed  
(p = 0.032). Additionally, in patients who received probiotics, 
the frequency of gastrointestinal symptoms, such as flatu-
lence and vomiting, was reduced at week 4 in comparison 
to the baseline (p = 0.0117). Nevertheless, quality of life was 
improved across both groups of participants [30]. It could be 
associated with the introduction of enteral nutrition, not only 
the administration of probiotics/placebo. The effects of enteral 
nutrition in combination with probiotics was also analyzed 
in a study by Xie et al., with regards to gastric cancer patients 
(n = 140; n = 70 probiotics and enteral nutrition; n = 70 rece-
ived only enteral nutrition) in the postoperative period [31]. It 
was observed that the incidence of enteral nutrition-related 
diarrhea was less common in patients who received probiotics. 
There was no difference between groups regarding nutritional 
status before and after intervention (p > 0.05) [31]. However, 

this result may be associated with the fact that probiotics were 
administered only for 8 days. 

Oral mucositis is one of the side effects of anti-cancer the-
rapy, which may be induced by chemotherapy and radiothera-
py [32]. It is estimated that 40% of head and neck patients will 
develop oral mucositis 1–2 weeks after starting radiotherapy 
and 5–10 days after starting chemotherapy [33]. According to 
other data, it can occur even in 80% of patients treated with 
high-dose chemotherapy [32]. Oral mucositis is related to low 
food intake, and, as a consequence, it contributes to weight 
loss. Recently, in a systematic review and meta-analysis by Liu 
et al. (n = 708, 8 trials; finally 7 trials were included to meta-
-analysis) the role of probiotics as a preventive method for 
oral mucositis induced by anti-cancer treatment was assessed 
[34]. The incidence of oral mucositis in the probiotic group 
was significantly low (risk ratio (RR) = 0.84, 95% confidence 
interval (CI) = 0.77−0.93, p = 0.0004) in 3 trials in which Lacto-
bacilli-based probiotics were investigated. Moreover, incidence 
of severe oral mucositis was significantly lower in patients who 
received probiotics, which was shown in 7 trials (RR = 0.65, 
95% CI = 0.53−0.81, p < 0.0001). Therefore, the use of probio-
tics to limit side effects of anti-cancer treatment, such as oral 
mucositis, is promising. 

In a meta-analysis by Lu et al. (13 trials, n = 1024), it 
was reported that probiotics are effective in the prevention 
of diarrhea induced by chemotherapy [35]. Notably, the admi-
nistration of probiotics reduced both the total rate of diarrhea 
in these patients and diarrhea grade III–IV, however no stati-
stically significant effect was observed in the case of diarrhea 
grade I–II [35]. The positive effect of probiotics on reduction 
of diarrhea associated with chemotherapy was also noted 
recently in 2023 in Huang et al., where a trial regarding colo-
rectal cancer patients was undertaken (n = 100; n = 50 probio-
tics, n = 50 placebo) [36]. In this study, gut microbiota using 
16S rRNA sequencing and SCFAs in the preoperative period 
and after the first circle of chemotherapy in the postoperative 
period were analyzed. Notably, chemotherapy affects gut mi-
crobiota causing dysbiotic changes observed by a reduction 
of microbial diversity and a decrease in the level of Firmicutes. 
It was noted that probiotics affect not only the composition 
of gut microbiota but also contribute to the production 
of SCFAs (p < 0.0001) [36]. The stimulation of SCFAs produc-
tion seems to be significant in colorectal cancer patients. 
Recently, in 2023, in a study by Kaźmierczak-Siedlecka et al., 
gut microbiota-derived metabolites in 15 colorectal cancer 
patients in the preoperative period were analyzed [37]. Stool 
samples were stored in –80°C and the subsequent analy-
sis of SCFAs was conducted by using gas chromatography. 
The normal proportion between SCFAs is 3:1:1 for acetate, 
propionate, butyrate (respectively), but in colorectal cancer 
patients the abnormal proportion between SCFAs was obse-
rved (based on this proportion, in 93.33% of patients the re-
sult <1 for butyrate was found) [37]. These results indicate 
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that it is reasonable to consider the administration of butyrate 
in the preoperative period.

