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Average glandular doses reported by mammography units:
how reliable are they?

Witold Skrzynski, Katarzyna Pasicz, Ewa Fabiszewska

Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw, Poland

Introduction. Average glandular dose (AGD) values displayed by mammography units are often used to compare doses

with diagnostic reference levels, with acceptable and achievable dose levels given with in the European guidelines on

breast cancer screening, or between mammography units. The aim of the work was to check the reliability of displayed

AGD values by comparing them with independently calculated values.
Material and methods. The comparison was performed for five mammography units, for 20 groups of patients (50 pa-
tients each), examined in various periods between the years 2015 and 2020. AGD values were calculated independently

for the same patients using the results of measurements.

Results. Observed differences between displayed and calculated doses affected their comparison with acceptable

and achievable dose levels.

Conclusions. The displayed AGD values should be used with caution. If reliable information on AGD values is needed,
they should be independently calculated using the results of measurements.

Key words: mammography, average glandular dose, DICOM

Introduction

Breast cancer is one of the most common cancers. Mammogra-
phyis widely used in breast cancer screening and diagnosis [1,
2]. Since mammography uses ionizing radiation, the radiation
dose is of radiation dose is an important issue. This is true espe-
cially in breast cancer screening, in which examinations are
performed largely on asymptomatic women [3, 4]. Diagnostic
reference levels (DRLs) should be established and used in all
countries belonging to the European Union, and information
relating to patient exposure should be included in the report
of the medical radiological procedure [5]. In Poland, an in-
ternal clinical audit should be carried out every year in each
diagnostic radiology facility. During the audit, data on patient
exposure should be compared with diagnostic reference levels.

The data should be included in the internal clinical audit report,
which is submitted to the procedures and audits'committee,
and a copy sent to the National Centre for Radiation Protection
in Health Care [6].

Radiation dose is expressed in mammography usually
as the average glandular dose (AGD) [3, 4, 7]. Acceptable
and achievable dose levels in breast cancer screening, as sti-
pulated in the European guidelines on breast cancer screening,
are also expressed as average glandular doses [8, 9]. AGD is also
used in dose monitoring and optimization [10, 11]. In modern
mammography, the average glandular dose is automatically
calculated for each exposure and displayed to the operator, as
well as stored within a header of a DICOM file. The information
may be gathered by dose management systems, allowing
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further analysis [10]. Average glandular doses are calculated
by multiplication of air kerma by conversion factors. The co-
nversion factors depend on beam quality, the thickness of the
compressed breast, and tissue composition (share of adipose
and glandular tissue), and they are based on Monte Carlo cal-
culations. Several different methodologies of AGD calculation
are used in various areas of the world [12]. European guidelines
on breast cancer screening [8, 9] and the International Atomic
Energy Agency (IAEA) recommendations [13] endorse the
methodology described by Dance et al. [14, 15].

The aim of the work was to check the reliability of AGD
values displayed by mammography units by comparing them
with values calculated independently with the Dance method,
based on the measurements.

Material and methods

A dose comparison was performed for five full-field digital
mammography units of three different manufacturers used
in our institute (tab. I). For each unit, data was gathered for
several groups of 50 patients (200 exposures), examined in
various periods between the years 2015 and 2020 (a total of 20
groups of patients), either for screening or diagnosis. The data
included exposure parameters (anode, filter, tube voltage, tube
loading), displayed AGD values, compressed breast thickness,
and image size (18 x 24 cm? or 24 x 30 cm?). Depending on
the period, the data were either noted manually or taken from
the headers of DICOM files (e.g. AGD is stored in the DICOM
header in the “organ dose” tag, coded [0040,0316]).

Table I. Mammography units used in the comparison

Code  Mammography unit type Year of installation

A Siemens Mammomat Inspiration 2010
B Siemens Mammomat Inspiration 2011
C Siemens Mammomat Inspiration 2011
D GE Pristina 2018
E Hologic Selenia 2007

Table Il. Summary of results of dose comparison

Group Unit Year/month Mean AGD [mGy]
Calculated  Displayed Mean
values values difference
#1 A 2016/01 143 139 -0.04
#2 A 2019/03 118 1.16 -0.02
#3 B 2015/06 130 138 0.08
#4 B 2016/07 137 151 0.13
#5 B 2018/11 1.18 1.17 0.00
#6 B 2019/06 1.05 1.12 0.06
#7 B 2020/07 1.03 1.12 0.09
#8 C 2015/06 129 132 0.03
#9 C 2016/07 131 131 0.00
#10 C 2018/11 1.05 120 0.14
#11 C 2019/09 1.14 127 0.13
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Several measurements were made in each period, pro-
viding the data necessary for an independent calculation of
AGD. Air kerma and half-value layer values were measured
for all clinically used beam qualities with the Piranha Black
657 meter (RTI Electronics AB, Sweden). Additionally, tests
of thickness indicator accuracy were performed according
tointernational guidelines [8, 9, 13], and separately for small
and large compression plates. Several 18 x 24 cm slabs of
polymethylmethacrylate (PMMA) were used for the test, with
thickness ranging from 2 cm to 7 cm. The results of the test
were then used to correct data on breast thickness.

Individual average glandular doses were calculated in-
dependently for patients, using Dance’s method [8, 9, 14-16]
and an in-house Excel spreadsheet. Actual exposure para-
meters, corrected breast thickness data, and the results of
tube output measurements were used to calculate incident
air kerma. Information on beam quality (anode/filter/HVL)
and corrected breast thickness were used to obtain conversion
factors. Since the conversion factors are given only for discrete
thickness and HVL values, linear interpolation was used.

For each group of patients, displayed and calculated
doses were cross-compared, and compared with achievable
and acceptable dose levels as outlined in the European gu-
idelines on breast cancer screening [8, 9], including an update
published on the website of the European Reference Orga-
nisation for Quality Assured Breast Screening and Diagnostic
Services (EUREF)in 2017 [16]. The number of cases, where the
displayed and calculated doses do not exceed the acceptable
and achievable dose levels, was calculated as a percentage
of all evaluated cases. Displayed AGD values were compared
against dose levels calculated for the displayed breast thick-
ness, while calculated AGD values were compared against
dose levels calculated for corrected breast thickness. Since
the acceptable and achievable dose levels are given only
for discrete thickness values, they were interpolated with
a second-degree polynomial.

% of doses < achievable level

% of doses < acceptable level

Calculated Displayed Calculated Displayed
values values values values
99% 99% 94% 92%
100% 100% 100% 100%
97% 95% 91% 82%
100% 100% 100% 84%
100% 100% 97% 97%
100% 100% 100% 100%
100% 100% 99% 98%
98% 97% 95% 92%
99% 100% 99% 97%
100% 100% 100% 100%
100% 100% 100% 97%



Group Unit  Year/month Mean AGD [mGy]
Calculated  Displayed Mean
values values difference

#12 C 2020/07 123 137 0.14
#13 D 2018/11 172 1.55 -0.17
#14 D 2019/09 1.55 1.39 -0.17
#15 D 2020/07 152 1.30 -022
#16 E 2015/05 1.96 2.09 0.13
#17 E 2016/07 1.80 221 041
#18 E 2016/10 1.80 2.05 0.25
#19 E 2018/08 213 204 -0.09
#20 E 2019/03 207 2.10 0.03
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Figure 1. Comparison of displayed and calculated AGD values
with acceptable and achievable dose levels for group #10 (Siemens
Mammomat Inspiration unit)
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Figure 2. Comparison of displayed and calculated AGD values with
acceptable and achievable dose levels for group #13 (GE Senographe
Pristina unit)

% of doses < achievable level

% of doses < acceptable level

Calculated Displayed Calculated Displayed
values values values values
100% 100% 100% 98%
97% 100% 69% 96%
100% 100% 92% 100%
99% 100% 93% 100%
49% 86% 3% 33%
58% 58% 26% 17%
67% 73% 36% 46%
68% 79% 31% 59%
66% 81% 34% 48%
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Figure 3. Comparison of displayed and calculated AGD values with
acceptable and achievable dose levels for group #20 (Hologic Selenia
unit)

Results

The summary of the results is presented in table Il. The maxi-
mum difference between the displayed and calculated doses
in a group of 50 patients was equal to 0.41 mGy (22% of the
average dose calculated for that group). Figures 1-3 present
a comparison of displayed and calculated doses with achie-
vable and acceptable dose levels for three patient groups
examined on three different units. The same scaling was ap-
plied on all figures to allow comparisons between them. For
data presented in figure 1, the average difference between
displayed and calculated doses is relatively large, as it equals
14% of the calculated doses. Despite the differences, all doses
(both displayed and calculated) are lower than acceptable
and achievable dose levels. For data presented in figure 2,
the average dose difference expressed as a percentage of the
calculated dose is smaller (9%), but the difference influences
the result of the dose assessment. For the displayed values,
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achievable dose levels are not exceeded in 96% of cases, but
for the calculated values, itis only 69%. For the data presented
in figure 3, the average difference of doses is close to zero (1%),
but the relatively large inaccuracy of the thickness indicator
changes the result of dose evaluation, as the same doses are
compared with a lower dose limit (calculated for the corrected
breast thickness).

Figure 4 presents a comparison of doses for two groups
of patients examined on two different mammography units,
separately for the displayed and calculated doses. For the
displayed doses, the average and median are lower for the GE
unit. The opposite is observed for the calculated doses. Figure 5
presents a comparison of displayed and calculated doses for

displayed values calculated values

34 34
=
[G)
£ 24 24
)
2
. . a . x
[ ] x
14 14 L]
O T T O T T
Siemens GE Siemens GE
x mean — median Line D 25%~75% I min~max

Figure 4. Comparison of displayed and calculated AGD values for two
patient groups examined on different units (Siemens Mammomat
Inspiration #12 and GE Senographe Pristina #15)
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Figure 5. Comparison of displayed and calculated doses for one patient
group (#16, Hologic Selenia unit), separately for two filtrations (Mo and
Rh)
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one patient group, separately for two filtrations (Mo and Rh).
The calculated values are mostly within £5% of the displayed
values for one anode/filter combination (Mo/Mo), while for
the other one (Mo/Rh), the calculated values are on average
14% lower than the displayed values.

Discussion

Even a relatively large difference between the calculated and
displayed dose values may not influence the comparison of
doses with dose limits if the doses are low (fig. 1). On the other
hand, a small difference may strongly affect the results of the
evaluation if doses are close to the limits (fig. 2). The correction
of breast thickness has a twofold effect on dose calculations
[17].Firstly, it has an impact on the calculated distance between
the focal spot and beam entrance, thus affecting incident air
kerma. Secondly, it has an impact on the conversion factors,
which are dependent of breast thickness. Finally, it also has an
impact on the effect of dose evaluation, as the dose limits are
dependenton thickness (fig. 3).In the European Guidelines, the
acceptable difference in thickness indication is =5 mm [8, 9],
while in the IAEA guidelines itis as much as +£8 mm [13]. Diffe-
rent vendors may use different methods for thickness indicator
calibration; thus differences of a few mm can be expected.
The discrepancies may be different for different beam qualities
(fig.5), and the comparison of displayed AGD values between
different units may be misleading (fig. 4).

The differences between displayed and calculated values
result from various factors. Aside from the inaccuracy of the
thickness indicator, displayed values are determined using tube
output data and HVL values stored in the software of mam-
mography units. Since air kerma and half-value layer values
may change over time, in this research they were measured
independently in each assessed period. Such measurements
are repeated in our institute every year and after each major
service maintenance (e.g. tube replacement, detector repla-
cement, detector calibration performed by service) to keep
the calculated values reliable.

Calculated values also have limited accuracy. Measure-
ment uncertainty of calculated AGD values may be as large
as 14-20% [18, 19]. However, all the measurements and calcu-
lations presented in the current work were at least performed
with the same methods and equipment. Testing thickness indi-
cator accuracy with rectangular PMMA may not be equivalent
to the clinical situation, but it was performed in the same way
for all units. The same radiation detector, the same formulas,
and conversion coefficients were used in all calculations. That
said, methods used by different vendors to determine display-
ed AGD values are not described in detail. Additionally, while
to our knowledge Dance’s method was used by all vendors
in our study, several other methods exist [12]. Another breast
dosimetry method is under development by one group, which
is simultaneously an American Association of Physicists in
Medicine task group (AAPM TG282) and a working group of



the European Federation of Organisations for Medical Physics
(EFOMP). Ultimately, this may result in the standardization of
methods, but during the transitional period there will be even
more methods in use.

In the case of screening examinations, patient groups
consist of asymptomatic women. Breasts have typical structure,
and the dose generally raises with breast thickness (e.g. fig. 1).
In diagnostic examinations, lesions of various types may be
presented in the breast [20]. Patient groups are less uniform,
which may explain the presence of outliers in dose distribution
(fig. 3). Relatively small groups of patients which were used in
the work were enough to compare displayed and calculated
doses and to prove that the effects of such comparison will
be different for different mammography units. The presented
results may not fully represent the distribution of doses for all
women examined with a given mammography unit. Larger
datasets maybe needed for evaluation of patient doses, for
dose optimization, or to establish reference dose levels. In ge-
neral, AGD values could be independently calculated for each
exposure, based on the measured HVL and air kerma values,
and using corrections of thickness readings. This would make
it possible to include reliable information on patient exposure
in the report of the medical radiological procedure.

Other researchers reported similarly: for a given method,
differences between the displayed and calculated dose for
a standard breast may reach 18% [12]. The situation may be
similar in other X-ray imaging modalities. Documents publi-
shed by the European Commission allow for relatively high
uncertainty for DAP/KAP (dose/kerma-area product) meters,
which provide patient exposure information in radiography
and fluoroscopy (acceptability limit is +25% for radiography,
+35% for fluoroscopy) [21]. It is also known that the energy
response of a DAP/KAP meter may vary by 20% between the
different beam qualities (different kVp and filtration settings)
[22]. In computed tomography, it is expected that there will be
agreement between measured and displayed computed tomo-
graphy dose index (CTDI) within £20% [21]. Discrepancies higher
than 20% are occasionally observed, especially for low kV values
[23]. Besides, the definition of CTDI has changed over time, and
different CT models may use different definitions [24]. Recently,
the size-specific dose estimate (SSDE) is gaining popularity in
CT. While it is not yet routinely reported by CT scanners, it may
be calculated by dose management systems. However, various
methods may be used for it, which leads to different results [25].
The differences may affect comparisons of dose quantities with
DRLs and between units in a similar way as in mammography.

Conclusions

The observed differences between displayed and calculated
doses can affect the results of comparison of doses with ac-
ceptable and achievable dose levels, DRLs, or comparisons
between different units in various ways, depending on dose
levels and the type of mammography unit. If reliable infor-

mation on average glandular dose is needed, e.g. for quality
audit purposes, the values should be independently calculated
using current results of measurements. The displayed values
should be used with caution, and the uncertainty of displayed
doses and compressed breast thickness should be taken into
account.
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Introduction. Breast cancer (BC) is the most common female neoplasm in Poland and worldwide, yet up to 7% of all
cases is diagnosed &it; 40 years of age. The increased BC morbidity rate in this age group as well as hope for late maternity
need special attention.

Material and methods. The data concerning the number of children and further procreation needs in women (n = 68),
aged 18-40, diagnosed and treated for early breast cancer at the Greater Poland Cancer Center in 2018-2019, were taken
from patients’histories by an oncologist before (neo-)adjuvant systemic therapy.

Results. Out of the 68 females surveyed, aged 18-40 (median age 36), 14 (21%) were childless at the moment of diagno-
sis. After being informed about the therapy, prognosis, side effects and oncofertility, 12 patients (18%) decided to have
a consultation with a specialist in reproductive medicine; 5 of them (7%) already had children. In 2 women (3%), hormo-
nal stimulation in combination with tamoxifen was used; then, oocytes were collected and cryopreserved. In 19 (28%),
gonadotropine analogues were added to (neo-)adjuvant chemotherapy. In 17 patients (25%) pathogenic mutations in
BRCA1/2 genes were found.

Conclusions. Oncofertility counseling in young BC patients should be one of the fundamental elements of complex

patient care.

Key words: oncofertility, breast cancer, BRCA1/2 mutation, young women

Introduction women is worse than that of older women mainly due to

Breast cancer is the most frequently diagnosed cancer the more frequent occurrence of unfavorable phenotypes

among women in Poland and in the world, but it rarely of breast cancer and the presence of numerous genetic

occurs in young women. Patients under 40 years of age disorders in the tumor tissue, which is the reason for the

constitute about 7% of all cases. The prognosis for young more aggressive course of the disease [1]. In addition, at
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the time of diagnosis, young women are more often dia-
gnosed with more advanced disease than older women.
The therapy of breast cancer, apart from surgery, often re-
quires complementary treatment: chemotherapy, hormone
therapy or radiotherapy. Systemic treatment is more likely to
temporarily orirreversibly impair fertility than other cancers,
which may be due in part to the duration of breast cancer
therapy (up to 10 years) [2].

Diagnosis of breast cancer may have devastating effects
on awoman and her loved ones, and affects every sphere of
their lives. In the case of young women, it often occurs during
the period of starting a family and planning offspring. The pro-
spect of having to undergo cancer treatment and the desire
to have children should not be mutually exclusive, and any
woman in her reproductive years who expresses a desire to
have children should have a consultation with a reproductive
medicine specialist before starting treatment, preferably im-
mediately after breast cancer diagnosis. If the consultation is
delayed, the chances of fertility preservation after treatment
are reduced [2].

The oncologist’s role is to present the patient with a tre-
atment plan, and to inform her about the possible effects of
therapy, including the potential impact on ovarian dysfunction.
The stress associated with a cancer diagnosis causes woman to
postpone procreation plans, and instead focus on the cancer
therapy. For most patients with early breast cancer, postponing
therapy by 3-4 weeks does not affect prognosis. During this
time, patients can take care of fertility preservation and enjoy
motherhood after treatment. A significant proportion of young
breast cancer patients are diagnosed with a mutation in their
genes that increases the risk of breast and ovarian cancer
(BRCA1/2),and the only treatment to reduce the risk of develo-
ping subsequent cancers is surgery: bilateral mastectomy and
ovariectomy [3]. Carrying pathogenic mutations in BRCA1/2
genes by the patient can impact decisions to have offspring
after breast cancer therapy and before ovarian removal.

Objective

The aim of this paper was to assess the interest of young
patients with early breast cancer in fertility preservation tech-
niques, treated in the Chemotherapy Outpatient Clinic of the
Greater Poland Cancer Center, Poznan, Poland, in consultation
with a reproductive medicine specialist. An additional aim
was to draw physicians’attention to the problem of infertility
accompanying cancer therapy.

Material and methods

[t was a retrospective study. Patients with early breast cancer
aged 18-40 years who were treated in the Chemotherapy
Outpatient Clinic of the Greater Poland Cancer Center at
Poznan, Poland during 2018-2019 and informed about the
possibility of fertility preservation techniques were covered
with the study. Medical data were obtained from medical
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history regarding age, offspring, desire to have children in
the future, consultation with a reproductive medicine spe-
cialist, and fertility preservation techniques used, as well as
carrying pathogenic mutations in genes that increase breast
cancer risk. Fertility preservation techniques included ova-
rian stimulation, oocyte collection and freezing, as well as
the inclusion of gonadotropin-releasing hormone analoges
during systemic treatment.

Statistic

The IBM SPSS Statistics 26 program was used for the ana-
lysis. The significance level was adopted as 0.05. The
Shapiro-Wilk test was used to test the normality of data di-
stribution. The nonparametric Mann-Whitney U test was used
to compare the data distributions (due to the lack of normal
data distribution). The chi-square test and z-test were used
to investigate correlations.

Ethics
An oncologist and gynecologist’s analysis of patient records
does not require the opinion of a bioethical committee.

Results
66 patients with early breast cancer who underwent treat-
ment in the Chemotherapy Outpatient Clinic of the Greater
Poland Cancer Center at Poznan, Poland during 2018-2019
were included in the analysis. The median age of patients
was 36 years (26-40 years). All patients were informed by the
treating physician about the potential effects of systemic tre-
atment and the possibility of fertility preservation techniques
prior to systemic treatment. Those who received consultation
with a reproductive medicine specialist were characterized by
their younger age (33.5 vs. 36.5 years).

At the time of treatment planning for early breast cancer,
14 patients (20.6%) had no children. After discussion with the
oncologist about prognosis, treatment plan, and the possibi-
lity of complications, including infertility, 12 patients (17.6%)
decided to have a consultation with a reproductive medicine
specialist; among those without children (n = 14 patients),
half (n =7 patients, 50%) had a consultation with a specialist,
whereas among those with at least one child, less than 10%
(n=5 of a group of n = 54 patients; 9.3%) decided to have
such a consultation. 19 patients (27.9%) were treated with
gonadotropin-releasing hormone (GnRH) analoges, while
2 patients (2.9%) underwent hormonal stimulation combined
with tamoxifen, followed by oocyte collection and freezing
(tab. I).

Table I. Applied fertility preservation techniques

Fertility preservation techniques No. of patients (%)

oocyte freezing n=2(29)
use of GnRH n=19(279)



Table Il. Test results found in medical history

Type of test No. of patients

test for founder mutations in BRCAT gene

(c5266dupC, c4035delA, c.181T>G, ¢. 3700_3704delGTAAA, c.68_69delAG)
test extended to include further mutations in BRCA1/2 + CHEK2 + PALB genes (749delT(c.675delT), 185delAG (c.68_69delAG),

n=7(10.3%)

n =32 (47.1%)

5370>T (c.5251>T), 3819del5 (c.3700_3704delGTAAA), 3875del4 (c.3756_3759delGTCT), 8138del5 (c.7910_7914delCCTTT),
886delGT (c.658_659deGT), 6174delT (c.5946delT), 5467insT (c.5239_5240insT), 4075delGT (c.3847_3848delGT)

CHEK2 gene (c.1100delC, del5395, c444+1G>A, p157T)
PALB gene (c.172_175dellTTGT, c.509_510delGA)

next generation sequencing (NGS) of BRCA1/2 genes or multigene test

The majority of patients had genetic counseling (54-79.4%).
6 patients (10.3%) had a test for founder mutations in BRCAT
gene, 32 patients (47.1%) had an extended test for further mu-
tations in BRCA1/2 genes as well as in CHEK2 and PALB genes,
15 patients (22.1%) had performed Next Generation Sequen-
cing (NGS) of BRCA1/2 genes or a multigene test, and 16 pa-
tients (23.5%) had no genetic test results found in their medical
history (tab.ll).In 17 patients (25%), pathogenic mutations were
found in BRCA1/2 genes.

No significant age differences were observed between
BRCA1/2 gene mutation carriers and patients without the
identified mutation (average 34.24 vs. 35.87; median 34 vs. 36).
Patients who were carriers of mutations in BRCA1/2 genes were
less likely (n = 12; 70.6%) to consult a reproductive medicine
specialist than patients without known mutations (n = 46;
86.8%), but no statistical significance was found. None of the
BRCA1/2 mutation carriers opted for oocyte freezing.

Among the women with BRCA1/2 mutation, the GnRH
analogues were used in 10 individuals (58.8%), whereas among
those without BRCAT/2 mutation, the GnRH analogues were
included in 8 individuals (199%) which was statistically signifi-
cant (tab. IlI).

Discussion

Breast cancer in young women is rare, but the prognosis is po-
orer than in older women regardless of biological subtype. This
includes a higher stage of the disease at the time of referral to
the physician due to the glandular structure of the breast and
associated diagnostic difficulties. More aggressive biological
subtypes (triple-negative carcinoma, without expression of
hormone receptors and without overexpression of the HER2
receptor or amplification of its gene, HER2-positive carcinoma
showing overexpression of the HER2 receptor or amplification
of its gene) and other molecular background are more com-

Table IIl. Characteristics of patients according to genetic load

n=15(22.1%)

mon in young women than in older breast cancer patients
[4]. Young women are even over ten times more likely to be
diagnosed with pathogenic mutations in genes that increase
the risk of breast and ovarian cancer (BRCA1/2) than older
women (2.5% vs. 25%) [5]. In the European Union, the average
age at which the first child is born is 29.3 years, which means
that often the diagnosis of breast cancer occurs among wo-
men who have not yet completed childbearing and are still
planning offspring [6].

The principal treatment for breast cancer is surgery, but
complementary treatments (chemotherapy, immunotherapy,
hormone therapy, or radiotherapy) are also often used. Systemic
treatment can significantly impair a woman'’s reproductive func-
tion, leading to temporary or irreversible infertility. The impair-
ment of ovarian function depends on the patient’s age, type of
chemotherapy used,and the dose of drugs given.The commonly
used perioperative chemotherapy involves anthracyclines and
taxanes (4 x doxorubicin + cyclophosphamide, 12 x paclitaxel),and
cytostatic drugs with an intermediate risk of causing permanent
infertility in women. Infertility is always related with menopause
induced changes like sexual distress. Chemotherapy-induced
menopause symptoms can be more pronounced. Physiological
menopause is a process, which lasts for many months, while iatro-
genic menopause affects young patients experiencing a sudden
decrease in estrogen level within a short time [7].

The authors of a paper published in July 2020 in the jo-
urnal JAMA emphasize that despite ASCO recommendations,
less than half of patients (44%) with cancer of reproductive
age — women aged 18 to 40, men aged 18 to 50 - were
informed about the possibility of fertility disorders caused
by cancer treatment and the possibility of consultation with
a reproductive medicine specialist. This was more often the
case foryoung, female patients, especially those suffering from
breast cancer or hematological malignancies. Patients treated

Pathogenic mutation in No. of Average age
BRCA1/2 genes patients (%) (years)
current mutation n=17(25) n=3424
no mutation n=35(515) n=3587
no medical history n=16(235)

Median age Oocyte freezing Use of GnRH(%)
(W) analogues
n=34 n=0 n=10(588)
n=36 n=2(57) n=28(19%)
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in academic centers or in places where fertility preservation
procedures were reimbursed were better informed [8].

Also, according to the guidelines of Polish scientific so-
cieties, every patient with breast cancer of reproductive age
should be informed about the possible complications of syste-
mic treatment, including fertility disorders, which is confirmed
by the results of our study [9]. The vast majority of patients
qualified for the study, almost 80%, had children. Twelve had
a consultation with a reproductive medicine specialist, and
5 of them had already become mothers. Despite the patients’
interest in fertility, only 2 patients decided to undergo oocyte
freezing after oncological treatment and consultations with
reproductive medicine specialists; this may be a result of the
lack of reimbursement of fertility preservation procedures in
Poland and in many countries and regions of the world.

The issue of informing patients about the problem of fertili-
ty and taking preventive measures is still unresolved. However,
an evaluation of this problem was not the aim of this paper,
and all patients were informed about the possibility of fertility
disorders related to oncological treatment.

Young patients are found to carry pathogenic mutations
in BRCA1/2 genes far more often than older patients. BRCA1/2
mutations increase the lifetime risk of breast cancer from
45% to 85% and ovarian cancer from 10% to 60%. Effective
measures to reduce the risk of breast and ovarian cancer in
mutation carriers include a bilateral mastectomy and bilateral
oophorectomy, which reduces the risk of cancer by 80-90%.
Mutation carriers who qualified for our study, and were aware
of their situation, often took advantage of consultations with
a reproductive medicine specialist and agreed to start GnRH
analogues during systemic treatment. The prospect of needing
cancer-reducing surgery in the future may be a factor promp-
ting patients to implement fertility preservation procedures.

Ovarian stimulation, oocyte collection, oocyte freezing or
fertilization and embryo freezing require postponement of the
main oncological treatment by 3-4 weeks. The effectiveness of
presented methods reaches 30% and is similar to the effective-
ness of in vitro fertilization in infertile couples without cancer
history. In clinical practice, gonadotropin-releasing hormone
analoges are also used during perioperative chemotherapy, the
role of which is to inhibit ovarian function and thus reduce their
susceptibility to cytostatic damage. However, the effectiveness
of this method is limited [10].

The experience of our center highlights the importance of this
problem and presents the decisions of patients who were offered
the consultation of a reproductive medicine specialist and fertility
preservation techniques. The awareness of fertility preservation
by patients often results in reduced anxiety during therapy and
improves cooperation between the patient and the oncologist.

Conclusions

Consultation with a reproductive medicine specialist should
be a primary element of care for patients in their reproductive

266

years who have been diagnosed with early breast cancer.
The presence of pathogenic mutations in genes that increase
therisk of breast and ovarian cancer (BRCA1/2) is an important
factor in the decision to have offspring after treatment and be-
fore surgery with bilateral mastectomy and oophorectomy.

Advantages and disadvantages of the study

The study involved a homogeneous group of breast cancer
patients. All patients were informed about the possible com-
plications of cancer treatment, including impaired fertility.
Decisions made by patients may differ from their actual beliefs
and wishes due to the lack of reimbursement of fertility pre-
servation procedures in Poland. The financial aspect may be
the biggest factor for breast cancer patients to take action.
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What new dose distribution statistics may be included
in the optimization of dose distribution in radiotherapy
for post-mastectomy patients

Piotr Mezenski, Pawet Kukotowicz

Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw, Poland

Introduction. The main aim of this study was to evaluate the doses delivered to heart substructures and calculate nor-
mal tissue complication probability (NTCP) for the intensity modulation radiotherpy (IMRT) irradiated group of left-sided

post-mastectomy patients.

Material and methods. In this retrospective study for 30 randomly chosen breast cancer patients, the mean dose, V2, Va4,

V1o, V20 and D2% in the heart substructures were evaluated.

Results. The mean heart dose was 12.3 Gy, the mean left anterior descending artery (LAD) dose was 28.5 Gy. The average
value of long-term cardiac mortality was 0.17%, pericarditis 0.0%, left ventricle perfusion defects 24.5% and LAD toxic-
ity 0.2%. In the literature, for the IMRT technique for left-sided mastectomy patients, the mean heart dose ranged from
8.7-14.0 Gy and the V20 10.5-14%. Additional studies are needed to describe the cardiac toxicity.

Conclusions. It is necessary to contour cardiac substructures for reliable assessment of the dose distribution, although
the mean heart dose is simplification for modern radiotherapy techniques.

Key words: heart, breast cancer, post-mastectomy, IMRT, NTCP

Introduction

Many large randomized trials have demonstrated that post-
mastectomy irradiation is beneficial, at least for patients with
high-risk disease [1, 2]. However, for women irradiated on the
left side, the dose delivered to the heart increases the risk of
ischemic heart disease [3]. Taylor and co-workers have shown,
there are many factors that affect doses deposited in the heart.
The mostimportant being the individual anatomy of a patient
and the irradiation technique [4]. For older techniques, such
as the tangential pair technique, the dose distribution in the
heart and its substructures may be well estimated with the
maximum heart distance (MHD) [4].

According to Darby, the cumulative relative risk of a major
coronary eventincreases linearly by approximately 7% for each
increase of 1 Gy of the mean heart dose in the tangential field
technique [3]. The cumulative risk of death from ischemic heart
disease is higher in radiotherapy patients compared to non-
radiotherapy patients [3]. Uwe Schneider suggested [5] that
in the intensity modulation techniques (IMRT) or volumetric
modulated arc therapy (VMAT) techniques, with large volumes
of the heart receiving low doses the risk of major coronary
events might not be linear as proposed by Darby [3].

Despite these enormous changes in technology and ir-
radiation methods, optimization of dose distributions in the
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heart is still based on the same assumptions. The dose to
the heart is most often evaluated with the mean dose to the
organ at risk. The heart is a complicated organ composed
of muscular tissue, blood vessels, valves, nerve tissue fibres.
The risk of damage to various heart structures by dosage
may require a different quantitative description. Therefore,
the statistics like the mean heart dose might not be the best
predictor of all types of complications. An exact description
of the interplay between radiotherapy and chemotherapy in
heartdamage is required. This is especially true in breast cancer
patients, where systematic treatment is associated with heart
toxicity [6, 7]. For post-mastectomy patients, there is a limited
literature base describing doses received by individual heart
structures in dynamic radiotherapy techniques [8]. Most of
the available articles analyse the technique of two tangential
fields in a group of breast conserving therapy patients (BCT).

The main aim of this study was to evaluate the doses
delivered to substructures of the heart for the IMRT irradiated
group of left-sided post-mastectomy patients. The doses to
heart substructures were described in terms of dosed distri-
bution and the model based on normal tissue complication
probability (NTCP).

Material and methods

Patients

In this retrospective study for 30 randomly chosen breast
cancer patients, we analysed the doses delivered to the heart
and its substructures. All of these patients, of a median age
of 53 years (32-88), were after a left-sided mastectomy. From
the group of 30 patients, 29 patients underwent a modified
radical mastectomy (MRM) with axillary fossa extraction, 1 pa-
tient had a simple mastectomy with a sentinel lymph node
biopsy. Chemotherapy was applied throughout the group of
30 patients, 13 patients received pre-surgical chemotherapy.
Radiotherapy was applied after surgery and chemotherapy.
Pathological tumour nodus metastases (pTNM) staging was
made according to the VIl edition of the International Union
Against Cancer (UICC) [9].

CT scan and contouring
Patients were placed supine in the treatment position, with
their arms raised above their head, immobilized with On-
coPoRT board. Computed tomography (CT) scans for treat-
ment planning were acquired during free breathing, with
1.5 mm slice thickness, using a Siemens CT scanner. Scans
were acquired from the hyoid bone to the end of the thoracic
vertebrae, with 10 mm tissue-equivalent bolus placed on the
thoracic wall. Next, the target volumes and organs at risk were
delineated on the CT scans. For planning, the clinical target
volume (CTV) included chest wall (CTV

chest)
) being delineated.

and axillary, infra
and supraclavicular nodal areas (CTV, ..
Planning target volume (PTV) was created by adding a 6 mm

isotropic margin to CTV. Organs at risk included the heart,
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lungs, coronary arteries, defined as 6 mm margins of the heart
anterior wall and the spinal canal.

For the purpose of a retrospective analysis of the doses
absorbed to the heart, additional heart substructures were seg-
mented based on Mary Feng Cardiac Atlas Heart [10]. The con-
toured heart substructures were: the pericardium defined as
2 mm sac, created as margin from internal and external of the
heart surface, ascending aorta, aortic arch, descending aorta,
superior vena cava (SVCQ), inferior vena cava (IVC), pulmonary
artery, coronary arteries: left coronary artery (LCA), left anterior
descending coronary artery (LAD), left circumflex artery (LCX)
and right coronary artery (RCA), left atrium, right atrium, left
ventricle, right ventricle (fig. 1). Contoured structures were
approved by a radiation oncologist.

Treatment planning and dose evaluation
For each patient, the IMRT treatment plan was prepared in
Eclipse version 15 (Varian) treatment planning system.The to-
tal dose was 45 Gy, delivered in 2.25 Gy fraction doses. Dose
distribution was calculated with the Analytical Anisotropic
Algorithm (AAA) version 15. From five to seven 6 MV coplanar
photon fields were used arranged in a fan pattern. The dose
was prescribed tothe CTV(CTV, , +CTV, ..
ing plan preparation, the following dose-volume constraints
were used: for the PTV D98% > 95%, D2% < 107%, for the heart
the mean dose <16 Gy and V2o < 14%, for the lungs the mean
dose <12 Gy, Va0 < 14% and V3o < 9%.

Treatment plans were retrospectively analysed. In each

) mean dose. Dur-

heart substructure the mean dose, Va2, V4, Vio, V20 and D2%
were evaluated.

Calculation of the NTCP
To calculate the NTCP, the Lyman Kutcher Burman (LKB) model
was used (equations 1-3) [11].

NTCP= —— [ &%aix M
Nz
_ D eff -1D 50
'="mm,, @)
D= VD" o

where: D, is the dose that, if given uniformly to the entire
volume, will lead to the same NTCP as the non-uniform dose
distribution, 7D, is the uniform dose delivered to the entire
organ that results in a 50% complication risk, m is a measure of
the slope of the sigmoid curve, n is the volume effect param-
eter,and V/is the fractional organ volume receiving a dose D..

End-point model parameters were taken from the lit-
erature. Long term cardiac mortality (TDso = 52.3 Gy, n = 1,
m=0.28,a/f =3 Gy) [10], pericarditis (TDso = 50.6 Gy, n =0.64,
m = 0.13, a/f = 2.5 Gy) [11], left ventricle perfusions defect
(TDso=29Gy,n=0.16m=041a/B =25 Gy) [12], LAD toxicity
(TDso =48 Gy,n=0.35,m=0.10, o/ = 2.5 Gy) [13].



Figure 1. CT scan with heart substructures: cyan heart, red ascending aorta, magenta aortic arch, cyan descending aorta, blue superior vena cava, brown
inferior vena cava, pink pulmonary artery, orange left atrium, green right atrium, yellow left ventricle, purple right ventricle, yellow LCA, white LAD, white
LCX, blue RCA

Statistical Analysis

Data was described by the average value (AVG) and stand-
ard deviation (SD) of all analysed statistics obtained for
the 30 patients — AVG (SD). For the relationship between
dose distribution statistics and NTCP, dose fitted curves
were done.

Results

Dose distribution in heart structures

Heart dose distribution parameters are summarised in table
l. The average value of the mean heart dose was 12.3 Gy
(1.1 Gy). The lowest average value of the mean dose was in

IVC 5.5 Gy (1.4 Gy), the highest value of the mean dose was
in LAD 28.5 Gy (5.0 Gy). The average value of V20 Gy in the
heart was 11.5% (5.3%). The lowest average value of Va0 Gy
was in the descending aorta 0% (0%), IVC 0% (0%), SVC 0%
(0%) and LCX 0% (0%). The highest average value of Va0 Gy
was in the LAD 73.3% (21.0%). The average value of the Vio
in the heart was 59.9% (8.7%), the lowest average Vio value
was in the vena cava inferior 0.2% (1.2%), the highest in the
LAD 99.3% (3.4%). The average values of V>-Va were high in
all heart structures, 100% (0.2%) and 98.1%. The lowest value
of V> and Va was in the descending aorta 87.1% (9.4%) and
72.6% (17.5%).
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Table I. Average values and SD of dose distribution statistics in the group of 30 patients

V, [%] V, [%]
heart 100 (0.2) 98.1(2.7)
pericardium 99.7 (1.1) 95.8 (5.3)
right ventricle 99.9(0.3) 99.8(1.3)
left ventricle 100 (0.1) 994 (1.6)
right atrium 99.9 (0.3) 96.2 (7.8)
left atrium 100 (0.0) 939(11.7)
ascending aorta 100 (0.0) 99.9 (0.3)
aortic arch 100 (0.0) 100 (0.1)
descending aorta 87.1(94) 726(17.5)
SCV 100 (0.0) 98.5 (5.6)
IVC 100 (0.0) 85.8(18.5)
pulmonary artery 100 (0.0) 994 (2.2)
LCA 100 (0.0) 100 (0.0)
LAD 100 (0.0) 100 (0.0)
LCX 100 (0.0) 984 (6.1)
RCA 100 (0.0) 100.0 (0.0)

VX - volume receiving X Gy and more; D m. - mean dose; D2% — near-maximum dose

NTCP values

Long term cardiac mortality

The average value of the long-term cardiac mortality for
30 patients was 0.17% (0.04%). Graphs present the NTCP-
dose relationship for which the value of R’ > 0.5. For the
relationship between long-term cardiac mortality and the
mean heart dose, the second degree polynomial was fitted
(R2=0.96), for Va0 (R? = 0.76) and for Vio (R? = 0.70) a linear fit
was used (fig. 2-4).

Pericarditis
In the group of 30 patients, the average value of the calculated
NTCP for pericarditis was 0.0% (0.0%).

0.28
0.26
0.24 1
0.22 1
0.20 4
0.18 4
0.16
0.14+
0.12 1
0.104

NTCP [%]

mean dose [Gy]

Figure 2. Relationship between the mean heart dose and long term
cardiac mortality
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V,, [%] Vo [9%] D m. [Gy] D2% [Gy]
529(87) 11533) 123(1.1) 338(36)
54.0(7.6) 23.7(6.1) 14.7 (1.7) 39.7(33)
822(133) 201 95) 15723) 314(55)
685(17.5) 129(56) 137(17) 331651)
199 (19.1) 01(03) 79(17) 1383.1)
14.1 (15.3) 0.1(0.1) 74(1.6) 12.7 (2.6)

495(29.2) 37(80) 108(26) 17.8(5.5)
705 (27.3) 11.0(20.3) 134 (4.3) 21.1(7.7)

3(62) 00(00) 55(14) 107 29)

168(25.8) 00(00) 80(22) 107 29)

2(12) 00(00) 57(13) 73(13)

659 (19.1) 121 (120) 13130 256(59)

659 (352) 06(20) 117 24) 148 (35)
993 34) 733(210) 285(50) 403(41)

453(358) 00(00) 97 (24) 125(28)
738(359) 63(17.1) 129(36) 158(49)

Left ventricle perfusions defect

The average value of left ventricle perfusion defects in 30 pa-
tients was 24.5% (8.0%). The graphs present the NTCP-dose
relationship for which the value of R? > 0.5. For the relationship
between left ventricle perfusion defects and D2%, the second-
degree polynomial was fitted (R?=0.97), for V20 (R? = 0.68)
alinear fit was applied (fig. 5-6).

LAD toxicity

The average value of LAD toxicity in 30 patients was 0.2%
(0.4%). The graphs presents the NTCP-dose relationship for
which the value of R? > 0.5. For the relationship between
LAD toxicity and the mean LAD dose (fig. 7), a two-parameter
exponential function was fitted (R? = 0.95).

0.28
0.26
0.24+
0.22 4
0.204
0.18
0.16
0.14+
0.124
0.104

NTCP [%]

T T 1
2 4 6 8 0 12 14 16 18 20

V2o [9%]

Figure 3. Relationship between heart V20 and long term cardiac
mortality
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Figure 4. Relationship between heart Vo and long term cardiac
mortality
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Figure 6. Relationship between Vo left ventricle dose and left ventricle
perfusion defects

Discussion

Dose distribution in heart structures

In our group of patients, the average value of the mean heart
doses was 12.3 Gy (1.1 Gy) and the average volume V2o was
11.5% (3.3%). In the literature, for the IMRT technique for left-
sided mastectomy patients, the mean heart dose ranged from
8.7 Gy to 14.0 Gy [12, 13] and the V2o value from 10.5% (5.2%)
to 14% (69)[12, 14, 15]. Alarge dispersion of the Vo also occurs
in literature, a Vio ranged from 17.8% (7.1%) to 55.7% (29.6%)
[12,13,15,16].

Due to the proximity of the heart to PTV, the mean dose
received by the left ventricle was 13.7 Gy (1.7 Gy) and 15.7 Gy
(2.3 Gy) for the right ventricle. The D2% were 33.1 Gy (5.1 Gy)
for the left ventricle and 31.4 Gy (5.5 Gy) for the right ven-
tricle. In Li Zhang's article, a similar analysis was carried out
for the IMRT technique and the mean left ventricle dose
and the maximum left ventricle dose came to 12.7 Gy and
48.7 Gy, respectively, whereas the right ventricle mean dose
was 14.7 Gy [8].