Mental well being
Stress and depressive disorders accompany patients at various 
stages of cancer. In these cases, an important and safe option 
to help patients is the use of psychobiotics. Psychobiotics are 
probiotics that benefit mental health. Due to the high hetero-
geneity and limited number of studies, as well as the complex 
and complicated nature of the concept of using psychobio-
tics (effects on the brain-gut axis), their use, is not a routine 
procedure. In one of the first meta-analysis [38],  a systematic 
review of existing evidence on the effect of probiotic-ba-
sed interventions on depressive symptoms was conducted. 
The meta-analysis showed that probiotics significantly reduced 
depression scale scores in the study subjects. Psychobiotics 
had an effect on both the healthy population and patients with 
depression (MDD). The effect of psychobiotics was observed 
in the population under 60 years of age, while no effect was 
confirmed in the elderly. In another meta-analysis McKean et al. 
[39] showed that psychobiotics reduce subclinical symptoms 
of depression, anxiety and stress in healthy individuals.

Nikolova et al. [40] published a meta-analysis of studies 
involving 404 people with depression in which they confirmed 
that psychobiotics are effective in reducing the symptoms 
of this illness when administered together with antidepres-
sants, but yet do not appear to be effective in monotherapy. 
Potential mechanisms of action may take place through an 
increase in brain-derived neurotrophic factor (BDNF) and a de-
crease in CRP, although the evidence currently available is quite 
sparse. Misera et al. [41] evaluated the effect of psychobiotics 
on psychometric scales in patients with MDD, showing that 
psychobiotics could alleviate MDD symptoms. Therapy tended 
to be more depending on the duration of psychobiotic sup-
plementation. Psychobiotics have great potential in the tre-
atment of MDD and they are also a safe form of intervention. 
One of the best studied bacterial strains in the psychobiotic 
group are L. heleveticus Rosell-52 and B. longum Rosell-175. 
Administration of L. heleveticus Rosell-52 to animals exposed 
to stress has been shown to reduce adhesion of pathogens to 
intestinal epithelial cells, preventing their translocation and re-
ducing the synthesis of pro-inflammatory cytokines, thereby 
potentially having a protective effect on limbic system struc-
tures exposed to prolonged stress [42]. Clinical studies have 
shown that administration to healthy individuals of the bac-
terial strains L. heleveticus Rosell-52 and B. longum Rosell-175 
reduces gastrointestinal discomfort caused by excessive stress 
[43]. The administration of these bacterial strains has been 
observed to have a positive effect on the subjects’ mood, 
reduce the severity of anxiety and decrease cortisol excretion. 
In March 2016, the Canadian Directorate of Non-Prescription 
Natural and Health Products made the following recommenda-
tions for its use: [1] helps relieve general symptoms of anxiety; 

[2] relieves gastrointestinal symptoms caused by stress; and [3] 
promotes emotional balance. 

Research indicates that psychobiotics may play an impor-
tant therapeutic role in the treatment of depression and anxie-
ty [44]. Table II summarizes studies focusing on the potential 
use of probiotics in supporting mental functioning. 

Conclusions
There is a link between gut microbiota and the development, 
prognosis and treatment of cancer. Probiotics can be used 
in the prevention and treatment of cancer due to their clinical 
effectiveness and safety. When using probiotics in oncological 
patients, it is important to take into account the QPS sta-
tus, novel foods, EFSA opinion, relevant quality, the opinions 
of scientific bodies and the results of clinical trials to evaluate 
the balance of benefits and losses. Quality aspects related 
to the products’ manufacture should also be taken into ac-
count. This topic undoubtedly requires further research. At 
the moment, we do not have standards/recommendations 
for probiotic therapy of oncology patients.
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�The consumption of e-cigarettes has rapidly increased in the last years, both worldwide and in Poland, especially among 
adolescents and youth. Many e-cigarette users also smoke conventional cigarettes (“dual use”). Some researchers argue 
that e-cigarette vaping, where tobacco burning seems to be eliminated, significantly reduces the number and con-
tent of toxic substances when compared to combustible tobacco products. They also underline that consumption 
of less harmful tobacco and nicotine products can substantially reduce the health consequences of tobacco smoking 
when the cigarette smoking would be substituted by the e-cigarette use. However, the number of studies that prove 
negative health consequences of e-cigarette use is steadily increasing. Many carcinogenic, cardiovascular and pulmo-
nary toxic compounds were found in e-cigarettes and, dependently on the patterns of e-cigarette use, their content 
may increase to the level observed for cigarette smoking. Studies prove that dual use of e-cigarettes and manufactured 
cigarettes is more risky than cigarette smoking. Therefore, there is an urgent need to regulate e-cigarettes as strictly 
as tobacco products.
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There is currently a debate worldwide about whether the in-
creasing consumption of e-cigarettes in many countries may 
replace the epidemic of traditional cigarette smoking and whe-
ther it may reduce the health effects of tobacco smoking.