Among coronary arteries, the highest average values of
mean dose of 28 Gy (5 Gy), was obtained for LAD. In Li Zang's

40 =

354

301

254

NTCP [%]

20

D2% [Gy]
Figure 5. Relationship between D2% left ventricle dose and left
ventricle perfusion defects
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044
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Figure 7. Relationship between mean LAD dose and LAD toxicity

article describing the IMRT technique for post-mastectomy
patients, a high mean dose value of 37.7 Gy for LAD was
obtained [8]. The high dose values received by LAD were
also reported by other authors. In J. Caudrelier’s article about
the IMRT technique in BCT patients, a higher median dose
and maximum doses for LAD of 10.8 Gy (7.8 Gy) and 26.7 Gy
(15.7 Gy) and RCA of 124 Gy (5.7 Gy) and 27.0 Gy (12.4 Gy) were
reported [17].In our group of patients, the RCA average values
of the mean dose were 12.9 Gy (3.6 Gy), and D2% - 15.8 Gy
(4.9 Gy). In the LCA, average values of the mean dose were
11.7 Gy (24 Gy) and D2 - 14.8 Gy (3.5 Gy). The lowest values
of the mean dose - 9.7 Gy (2.4 Gy), and D2% - 12.5 Gy (2.8 Gy)
were obtained by the LCX similar to J. Caudrelier’s article where
the median dose was 4.5 Gy (1.7 Gy) and a maximum dose was
8.8 Gy (3.2 Gy) for LCX [17].

In the case of the IMRT technigue, many therapeutic beams
are used to achieve a conformal dose distribution. This results
in an increased amount of scattered radiation which leads to
an increase in the volume of tissues exposed to low doses.
The dose range of 2-4 Gy covers from 100% to 72.6% of the
volume of the heart structures.
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NTCP values in IMRT

NTCP models take the form of empirical models based on
dose distribution statistics from the treatment planning system
and data from prospective and retrospective clinical trials.
The values of the parameters used in radiobiological models
are obtained by fitting curves to clinical data. The calculated
NTCP value is always susceptible to the limitations of the used
model and results from the uncertainty parameters used for
modelling. The complicated structure of the heart causes
that the probability of injuries of different heart structures is
unlikely to be well described with a single parameter of dose
distribution eg. mean dose [3].

Long term cardiac mortality

Darby estimated [3] the linear increase in the risk of major coronary
events with a rising mean heart dose. This result was obtained
for breast cancer patients irradiated with two tangential fields. In
this technique, a small volume of the heart receives a high dose
but the mean dose in the heart is smaller than in IMRT. Uwe Sch-
neider suggested [5], that in IMRT, VMAT techniques there were
large volumes of the heart receiving low doses the risk of major
coronary events might not be linear as proposed by Darby [3].
The NTCP calculated by Schneider with Darby’s data showed that
the risk has a sigmoidal nature; it can be considered negligible if
the mean heart dose does not exceed 15 Gy.

The probability of heart damage related with the mean
heart dose analysed in this paper for IMRT for left-sided mas-
tectomy patients showed similarity with Schneider’s results. For
a mean heart dose of 12 Gy, the LKB model based the prob-
ability of long term cardiac mortality at only 0.17%. A limitation
of thisapproach is to use the same mean heart dose parameter
to calculate NTCP for IMRT and the tangential field technique,
due to different dose distributions in the heart.

Pericarditis
Pericarditis is the first clinical symptom for which dose-volume
effect was found. In patients undergoing mediastinal radio-
therapy, estimated pericarditis was about 6% if more than 50%
of the external heart contour was in the radiation therapy field
[18]. The probability of pericarditis was reduced from 20%to 7%
by using left ventricle shielding and reduced to about 2.5% by
shielding the left ventricle after 30 Gy [19]. Martel considered
a mean dose of 27.1 Gy and a maximum dose of 47 Gy as
predictors of pericarditis [20]. Wei and co-authors considered
the volume of pericardium receiving a dose of 30 Gy and more
(V30) as statistics associated with the occurrence of complica-
tions [21]. The probability of pericarditis estimated by Wei was
about 13%, if the Va0 < 46% or a mean dose <26 Gy. If the mean
dose exceeds 26 Gy and the Vo exceeds 46%, the probability
increases to about 73% [21].

In the analysed group of 30 patients irradiated with IMRT,
for a mean pericardial dose of 14.8 Gy and V0 of 23.7%, the LKB
model based the probability of pericarditis at 0%.
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Left ventricle perfusion defects
The clinical manifestation of subclinical perfusion defects is not
well understood and the perfusion changes themselves can be
reversible [22]. Based on single-photon emission computed to-
mography (SPECT) perfusion scans, Marks et al. demonstrated
perfusion defects, limited to the part of the myocarcium which
had received a dose higher than 15 Gy [22]. In the five-year
follow-up, a reduction of the left ventricular wall contractil-
ity was demonstrated. The NTCP of left ventricular perfusion
defects, estimated by Das et al. by LKB and relative seriality
(RS) models, shows that this complication can be classified as
for a serial organ [23]. Marks et al. analysed the left ventricu-
lar perfusion defects in a group of 73 breast cancer patients
irradiated by the tangential fields technique [22]. The prob-
ability of damage was estimated to be below 20% if less than
5% of the left ventricle volume was in the therapeutic field.
The probability of perfusion defects increases if more than 5%
of the left ventricle volume is in the therapeutic field. Literature
reports indicate a proportional increase in risk with an increase
in the left ventricular volume and an increase in the mean left
ventricle dose when the tangential field technique is used [24].
The average value of the LKB model based the probability
of left ventricular perfusion in the group of 30 IMRT patients
at 24.5% (8.0%) with a serial-like nature of the complication.
An increase in the D2% in the left ventricle results in increas-
ing NTCP .

LAD toxicity
Literature indicates the high sensitivity of coronary arteries to
exposure from ionizing radiation. This is particularly important
for the LAD, as an artery associated with the development of
myocardial infarction in breast cancer patient radiotherapy [25].
The studies showed a higher percentage of LAD stenosis in
patients undergoing left-sided radiotherapy for breast cancer,
due to the presence of LAD in the therapeutic field and the
large doses received by this artery [26-29]. The relationship
between the occurrence of radiation damage and the coronary
arteries indicated that the coronary arteries should be treated
as a separate organ at risk, and tolerance doses may differ from
the doses of tolerance for the remaining structures of the heart
[30]. Some authors claim that high point doses in the coronary
arteries can lead to an increased risk of myocardial infarction
within 10 years from the application of radiotherapy [24].
The average LKB model based probability of LAD toxicity
was 0.2% (0.4%). For the mean LAD dose and NTCP pseudo-
threshold relationship was shown (R? = 0.95). Below 30 Gy of
the mean LAD dose, the probability seems to be negligible.
Pseudo-threshold may by caused by small group of patients,
so can greatly impact the fit. Due to the small amount of data
available and the difficulty in precise contouring, modelling
LAD damage is challenging. Additional studies are needed to
describe the LAD threshold doses and dose-volume relation-
ships.



Conclusions

The collected data show that the assessment of the quality of
the treatment plan for patients after a left-sided mastectomy
performed only with the mean heart dose can be a significant

simplification for modern radiotherapy techniques. It seems

necessary to draw individual heart substructures for reliable

assessment of the dose distribution and NTCP calculation.
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Introduction. The aim of this prospective study was to estimate the perception and popularity of complementary and al-
ternative medicine (CAM) subtypes and the reasons for usage among adult Polish cancer patients.

Material and methods. The validated questionnaire was conducted among 310 patients. 24.1% of the patients used
CAM during their oncological treatment. Risk factors for CAM usage were: female gender, university degree and radical
treatment. The most common reasons for CAM usage were: boosting the immune system (46.1%), improving well-be-
ing/ counteracting the ill effects of cancer and its treatment (40.8%). The average level of satisfaction with CAM was high
(=3/5 on a Likert scale). Nearly half of the patients (46.6%) admitted not informing their doctors about their CAM usage.

Conclusions. The growing popularity and heterogeneity of CAM methods make it an important issue for patient-doctor
relations in Poland and other Central European countries. The results of this study indicate what topics should be covered

while introducing patient education programs.

Key words: cancer, complementary and alternative medicine, CAM, questionnaire, patients

Introduction

Over the last few decades, the treatment of cancer has im-
proved considerably. However, patients are constantly turning
to methods that are not part of routine procedures. Comple-
mentary and alternative medicine (CAM) is a huge group of
practices varying from alternative medical systems through
mind-body interventions, biologically-based therapies, ma-
nipulation and body-based methods to energy “therapies”.
According to the National Center for Complementary and Al-
ternative Medicine, itis“a group of diverse medical and health

care systems, practices, and products that are not generally
considered part of conventional medicine”[1] (tab. I).

Results obtained in numerous countries show that the
range of CAM usage by cancer patients varies between 14.8%
and 73.1% [2, 3]. These data were obtained before the CO-
VID-19 era and may be even higher now as during this period
access to standard diagnostic and treatment procedures was
limited, although results from Germany show similar statistics
to those from pre-COVID-19 times [3]. There is also a shortage
of current information about the application of CAM in Poland
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Table 1. The definition of the term ‘complementary and alternative medicine” [1, 2]

Complementary and alternative medicine

“the use of unproven interventions by individuals in conjunction with, or in place of, traditional or conventional means of treatment of various diseases or

disease-related symptoms”
Complementary therapies

“refers to using a non-mainstream approach together
with conventional medicine”

Alternative therapies

“refers to using a non-mainstream approach in place of conventional medicine”

manipulation movement therapies mind-body interventions  biologically based alternative medical systems
and body-based methods therapies

massage .+ yoga meditation herbs/herbal remedies traditional Chinese medicine
« relaxation techniques - pilates - prayer - dietary supplements - ayurveda
« chiropractic + supportive groups « vitamins

and Central or Eastern Europe. It is important to estimate the
popularity and perception of CAM among cancer patients in
order to increase the awareness among physicians.

The aim of this study was to estimate the general perception
of Polish cancer patients regarding CAM, its popularity, its types,
and the reasons for its application. This research was also con-
ducted to checkif the profile of patients using CAM in Poland is
similar to other countries and if there is any correlation between
medical or sociodemographic factors and the popularity of CAM.

To the best of our knowledge, our study has been the first
concerning the usage of CAM in Central or Eastern Europe
among the cancer patient population.

Material and methods

Ethical approval

The study was approved by Jagiellonian University Ethics Com-
mittee (Decision No. KBET/3/B/2012).The study was performed
in accordance with the ethical standards laid down in the 1964
Helsinki Declaration and its later amendments. All patients
gave their written, informed consent to participate in the study.
No conflict of interest was declared.

Building a tool

The questionnaire development process is describes in table I
[4, 5]. We followed the European Organization for Research
and Treatment of Cancer Quality of Life Group guidelines for
questionnaire development with some changes concerning:
single country cultural consistency and creating the initial ques-
tionnaire in Polish instead of English [4]. Data for the validation
process were gathered between January 2012 and January 2013.

Study group

Inclusion and exclusion criteria

Patients'inclusion criteria were: adult age (>18 years) and pri-
mary diagnosis confirmed by histopathological examination.
There was no restriction as to the type of neoplastic disease
or treatment type or intention. The exclusion criteria were: lack

special diets

of informed consent to complete the questionnaire or refusal
regarding accessing medical records.

Data gathering

The validated survey was conducted as a personal interview
among patients between February 2013 and January 2016, with
both men and women, at the Department of Clinical Oncology,
University Hospital in Krakow. The inpatients of the Oncological
Ward and outpatients from the Ambulatory Chemotherapy
Clinic were recruited. Interviewers assured them about confiden-
tiality before the interview started. In order to avoid concealment
of information by the patientsin the presence of their physicians,
the interviewers were not involved in patients' treatment. Pa-
tients were instructed on how to complete the questionnaire
and were allowed to ask questions whenever any uncertainties
arose. After completing questions about the sociodemographic
data, the patients were asked if they had used CAM. All patients
were asked a question about their perception of what CAM
is and if it is approved by conventional medicine. If patients
admitted using CAM, they were asked follow up questions. The
whole procedure lasted 10-25 minutes, depending on whether
the patient used CAM or not.

Data gathered from the questionnaires were supplemen-
ted by patients’ clinical records. Information acquired from
patients’histories included questions about:

- type/intention of treatment (radical vs. palliative),

- current treatment (chemotherapy vs. radiotherapy vs. ra-
diochemotherapy vs. hormonal therapy),

- history of previous oncological treatment (yes/ what type
of treatment vs. no),

- date of diagnosis.

Table Ill shows the sociodemographic and medical data
for 310 patients who completed the questionnaire.

Statistical analysis

Statistical analysis was performed with the use of
Statistica 10.0 PL (Statsoft). Elements of descriptive statistics
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Table Il. Actions taken to compile the questionnaire [4, 5]

Phases Action Description

Phase 1.
Generation of

searching databases

Medline (1993-January 2012), Scopus and Up-To-Date databases were screened for all studies
published in English concerning the use of CAM among adult oncological patients in Europe

issues - the following keywords were used according to Boolean logic rules: complementary and alternative
medicine, alternative medicine, alternative therapies, CAM, cancer, complementary therapies, Poland,
neoplasm, oncology, patients, survey, questionnaire
the search strategy was developed specifically for each database
the information was obtained initially from abstracts and then further complete papers

interviewing the

patients performed

the interviews with patients (n = 20; age range 18 to 72 years; 10 females and 10 males) were

the patients were asked to describe their experience concerning CAM and were permitted to

provide information freely

the procedure was stopped when no new issue arose

- discussing among health-care professionalsA list of 33 issues was generated and discussed among the authors of this study
and a group of six other health-care professionals (two nurses, two medical students and two oncologists)
- all assessed the relevance of each issue on the Likert scale (1 - not relevant at all, 5 - very relevant) and chose 15 issues for

further consideration

+ theissue was selected if it achieved a mean score of 3.5 on the Likert scale and at least one-third of respondents prioritized

the issue
- finally, one overlapping issue was deleted

Phase 2.
Building

a provisional
questionnaire

generating a list of
questions

review by an expert

review by an independent expert was performed

Phase 3. assessment by health-
Testing the care professionals
provisional

questionnaire testing on a group of

patients

Phase 4.
Questionnaire
field-testing

field-testing on a group
of patients

the provisional questionnaire was assessed
by a group of five doctors, one nurse, one
psychologist and five medical students - confusing, upsetting or intrusive questions and

the provisional questionnaire was tested by 30
patients at the Oncology Clinic (age range 41 to
70 years; 18 females and 12 males)

the chosen issues were used to build the items for the questionnaire
the provisional version consisted of 21 questions: eight about sociodemographic data and 13 about
CAM compiled by the research team

- health-care professionals and patients found the
questions easy to understand and acceptable

issues were corrected (according to suggestions)
after discussion between co-authors. E.g.
question about earnings was deleted to avoid
sensitive issues not directly pertaining to the
study’s aim

the final questionnaire developed for this study consisted of 19 items
questions were mostly closed-ended with an open answer category after a list of possible answers
questions were divided into three parts: sociodemographic data (six questions), usage and

perception of the CAM term (two questions), and questions about CAM usage — only for patients
who admitted usage of CAM (11 questions)

the main issues and most commonly used methods of CAM were specified. The number of
respondents used for field-testing was 96 (age range 31 to 88 years; 55 females and 41 males)
results for test-retest reliability with an assessment 2 weeks after the baseline by using interclass
correlations showed a correlation from 0.8 to 0.92, which is considered excellent

in terms of construct validity, Cronbach's alpha coefficient for the final questionnaire was 0.77. This
value was considered acceptable

final review of the
questionnaire

were applied (mean, standard deviation, percentage distribu-
tion). The Student's t-test was used when comparing quanti-
tative variables and the Mann-Whitney U test was applied in
the absence of normal distribution of factors. The results of the
univariate logistic regression were presented as odds ratios
(OR) and 95% confidence intervals (95% Cl). P-values of less
than 0.05 were considered to indicate statistical significance.

Results

Over 24.1% of all patients used CAM during their oncological
treatment. The mean age was 58.1 years (+/— 11.7 SD). CAM users
were more often women (OR = 1.84;95% Cl: 1.07-3.13;p=0.025)
and had a university education (OR = 2.05; 95% Cl: 1.18-3.57,
p =0.0107. Between CAM users and non-users, there were no
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the questionnaire was accepted by the research team

differences as regards duration of the oncological treatment,
the place of residence, marital status or age (p > 0.05). Patients
during radical treatment tended to use more CAM than palliative
patients (OR=1.81;95% Cl: 1.07-3.07; p=0.0277). Patients with
breast cancer used CAM more often than patients with other
types of malignancies (OR = 2.67;95% Cl: 1.38-5.16; p=0.0036).

Polish society is homogeneous - all patients from this stu-
dy were Polish citizens and Caucasian. Regardless of whether
they were CAM users or non-users, all patients were asked
a question about their definition of CAM. Table IV shows what
their comprehension of the CAM term was. The higher the
education level of patients (secondary and university educa-
tion) the better their knowledge of CAM (p < 0.0001). The term
“Other”in table IV means patients'own comments related to



Table 1. Sociodemographic and medical information about respondents

All participants CAM users Non-users

No. % No. % of all No. % of all
participants participants




Table IV. Patients' perception of the CAM term

All participants CAM users Non-users

What, in your they are methods that are moderately approved by
opinion, does the conventional medicine (CM)

term “complementary
and alternative

medicine” mean? they are methods that could be used instead of
the CM

they are salutary methods unapproved by CM

they are methods that could be used alongside CM
| do not have any opinion

other

decisions about the usage of CAM, like: "My family and friends
encouraged me to use it, and | trust them; | think that CAM is
safe for my health; | wanted to try everything possible; | do not
trust CAM or | think CAM is a mind therapy, not body therapy".

Table V presents the prevalence of using particular CAM
methods. Most patients had more trust in conventional me-
dicine (CM) (67.1%), but there was also a group of CAM users
(17.1%) who trusted both CAM and CM the same way. Only
2.6% (2 responders) trusted CAM more. The most commonly

Table V. Prevalence of CAM usage
Method

58 18.7 20 6.5 38 123
39 126 11 0.0 28 0.1
4 13 2 0.0 2 0.0
109 352 39 0.1 70 0.2
101 326 14 0.0 87 03
70 226 10 0.0 60 0.2

mentioned reason for using CAM was boosting the immune
system (46.1%). Other popular arguments were: improving
well-being/ counteracting the ill effects of cancer and its treat-
ment (40.8%); improving the prognosis (38.2%) and increasing
the chance of recovery (28.9%). The most common source of
information about CAM was family and friends (57.9%), over
34.2% of CAM users employed some CAM methods before
their oncological treatment. The amount of money spent each
month on CAM was lower than 50 PLN (around 13 USD) for

CAM users

manipulation and body-based methods massage 3 39
relaxation techniques 2 26
movement therapies yoga 3 39
mind-body interventions prayer 24 316
psychotherapy/ support groups 6 79
biologically based therapies dietary supplements 31 40.8
herbal medicine 20 263
special diet/modification of diet 17 224
apitherapy 8 105
amygdalin 4 53
capsaicin 4 53
aromatherapy 1 13
alternative medical systems quackery/ 7 9.2
bioenergotherapy
homeopathy 5 6.6
acupuncture 0 0
Ashkar method 0 0
folk/traditional medicine 0 0
other methods not listed above 20 263
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27.6% of respondents: 50-100 PLN for 25.0%. About 17.1% of
CAM users spent 100-200 PLN monthly, 6.6% — 200-500 PLN
and 7.9% more than 500 PLN. The most popular treatments
mentioned by respondents were:

alkylglycerol (Ecomer, containing shark liver oil) (6.7% of

CAM users),

specially prepared juices from vegetables or fruit (6.7%),

vitamin B,, — amygdalin (5.3%),

shark cartilage (5.3%),

noni juices (Morinda citrifolia) (5.3%),

extract from shiitake mushroom (Lentinula edodes) (4%),

extract from Polyporus betulinus nigricans (4%),

elements from Betula pendula (2.7%),

Graviola Immune (2.7%),

ayurweda (1.3%) and pilates (1.3%).

Discussion
CAM usage - the profile of users and potential
reasons for CAM usage
Numerous researchers prove that CAM usage among cancer
patients is higher than in the general population, but similar
to patients with chronic diseases. Indeed, a recently published
study regarding Polish patients with epilepsy showed similar
percentages of CAM users in comparison to our population [6].
In this research, the profile of CAM users is the same as in
many other research studies — patients with cancer using CAM
tended to be female with higher education levels and were
suffering from breast cancer. Better educated patients are
probably more aware of their health status and show more
interest in the process of their illness and treatment. CAM
usage is connected with higher educational levels; in Israel,
however, dietary supplement usage is more popular among
people who are less formally educated. CAM can be seen as an
active way to manage the disease, with some data suggesting
that the intention of patients using CAM was to have a positive
influence on their disease [7-10]. In this study, better educated
patients seemed to have more ideas and reflections about
CAM and they were probably more involved in the treatment
of their disease. 4.5% of CAM users, in comparison to almost
one third of non-users, did not have their own opinion about
what CAM was. In Poland, the use of CAM was mainly affected
by the influence of family and friends, while in the United
Kingdom (UK), the Internet played a main role [11].
Alternative methods were nearly fifteen times more po-
pularamong Polish patients than complementary ones, while
in other studies this disparity is smaller — alternative methods
are only three times more popular [12]. An explanation for this
might be the different motivations for choosing CAM. In this
research, the most popular reason for using CAM was“boosting
the immune system”and diet supplements seem to be the
most suitable and accessible way of achieving this. Huebner
etal. (Germany) indicated the importance of “the reduction of
side effects”and a “desire to become active”as equally impor-

tant, while Molassiotis et al. and other European researchers
reported “increasing the body’s ability to fight cancer” as the
most popular reason; complementary methods may more
effectively fulfill these demands [13, 14]. Other reasons for the
use of CAM by Polish patients were generally similar to those
from other studies.