The e-cigarette consumption and prevalence 
of e-cigarette use 
In the last decade, the global market of e-cigarettes has grown 
rapidly. According to the World Health Organization (WHO) 
data, the number of e-cigarette users has increased worldwide 
from 7 million in 2011 to 68–82 million in 2021 [1]. The fastest 
increase of e-cigarette consumption has been noticed on 
the market of so-called disposable e-cigarettes that are no-
-rechargeable and no-refillable products designed to be used 
once only. Between 2018 and 2022, the market od disposa-
ble cigarettes increased approximately 116%, reaching 22% 

of the whole global e-cigarette market [2]. In Poland, since 
e-cigarettes were registered on Polish market, the number 
of all e-cigarettes consumers rose to 1.5 million and num-
ber of disposable e-cigarettes might reach even 100 million 
sticks in 2023, with over 200% increase since 2022 [3]. 

Although Poles belong to one of the biggest consumers 
of e-cigarettes in Europe, the prevalence of e-cigarette use 
among Polish adults is still much lower than prevalence of ciga-
rette smoking and tends to steadily decline in last years. Results 
of the 2021 Public Opinion Research Center (Centrum Badania 
Opinii Społecznej – CBOS) nation-wide survey shows that 
prevalence of current regular e-cigarette users does not exceed 
1% of the total Polish adult population (aged 18 and over) 
while the proportion of current regular cigarettes smokers 
among adult Poles reaches 25.1% [4]. However, it should be 
noted that high proportion of European current e-cigarette 
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users (over 50%), including Poles, also simultaneously smoke 
conventional cigarettes (“dual use”) [5, 6]. 

A much more serious public health problem is the ra-
pid increase in e-cigarette use among adolescents [7], ma-
inly the use of disposable e-cigarettes that are cheaper than 
other e-cigarettes, aggressively promoted and easily acces-
sible in Internet, and frequently not equipped with any he-
alth warnings or information on smoking cessation services 
[8, 9]. The results of the latest Global Youth Tobacco Survey 
(GYTS), conducted in Poland in 2022 on nation-wide random 
sample of 13–15 years old schoolchildren, indicate that 42% 
of them have ever used e-cigarettes and 22% currently use 
these products that is over two times bigger proportion when 
compared with students smoking cigarettes (12%) [10]. Based 
on results of GYTS and other studies, WHO indicates on high 
level of dual use of e-cigarettes and smoking of manufactured 
cigarettes among youth but simultaneously estimates that one 
third of adolescents who use e-cigarettes have never smoked 
a conventional cigarette [1, 11, 12]. It shows that e-cigarettes 
use may serve as a gate to experimentation and, later on, to 
regular use of tobacco products, including cigarette smoking 
and contribute to perpetuating the global tobacco epidemic.

The harmfulness of e-cigarette use
Proponents of e-cigarettes argue that e-cigarette vaping, 
where tobacco burning seems to be eliminated, significantly 
reduces the number and content of toxic substances when 
compared to combustible tobacco products [13]. Based on 
this argument, the 2015 Public Health England report conclu-
ded that e-cigarettes are 95% safer than combustible tobacco 
products, especially cigarettes [14]. The "harm reduction" 
approach suggests that  replacement of the epidemic of ci-
garette smoking with an epidemic of “smoke-free” e-cigarette 
use may substantially reduce a number of smoking-attribu-
table diseases, including lung cancer, chronic obstructive 
pulmonary disease, myocardial infarction or stroke, and, con-
sequently, improve public health [15; see there a debate on 
the approach].  