In Poland, patients during radical treatment tended to
use CAM nearly twice as often as during palliative treatment,
while other papers suggested that palliative patients, who
have a poorer quality of life, are usually expected to use CAM
more often. According to Eliott et al,, palliative patients might
be more depressive and hopeless and some of them might fail
to continue to use CAM due to different practical and financial
difficulties [15, 16]. Complementary methods like relaxation
or psychotherapy might be especially favorable for palliative
patients. However, in Poland there is little general awareness
about these methods. During palliative oncological treatment,
the spiritual needs of patients and the various problems asso-
ciated with the end of life should not be omitted or unnoticed.
Unfortunately, in Poland the palliative treatment financed by
the National Health Fund (NFZ) does not satisfy these demands.
Moreover, overall psychological care in oncological and pallia-
tive departments is insufficient [17].

CAM methods used

Poland is a mainly Catholic country: 91.4% of the total popu-
lation (2018, http://stat.gov.pl/) belong to the Latin Church of
the Roman Catholic Church. 24% of our participants claimed
that they were praying for a cure. In this research, prayer was
the second most common CAM among cancer patients, which
is similar or less frequent to the outcomes from North Africa
or Asia, while in Western Europe other methods were usually
more popular [9, 18-20].

The profile of the method used in Poland is halfway between
the profile from Western Europe or the USA and Asia. In Poland,
like in Western countries and the USA, the most popular me-
thods were mainly various diet supplements (tab.V) [8, 9]. Diet
supplements —regardless of their effectiveness —are the simplest
methods that can be applied. They do not usually require major
changes in lifestyle or involve much time, attention or effort.

In Poland, methods like mind and body and relaxation
techniques or acupuncture are still not very popular. In other
European countries, relaxation is used by up to 32.4%, acu-
puncture up to 13% and spiritual methods up to 20.0%, while
in our research it is only 7.8% for manipulation and body-ba-
sed methods (also including relaxation), 3.9% for movement
therapies and 0% for acupuncture (tab. V).

A systematic review from the USA names exercises, acu-
puncture and meditation, yoga, massage and music therapy
among the most frequently mentioned on comprehensive
cancer center websites. They are offered to cancer patients as
commonly as dietary supplements and even more commonly
than herbs [21-22]. According to Scott et al,, in the UK, where
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http://stat.gov.pl/

the average income is higher than in Poland, the most popular
methods among cancer patients are relaxation, meditation
and medicinal teas [12]. In Polish society these interventions
are probably still regarded as “exclusive”and accessible only to
younger people in bigger cities with higher incomes. In this
study, participants were not asked about theirincome to avoid
tactlessness, nevertheless the mean value of a salary in Poland
in the first half of 2019 was 4951 PLN (1293 USD) (http://stat.
gov.pl). More expensive methods (like acupuncture or massa-
ge) are unaffordable for many patients in Poland.

Moreover, in Poland and other countries from the Eastern
Block (the former communist states of Central and Eastern
Europe), common access to some methods, techniques and
innovations was restricted for many years. 30 years ago this
isolation ended, and the difficult and still ongoing reform
of the health care sector began. It may still take many more
years to overcome the challenges faced [23]. The mean age
of this study population was 58.1 years which might suggest
that many of the respondents might not be very familiar with
the benefits of complementary therapies due to their age.
Maybe the proportion of CAM types used will change over
the coming decades. The last important factor is the fact that
people living in smaller Polish cities or rural areas have limited
access to some practices requiring professional staff (like yoga,
pilates or support groups).

Safety and patient-doctor communication issues
7.9% of our respondents claimed that using CAM delayed
presenting oneself to a physician or oncologist with distur-
bing symptoms. This percentage is much lower than for the
Asian population. A recently published retrospective study
regarding a huge population (almost 2 000 000) of cancer
patients concluded that CAM usage was associated with re-
fusal of standard treatment options and a higher risk of death.
Earlier, Han et al. proved that CAM used as primary treatment
for breast cancer increased the risk of progression, recurrence
and death, however a study by Neuhouser et al. did not confirm
this. Nevertheless, the risk of drug interactions when some of
CAM methods are applied, in addition to standard oncological
treatment, or even higher a risk of infections in some cases
cannot be neglected [20, 24-27].

In our study, almost half the patients (46.57%) admitted not
informing their doctors about CAM usage and this matches
the results of the review by Davis et al. regarding the number
of patients who do not disclose CAM usage (20-70%) [28].
Our patients point to their doctor’s lack of inquiry as to the
main reason for nondisclosure, and this was also demonstra-
ted by other studies. It seems that patients lack the proper
conversations about supportive methods for their oncolo-
gical treatment. Other studies reported similar results about
patients'fear of being judged by clinicians when sharing such
information and their desire to be actively involved in their
treatment [29-30].
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Limitations of the study

The study has certain limitations, one of the biggest being the
inequality of the groups — there were almost twice as many pal-
liative patients involved than radical and more inward patients
than outward. The survey did not investigate the usage of vita-
min C infusions and this method was explored together with
other methods as ‘dietary supplements” Regarding the growing
popularity of vitamin C infusions, this topic should be covered
separately [10, 31]. An important influence on the proportion
of women and men using CAM in our study was women with
breast cancer — they accounted for 14.5% of all patients, but as
many as 25.0% of all CAM users. Moreover, the response rate was
not measured and the patients who did not give their consent to
complete the questionnaire were not asked about their reason for
refusal. The questionnaire needs a cross-cultural adaptation and
a proper English translation in order to be used in other studies.

Conclusions

The study showed the differences between the USA Western
European and post-communist countries in terms of CAM
usage in cancer patients. The profile of a Central European CAM
user is also different from their Asian equivalent. Looking at
the updated data from other regions, it can be assumed that
Poland will also experience a shift in prevalence or types of
CAM being commonly used.

The growing popularity and heterogeneity of CAM me-
thods make it an important issue for patient—doctor relations
in Poland and other Central European countries. Oncologists
and general practitioners in our region should start talking
about CAM with their cancer patients. The results of this study
indicate what topics should be covered while introducing
patient education programs in Poland.
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Material and methods. The dataset derives from 17 clinical centers registered in the PSSO-01 study. From 2016 to 2020, the data
of 1,607 patients were collected. Taking into account the number of patients enrolled in the study, the centers were divided into
three categories: high volume, medium volume, and low volume. Nominal variables were compared between different categories
of centers using the chi-square test. The STROBE guidelines were used to guarantee the reporting of this observational study.
Results. More patients with metastatic disease were operated on in the low volume centers (p = 0.020). Neoadjuvant
treatment was used in 35%, 52%, and 66% of patients operated on in low, medium, and high volume centers respectively
(p <0.001). Laparoscopic resection in medium volume centers was performed more often than in other centers (p < 0.001).
The total rate of postoperative complications related to high, medium, and low centers was 22%, 26%, 18% (p = 0.044).
One year following surgery, a stoma was present in 63% of patients. A defunctioning stoma following anterior resection
was reversed in only 55% of patients. Anastomotic leakage was the main reason for a non-reversal diverting stoma.
Conclusions. The representation of low volume centers in the PSSO-01 study was understated. However, the outcomes
may show the actual situation of surgical treatment of rectal cancer in high and medium volume centers in Poland.

Key words: rectal cancer, surgery, volume center, stoma

Introduction

Every year, about 6,000 new cases of rectal cancer are recorded
in Poland. Most of them require surgical treatment. Unfortu-
nately, we neither have a nationwide registry that allows us
to determine the stage of the disease at the time of diagnosis,
nor the ability to use prospective monitoring of the surgical
outcomes with a nationwide scope.

In 2016, the Polish Society of Surgical Oncology (PSSO) began
collecting data on the surgical treatment of rectal cancer as part of
amulti-center observational study (PSSO-01). One of the objectives
of this project was to evaluate the early results of surgical treatment
and to determine the proportion of patients who had a permanent
intestinal stoma in long-term follow-up (up to 12 months after
surgery). The purpose of this study was to provide basic data on
the current surgical treatment of rectal cancer in Poland.

Material and methods

Study centers

The participation of the institutions in the research project PSSO-01
was voluntary. The main criterion for the qualification of the centers

was the possibility of monitoring postoperative complications wi-
thin a minimum of 30 days after surgery and long-term outcomes
upto 12 months after surgery. At the beginning of the study (April
2016), there were 7 registered centers. Others joined during the
study. 17 out of 24 registered centers were active in the study. The
activity of the centers during the study period is shown in figure 1.
The recruitment process for the study has been described in detail
and published previously [1]. Taking into account the number of
patients enrolled in the study from each institution, the centers
were divided into three categories: high volume (>50 operations
per year), medium volume (25-50 operations per year), and low
volume (<25 operations per year). Due to the COVID-19 pandemic
and the temporary interruption of the normal work of the hospitals,
the volume was calculated according to the following formula:
(number of patients recruited until 315 March 2020 + the time of
the center's activity [in months] to the date of 31°t March 2021) x 12.

Population of the study
The project of the study received the approval of the Bioethical
Committee. During the study period, all patients with primary

the code of the institution
O

18]
/]
16
15
14
13
12]
1
2016
start of the study

(April 2016)

Figure 1. Activity of the centers in the study period

end of the study
(December 2020)
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rectal cancer (coded as C20, International Classification of Di-
sease-10) operated on at the research centers were registered.
The following data were prospectively collected:

gender — distant metastases,

concomitant diseases,

preoperative treatment,

technique and type of surgery, postoperative complica-

tions according to the Dindo-Clavien classification.

Because the main purpose of the PSSO-01 study focused
on anastomotic leakage, wider data were collected only in the
group of patients after anterior resection.

Follow-up

The data of the presence of a stoma after anterior resection
was prospectively collected within 12 months from the date
of surgery. If a stoma at the evaluation points specified above
was still present, the reasons for this has been described. The
information on bowel restoration following Hartmann’s pro-
cedure was retrospectively collected.

Statistical analysis

Missing data were not defaulted to negative, and denomina-
tors reflect only actual reported cases. Summary statistics were
expressed by percentages for categorial variables. Nominal
variables were compared between the three groups of patients
operated on at different volume centers using the chi-square
test. For all tests, the statistical significance was accepted at
a=0.05. All tests were two sided. The data were analyzed with
SPSS version 19 for Windows (SPSS, Chicago, lllinois, USA).

Results

From April 2016 to December 2020, 1,607 patients undergo-
ing surgical treatment for rectal cancer were registered. The
characteristics of the patients are shown in table I. More than
half of the patients (53%; [95% confidence interval (Cl): 49-57])
had concomitant diseases, the most common of which was
hypertension 45% (95% Cl: 43-47). Diabetes occurred in 15%
(95% ClI: 13-17) and ischemic heart disease in 14% (95% Cl:
12-16). The rate of patients with cancer spread (distant me-
tastases) at the time of the rectal cancer diagnosis was 13%
[95% Cl: 8-18]. Preoperative treatment of any kind was used in
920 (57%) patients. During the operation, a stoma (permanent
or temporary) was created in 890 (56%) patients. Taking into
account the patients'characteristics and their treatment, many
statistically significant differences were found between the
centers of different volumes — table Il.

More patients with advanced cancer (metastatic disease)
were operated on in the low volume centers than in high
volume centers: 18% vs. 11% respectively (p = 0.020; relative
risk (RR): 1.61 [95% Cl: 1.10-2.35]). There was also a difference
in the proportion of patients with concomitant disorders (such
as ischemic heart disease, hypertension, and diabetes) who
were treated in different centers: high volume centers 48%
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Table I. Characteristic of the study group

Patients
n (%)

volume of the study center:

high (>50 operations per year) 853 (53)

medium (25-50 operations per year) 563 (35)

low (<25 operations per year) 191 (12)
gender:

male 981 (61)

. female 626 (39)

metastatic disease:

. yes 197 (13)
not specified 59

concomitant disorders:

©oyes 846 (53)

preoperative RTH or CRT:

. yes 920 (57)
no 687 (43)

mode of surgery:
urgent 49 (3)

. elective 1540 (97)
no data 18

abdominal approach:

.+ open 1325 (85)
laparoscopic 233(15)
no data or not applicable (¥) 49

type of operation:

+ ASR/APR 341 (21)
RA 530 (33)
LAR 322 (20)
HRTM 200 (13)
PRCOL 5(0.3)

. LExc 28(2)

. STOM 130 (8)

< LPT 7(04)

- other 28(2)
no data 16

RTH - preoperative radiotherapy; CRT — preoperative chemo-radiotherapy; ASR
- abdomino-sacralis resection; APR — abdomino-perineal resection; RA - anterior
resection; LAR - low anterior resection (anastomosis <5 cm from the anal verge);
HRTM - Hartmann's procedure; PRCOL - proctocolectomy; LExc — local excision;
STOM - colostomy; LPT - laparotomy; (¥) - resection without laparotomy (for
example: local excision)

vs. medium volume centers 57% (p = 0.005; RR 1.18 [95% Cl:
1.06-1.30] vs. low volume centers 60% (p = 0,006; RR 1.24
[95% Cl: 1.08-1.42]). Preoperative radiotherapy or chemo-
-radiotherapy was used in only 35% of patients operated on
in low volume centers. This was less than in medium volume
centers (p < 0.001; RR 1.52 [95% Cl: 1.23-1.87]) and in high
volume centers (p < 0.001; RR 1.90 [95% Cl: 1.55-2.32]). There
were also differences in neoadjuvant treatment between high
volume centers and medium volume centers: 66% and 52%
respectively (p < 0.001;RR 1.25 [95% Cl: 1.14-1.37]).

Surgical treatment

Emergency operations were performed more frequently in
low volume centers than in medium and high volume centers
(p<0.007;RR 3.04 [95% CI: 1.67-5.53]). The rate of laparoscopic
resection in medium volume centers was higher than in high vo-
lume centers (22%vs. 13%:p < 0.001;RR 1.70[95% Cl: 1.34-2.16)]



Table Il. The surgical treatment and volume of the center

Factor

gender:
male 534 (63%)

. female 319 (37%)

concomitant disorders:

. yes 412 (48%)

clinical stage (TNM):

« |V (metastatic disease) 94 (11%)

C e 739 (89%)

+ not specified 20

preoperative RTH or CRT:

. yes 559 (66%)

urgency of surgery:
urgent 22 (3%)
elective 829 (97%)
no data 2

surgical abdominal approach:

+open (classic approach) 725 (87%)

« laparoscopic 107 (13%)

+ no data or not applicable (*) 21

surgical procedure:

« ASR/APR 190 (22%)
RA 265 (31%)
LAR 171 (20%)
HRTM 108 (13%)
PRCOL 3(0.4%)
LExc 16 (2%)
STOM 76 (9%)
LPT 4(0.5%)
other 18 (2%)
no data 2

defunctioning stoma: (*¥)

- yes 138 (31%)
no data 0

Volume of the center

Medium
n=>563
0354
331 (59%) 116 (61%)
232 (41%) 75 (39%)
0.001
320 (57%) 114 (60%)
0.047
73 (13%) 30 (18%)
477 (87%) 135 (82%)
13 26
<0.001
295 (52%) 66 (35%)
0.001
13 (2%) 14 (8%)
540 (98%) 171 (92%)
10 6
<0.001
424 (78%) 176 (96%)
119 (22%) 7 (4%)
20 8
0.102
116 (21%) 35 (19%)
195 (35%) 70 (38%)
126 (23%) 25 (13%)
61(11%) 31 (17%)
1(0.2%) 1(0.5%)
9 (2%) 3(2%)
40 (7%) 14 (8%)
2 (0.4%) 1(0.5%)
4(0.7%) 6 (3%)
9 5
<0.001
71 (22%) 5 (5%)

1 1

RTH - preoperative radiotherapy; CRT - preoperative chemo-radiotherapy; ASR — abdomino-sacralis resection; APR — abdomino-perineal resection; RA - anterior resection;
LAR - low anterior resection (anastomosis <5 cm from the anal verge); HRTM - Hartmann's procedure; PRCOL - proctocolectomy; LExc - local excision; STOM - colostomy; LPT -
laparotomy; (¥) - resection without laparotomy (for example: local excision); (**) - percentage is related to the performed anastomoses

and low volume centers (22% vs. 4%: p < 0.001; RR 5.53 [95% Cl:
2.72-12.05)]. There were no statistically significant differences
between centers of different volume, taking into account the
type of performed operations (p = 0.102). However, analysis of
individual types of operations has shown that fewer low anterior
resections in low volume centers were performed than in high
and medium volume centers (13% vs. 21%: p = 0.018; RR 1.57
[95% Cl: 1.08-2.30]). Diverting stoma in resection with primary
anastomosis was performed most often in high volume centers,
and the least in low centers (p < 0.001) — table Il.

The early outcomes of surgical treatment

Most palliative resections were performed in low volume centers
(19%), and it was a statistically significant difference in propor-
tion to medium volume centers (p = 0.018; RR 1.61 [95% Cl:
1.11-2.32]) - table lll. There were no differences in palliative re-
sections between high and medium volume centers (p = 0.075;
RR 1,28 [95% Cl: 0,97-1,68]). Postoperative complications was

recorded in 359 (23%) patients. Most of them occurred in me-
dium volume centers (26%). The difference in proportion to
high and low volume centers were 26% vs. 22% (p = 0.056; RR
1.21 [95% ClI: 1.00-1.47]) and 26% vs. 18% (p = 0.034; RR 1.42
[95% Cl: 1.02-1.98]) respectively. Taking into account only se-
rious postoperative complications (grade 3-5 according to the
Dindo-Clavien Classification), the difference between medium
and high volume centers was not significant (p = 0.110), but
>3 grade complications were higher in medium volume cen-
ters in relation to low volume centers (p = 0.016; RR 1.55 [95%
Cl: 1.13-2.12]). The rate of anastomotic leakage was similar in
centers with different volume (8%, 10%, and 7%). Postoperative
mortality was less than 1%. At the end of postoperative hospi-
talization, 707 (45%) patients had a permanent end-colostomy.

Persistent stoma in long term observation

The full follow-up covered 1,243 patients. Patients who had
been lost from the follow-up (death or an observation pe-
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Table 1. The early outcomes of surgical treatment

Factor

type of resection:

. palliative 235 (15%)

- radical 1354 (85%)

+ nodata 18

postoperative complications:

. yes 359 (23%)
no data 28

the grade of complications

< 72 (5%)

- 2 110 (7%)

<3 129 (8%)

- 4 29 (2%)

o 5 14 (1%)

+ nodata 33

anastomotic leakage (*)

. yes 75 (9%)

+ nodata 4

end-colostomy present at the end of hospitalization: @

. yes 707 (45%)
no data 46

Volume of the center

Medium
n=563
0.035
132 (16%) 67 (12%) 36 (19%)
719 (849%) 486 (88%) 149 (81%)
2 10 6
0.044
182 (22%) 143 (26%) 34 (18%)
7 15 6
0632
23 (3%) 44 (8%) 5 (3%)
65 (8%) 38 (7%) 7 (4%)
70 (8%) 42 (8%) 17 (9%)
13 2%) 13 (2%) 3 (2%)
8 (1%) 4(1%) 2 (1%)
10 17 6
0.607
36 (8%) 32 (10%) 7 (7%)
0 3 1
0318
390 (47%) 234 (43%) 83 (46%)
19 15 12

(*) - percentage is related to the performed anastomoses; ' - according to the Dindo-Clavien Classification; 2 - any surgical procedures with permanent stoma performed.
Disconnection of the anastomosis due to anastomotic leakage after anterior resection and end-colostomy performed - included

riod less than 12 months) were excluded from the analysis of
long-term outcomes. One year after the operation, a stoma
was present in 777 (63%) patients. In 533 (43%) patients, it
was connected with the primary type of surgery: abdomino-
-sacral resection / abdomino-perineal resection (ASR/APR;
n=341), proctocolectomy (PRCOL; n =5), palliative Hartmann's
procedure (HRTM; n = 31), only colostomy (STOM; n = 133).
In addition, in this group there were patients in whom primary
anastomosis was a disconnection due to leakage, and a defi-
nitive end-colostomy was created (n = 23). In the remaining
244 patients, a stoma was still present because no reversal of
defunctioning stoma or no bowel restorative surgery after the
radical Hartmann's procedure was performed. The overall rate
of bowel restorative surgery following the radical Hartmann'’s
procedure was only 2.4%. The defunctioning stoma following
anterior resection (RA) or low anterior resection (LAR) was
reversed in only 92 (55.4%) patients — figure 2. The reasons
for delay in defunctioning stoma reversal is shown in table IV.

Discussion

Interim analysis of the secondary purpose of the PSSO-01 study
was published previously [1]. This paper reports the final out-
comes based on the data of the 1607 patients enrolled in this
study. Despite the large number of subjects enrolled on this
trial, it should be kept in mind that the PSSO-01 project was not
aregistry of rectal cancer, and the results of this analysis should
be treated with caution. Furthermore, the data collected during
the study do not allow for detailed analysis of the reasons for
the individual results of the observations. The purpose of the
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-1
end of hospitalization 1 year after surgery

m total m permanent colostomy

O Hartmann's procedure O defiunctioning stoma

Figure 2. Persistent stoma in 1-year follow-up; analysis of 1243 patients
(patients with incomplete data - excluded)

study was not to assess the quality of rectal cancer surgical
treatment, but to present the current situation.

Metastatic disease at the time of rectal cancer diagnosis
(stage IV according to UICC) was found in 13% of the patients.
Although some audit projects show similar data [2, 3], it must
be assumed that this percentage is understated and does
not reflect the actual situation. European population-based
studies show that there are 22-26% of such cases [4] - table V.
The actual proportion of patients in the advanced stages of
the disease in Poland can reach 36-46% [5]. The low percen-
tage presented in the PSSO-01 study may be due to the small
representation of low volume centers, where the majority of
patients with advanced stages of the disease are operated on.



Table IV. The reasons for delay in defunctioning stoma reversal (up to 12
months)

No. of patients and
percentage

anastomotic leakage 17 (23.0)
cancer disease progression 9(134)
stricture of anastomosis 2027)
disagreement to restorative operations 5(6.8)
ileus of the bowel 2(27)
other (¥) 39(527)

(*) - adjuvant or palliative chemotherapy, the COVID-19 pandemic and other
institutional burdens

In addition, some patients with multi-metastatic disease can
not be treated surgically.