According to the 2018 US National Academies of Science, 
Engineering and Medicine's report and recent WHO reports 
on electronic cigarettes, summarizing the results of the latest 
reviews of chemical, clinical and epidemiological studies, abo-
vementioned conclusions are inaccurate and based on insuffi-
cient evidence [1, 8, 11, 16]. It is pointed out that only a limited 
range of e-cigarette liquids have been studied so far, and the le-
vel of their toxicity varies significantly in individual studies 
and is dependent on user and device characteristics [11]. It is 
also emphasized that toxicological monitoring of e-cigarettes 
is currently very challenging because they are not a subject 
to as strict regulations in this regard as conventional com-
bustible tobacco products and is too early to fully evaluate 
the long-term health effects of e-cigarette, in particular for 
cancer [1, 17].

Nicotine, that is highly psychoactive and addictive sub-
stance, is present in e-cigarette liquid in high doses [9, 18]. 
Prolonged, uninterrupted inhalation of high doses of nicotine 
may contribute to the risk of poisoning and immediate intoxi-
cation [19]. The biggest risk of nicotine intoxication concerns 
users of disposable e-cigarettes where permitted content 
of nicotine in e-cigarette liquid (20 mg/ml) is often doubled 
and the number of puffs (700 to 800) per e-cigarette is the hi-
ghest [3, 9]. Then an equivalent of nicotine absorbed from 
e-cigarette equals smoking of 2 to 3 packs of cigarettes per 
one time unit [11]. High doses of nicotine in e-cigarettes also 
increase a psychoactive potential of nicotine and impede 
the effective treatment of nicotine dependence [18]. The hi-
gher amount of nicotine in e-cigarettes depends on electrical 
power generated in the device; increasing the power output 
of the e-cigarette battery from 3 to 7.5 W may raise the nicotine 
yield up to five times [8].

According to WHO estimates, e-cigarettes contain the lar-
gest number of flavors of all nicotine and tobacco products, 
especially in disposable e-cigarette devices [8]. Many fla-
vors appeal to young people and some flavors, for exam-
ple menthol, increase and accelerate nicotine absorption 
and mask the harshness of nicotine [1, 8, 18]. Flavors contained 
in e-cigarettes contribute to e-cigarette use initiation, help 
e-cigarette user switch from experimentation to regular use 
and from e-cigarette use to cigarette smoking and, finally, make 
successful quit attempt more difficult [20].

Epidemiological studies show that nicotine may negatively 
influence on the psychoneurological development of fetus, 
newborn and small child, especially when woman continue 
the use of tobacco or nicotine products during pregnancy [1]. 
It may affect the development of children’s and adolescents’ 
brain (changes in so-called nicotine receptors) and increase 
the risk of nicotine use and dependence during late adole-
scence or adulthood [19]. There is also an evidence that e-ci-
garettes are often used as a gate to cigarette and marihuana 
smoking [11] or are even a vehicle for using soft and heavy 
drugs such tetrahydrocannabinol (THC), cocaine, heroin or, 
lastly, fentanyl [21–23].

Results of a number of clinical and epidemiological studies 
indicate on cardiovascular effects of e-cigarette use. Nicotine 
may contribute to increased heart rate, blood pressure, in-
creased blood viscosity and the risk of blood clots as well to 
multiple vasoconstriction and increased risk of blood vessels 
rupture [18, 19]. It all substantially increases the risk of stroke, 
pulmonary embolism and heart attack [1, 11]. 

Although e-cigarette aerosol contains fewer numbers 
and lower levels of most toxicants that are observed in the smo-
ke of combustible tobacco products, especially in manufactu-
red cigarettes [13], e-cigarettes generate chemical compounds 
that have carcinogenic properties and are known to cause 
cancer, even in small, trace doses [11]. Latest investigation 
indicates that a condensate of disposable e-cigarette aerosol 
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may enhance the metabolism of benzo(a)pyrene, a strong car-
cinogen, to genotoxic products in a human oral keratinocyte 
cell line [24]. Other studies show that prolonged use of e-ciga-
rettes may contribute to overheating the e-cigarette battery 
and then to the significant increase in the content of some 
carcinogenic substances such as formaldehyde and benzene 
even to the level observed in smoked conventional cigarettes 
[8, 18, 25]. The overheated e-cigarette battery can also explode 
contributing to serious accidents, injury and burns [1, 19, 26]. 
Results of the latest clinical studies suggest that e-cigarette use 
may contribute to the risk of urinary tract cancers since biomar-
kers of carcinogenic substances responsible for bladder cancer 
formation were found in the urine of e-cigarette users [27]. 