Numerous European audit projects present important
information on the effect of center volume on the outcomes
of rectal cancer surgery. A population-based study provided
in the Netherlands showed improved survival in cT4 rectal
cancer patients treated in high volume centers, compared with
low volume hospitals, but, after correction for neoadjuvant
treatment, this difference was not statistically significant [6-8].
The criteria for dividing centers into high, medium, and small
were similar to those in our study. In the Netherland’s study, the
overall rate of neoadjuvant radiotherapy or chemo-radiothera-
py treatment was very high, and there were small differences
between low, medium, and high volume centers: 89%, 88%,
and 90% respectively. Compared to this data, the information
collected in the PSSO-01 study show much lower rate of pa-

Table V. Rectal cancer surgery in Europe

Denmark England Norway
sours: population-  population-  population-
[refferences] -based study  -based study  -based study

4] 4] [l
years of data 2010-2012 2010-2012 2010-2012
collected
No. of patients 4391 27599 3111
gender:
male 61% 64% 59%
. female 39% 36% 41%
disease stage at
diagnosis:
stage I-ll 75% 78% 74%
stage IV 25% 22% 26%
unknown stage (¥) 13% 16% 13% (*)
received
radiotherapy 27% 41% 43%
laparoscopic
approach ND ND ND
received resectional
surgery 68% 60% 66%

tients treated preoperatively in different volume hospitals (66%,
52%, and 35%). The reason for these differences are due to the
fact that the PSSO-01 study patients with a tumorin the upper
part of the rectum were enrolled. However, compared to data
from Denmark, England, Norway, and Sweden, the overall rate
of patients receiving radiotherapy is similar [4].

A laparoscopic resection of rectal cancer was performed
less frequently than in other European countries. Schnitzbau-
er et al. has shown that the use of laparoscopy in Germany
increased constantly from 12.3% to 48.1% between 2007 and
2016 [9]. In the initial period of the PSSO 01 study (2016), the
percentage of laparoscopic operations was only 9%, but it
increased somewhat to 15% after 4 years. Although this is
still a small rate, the upward trend is clearly visible and can be
expected to reach the same level as other European countries
in the coming years. Currently, the most laparoscopic resec-
tions are performed in medium volume centers (22%), and the
least in low volume centers (4%). Other than that, data from
the Dutch centers show that the most laparoscopic operations
are performed in high volume centers (59.8%), but low volume
centers perform 45.7% [7].

The total rate of restorative rectal resection (anterior resec-
tion or low anterior resection) was 53% (51-58% depending
on the center’s volume). For Hartmann's procedure (HRTM),
this was 13% (11-17%), and abdomino-sacral resection / ab-
domino-perineal resection (ASR/APR) 21% (19-22%). The diffe-
rences between different volume centers were not statistically
significant. The exception was for low anterior resection (LAR),
which was performed less frequently in low volume centers
than in high and medium volume centers. Data from Belgian

Sweden Netherlands Belgium Germany Poland
population- DSCA ™ PROCARE @ population-  observational
-based study BCRPIMA @ -based study study
[ 2] [3] [ [PSSO-01]
2010-2012 2009-2011 2006-2008 2007-2016 2016-2020
5797 7099 6353 23001 1607
59% 62% 60% 63% (M) 61%
41% 38% 40% 37% (M) 39%
76% 92% 88% 80% 87%
24% 8% 12% 20% 13%
8% 4% 41% ND 4%
51% 83% 50% 40% (1) 57%
ND 38% ND 28% 15%
71% 95% 81% ND 89%

(*) - percentage is related to the whole study group; (A) - percentage is related to only UICC stage I-Ill, RO resection and planned operation; ND - no data; ' - The Dutch Surgical
Colorectal Audit; 2 - Belgian multidisciplinary project on cancer of the rectum; * - Belgian Cancer Registry; * - InterMutualistic Agency database
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databases show a 59% rate of sphincter saving operations, 3%
of HRTM and 17% of ASR [3]. A population-based study from
the Netherlands (based on the Dutch Surgical Colorectal Audit
— DSCA) presents statistically significant differences between
different volume centers by taking into account the type of
surgery: more sphincter saving procedures (LAR and HRTM
account together) and low ASRin high volume centers [6]. The
DSCA audit showed that the total ASR percentage was 30.5%
[2], whichis higher than in the PSSO-01 study. However, all this
datais difficult to compare because the type of resection, such
as ASR/APR or LAR, is mainly determined by the location of the
tumor. For the Belgian and the Netherland’s registry, patients
with a tumor located in the lower and middle third of the
rectum were enrolled. In our study, we included patients with
primary adenocarcinoma of the rectum between 0 and 15 cm
above the anal verge.

In our study, the overall rate of postoperative complica-
tions was higherin medium volume centers compared to high
and low volume centers. Jonker et al [7] reported similar ob-
servations, although the overall complication rate was higher
than in our study. The low rate of defunctioning stoma in LAR
(5-31% depending on the volume of the center) reported in
our study is surprising because the data from the Netherlands
show a significantly higher percentage of anastomosis with
a defunctioning stoma (65.5-80.3% depending on the hospi-
tal volume) [7]. Despite this, the rate of anastomotic leakage
in PSSO-01 was similar to the population-based data of the
DSCA [10]. These outcomes confirm the observations that
a high tendency towards defunctioning stoma construction
did not result in lower overall anastomotic leakage and the
ability to select patients for stoma construction plays the most
important role in the choice of optimal surgical strategy [10].

The long-term outcomes of the present study showed
a high rate (63%) of persistent stoma over the 1 year follow-
-up. After excluding the surgical procedures connected with
permanent end-colostomy, we conclude that most of curative
HRTM is a definitive surgical procedure and almost half of the
defunctioning stomas are not closed following 12 months. The
reasons for leaving the protective stoma allow us to assume
that most of them will remain permanently. Data from DSCA
has shown 54.2% end-colostomy procedures (included ASR)
[2]. Itis higher than in our study (43%). European multi-center
studies present data that most diverting stoma is reversed
within 12 months, but that one in four defunctioning stomasis
not reversed 3 years after surgery [11-13]. Anastomotic leakage
is one of the most important risk factors for not reversing sto-
mas. A Swedish retrospective multi-center study [14] including
1442 patients undergoing anterior resection observed that the
overall rate of permanent stoma among patients with anasto-
motic leakage was 65%. The rate of definitive stoma at a level
of >60% following 12 months in our study seems to be high.
However, other studies showed similar results. In a retrospec-
tive study conducted in Sweden, the permanent stoma rate

288

was 63.2% when emergency and palliative procedures were
included, and 54.9% when only elective curative cases were
considered. The authors concluded that stoma rates taken at
face value may not provide an accurate picture of a particular
colorectal unit's quality of care [15].

Conclusions

We are presenting the results obtained in the prospective
multi-center study PSSO-01, which focused on the surgical tre-
atment of rectal cancer. We compared our outcomes with Eu-
ropean population-based studies. Finally, the question should
be asked: are these results representative of the population of
rectal cancer patients undergoing surgery in Poland? Although
the study had a prospective nature, it has several important
limitations. Firstly, there was the administrative burden associa-
ted with data collection. There was no monitoring of the quality
of recorded data at each of the centers by an independent
study office. The accurate measurement of quality of care is
complex and requires the collection of multiple data points
from different phases of the care process. Therefore, the dataset
is limited, but still entails valid information. Secondly, PSSO-01
has a limitation regarding the possibility of selection bias since
the participation of the centers in the study was voluntary.
Nevertheless, different volume centers were represented in
this study. Unfortunately, in comparison to data from European
population-based studies, the proportion of high, medium,
and low centers in PSSO-01 underrepresented low volume
centers. However, the results reported by the high and medium
volume centers may correspond to the actual situation.
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Resection margins do not influence survival in vulvar cancer:

treatment results in patients with a long-term follow-up
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Introduction. The main purpose of the study was to assess margin resection as a prognostic factor of vulvar cancer in
patients with a long term follow-up.

Materials and methods. The study included 84 vulvar cancer patients who underwent radical treatment: surgery (n = 84),
radiotherapy (n = 16), chemoradiotherapy (n = 5). Clinicopathological factors regarding survival and recurrence were
analyzed. The median follow-up was 74 months.

Results. Resection margins were not related to progression-free survival (PFS) (p = 0.93) and overall survival (OS) (p = 0.84).
On the multivariate analysis, a maximum tumor size >25 mm (p = 0.026) and inguinal lymph node involvement (p = 0.028)
were factors increasing the risk of death. The risk of recurrence was related to tumor dimension >25 mm (p = 0.011), but

not to inguinal node metastasis (p = 0.086).

Discussion. Inadequate surgical margin would be salvaged by adjuvant treatment.
Conclusions. A maximum tumor dimension >25 mm and metastases in the inguinal lymph nodes are independent
prognostic factors for the survival of patients with vulvar cancer.

Key words: vulva, cancer, prognosis, recurrence

Introduction
Inguinal lymph node involvement is unquestionably a prog-
nostic factor in vulvar cancer. It is believed that resection mar-
gins are also of great importance in the management of vulvar
cancer. Subsequently, the main goal of surgical treatment
is to achieve a wide margin (according to NCCN: 1-2 cm,
ESGO - 8 mm) [1, 2]. Recently, some studies question the im-
portance of a wide excision and show no correlation between
margin width and recurrence [3, 4].

Follow-up is recommended in all patients for 4-5 years
after treatment [1, 2]; conducting longer observations is
difficult due to the advanced age of patients at diagnosis,

limitations of healthcare, rare incidence and the dispersal
of patients.

The main purpose of the study was to assess margin re-
sections as a prognostic factor of vulvar cancer in long term
follow-up. An additional aim was to identify clinicopathological
and treatment related-factors (other than margin) influenc-
ing survival and affecting treatment failures in vulvar cancer
patients in long term follow-up scenarios.

Material and methods
The retrospective analysis included 84 patients with vulvar
cancer treated at Maria Sklodowska-Curie National Research
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Institute of Oncology between 2001 and 2007. Women with
contraindications to surgical treatment due to advanced dis-
ease and severe comorbidities were not included. The stage
of the disease was evaluated according to the 1994 FIGO clas-
sification, which was valid at the time. For this study, staging
was reclassified to the 2009 FIGO. All patients were diagnosed
with vulvar squamous cell carcinoma and underwent a radi-
cal vulvectomy with inguinal lymphadenectomy. 31 patients
required adjuvant treatment according to the following criteria:
+  resection margin <1 mm or positive,

+ metastasis to >1 inguinal lymph node.

Ten patients did not undergo adjuvant therapy due to
comorbidities and poor general condition (n = 3), lack of
consent to radiotherapy (n = 2), abnormal wound healing
(n = 2), skipping appointments (n = 1), the patient’s death
(n=1),unknownreasons (n=1).21 patients were treated with
radiotherapy (RT,n = 16) and radiochemotherapy (RCT, n =5).

Adjuvant external beam radiation therapy (EBRT) with
linear accelerator and energy of 4-15 MeV was applied to the
vulva (n = 6), vulva and groins (n = 5), groins (n = 5) and pelvic
region (n = 5). A total dose of 4800-6000 cGy was adminis-
tered in 24-31 fractions. In 5 patients, concomitant cisplatin
intravenously was administered intravenously with a dose
of 40 mg/m?, once a week. The duration of RT and RCT was
31-43 and 38-48 days, respectively. Adjuvant treatment started
within 6 weeks of surgery.

Follow-up: gynecological examination, transvagi-
nal and inguinal ultrasonography were conducted every
3-4 months for 2 years, then every 6 months for the next
3years. A chest X-ray was carried out once a year. Computed to-
mography or magnetic resonance were performed in patients
with suspicion of relapse. After 5 years, patients continued
follow-up once a year in our outpatient clinic or outpatient
clinic near their place of residence. Information was obtained
by telephone for those patients who carried out a gynecologi-
cal follow-up outside our center, Data on death were collected
from the National Cancer Registry.

Recurrence: a biopsy of the suspicious lesion was per-
formed to obtain a histopathological confirmation; the date
of the positive biopsy was considered as the moment of

Table I. Treatment of recurrence of vulvar cancer depending on location

relapse. Locoregional recurrence was defined as relapse in
the vulva and/or groins. Distant metastases were not ob-
served in the study group. Treatment of relapse disease was
presented in table I.

Age, tumor grade, staging, maximum tumor dimension,
depth of stromalinvasion, status of inguinal lymph nodes, and the
number of metastatic lymph nodes were considered as clinico-
pathological factors, while margin, number of resected lymph
node and lymph node ratio were treatment-related factors.

Methods of statistical analysis

Efficacy of treatment was measured by the probability of sur-
vival —overall survival (OS), progression-free survival (PFS) and
cumulative incidence function (CIF) of local relapses. Survival
curves were calculated using the Kaplan-Meier method. Overall
survival was estimated from the date of treatment initiation to
death or the last information provided when the patient was
alive. Progression-free survival was measured from the date
of treatment initiation to its first failure: local relapse, distant
metastases or death from other causes; in the absence of
treatment failure, PFS was estimated to the last clinical observa-
tion.To evaluate the influence of selected factors such as age,
grading, staging, tumor size, lymph node metastases, depth
of invasion, margins, total number of lymph nodes removed,
and the number of metastatic lymph nodes on OS and PFS,
the Cox proportional hazard model was used. The influence
of these factors on the risk of recurrence was analyzed using
a multivariate model for competitive risks. The modeling pro-
cess used a step-by-step elimination of variables by adopting
standard thresholds: off (>0.1) and on (<0.05). The analysis was
carried out using the IBM SPSS Statistics 23.0 statistical package
and the Bob Gray package [6].

Ethics approval

All procedures were conducted according to the Declaration
of Helsinki for Medical Research involving Human Subjects.
Institutional ethics committee approval was not required — the
research is an ex-post analysis of clinical experience. The clinical
decisions concerning the treatment were not influenced by
the purpose of this paper.

Treatment Location of relapse

vulva (n = 23)
surgery 10
radiotherapy 3
chemotherapy 5
radiochemotherapy 2
brachyterapy 3
palliative 2

groin (n=12) vulva and groin (n=2)
3 0
3 0
0 0
1 0
0 0
5 2
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Table Il. Clinicopathological characteristics of study group

Factor n (%)

age (years) <62 26 (31%)
62-73 0 (35.7%)

>74 8(33.3%)

lymphadenectomy unilateral 10 (11.9%)
bilateral 4 (88.1%)

median resected lymph nodes 11 (3-28)

FIGO 1994/2009 IA 1(1.2%) /1 (1.2%)
1B 1(13.1%) / 46 (54.8%)
I 35(41.7%) /12 (14.3%)
Il 31 (36.9%) / 21 (25%)
\% 6 (7.14%) / 4 (4.7%)

grading 1 29 (34.5%)

2 37 (44%)
3 12 (14.3%)

unknown 6 (7.14%)
maximum tumor diameter <25 31 (36.9%)
(mm) 26-44 22 (26.2%)
>45 30 (35.7%)

unknown 1(1.2%)

multifocal lesion no 79 (94%)

yes 5 (6%)

depth of invasion (mm) <5 28 (33.33%)
>5 40 (47.62%)
unknown 6 (19.05%)

margin (mm) positive 5 (5.95%)
<1 5 (17.86%)
>1-5 30 (35.71%)
>5 30 (35.71%)

negative (not 4 (4.76%)

measured)
Results

The clinicopathological characteristics of the study group
(n=84)was shown in table Il. Patients'average age was 66 years
(18-94). The median tumor size was 35 mm (5-90 mm). Mi-
croinvasion (depth of stromal invasion <1 mm) was found in 1
patient (1.2%). Median number of resected lymph nodes per
groin was 6 (1-15). In 26 (30.95%) patients, metastases to the
inguinal lymph nodes were found; 13 (17.86%) patients had
involved >1 inguinal lymph node (2 metastatic LNs in 4 patients,
3 metastatic LNs in 3 patients, 5 metastatic LN in 3 patients,
8 metastatic LNsin 2 patients and 9 metastatic LNsin 1 patient).

Survival

The median overall survival (OS) and progression free sur-
vival (PFS) was 87 (95% Cl: 60-114) and 60 (95% Cl: 37-84)
months, respectively. The overall 5- and 10-year survival rates
were 62% (95% Cl: 51-73%) and 39% (95%Cl: 28-50%), while
5-and 10-year PFS were 51% (95% Cl: 40-62%) and 32% (95%
Cl: 22-42%), respectively.
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On the multivariate analysis, the resection margin was not
related to PFS (HR=1.033;95% Cl: 0.51-2.11;, p=0.93) and OS
(HR =0.84;95%Cl: 0.41-1.73; p = 0.84).

On the multivariate analysis, factors influencing survival
were: maximum tumor size and inguinal lymph node status
(fig. 1, tab. Ill). Other clinicopathological and treatment- related
factors did not have a significant effect on survival.

Maximum tumor size was the only factor influencing PFS
on multivariate analysis; nor inguinal lymph node involvement
or other analyzed factors were not relevant to PFS (fig. 2, tab. ).

Failure patterns

The majority of relapses occurred within 2 years from the
end of treatment and were localized on the vulva and groins.
Cumulative incidence function (CIF) curves according to the
site of relapse as competing risk had similar patterns for 2 years
(fig. 3). At 15 years, CIF by site of relapse and non-cancer death
as competing risk were: vulva 28% (95% Cl: 18-38%), groin
17% (95% Cl: 8.7-25%) and non-cancer death 27% (95% Cl:
18-37%). Late recurrences (>5 years after the end of the treat-
ment) affected the vulva.

Occurrence of locoregional relapse (vulva and/or groins)
was significantly dependent on the maximum tumor size
(p = 0.019). In the final model, the HR was 2.37 (95% Cl:
1.15-4.89) for tumors >25 mm vs. <25 mm. The CIF curves are
presented in figure 4. Other clinicopathological and treatment-
related factors (including resection margin) did not have an
influence on the risk of relapse.

Survival after recurrence
Groin recurrence influenced OS significantly (p < 0.007). The
median survival after relapse in patients with groin recurrence
vs vulva recurrence was 6.1 (95% Cl: 2.7-9.5) vs. 16 (95% Cl:
8.7-23.5) months, respectively.

Discussion

The principles of surgical treatment of vulvar cancer are ingui-
nal lymph node assessment and wide margin excision. It was
showed that margins >5 mm or >8 mm were significantly as-
sociated with risk of recurrence and survival [5-7].In our study,
the margin did notinfluence survival and recurrence. However,
some patients with a close resection margin received adjuvant
radiotherapy, which could affect the results. Similar results to
ours were obtained in other studies [8-10]. Arvas et al. showed
that a margin <2 mm may increase the risk of recurrence, but
was not an independent predictive factor for PFS and OS
[11]. Woelber et al. showed a similar rate of local recurrence
in patients with a margin <8 mmvs. >8 mm (12.6% vs. 10.2%
respectively) [12]. German recommendations accept a margin
of 3mm as sufficient [13]. Several authors claim that a positive
margin is the only risk factor for recurrence; a complete resec-
tion with no lower limit (besides positive margin) should be
recommended [14-16].
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Figure 1. Overall survival by tumor dimension (p = 0.026) and status of inguinal lymph nodes (p = 0.028)

Table Ill. Multivariate analysis of clinicopathological factors affecting overall survival

Endpoint Factor HR 95% Cl p
overall survival maximum tumor dimension <25mm 1
>25 mm 2038 1.091-3.808 0.026
groin lymph nodes metastasis no 1
yes 1.903 1.074-3.372 0.028
progression free survival maximum tumor dimension <25mm 1
>25mm 2.208 1.203-4.055 0.011
groin lymph node metastasis no 1
yes 1625 0.933-2.830 0.086
1.0 1.0

0.8 H

maximal tumor
dimention <25 mm

probability of progression survival

0.6
lymph nodes
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Figure 2. Progression free survival by maximum tumor size (p = 0.011) and status of inguinal lymph nodes (p = 0.086)

Long-term observation showed that a tumor size >25 mm ing the risk of recurrence. The results of other authors also
and metastases to regional lymph nodes increased the risk indicate that the tumor size and the involvement of regional
of death in patients with vulvar cancer. Inguinal lymph node lymph nodes influence survival. Minar et al. showed that a tu-
involvement has been directly related to shorter survival, while mor dimension >40 mm and metastases in inguinal lymph
maximum tumor size negatively influenced survival by increas- nodes are significantly associated with a risk of recurrence [17].
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Figure 3. Cumulative incidence function (CIF) curves by site of
recurrence and non-cancer death as competing risk

Hay et al. found that tumors >4 cm increased disease-specific
mortality 4-fold , but were not related to relapse [18]. Imoto et
al,, on multivariate analysis, showed that inguinal lymph node
involvement influenced PFS, but not OS [5].

The extracapsular spread of lymph nodes was found to be
an independent prognostic factor for recurrence (HR 13.54;
95% Cl: 2.87-64.07; p = 0.01) and overall survival (HR 10.63;
95% Cl: 1.65-68.57; p = 0.01) [19]. An increasing number of
metastatic lymph nodes was associated with a risk of recur-
rence and death [20, 21].In our study, there was no relationship
between the number of metastatic lymph nodes and survival,
probably due to the insufficient number of patients.

Our results, showing that tumor grade did not influence
recurrence risk and survival, were consistent with other studies
[8, 19, 21-24]. Although Nicoletto et al. on univariate analysis
showed that grading was associated with PFS and OS (5-year
survival 52% for grade 1; 24% for grade 2 vs. 0% for grade 3,
p=0.0021); these findings were not confirmed on multivariate
analysis [25]. Mahner et al. and Polterauer et al. demonstrated
that tumor grade is predictive for PFS, but not for OS [21, 26].
Multivariable analysis by Sznurkowski et al. revealed that grad-
ing was an independent prognostic factor [27].

The depth of stromal infiltration is crucial to confirm mi-
croinvasion (<1 mm; FIGO IA). In these cases, verification of
inguinal lymph nodes may be omitted due to the minimal risk
of metastases. The depth of infiltration in invasive disease does
notinfluence therapeutic decisions and its impact on survival is
doubtful. We did not find a relationship between the depth of
invasion and the risk of relapse in the primary site, PFS and OS
length. Similar results were obtained by other authors [19, 21,
23,27,28]. Contrary to this, Nicoletto et al. demonstrated that
stromal invasion >9 mm was an important prognostic factor
for PFS (HR = 3.1; 95% Cl: 1.3-7.7) (25). While in the VULCAN
study, stromal invasion >5 mm appeared to significantly impact
overall survival [29].
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Figure 4. Cumulative incidence function (CIF) of locoregional relapse
depending on the size of the tumor

The results of our study indicate the need for long-term
observation of vulvar cancer patients. Relapses of the dis-
ease can occur years after the end of the treatment (fig. 4). In
our study group, all cases of late recurrence were located in
the vulva. Many patients after the standard 5-year follow-up
continue healthcare beside oncology unit/outpatient clinic.
General practitioners or obstetricians/gynecologists as well
as patients should be informed about the possibility of late
relapse and its most frequent location.

The site of locoregional relapse influenced survival. Groin
recurrence was associated with a much poorer prognosis than
vulvar relapse. Moreover, almost all cases of inguinal relapse
occurred within 2 years after the end of treatment (fig. 4).
Similar observations were presented by Cormio et al, who
showed that the median survival after groin recurrence was
9 months and the median time from primary surgery to groin
relapse was 7 months [30].

Conclusions

The conclusions of the study are:

+ atumorsize >25 mm and inguinal lymph node involve-
ment are independent prognostic factors for survival in
vulvar cancer patients,

- groinrecurrence is associated with an unfavorable prognosis,

+vulvar cancer relapses may occur many years after treat-
ment; at the time it is located on the vulva,

- aninadequate surgical margin would be salvaged by RT
or RCT.
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Individually personalized radiotherapy vs. evidence (trials)
based standards — paradigms and dilemmas
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This paper opens up to discussion whether some questions, points of view, and doubts counterbalance the belief and do-

gmas that randomized clinical trials (mainly in radiotherapy) should be considered as the only source of guidelines to

design novel therapeutic standards in radiotherapy. A number of the physics, radiotherapy, clinical radiobiology and ge-

netic and molecular tumor’s characteristics suggest that radiotherapy protocols based on the “evidence based trials”seem

to be antonymous to individually personalized therapy. The major goal of this paper is to consider and discuss whether

individually personalized radiotherapy is already attainable and reliable or still remains the exception.
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Introduction

During the previous century, the use of ionizing radiation to
treat malignant tumors has led to various assessments of the
effectiveness of radiotherapy (RT): optimistic or rather critical?
Fulfilled the aims and expectations? mainly successes or some
disappointments? There is no single and simple unequivocal
and convincing answer, but it raises some important doubts
and uncertainties. Subsequently, such a situation presents
a forum for discussion.

Physics!... physics?

The role of radiotherapy as an effective method of treatment
for malignant tumors is unquestioned. Technological and me-
thodological progress in this field since its beginning is highly
impressive (fig. 1). Orthovoltage machines and cobalt “units”
have been replaced by sophisticated linear accelerators emit-
ting photon and/or electron beams with a wide range of

energy. Neutron, proton, and recently, boron therapy are all

being used. Instead of simple planning of the two-dimensional
isodose distributions of the depth doses, the computerized 3D
planning systems, e.g. 3, 4D-CRT, IMRT, IART, Vmat, respiratory
gating and volumetric dose-volume-histograms (DVH) are
being widely used in daily practice. The general "belief"in the
system’s individualized reliability and precision is increasingly
common. Isit certainly unquestioned? Are the doses absorbed
in the defined target volumes the same as those which were
planned and reported in the treatment charts? Not necessarily!
This has been clearly documented by the dosimetry in vivo.
Arelatively high rate of inconsistency has been noted between
the absorbed and planned dose in the tumor’s target. This fact
is not a mere suggestion but proof that dosimetry in vivo sho-
uld be aninherent attribute of quality control in radiotherapy
(RT), but it is still uncommon.

Spatial dose distribution is rarely verified during fractiona-
ted RT, although tumor regression during RT results in chan-
ges in its topography and the surrounding normal tissues.
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Figure 1. A key-points in the progress in radiotherapy equipment and techniques during 1900-2020

As a consequence, no one can be sure that the high dose
gradient beyond the tumor’s boundary remains unchanged
during fractionated radiotherapy, and in fact, it does not (may
be except bone or maxillary tumors). Tumor regression du-
ring RT usually changes the topography of both the tumor
and the surrounding normal tissue. As a result, normal tissues
are shifted into the region of the higher dose than that which
had been preliminarily planned, and it likely may lead to an
increased risk of late complications.

Radiotherapy 3D is called “‘conformal’, which means that
instead of geometrically regular radiation beams, individually
shaped beams are adjusted to an irregular tumor’s margins.
This allows a heterogeneous dose distribution to be achieved;
high within the tumor volume and with a large gradientin the
surrounding normal tissue. The other side of this coin is that
the risk of dose heterogeneity within the gross tumor volume
(GTV)is often ignored. According to the International Commis-
sion on Radiation Units and Measurements (ICRU) recommen-
dations, dose TD, (95% isodose) is usually accepted as the GTV
reference dose. Meanwhile, Fowler [1, 2] definitely pointed out
that for 3D-RT dose D,
geneously the whole GTV volume. An underdose (TD < D, ),

should only be used to cover homo-

delivered even to a small part of the tumor volume (the so-
-called“cold spot”) almost always ruins preliminarly predicted
local tumor control probability (TCP) — usually pretty high for
early T and NOMO tumors [3, 4]. Withers, Peters and Thames
[5, 6] convincingly pointed out that in contrary to treatment
planning and to tumor control expectations, the delivery of
an extra dose (boost) in such cases can be ineffective, because

it does not prevent the repair of the biological effects in the
previous underdosed part of the tumor GTV.

In daily practice, the following two terms of “optimization”
of RT planning are usually used by radiation oncologists —“dose
escalation”(DE) and “dose intensity” (DI). The term“optimization”
means that the planned dose fractionation and the technique
of irradiation offer the highest effectiveness as possible (the
highest probability of local tumor control [LTC]). Is this also true
when only a single RT plan is evaluated? In fact, “optimization”
is the choice of the best DVH among a few [3-4] RT plans, but
such a procedure happens rarely.

The term dose escalation is often abused and improperly
interpreted. This term belongs to physics, and it exclusively
means an increase in the total dose, e.g. from 60 Gy to 70 Gy
orto 80 Gy, and nothing else. However, it is generally assumed
that dose escalation also leads to higher effectiveness of RT,
which is not true. In conventional radiotherapy, an increase in
the total dose (TD) is inseparably accompanied by an extension
of the overall treatment time (OTT). Delivery of 60 Gy needs
on average OTT of 42 days, 70 Gy — 49 days, 80 Gy — 56 days,
but the treatment efficacy does not change a lot.

Meanwhile dose intensity is more clinically important,
which is the number of Gy delivered per day (or per hour).
For total doses mentioned earlier, the value of the DI is the
same, and it equals 1.43 Gy/day. Therefore, it should not be
surprising that their efficacy is also similar. For the majority
of epithelial cancers (e.g. in the head and neck region), the
respective part of the dose-tumor response curve flattens
(effect plateau) when increasing the DE, resulting in no gain
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Figure 2. Radiotherapy effectiveness (tumor cure probability — TCP)
depending on dose escalation (DE) compared with dose intensity
(D) [DE =TD + AD + AOTT; DI =TD/OTT]; TD - total dose; AD - dose
increment; AOTT — overall treatment time extension

in the LTC (fig. 2). What can be expected is a higher risk of
late complications (which does not depend on the OTT), as
aresult of the accumulation of the higher TD in normal tissue.
On the contrary, the increase of the DI, e.g. from 1.43 Gy/day
t0 2.0 Gy/day or even 3.0 Gy/day (as a result of shortening the
OTT) results in higher biological intensity (higher efficacy) of
the delivered total dose in a shorter OTT. Therefore, it seems
that DI should be considered as a more clinically useful radio-
biological parameter than a physical one (DE).

Is radiobiology meaningful for radiotherapy

- yes or not necessarily?

Has radiobiology had any impact on clinical radiotherapy
or it is only a theoretical field of research? Empirical clini-
cal experience gathered throughout decades has proven
that radiobiology is the essential and unquestioned basis
for radiotherapy. The skeptics consider radiobiology as an
experimental science and research because it uses cell line
colonies, or transplanted animal tumors, and it does not
necessarily concern clinical radiotherapy. On the contrary,
advocates try to argue that radiobiology has always been
the basis for clinical RT, and all radiobiological mechanisms
always somehow occur during fractionated RT, but they
are not clearly manifested; they are hidden in the shadow
of much more complex and heterogeneous mechanisms
of radiation response of human tumors than those which
appear in genetically and morphologically homogenous
experimental cell lines or animal tumors.

All processes discovered and defined by experimental
radiobiology always have clinical implications. The scope of
this article will not permit us to discuss all of them in detail,
and therefore we will concentrate only on two of them which
have had a pronounced and undeniable impact on progress
in clinical radiotherapy.
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The first one is the “time factor” For a long time (over the
course of the first 70 years of radiotherapy) there was a ge-
neral belief that the natural growth of the majority of human
tumors was generally slow, with volume doubling time taking
about 50-60 days. During 6-7 week fractionated irradiation,
tumors are unable to double their volume, and therefore the
time factor had been considered as much less important,
and usually ignored.

A few retrospective clinical studies [7,9, 11] in the 1980s
(not clinical trials) convincingly proved the key-role of tre-
atment time as a major determinant of RT efficacy. It was
clearly documented that with the extension of the OTT tumor
cells which survived consecutive dose fractions begin to
repopulate faster and faster; at the end of the sixth week of
irradiation cell kill effect of more than a half of 2.0 Gy of the
daily fraction is counterbalanced by altered repopulation of
the survived cancer cells. Therefore, after a 2.5-day weekend
(from Friday afternoon till Monday morning) 10 Gy of the
previous weekly dose reduces the effective dose to only
7 Gy. Due to accelerated repopulation of cancer cells, the
OTT extension by 1 day decreases the LTC probability by
about 1.5-1.6% [1, 9]. It became obvious that during the
RT, the natural tumor doubling time of 50-60 days rapidly
decreases to only 4-5 days. The time factor is no longer being
ignored but is recognized as a crucial factor to initiate clinical
studies on various novel altered fractionation regimes with
the shorter OTT.

The radiobiological“time phenomenon”concerns not only
RT but also surgery and chemotherapy. If surgery is micro-
scopically non-radical, then the doubling time of cancer cell
microlesions beyond surgical margins accelerates to about
10-11 days, similarly as to what happens during the time
intervals between subsequent chemotherapy cycles. The ge-
neral belief that cancer treatment should begin directly after
diagnosis, without any unnecessary delay has been commonly
accepted as the most important prognosticator. However, on
the contrary, Withers [11] decidedly argued that therapy can be
delayed and can start even 60 days after diagnosis; the crucial
point is that once therapy has begun, it should be completed
in the shortest overall time period as possible. This conclusion
should be considered as a key-paradigm of radiotherapy and
combined treatment modalities as well.

The unquestioned importance of the time factor has led to
many studies on various fractionation regimes with a shorter
OTT than conventional. Finally, it has resulted in the revival of
hypofractionated radiotherapy with high single (10-12 Gy)
or afew large fraction doses (e.g. 5 x 9 Gy), called “stereotactic
hypofractionated radiotherapy or radiosurgery (SHRS)". For
these regimes, the Dl increases from conventional 1.43 Gy/day
to 9 Gy/day or even 12-20 Gy/day. This also allows for a shor-
tening of the patient’s hospitalization from weeks to days.

The second important contribution radiobiology has made
to radiotherapy is to dispute TNM system credibility in radio-



therapy. The proper choice of dose and fractionation based
onagivenT or N quasi-quantitative ranks might be uncertain.
There is no doubt that the sole aim of irradiation is to kill all
cancer cells, which should lead to the irreversible elimina-
tion of two major attributes of malignant cells: immortality
and repopulation.

Experimental tumor cell cultures in vitro or transplanted
animal tumors endlessly guarantee these two attributes, due
to colony forming and the ability to produce subsequent
generations of descendants, but it (at least immortality) does
not concern human tumors. They stay alive and grow by
exploiting the host (patient) as a supplier of nutrients and
oxygen which the tumor needs to survive. These processes
last as long as the tumor sponges on the host, but it ultimately
leads to host death, which automatically causes the tumor’s
death also. Tumor cell repopulation can be reduced by ra-
diation and/or chemotherapy. The more aggressive therapy
is the lower and lower chance for tumor cells to produce
descendants until zero, which results in definitive tumor death,
whereas the patient will survive and will be cured. To achieve
such a goal, dose-time fractionation should be tailored to
the initial number of tumor clonogenic cells. Assuming that
D,, equals 7 Gy (D, is the dose which reduces cell survival
by one decade [e.g. from 10'° to 10%]), then a tumor with
10" clonogens needs 11 x 7 Gy (77 Gy) to reduce tumor cell
survival to on average 107 (0.1 cell/tumor), which corresponds
with the LTC of 90% (TCP = e %! = 0.9). The initial number of
tumor cells can be easily estimated based on initial tumor
volume (e.g. GTV), which can be simply counted from serial
CT scans. Therefore, it seems logical that tumor (or neck node)
volumetric staging is a proper criterion for tailoring the most
effective fractionated radiotherapy, instead of the TNM rank
system “what’s that got to do with anything’.

The initial number of tumor clonogens varies even within
a given T category. For example, the initial number of tu-
mor clonogens in the smallest and largest tumors within the
T2NOM 0 category differs by at least one decade (10°°vs. 10'02),
Therefore, it is logical that the largest tumor should receive
a total dose higher by at least 7 Gy than the smallest one.
Meanwhile, in daily practice using “evidence based” protocols,
the planned total dose is usually the same for different tumor
volumes within the same T category. While for the smallest
tumors, 90% TCP can be predicted (e %), whereas for the lar-
gest, within the same T category, the TCP would decrease to
37% (e7"). If the total dose is tailored based on the T category,
it should not be surprising that an average overall TCP would
not be higher than 60-70%, or even less. Therefore, the overall
TCP will depend on the advantage of smaller or larger tumors
in the study group (fig. 3).

The situation becomes even more complex when the
study group includes patients with various T stage (from T2 to
T4). Aslong as the RT protocols are designed based on the TNM
rank system, therapeutic gain (TCP improvement) will remain
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Figure 3. Theoretical example of a trial showing the effectiveness of the
arm B > A (evidence based?) occurs untrue and proper statistical analysis
shows lack of evidence

expectable but not necessarily achievable. It is difficult to
understand why such an inaccurate system is still persistently
used in practice, against all logic and the available genetic,
molecular and imaging diagnostics. Unfortunately, in such
situations, the more and more often used term “individually
personalized radiotherapy” remains unjustified.

Evidence-based radiotherapy: belief or proven
facts?

This is often forced out (belief rather than conviction) that
the results of randomized clinical trials should be considered
as the one and only reliable source of facts, which should be
the basis to design novel, modified therapeutic protocols,
recommended as obligatory standards.

Itis often suggested that the novel “evidence based"stra-
tegies should replace empirical clinical experience and re-
trospective studies. Some authors believe that the results of
evidence based studies should be taken for granted, if the
statistical significance is below 0.05.

Bentzen [4, 17] and Glatstein [18] have convincingly qu-
estioned the logic and reliability of the “result-significance-cer-
tainty-belief” relationships and their impact on the results of
the trials accepted asevidence based” Meta-analyzes of nume-
rous studies on altered radiotherapy and radiochemotherapy
carried out for head and neck cancers [10, 12, 14] revealed an
average overall therapeutic gain of only 6%. Should this be
proof and evidence in favor of altered radiotherapy? If yes,
immediately the next question arises: which schedule should
then be recommended? At which tumor stage and localiza-
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tion? The reliability and strength of such far from unequivocal
clinical evidence seems uncertain and doubtful.

Why meta-analyzes included only 19 among the 50 trials
still remains unexplained; in each arm of these trials there were
a wide range of various tumor localizations and TNM stages
recruited. Such huge clinical heterogeneity becomes even
larger, when the TNM ranks are replaced by tumor volumetric
staging. Moreover, it is surprising that the local control rates
noted for the tested arm in some trials were almost the same
as those for the control arm in other trials. Where is the proof
of evidence in these trials, if their expected advantage and re-
liability generates so many uncertainties and doubts. The head
and neck trials are not the only example [19].

Glatstein [18] firmly warned against so-called “tyranny
of mediana’, which is often used as a measure of treatment
efficacy. The author pointed out that the 5-year actuarial re-
sults (e.g. survival or local tumor control), match in fact no
more than 2.5 years of the real time of the follow-up for all
patients (crude data). The statistics of the actuarial results can
by itself be often misleading. The results of cases with even
a short follow-up (even a few days) are not withdrawn but are
censored. Therefore, only the initial part of the e.g. disease-free
survival, should be considered as the most reliable. The shorter
follow-up the lower the credibility of a middle or final part of
the censored survival curves. This also concerns the median
values of survival or curability estimated from those parts of
the survival or local control curve. If, for example, the 5-year
median value of disease-free survival after the tested therapy
B would be significantly higher by 25% than that representing
conventional therapy A (fig. 4), it would likely be recognized
as evidence based proof that therapy B is significantly more
effective than therapy A.

However, Bentzen [17] mentioned that high significance it
is not necessarily unquestionable proof. Instead of the median
value at the fifth year, careful analysis of a whole course of curve
A reveals early incidence of failures (recurrences) during the
first 12 months of the follow-up (fig. 4). It may likely suggest
that tumor cell microlesions beyond the target volume had
already existed but passed over the diagnosis (too small to be
detected), and they were out of the irradiated volume. There-
fore they should not be accounted for in the analysis, because
they have not had any impact on the results of treatment A. If
they are ignored then the remaining part of curve A will shift
closer to curve B, showing in fact no difference in the efficacy
of both therapies. Therefore, the practical value of such (false)
preliminarily established evidence is zero.

The majority of cancer patients are treated beyond any
trials [18], so, why evidence based results of carefully selected
and randomized trials should be referred to a large number
of patients who were not recruited to the trials. Bentzen [17]
has warned that“the lack of significance does not necessarily
mean the lack of evidence” Glatstein [18] has pointed out
that careful and critical interpretation of the retrospective
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Figure 4. "TNM tyranny”in clinical trials — randomization and
stratification without 2 (3) arms based on the TNM system but not on
volumetric staging do not assure biological homogeneity and identical
(or at least similar) tumor cell numbers and other molecular and clinical
predictors. It shows that the results of such a trial may differ

results should not be ignored, and sometimes, empirical
clinical experience and common sense are more important
than acceptance of the trial’s evidence without criticism
(caveat emptor).

Belief that randomized trials are the only source of evi-
dence to modify therapeutic modalities might be questioned
because the methodical rules of the trials create the illusory
conviction that two or three arms of the trial are biologically
and clinically homogeneous. Theoretically, the trial could be
considered as a source of reliable and unquestioned evidence
based proof, if itincludes cases with the same (or within a very
narrow range) volumetric stage (not TNM) of primary tumor
(GTV) and total nodal volume (TNM) of the regional nodes in
each of the trial arms. Apart from that, the prognostic mole-
cular profiles should also be the same, or at least similar for



all patients recruited to the trial. The accomplishment of the
homogeneity of all biological and clinical factors in all arms of
the trial is practically unattainable, but if it could be theoreti-
cally possible, patients recruitment will last many years. Such
an idealized model is still unavailable.

The trials on altered fractionated radiotherapy for head and
neck cancer enrolled patients with different tumor localizations
and stages (T2NO-T3N3). The GTV volumes ranged from 0.4 cm?
to more than 170 cm?. Thus, homogeneity, even within these
two parameters was none, and the average therapeutic gain
of 6%, estimated in the meta-analyzes, does not seems reliable,
but instead misleading. For example, the 5-year DFS gain of 5%
in the CHART trial, after a 10-year follow-up decreased to 0%.
This is one of the critical arguments against trials as carriers of
the“only”evidence based guidance for radiotherapy practice.
Evidence and proof of what?

Despite the fact that randomized trial results have been
published in prestigious journals, their reliability and recom-
mendations as “evidence based proof’, unfortunately remains
uncertain, and therefore they should be very carefully inter-
preted (caveat emptor).

Individually personalized radiotherapy
or“evidence based” standard protocols?

Genetic or molecular profiles of malignant human tumors
have been intensively gathered during the last 10-15 years.
This has inclined radiation oncologists to utilized them in
clinical practice to improve treatment efficacy (to increase
LTC). Growing knowledge on individualized tumors’ geno-
and fenotypes — even within the same tumor type, stage
and localization — leads to the expectation that the tailoring
of individually personalized therapy will be able to replace
conventional “stiffed” standard protocols. It looks like a belief
that we are getting closer and closer to finding where the
goalposts are, whereas the goalposts are always continuously
moving. Therefore, an accomplishment of the skyline remains
the illusion only.

It is already well substantiated that cancer cells have de-
veloped various molecular receptors on their surface and
respective molecular inhibitors have already been produced.
Cancer cells are however,"smart”enough and they develop a si-
gnaling network which transfer information from the cellular
membrane receptors to the nucleus in order to survive. When
one receptor is blocked by the respective inhibitor (e.g. EGFR),
another signal pathway is automatically activated. Clinical
studies have shown that the inactivation of a single cancer cell
receptor is often not enough to cause cell death, and clinical
expectations can be only partially effective.