A number of clinical and epidemiological studies indicate 
on pulmonary effects of e-cigarette use [19]. Propylene gly-
col and glycerin, humectants that are ingredients of e-liquid 
and effective solvents for nicotine in aerosol, are well known  
pulmonary irritants when heated in e-cigarettes [28]. Some 
e-liquid flavors such as diacetyl have also pulmonary toxic 
properties and when intensively inhaled may lead to bron-
chiolitis [28]. Intensive puffing of e-cigarette also expose users 
to higher amounts of carbonyls that contribute to pulmonary 
disease in smokers [8]. Heating of tetrahydrocannabinol (THC), 
a marihuana’s psychoactive ingredient, when added to e-ciga-
rette liquid (what occurred on broad scale in the United States 
and in limited extent in Poland), substantially increases the risk 
of lung injury (defined by the US Food and Drug Administration 
as EVALI) or even death [28].

The newest analysis of clinical and epidemiological stu-
dies, that makes an attempt to summarize previous results 
of 107 studies and to analyze 124 population-based pooled 
odds ratios, shows that the odds ratios for cardiovascular di-
sease, stroke and metabolic dysfunction do not differ among 
e-cigarette users and cigarette smokers, and current dual use 
of e-cigarettes and conventional cigarettes is associated with 
20 to 40% higher odds of almost all health outcomes than for 
cigarette smoking [29, 30]. 

Conclusions
The consumption of e-cigarettes has rapidly increased 
in the last years, both worldwide and in Poland. It especially 
concerns disposable, one-time use products, and adolescent 
and youth population. Substantial proportion of e-cigarette 
users, both among adults and teenagers, also simultaneously 
smoke cigarettes. For many adolescents, e-cigarettes are a gate 
to experimentation or regular use of tobacco products or 
even drug use. And, therefore, tobacco epidemic is rather 
perpetuating than ending. Despite initial expectations, par-
tly promoted by tobacco industry, partly based on scientific 
evidence, substitution of tobacco smoking epidemic with 
the epidemic of e-cigarettes use does not seem to be currently 
considered as the scientifically justified and the most effective 
way for reducing the huge health costs of smoking-attributable 

diseases. The number of studies that prove negative health 
consequences of e-cigarette use is steadily increasing. Many 
toxic and carcinogenic compounds were found in e-cigarettes 
and, although their content is at much lower level than in com-
bustible tobacco products, there is no safe dose for exposure 
to these chemical agents. In specific conditions such as pro-
longed, interrupted e-cigarette vaping, overheating the e-ci-
garette battery or vaping of e-cigarettes from unknown source, 
their use can be as dangerous as smoking of conventional 
cigarettes. There is more scientific evidence that dual use 
of e-cigarettes and manufactured cigarettes is more risky than 
cigarette smoking. 

Therefore, there is an urgent need to regulate e-cigarettes 
as strictly as cigarettes and other tobacco products in terms 
of tax and price policy, advertising, promotion and sponsor-
ship, protection from exposure in public places and workpla-
ce, labelling and other regulations concerning manufacture, 
presentation and sale. The complete ban on sale of disposable 
e-cigarettes that is now considered to be soon enforced in Po-
land and came already into force or will be enforced in 2024 
and 2025 in other countries, including Australia, Belgium, 
France, Germany, the Netherlands and the United Kingdom, 
is a next step forward in implementation of comprehensive 
tobacco control strategy.  
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A 71-year-old woman, who underwent surgery for a menin-
gioma 13 years earlier, presented with an expansive lesion in 
the left cerebellar hemisphere at her last neuroradiological 
follow-up check, which was surgically excised. Microscopy 
showed a glial neoplasm (immunohistochemically positive 
for GFAP and Olig2) with: increased cellularity, atypia, mitosis 
and vascular proliferation. Noteworthy, was  the presence of 
numerous round neoplastic cells with a clear perinuclear halo 
(fig. 1A–B), areas of ‘chicken-wire’ vascularization and micro-
calcifications: these constitute the classic histologic features 
of oligodendroglioma (OG). However, this morphological hy-
pothesis was not supported by the molecular investigations, 