A new concept has suggested using a few molecular in-
hibitors (monoclonal antibodies) instead of only one. In 2006,
two inhibitors — EGFR (cetuximab) and VEGFR (PTK 787/ZK) —
were used in the MD Cancer Institute in Houston to improve
radiotherapy for glioblastoma multiforme. Unfortunately, no

therapeutic gain occurred, but on the contrary, unaccepta-
ble high incidence of serious late complications often led
to patients’ death. Although glioblastoma cells are able to
compensate for the block of the two signaling pathways by
activation of other ways, it has been shown that the patient’s
tolerance is limited and it does not accept the use of more
than one molecular inhibitor.

Supporters of “evidence based” therapy will likely be
outraged that their beliefs on the trial’s evidence is being
undermined and they will use the argument that, after all,
the 3D-IMRT, respiratory gating or stereotactic RT are in fact
nothing more than individualized therapy. It is not easy to
challenge such a point of view, except that the “individu-
alization” of the 3D physical dose distribution within the
irradiated volume often disappears when physical doses are
converted into biological doses and individual tumor biology
is accounted for. Atumor’s molecular profile as a prerequisite
for so-called individualized therapy is not very often used.
For example, although higher radiosensitivity of HPV+ p16+
oropharyngeal cancer has been quite well documented, but
the suggested dose-de-escalation in such cancer patients is
rather supposed. If someone decides to de-escalate the dose,
it should be at least restricted to low risk TI-2NO-1 patients.
A similar situation concerns breast cancer patients. Although
molecular and hormonal profiles are used to modify the
standards of combined therapy, radiotherapy is unvaryingly
tailored to the TNM stage of the disease, what undoubtedly
is antonymous to the personalized therapy?

In many studies on the geno- and fenotype heterogeneity
of various human malignant tumors, more and more attention
is being focused on the reserve pool and the role of cancer
stem cells (CSC). Their relative higher radioresistance and lower
lethal effect have already been recognized [21, 22]. If the only
one CSCwould survive radiotherapy, it will become the source
of permanent tumor regrowth, with the ability to produce ge-
netically mutated metastatic cells. Therefore, the quantitation
of the size and localization of the CSC-lesions within the tumor
volume might likely be a key-predictor to optimize mono- or
combined therapy. Although the identification of CSCs using
monoclonal antibodies can be partly realized (at least for some
tumors, e.g. glioblastoma, breast cancer), quantitation of the
CSC population and its localization within the tumor is not yet
possible. The genetic plasticity of the CSC makes this situation
even more complex by the presence and role of hypoxic, apop-
toticand angiogenetic cancer cells. Seemingly, the static tumor
geno- and fenotype image established during diagnostics is
unstable, but it is likely changing more or less during therapy.
At the beginning of therapy, a tumor cell, e.g. type A, during
subsequent mitotic cell cycles, genetically evolves into the cell
genetically type B, C, etc, whereas the dose and fractionation
planning is tailored for the initial profile of the cells A. Therefore,
if radiotherapy is initially individualized based on the biological
tumor eye-view, it should be repeated and corrected during
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treatment, depending on the geno-fenotypic changes, but this
would be highly expensive and time-consuming.

A malignant tumor is afamily of cells with various functions
and with multifaceted interactions which have revolted against
physiological homeostatic mechanisms. Its individualism is
binary (yes—no) but morphologically, molecularly and func-
tionally unstable. Such a complex of characteristics and inte-
ractions cannot be quantified yet, even by very sophisticated
computerized systems. This seems unlikely to quantitate some
regulations among enormous number of variable abnormali-
ties. If it would be possible, then and only then, could attributes
of individually personalized therapy be fulfilled. Currently this
term remains unlegitimately abused. Although perspectives
may look promising, they can be paraphrased by the words
of the British song“It's along, long way to Tipperary” There are
still many questions, controversies and uncertainties which
still wait to be answered. The major message of this likely
controversial article is that scientific and research progress in
radiotherapy must be admired, widely recognized and con-
tinued, but the results and conclusions of many studies do
not always settle an advantage of ones over the others. They
should be considered with caution and criticism. We must keep
in mind that common sense, logic and our own professional
experience are often the most important.
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Colorectal cancer is one of the most frequent malignant tumours in Poland, making up the third cause of cancer deaths

both in women and in men with regards to the frequency of occurrence. The therapy of patients with high-stage colorectal

cancer is palliative and should be conducted in a continual manner until the disease progression or unacceptable toxicity

of treatment. By definition, palliative care aims at prolongation of the period to the exacerbation of the disease and of the

overall survival with simultaneous guarantee of appropriate quality of life to the patients. A long-term use of a multidrug

chemotherapy is often connected with the presence of clinically significant toxicity, therefore, de-escalation of systemic

treatment is currently the subject of numerous analyses. The studies evaluating the effect of maintenance therapy on

patient survival, prove that this kind of treatment makes up a valuable option in the case of patients in whom a good

clinical effect is maintained with a concurrent reduction of toxicity of treatment. Especially in the context of the ongoing

SARS-CoV-2 pandemic, monotherapy or less aggressive therapy should be discussed with patients.

Key words: advanced colorectal cancer, de-escalation therapy, cetuximab, panitumumab, bevacizumab

Introduction

Colorectal cancer is one of the most frequent tumours in Po-
land, making up the third cause of cancer deaths in women
(7.6%) and in men (8%) with regards to the frequency of oc-
currence [1]. Thanks to the inclusion of new biological drugs
to the classical chemotherapy in patients with metastatic
colorectal cancer (mCRC) a significant improvement of the

median overall survival (currently 24 months, whilst — after
metastasectomy — up to 57 months) [2-5].

However, a large problem which still remains here, is the
toxicity of treatment and its effect on the quality of life (QoL).
Because the accessibility of chemotherapy infusions in Poland
is relatively limited, a condition necessary for the safe therapy
is therefore a few days’ hospital stay, which is inconvenient
for the patients and poses a great burden for the healthcare.
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Additionally, the SARS-CoV-2 pandemic contributed to the
search for new solutions aimed at the limitation the contacts
with the healthcare system staff to the necessary minimum.
That is why, the de-escalation of the treatment of patients with
mCRC - the therapy which, by definition, is long and is carried
out until the disease progression or unacceptable toxicity —is
the subject of debates and analyses.

This paper describes some selected aspects of the em-
bryonal development of the large intestine, as they form the
theoretical basis for the diversity of the observed treatment
effects. Moreover, the authors present an overview of the re-
search concerning the maintenance therapy and the binding
Polish and European recommendations in this area (taking into
consideration the recommendations concerning the treat-
ment during the SARS-CoV-2 pandemic).

Embryological and anatomic foundations

Large intestine develops from endoderm. In the 4™ week of
embryonal life, the head-gut is closed with the oropharyngeal
membrane, whilst its caudal part — with the cloacal membrane.
As aresult of the embryonic folding, the archenteron is divided
into three parts: foregut, midgut and hindgut. The organs of
the gastro-intestinal system, which are vascularised by the ce-
liac artery, (oesophagus, stomach, duodenum, liver, pancreas,
bile ducts) develop from foregut. The small and large intestine,
as well as the caecum up till %5 length of the transverse colon,
are developed from midgut (vascularised by the upper mes-
enteric artery and innervated by the parasympathetic vagal
nerve). The remaining part of the large intestine (from 5 of the
left transverse colon to the anal canal) develop from hindgut
and are vascularised by the inferior mesenteric artery and in-
nervated anatomically by the pelvic plexus (parasympathetic
fibres are innervated from the intermediomedial nucleus of
the spinal cord on the level of S2-S4) [6, 7].

These embryological differences translate into a diverse
characteristics of the cancer developing on the right and on
the left side of the large intestine. Right-sided tumours are
characterised with slightly poorer prognosis; more frequently
they affect women, elderly people or patients with HNPCC.
These tumours also have a larger number of mutations in BRAF,
KRAS, PTEN, BRCAT genes and are more sensitive to immuno-
therapy. The tumours located on the left side of the intestine,
in turn, more frequently affect male patients, younger persons,
people with familial adenomatous polyposis and with APC,
TP53, NRAS mutations [8, 9].

The retrospective analyses of the clinical studies with the
use of monoclonal antibodies manifested a different treatment
effect depending on the tumour location. The CRYSTAL study
revealed that the inclusion of cetuximab into the treatment is
not beneficial with respect to progression-free survival (PFS)
and overall survival (OS). In the case of left-sided location of
the tumour, in turn, the addition of cetuximab to the therapy
had a beneficial effect on the prolongation of PFS and OS. In
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the FIRE-3 study, in the patients with right-sided location, no
increase of treatment efficiency was observed after adding
cetuximab or bevacizumab to the FOLFIRI (5-fluorouracil +
calcium folinate + irinotecan) chemotherapy scheme. How-
ever, in the case of the tumours located on the left side, the
patients treated with cetuximab lived significantly longer (yet
there were no differences with regards to PFS) [10].

Maintenance treatment / chemotherapy
de-escalation

The treatment of patients with mCRC has a palliative character
and usually does not provide for a possibility of permanent
cure. Palliative therapy should prolong PFS and OS, allowing
foran appropriate quality of life in the patients. Long-term use
of multidrug therapy is often connected with the existence
of significant toxicity and deteriorates the quality of life. The
concept of the de-escalation of systemic treatment of mCRC
was coined many years ago, even before the era of biological
drugs. In 2006, the OPTIMOX1 study [11] proved that such way
of treatment allowed to reduce toxicity, preserving the treat-
ment efficacy at the same time. In order to reduce neurotoxicity
caused by oxaliplatin, the stop-and-go strategy was used.The
patients received the FOLFOX treatment regimen (oxaliplatin,
5-fluorouracil, calcium folinate). Group A received treatment
continually till the disease progression, whilst group B received
6 cycles of full therapy and then only fluoropyrimidine with
calcium folinate was administered in this group (12 cycles; de-
escalation), and then the full FOLFOX regimen was resumed
(next 6 cycles). In the group with the multidrug chemotherapy
(FOLFOX) used in a continual way, PFS was slightly longer,
whilst OS was not significantly affected (tab. I). Toxicity grade
3 or4,as defined by of the National Cancer Institute Common
Toxicity Criteria (NCICTC), was observed in 54.4% patients
from group A and in 48.7% patients in group B. Moreover, in
group A sensory neuropathy grade 3 was diagnosed in 17.9%
patients, whilst in group B —in 13.3% (p = 0.12). This means
that such treatment strategy allowed for the reduction of
oxaliplatin neurotoxicity with concurrent maintenance of the
therapy efficiency .

The OPTIMOX2 study [12] proved that temporary complete
discontinuation of chemotherapy had an adverse effect on the
treatment efficacy and that is why it should not be used. The
results of treatment in two groups of patients were compared.
In one group, after the administration of 6 cycles of the FOLFOX
chemotherapy, the treatment was completely discontinued,
and then - after the progression of the disease — the therapy
was resumed according to the same regimen. In the second
group of patients, the treatment was used in a continual way,
yet after 6 cycles, de-escalation was used, restricting the num-
ber of the administered drugs to two (fluorouracil with calcium
folinate), whilst the return to full, multidrug FOLFOX regimen
was made only after the disease progression (analogically as
in the B arm in the OPTIMOX1 study). The main endpoint of



Table I. A comparison of the most significant clinical studies with maintenance treatment with monoclonal antibodies

Intervention mPFS HR PFS mOS HR OS
(months) (95% Cl) (months) (95% Cl)

Cl - confidence interval; HR - hazard ratio; ITT - intention-to-treat; mOS — median overall survival; mPFS - median progression-free survival; FOLFOX: 5-fluorouracil + calcium
folinate + oxaliplatin; 5FU/LV - 5-fluorouracil + calcium folinate; FOLFIRI - 5-fluorouracil + calcium folinate + irinotecan; CAPOX - capecitabine + oxaliplatin; FOLFOXIRI -
5-fluorouracil + oxaliplatin + oxaliplatin; Nordic FLOX - 5-fluorouracil (bolus) + calcium folinate + oxaliplatin; * - estimated value




the study was the duration of disease control (DDC). Median
DDC was 13.1 months in the patients treated in a continual
way and 9.2 months in the patients in whom the therapy was
temporarily suspended (p = 0.46). Median PFS and median OS
were longer in the group treated in a continual way (tab. 1),
whereas elective complete discontinuation of chemotherapy
had a negative effect on the efficiency of treatment.

The results of metanalysis carried out by Berry et al. [13]
clearly show that de-escalation does not deteriorate the treat-
ment results only when the maintenance chemotherapy is
continued and not when the systemic treatment is completely
discontinued.

Biological therapy of high stage colorectal
cancer

The first biological agent which was added to the ILF regimen
(irinotecan, fluorouracil, calcium foliate) and which confirmed its
efficacy in the third phase study was bevacizumab [14]. This drug
isan IgG subclass humanised antibody, specific for vascular en-
dothelial growth factor (VEGF). It manifests an antiangiogenic ef-
fect by means of inactivating all the VEGF isoforms and improves
the penetration of cytostatic drugs into the tumour by means
of decreasing the pressure inside it [15]proliferative processes.
Numerous regulators of angiogenesis have been identified and
characterized over the last decades. Among these, vascular en-
dothelial growth factor (VEGF. In the group of patients in whom
bevacizumab was added to their chemotherapy, OS was about
5 months longer in comparison to the group of patients treated
with chemotherapy alone (20.3 vs. 15.6 months). Anotherantian-
giogenic drug introduced to therapy was aflibercept. It binds
with VEGFA and VEGFB, blocking their ability of connecting to
the receptor. In the second line of treatment, in combination
with the FOLFIRI chemotherapy, aflibercept contributed to the
prolongation of the median PFS by about 2 months, whilst to
the median OS - by 1 month [16].

A significant progress in the systemic treatment of mCRC
was made together with the introduction of the antibodies
directed against epidermal growth factor receptor (EGFR): pani-
tumumab and cetuximab. Panitumumab is an IgG2 subclass
human antibody, whilst cetuximab is a chimeric monoclonal
antibody. These drugs manifest affinity to EGFR and prevent
EGFR from binding ligands, by inhibiting the pathway of the
EGFR/RAS/RAF/MEK signal transduction to the cell nucleus
[17, 18]. The presence of mutation in the KRAS or BRAF gene
results in permanent activation of this pathway, irrespectively
of the EGFR activation. Mutations in the KRAS gene occur in
about 30-40% colorectal cancer patients [19]. In these peo-
ple, the drugs against EGFR are ineffective. The PRIME study
[3] proved that adding the therapy directed against EGFR to
the FOLFOX chemotherapy in the patients without mutation
in RAS genes allowed to prolong their survival to more than
2 years (26 vs. 20.2 months in the group treated with chemo-
therapy alone). The study performed by Van Cutsem et al. [20]

306

confirmed that the FOLFIRI chemotherapy combined with
cetuximab used in the first line of treatment is more efficacious
in comparison with chemotherapy alone.

Maintenance therapy with bevacizumab

In the third phase study, PRODIGE-9 [21]phase IIl, randomized
controlled trial, we compared the tumor control duration
(TCD in patients untreated earlier for mCRC, induction chemo-
therapy with FOLFIRI regimen was used in combination with
bevacizumab, and then the patients with response to the
treatment were assigned to the arm with maintenance ther-
apy with  bevacizumab (5 mg/kg every 2 weeks) or to the
group with follow-up alone. At the moment of progression,
the patients received 8 cycles of FOLFIRI + bevacizumab, and
then they continued maintenance treatment or follow-up in
accordance with earlier randomisation. Such a sequence of
treatment was continued till the moment of disease progres-
sion during chemotherapy. The primary endpoint in this study
was DDC. Median DDC was in both arms of the study was
15 months, and no significant differences between PFS and
OS were found (tab. ).

The CAIRO3 study [22] phase 3, randomised controlled
trial, we recruited patients in 64 hospitals in the Netherlands.
We included patients older than 18 years with previously un-
treated metastatic colorectal cancer, with stable disease or
better after induction treatment with six 3-weekly cycles of
capecitabine, oxaliplatin, and bevacizumab (CAPOX-B evalu-
ated the efficiency of maintenance therapy with capecitabine
with bevacizumab (vs. follow-up) after the administration of
6 CAPOX chemotherapy cycles (capecitabine, oxaliplatin).
At the moment of disease progression (PFS1), the patients
received CAPOX treatment again, combined with z bevaci-
zumab until the next progression (PFS2 — primary endpoint).
In the arm which used only the maintenance therapy, the PFS2
prolongation was observed with good treatment tolerance
(tab.1). Solely the hand-foot syndrome (HFS) was more frequent
in the group using the maintenance therapy. This allowed the
authors of the study to conclude that the maintenance therapy
with capecitabine with bevacizumab is effective and does not
have a negative effect on the patients’ quality of life.

The metanalysis performed by Ma et al.[23] confirmed that
in maintenance therapy bevacizumab is effective in combina-
tion with chemotherapy.

Maintenance therapy with aflibercept

The data concerning maintenance therapy with aflibercept
is very limited. In one arm, second phase VELVET prospec-
tive study [24], the patients, previously untreated for mCRC
received FOLFOX with aflibercept (1-6 cycles), and then
maintenance therapy with fluoropyrimidine with aflibercept
(4 mg/kg every 2 weeks) until the disease progression or the
occurrence of toxicity. At the moment of progression, therapy
with oxaliplatin was resumed. The primary endpoint was PFS



after 6 months. After this period, 67.4% patients (n = 33) did
not experience the disease progression, whilst median PFS was
9.3 months (95% Cl: 8.3-12.5), also 23% patients developed
G3/G4 arterial hypertension.

Maintenance therapy with panitumumab

In order to evaluate the efficacy and possibilities of de-escala-
tion of chemotherapy in combination with panitumumab, the
second phase study — SAPPHIRE [25] was conducted. Initially,
all the patients received 6 cycles of chemotherapy with FOL-
FOX regimen in combination with panitumumab, and then, in
one group (arm A) the full treatment regimen was continued,
whilstin the other group (arm B), the therapy was de-escalated
(to fluorouracil with calcium folinate in combination with pani-
tumumab). Maintenance therapy was connected with a similar
efficiency after 6 treatment cycles in comparison with the full
FOLFOX regimen with panitumumab (PFS 9.1 vs. 9.3 months).
Temporary suspension of oxaliplatin treatment allowed for the
decrease of the frequency of clinically significant neurotoxicity
(=G2;inarm A and arm B: 57.4% vs. 9.3% respectively).

In the second-phase study, VALENTINO [26], the efficacy
of the use panitumumab in monotherapy as maintenance
treatment was evaluated. Initially all the patients received
8 cycles of the FOLFOX chemotherapy in combination
with panitumumab. In the next stage, the therapy was
de-escalated. One group of patients received fluorouracil
with calcium folinate in combination with panitumumab,
whilst the other — panitumumab in monotherapy. The rate
of 10-month survival and median PFS treated with panitu-
mumab fluorouracil and calcium folinate were significantly
higher in comparison with panitumumab in monotherapy
(with slight increase of toxicity).

The results of the above studies justify the use of mainte-
nance therapy with the use of panitumumab in combination
with fluorouracil and calcium folinate — also as an efficient form
of treatment de-escalation.

Maintenance therapy with cetuximab

The MACRO-2 study evaluated the efficiency and safety of
the treatment according to the FOLFOX regimen with the use
of cetuximab followed by cetuximab in monotherapy every
week (arm A) in comparison with the continual treatment
with FOLFOX chemotherapy in combination with cetuximab
(arm B). The patients, on average, received 1-8 cycles of
induction treatment. After 9 months of follow-up, the non-
inferiority of the compared regimens was evaluated with
respect to the time to progression (p < 0.1) and no differences
were observed in median PFS, median OS and in objective
response rate (ORR) — tab. I. Serious adverse events (SAEs)
were reported in 20% patients (n = 25) inarm A and in 25%
(n=17)inarm B [27]. The results of the study confirmed the
same value of the continual treatment in comparison with
maintenance therapy.

In the COIN-B study, the patients who had already re-
ceived FOLFOX chemotherapy with cetuximab for 12 weeks
were randomly divided into a group in which the treatment
was completely suspended and the group in which main-
tenance therapy with cetuximab was continued (1 x week).
At the moment of progression, the treatment with FOLFOX
regimen with cetuximab or with FOLFOX chemotherapy only
was reintroduced for 12 weeks and then it was discontinued
again (or cetuximab alone was used). The primary endpoint
of the study was failure-free survival (FFS). Median FFS was
12.2 months (95% Cl:8.8-15.6) in the group with discontinued
treatmentin comparison with 14.3 months (95% Cl: 10.7-20.4)
in the group with continual treatment. Median OS and median
PFSinthe intention-to-treat (ITT) group are presented in table I.
Some adverse effects were similar in both groups. According to
the authors of the study, maintenance therapy with cetuximab
guaranteed a better treatment effect than interrupted treat-
ment, in spite of the lack of statistical significance [28].

Cremoliniatal. [29]in turn, conducted a retrospective sec-
ond phase study with randomisation (MACBETH) which evalu-
ated the effect of maintenance treatment with cetuximalb (arm
A) or bevacizumab (arm B) after an induction chemotherapy
(up to 8 cycles) with FOLFOXIRI regimen (fluorouracil, calcium
folinate, oxaliplatin, irinotecan) + cetuximab. The study did not
reach the predicted endpoint which was the improvement of
the 10-month period to the disease progression from 50% to
>70%. Median OS and median PFS were comparable in both
arms of the study (tab. I). Also the adverse effects were compa-
rable, with the exception for the skin toxicity, which was more
frequently observed in arm A (20% vs. 3%, p = 0.03). Although
the endpoint was not reached, the authors concluded that
an intensive induction treatment followed by maintenance
therapy with a biological drug was effective.