which instead showed a non-oligodendroglial lineage profile: 
IDH-wildtype by immunohistochemistry (fig. 1C) and 1p/19q 
non co-deleted (investigated by FISH method). On the basis of 
the integration of morpho-molecular data, the definitive dia-
gnosis was therefore that of glioblastoma (GB), IDH-wildtype, 
with oligodendrocyte-like cells (GBO). GBO is a rare histological 
pattern of GB, reported in the latest World Health Organization 
classification of central nervous system tumours of 2021 [1], 
which should not be misdiagnosed as OG. Although both 
entities constitute forms of diffuse gliomas, distinguishing GBO 
from OG is not only a fine histological difference, but also and 
above all constitutes precise and important clinical-therapeutic 
information. Indeed, the two neoplasms differ in both their 
biological behaviour and prognosis, which are worse for GBO 
[1]. But even more important is the message that increasingly 
new differences are emerging in the molecular targets of 
medical therapy of the different types of glioma, some already 
approved and employed, others still undergoing clinical or 
laboratory studies [2].
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Figure 1. A – photomicrograph (haematoxylin-eosin stain, 40x), showing 
a neoplasm with oligodendroglioma-like aspects, i.e. round cells with 
clear perinuclear halos; B – photomicrograph (haematoxylin-eosin stain, 
60x), where mitosis is evident; C – Immunohistochemistry for IDH R132H 
negative, indicating an IDH-wildtype profile (magnification: 40x)
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The terminology and classification of lymphoproliferative skin 
lesions is complex. It includes multivarious reactive conditions 
with diversified etiology and clinical picture. The cutaneous 
pseudolymphoma (PSL) term relates to a group of benign, 
reactive T- or B-cell lymphocyte-rich infiltrat. It is required to 
compare clinical presentation with histological findings to re-
ach a correct diagnosis [1]. A wide range of causative agents 
(e.g. Borrelia, injections, tattoo, scars, arthropod-bite reaction) 
has been described, but most of the lesions are idiopathic [2]. 
Lymphomatoid papulosis is a benign, chronic T-cell lymphoma 
characterized by recurrent, spontaneously regressive papulono-
dular with tendency to necrotic lesions, often disseminated with 
histologic features suggestive of a CD30-positive lymphoma [3].

A 34-year-old male with a 12 mm firm lump on the right 
cheek without any specific signs or symptoms was referred by 
dermatologist with suspicion of cutaneous lymphoma, sarco-
idosis or facial granuloma (fig.1). An incisional skin biopsy was 
nondiagnostic. The subsequent excisional biopsy indicated an 
ambiguous picture composed of a mixed population of lym-

phocytes with a predominance of small cells and the presence 
of histiocytes. Immunochemistry revealed a mixed popula-
tion of T (CD3+) and B (CD20+) lymphocytes and a few small 
CD30+ lymphocytes (activated B and T lymphocytes with some 
atypic cells). Ki-67 proliferation index was 20–30%. The final 
pathology report revealed polimorphic lymphoid infiltration 
of T and B cell lines with the presence of atypical forms with 
immunoblast and centroblast morphology as well as single 
cells with multilamellar nuclei. Due to the lack of a granulocy-
tic components, facial granuloma was excluded. A wide local 
excision of the residual lesion with the surrounding skin was 
undertaken. Preliminary pathology was suggestive of cuta-
neous pseudolymphoma, but the profound final pathology 
report was inconclusive, with a suggestion of either lymphoma 
or lymphomatoid papulosis, and a recommendation of further 
immunochemical analyses and incorporation of data from 
history and clinical picture. 

The presented case illustrates the complexity of lympho-
proliferative skin lesion diagnostics and the frequent lack of po-
ssibility in setting a final diagnosis despite all the available 
methods used. 
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Figure 1. The skin lesion on the right cheek before excision
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