In a retrospective analysis carried out by Jiang et al. [30],
the patients received the FOLFIRI chemotherapy + cetuximab
and were either assigned to the control group or continued
maintenance treatment with cetuximab with irinotecan
(M1 — the first group with maintenance therapy). After 6-12
cycles of maintenance therapy, the patients with treatment
response (n = 21) were assigned to the second group (M2)
with maintenance therapy with cetuximab in monotherapy
continued till the disease progression, death or unacceptable
toxicity. The primary endpoint was the failure-free survival (FFS)
period which was 12.7 months (95% Cl: 6-19.4) in M1 group
in comparison with 3 months (95% Cl: 2.6-3.4) in the control
group. Median PFS is presented in table I. The authors of the
study observed that maintenance therapy with cetuximab
prolongs FFS and is well tolerated by the patients.

The results of one arm studies with maintenance therapy
with cetuximab are summarised in table [31, 32]. The subject
literature describes a few clinical cases which confirm the ef-
ficiency of monotherapy with cetuximab following a previous
induction chemotherapy [33, 34].
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Polish and foreign recommendations

The national diagnostic and therapeutic guidelines concerning
the treatment of the patients with colorectal cancer, published
in 2020, emphasise that treatment de-escalation may be consid-
ered, although its value has not been confirmed by prospective
randomised studies. In particular, this strategy must be taken
into consideration in the case of toxicity (oxaliplatin-induced
polyneuropathy). Monotherapy with biological agents may
shorten the time to disease progression, so it should not be ap-
plied as a standard treatment after a few cycles of chemotherapy,
but only when there are grounds for it (permanent control of
the disease confirmed in imaging diagnostics, accompanied
by increasing side effects of cytostatic drugs or the patient’s
exhaustion with the intensity of treatment) [35].

According to the recommendations of the European So-
ciety for Medical Oncology (ESMO,) in the patients with mCRC
treatment should not be discontinued. Active maintenance
therapy with fluoropyrimidine and a biological agent should
remain a standard. The limited data concerning the treatment
with anti-EGFR antibodies in monotherapy do not permit for
definite conclusions here. Each decision about the de-escala-
tion of treatment should be discussed with the patient [36, 37].

Maintenance therapy during the SARS-CoV-2
pandemic

General recommendations concerning the patients treated
palliatively in the period of COVID-19 pandemic stipulate
that the treatment should be continued. However, in order to
guarantee the patient safety, it is advised to modify the treat-
ment regimens (e.g. the use of oral or metronomic therapies
or de-escalation).

The published standpoint of the experts of the Polish
Society of Clinical Oncology concerning the treatment of pa-
tients with palliative therapy during the SARS-CoV-2 pandemic,
provides for the possibility of discontinuance of chemotherapy
in the persons in whose case:

- agood disease control is maintained,

- the intervals between treatment have been maximally
prolonged, or

« intravenous infusions have been given up and replaced
with the oral treatment with capecitabin.

In the patients treated within the drug programmes of the
Ministry of Health, the experts recommend the use of chemo-
therapy with a biological agent in 4-week intervals. However,
the experts emphasise that monotherapy with an anti-EGRF
or anti-VEGF agent is less effective than its combination with
cytostatic drugs.

Moreover, all the patients with a period of G3 neutropenia
during the therapy, should, according to the CTCAE, receive
prophylactic treatment with granulocyte colony-stimulating fac-
tor (G-CSF). This recommendation applies also to the patients
receiving chemotherapy connected with the risk of developing
neutropenic fever (10-20%) [38, 39]. In patients with mCRC this
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risk varies between 3 and 14% for the chemotherapy with FOLFIRI
regimen and 0-8% for the FOLFOX regimen respectively [40].

The recommendations of the ESMO experts are consist-
ent with the recommendations of the national experts. They
propose prophylactic use of G-CSF in the treatment schemes
connected with the risk of developing neutropenic fever
and maintenance therapy with capecitabine instead of long-
hour fluorouracilinfusions. Moreover, the treatment should be
conducted on an outpatient basis [41, 42].

Conclusions

The studies which evaluate the effect of maintenance treatment
on the effectiveness of therapy measured with OS and PFS
show that this strategy works in the mCRC patients who have
a persistent good clinical effect with concurrent reduction of
clinically significant adverse effects. This allows for a good quality
of life in the patients, accompanied with treatment efficacy. It
must be stressed, however, that a complete interruption in the
therapy (and, in case of progression, its resumption) worsens the
results and is not justified. The treatment should be carried out
tillthe moment of disease progression or unacceptable toxicity.
However, the study results quoted here, allow to recommend
the de-escalation of the therapy and maintaining the anti-EGFR/
anti-VEGF treatment with fluoropyrimidine. In selected patients
with unacceptable marrow toxicity, monotherapy with a tar-
geted anti-EGFR agent could be applied. Antiangiogenic agents
should be used in connection with fluoropyrimidine. The cur-
rently binding drug programme provides for the possibility of
interrupting chemotherapy (in the case of persistent response
to the first-line treatment confirmed in two consecutive imaging
examinations) and the use of biological agent alone (in the case
of bevacizumab, monotherapy is possible only in the second
line of treatment) or the continuation of chemotherapy with
fluoropyrimidine in combination with a biological drug, on
condition of a systematic evaluation of the treatment response.
In the case of disease progression, the patients may receive the
treatment which they have had so far (provided that they still
meet the qualification criteria) [43]. On account of the ongoing
pandemic, de-escalation is justified in the light of the Polish
and international recommendations. Each time, however, such
treatment should be considered individually with an active
participation of the patient in the decision making process.
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Figure 1. A CT scan of an extenswvely \nﬁ\tratmg 5cm mass in the
urinary bladder

A 60-year-old patient was diagnosed by CT with an extensi-
vely infiltrating 5 cm mass in the urinary bladder, in search of
primary focus due to multiple brain metastases.

No known risk factors for urinary bladder carcinoma were
present, however, in 2011 the patient underwent treatment
for melanoma (Breslow 1.9 mm mitotic index 5/mm?, SNB
positive 2/3, completion axillary lymph node dissection 0/18
no adjuvant treatment).

The patient was referred for a transurethral bladder resec-
tion. On the left bladder wall a large mass was seen, partially
ulcerated, with concomitant minor similar changes on the
posterior wall and fundus. On histology a metastatic mela-
noma was diagnosed, with positive BRAF status. The patient
was referred to brain irradiation for an unresectable brain foci
and immunotherapy [1]. The urinary bladder is rare location
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Figure 2. Mlcrosop\c image of melanoma submucosal infiltration in
urinary bladder wall (HE 20x, courtesy of Dariusz Pabis MD)

for secondary seeds (up to 2-3% of all bladder malignancies),
and melanoma is extremely seldom among them (5% of all
bladder secondary malignancies) [2]. An upfront correct dia-
gnosis is difficult from a clinical perspective (melanoma is
a “great mimicker” of other diseases, like a primary bladder
tumor in this case). Detailed history taking (including remote
in-time medical details) and understating melanoma’s ability
to produce late-onset systematic recurrence might improve
diagnostic specificity.
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Reviewers just don't care anymore
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Fraud in medical publications is a constantly growing con-
cern. Throughout the world the majority of teaching hospitals
and university departments of medicine require their physicians
to constantly publish new, preferably meaningful publications.
[tis generally preferred that those publications be of highimpact,
as measured by journals'impact factors. However, publications
in lower profile journals are also welcome since both parties
gain something: academics want to prove their importance
and create opportunities for academic promotion and institu-
tions need to show their publication activity. Nevertheless, as
medical professionals become more and more overwhelmed
with clinical and administrative duties, it is becoming difficult
simply to find time for real academic work. Unfortunately, one of
the solutions to this problem is academic fraud in all its variants.
And as the number of papers and journals grows exponentially,
so does the number of fraudulent publications.

Medical publication fraud can be of a relatively innocent
nature, such as “salami slicing” (multiple publications of small
fragments of a what could easily be a single larger publication)
and self-plagiarism (using parts of one’s own work in another
publication) both of which, while ethically questionable, do not
necessarily mean plagiarism as defined by copyright law [1].

Much more serious from a legal and ethical point of view
are cases of direct plagiarism (copying the work of other
authors and attributing authorship to another individual)
and using falsified or completely made-up data. In the vast
majority of such serious academic sins the fraud is not evident
at first glance. The paper as received by the editor seems
genuine. All parts are written more or less coherently, the

research method is described, there are results and there is
a conclusion. It is then up to the reviewers to find whether
the paper is a genuine academic work or a fraud. As far as
plagiarism is concerned, itis easy to commit but also quite easy
to detect. A simple copy-and-paste manoeuvre still used by
some“authors”can be detected by simply running parts of the
text in the search engine Google. More advanced plagiarism
can be detected by specialist software used by the majority
of universities and editors throughout the world [2]. Once
plagiarism is detected, it is up to the scientific and academic
community to proceed with legal action against the culprit.
This, however, evenin cases of evident and blatant plagiarism,
can prove difficult, especially when the parties involved have
an established academic rank [3].

The letter by Teixeira da Silva is an alarming sign of the
decline in the quality of data that is accepted for publication
[4]. As stated above, fraud in a medical publication is not
always evident. However, it doesn't take a highly educated
editor-in-chief of a medical journal to know that a biological
female does not have a prostate gland and thus the incidence
of prostate cancer in women is 0%. This is a fact you need
to know to pass your first year of medical college. And yet
a publication stating a prostate cancer incidence rate of 52%
in the group of female patients analysed got accepted and
published in a journal with quite a decent impact factor of
3.0 [5]. Not surprisingly, the paper was later retracted, but still
the main questions remain: how was it possible that it passed
the review process? Why didn't the editor realise what kind of
“science” would make it to the pages of his journal? Do we as
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scientists and institutions really need those publication points
so badly? Has corporate greed made its way into academic
publishing? The latter question makes a lot of sense when
it comes to open access journals — which is the case in the
papers described by Teixeira. All of these questions (or to be
more specific — the answers to these questions) should really
sadden the academic community and the general public. If
medical science is infected with fraud than inevitably the art
of medicine will slowly decline. And this will affect all of us.

A recent analysis of publications on perioperative care
proved that this is happening already. Over the last 30 years
375 papers (sic!) in the area of anaesthesia and critical care
alone have been retracted because of their fraudulent nature
[6]. Given that medical professionals read the latest papers in
order to remain at the forefront of clinical practice, but don't
necessarily read the notice of retraction, this can have a nega-
tive impact on the quality of care they provide.

Iwould really like to finish this editorial with a conclusion that
gives us hope that the quality of science will be better in the fu-
ture. Unfortunately, it is not an easy task to find premises for such
a conclusion on the basis of the facts discussed above and one’s
daily observations. Reviewers are supposed to be guardians of
quality in medical publications. But how is one to write a quality
review when you don't have time for your own work and don't
get any recognition for it? Once again, the answer is frequently
a simple one: copy and paste. When a senior reviewer is com-
mitting self-plagiarism using the ctrl-c/ctrl-v technique while
reviewing a doctoral dissertation at one of the best technical
universities in Poland [3] we know we are in trouble. The same
happens when we don't use the instruments we have because
we don't want to. Itis all too common to hear laudations of the
great academic achievements of a person who over a quarter
of a century has only published a load of case reports. Or read
an evaluation of someone’s scientific achievements that says

he is a"promising scientist in the world's premiere league’, who
at the same time has a Hirsch index rating of just 2. Can't those
reviewers use PubMed? Don't they understand what Hl means?
Don't they know that their professional and evidence-based
review is the foundation of achieving or maintaining quality in
science? I'm sure they do. For some reason they decide not to
care. Well, we can sense where this attitude will lead us: soon
we will be seriously analysing the prostate cancer risk of people
without a prostate.
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Prostate cancer in women — a rare medical event or a new
disease of peer-reviewed science publications?

Justyna Ozegalska-Trybalska

Chair of Intellectual Property Law, Jagiellonian University, Krakow, Poland

Reliability of research and publications are the pillars of modern
science. Unfortunately, its ethos is more often built not on the
quality of research results but on the number of publications
and citations, which are the essential criteria for evaluating
scientific achievements. The citation rate of published articles
alsoinfluences the rankings and prestige of scientific journals,
indexed based on the Journal Impact Factor (JIF). JIF and
the reviewing process should effectively ensure the quality
and originality of publications. Unfortunately, sometimes they
do not guarantee it.

The obligation to comply with publication and citation re-
quirements increases the temptation to build scientific output
with the help of legally and ethically questionable solutions,
among which plagiarism has been making a“career”for many
years. However, the list of manifestations of unreliability in re-
search and publications and scientific fraud is getting longer.
[tis especially influenced by easy access to resources available
via electronic open access databases and the growing demand
for scientific publications in high-scoring journals.

Teixeira da Silva's article Paper mill-derived cancer research:
the improbability of prostate cancer in women, and ovarian and
breast cancerin men published in a recentissue of Nowotwory.
Journal of Oncology exposes the dark side of the institutiona-
lized mechanism of custom-made fictitious research results
(so-called paper-mills) and the imperfection of the system of
reviewing medical texts. The author describes a glaring exam-
ple of a publication from a journal indexed in Web of Science
and PubMed (the European Review for Medical and Phar-

macological Sciences, IPF 3.024 in 2019), which presented,
among other things, high statistics of prostate cancer in wo-
men. Moreover, this is not an exception [1]. Da Silva calls this
phenomenon as an urgent-to-treat“academic cancer’,and this
diagnosis — unfortunately — is highly accurate.

In contrast to other forms of abuse committed by resear-
chers (e.g. plagiarism, theft of research results, multiplication
of scientific output), the publicized phenomenon has a new
dimension. The problem also concerns reviewers and indexed
medical journals.

From the legal point of view, it isn't clear how to assess
the incompatibility of such an action with the binding regu-
lations. However, one can determine fraud without specialized
medical knowledge, which consists of disseminating fictitious
results contrary to basic anatomical knowledge. He will also
recognize the severe misconduct of reviewers who allowed the
publication of compromising texts. However, how to classify
and punish this type of pathology is not easy to answer.

The least problematic is to judge the behavior of authors
who publish fabricated or falsified research results. Accor-
ding to the current Code of Ethics of Research Workers, such
scientific activity is unequivocally a gross violation of the basic
principles of doing science [2]. Ordering data, using universal
publication templates with data from a specific research area,
and lacking published results verification violate the basic
ethical principles underlying science’s integrity and credibility.
Such activity does not meet the requirement of publishing
the results of one’s research and the researcher’s responsibility
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for the social consequences of the formulated conclusions.
On the otherhand, one cannot speak of a violation of copyright
or personal rights. The results themselves (especially those
generated automatically) are not subject to protection. An
infringement can be considered only in attributing someone
else’s authorship and not in the case of misrepresentation of
one’s authorship [3]. However, an author aware of personal
and social responsibility, who decides to put his name to an
unreliable study, should expect public evaluation and scientific
ostracism [4]. Activities of the scientific community (e.g., Retrac-
tion Watch or PubPeer platforms), which identify and stigmatize
scientific dishonesty, can be effective way of combating it.

Unfortunately, itis more difficult to find formal grounds to
question the legality of entities that offer custom-made, paid
templates with results, figures or images. As long as they do
not reproduce protected content from other publications, they
do not infringe the law. This is not an optimistic conclusion,
especially as tools that use artificial intelligence to help create
fictional scientific results are increasingly available.

The publication of texts such as the title ‘prostate cancer in
women'is also a problem that undermines the credibility of me-
dical journals, which, after all, enjoy particular prestige and trust
compared to other scientific journals. This includes both the new
online pseudo-scientificjournals, which use lowered publication
standards and gaps in accepting submitted texts for review and
publication. The substantive review of a scientific article should
certainly not be bogus, as peer review measures a journal’s
quality. Publishers should be held accountable for quality, but
they cannot always effectively adjudicate scientific ethics and
integrity violations. Instead, in case of doubts about the integrity
of submitted or published work, they can initiate appropriate
procedures, e.g. following the guidelines of the International
Committee for Medical Journal Editors (ICMJE). Recommended
by guidelines the Committee on Publication Ethics (COPE) [5]
provides instructions for dealing with suspected fabricated data
contained in an article submitted for publication or reported
manipulation of figures and images [6].

To increase the efficiency of verifying submitted papers
and detecting fraud, journal editors can use specialized IT tools
(e.g., the tested CrossCheck), employ data integrity analysts [7],
and emphasize an effective reviewing system. Undoubtedly,
so-called blind reviews cannot be truly blind in the sense that
an article qualifies as a publication by blindly approval. It is

not the task of reviewers to check whether an article contains
accurate information and reliable results [8]. However, the
positively reviewed content must not raise obvious suspicions
regarding basic medical knowledge and scientific principles.
In this sense, the allegations of unreliable review (or rather,
lack of it) should be signaled in evident cases — such as those
exposed by da Silva.

Although the problem of pathology in the scientific com-
munity is not new, da Silva’s article is a serious signal that
the medical publication ecosystem should be sealed, even if
fictitious scientific texts represent a negligible percentage of
all publications. When growing public health threats and in-
creasing marginalization of science, a loss of trust in published
research can have serious scientific and social consequences.
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Pregnancy-associated breast cancer as a screening and
diagnostic challenge
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Pregnancy-associated cancer (diagnosed during pregnancy or
up to a year after), also known as gestational cancer, is a rare
situation with an estimated incidence of 1 case in every 1000
pregnancies and accounting for approximately 0.1% of all
malignant tumors.

The most common type of pregnancy-associated cancer
is breast cancer, which comprises 50% of all cancers during
pregnancy. There is also cervical cancer, malignant melano-
ma, lymphomas (Hodgkin's and non-Hodgkin’s) and leuke-
mias, ovarian cancer, and colorectal cancer diagnosed [1].
These histological types of malignancies are also among
the most frequent cancer sites in non-pregnant women at
younger ages.

Itis estimated that 1 in 3,000 to 10,000 pregnant women
will develop breast cancer. The number of women diagnosed
with cancer while pregnant is expected to increase because
more women are delaying childbirth into their thirties; the risk
of developing most cancers increases with age. The age of
pregnant women with breast cancer ranges from 32 to 38 years
(median 34 years). The risk of breast cancer varies throughout
a woman's life. In patients with a genetic predisposition, it is
higherin the reproductive period; BRCAT mutations are associa-
ted with a 3.8% annual risk between the ages of 25 and 40 [2, 3].
There is a lack of solid literature-based evidence pertaining to
high-risk cancer screening in pregnant and lactating women,
although this issue becomes increasingly clinically relevant
because women are delaying childbearing [3]. The authors

of the literature review indicate that the opinions of experts
dominate among the reports on this issue, which explains
the lack of standardized guidelines for high-risk breast cancer
screening in this population [3]. Physical breast examination
screenings during pregnancy and breastfeeding is strongly
recommended, while mammography (MMG), magnetic re-
sonance imaging (MRI) and ultrasound imaging (USG) is not
considered appropriate for screening in this population [3].

Diagnosing and treating pregnant women is particularly
difficult because it affects both the pregnant woman and the
fetus. No randomized, controlled trials for this issue are ava-
ilable and most of the data guiding diagnosis and treatment
come from case reports, small case series, or retrospective
cohort analysis [10].

Pregnancy-associated breast cancer (PABC) is usually dia-
gnosed at a more advanced stage than in the non-pregnant
population. A growing mass in the breast can be treated
as a physiological response of glandular tissue to hormonal
changes related to pregnancy like increased glandularity and
density of the breast tissue. Diagnostics in pregnant women
is delayed by 2-7 months after the first symptoms appear.
Delay in the diagnosis of PABC remains an important con-
cern regarding the impact on prognosis because it affects
the increase in the number of patients with metastases to the
regional lymph nodes [4]. Most patients present with a lump
detected through breast self-examination [5]. A gynecologist
should perform a physical examination of the breast on every

How to cite:

Radecka B. Pregnancy-associated breast cancer as a screening and diagnostic challenge. NOWOTWORY J Oncol 2021; 71:316-318.

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

316



pregnant woman. A new palpable mass that does not resolve
within 2 weeks should be investigated further, although it is
reported that approximately 80% of such breast biopsies are
benign [6, 7, 10]. The risk of development of a milk-fistula after
such a biopsy is low.

USG is the preferred imaging modality because it does
not carry a risk for fetal radiation exposure. It is very useful in
distinguishing cystic and solid tumors, and sensitive (93-100%
sensitivity) methods in pregnant and lactating women and for
detecting axillary metastases [8]. Ultrasound examination sho-
uld include both breasts (not only suspected) and regional
lymph nodes [4]. In approximately 90% of women, USG ima-
ging confirms clinical suspicion of breast cancer.

MMG with abdominal shielding can be performed with
minimal risk to the fetus (radiation exposure is estimated ad
0.4 cGy) [9]. But reported sensitivity of MMG for detecting
breast cancers in a pregnant breast is low, with ranges from
63% to 78% [10]. Due to increased water content in the pre-
gnant breast and loss of contrasting fat, the interpretation of
mammography is difficult [10]. Therefore, this imaging method
is not recommended during pregnancy [10].

There are no obvious contraindications to the use of MRI
even in the first trimester of pregnancy, but MRI of both the
breasts and other regions of the body in pregnant women is
not routinely recommended and there is currently no con-
sensus on this matter. In special cases (e.g., suspected central
nervous system metastases) it can be ordered. The experience
with MRI from the second trimester of pregnancy, including
the administration of gadolinium, indicates the risk of toxic
effects on the fetus because gadolinium can cross the placenta
[11]. Nevertheless, the use of gadolinium-based and iodinated
contrast agents during pregnancy and lactation has not been
well studied in human subjects [12].

All staging investigations that are likely to cause any risk
to the fetus should be undertaken only if the benefits outwe-
igh the risks [13]. A chest radiography (X-ray) with adequate
shielding is considered safe in pregnant women and should be
performed when necessary [4]. Positron emission computed
tomography (PET-CT), computed tomography (CT), and pelvic
radiography involves more radiation than MRI, and hence
are not the preferred imaging modalities [13]. Bone scans,
although rarely used, result in only 0.00194 Gy of radiation
exposure to the fetus [13].

Considering the young age of patients with breast can-
cer during pregnancy, proper genetic counseling should be
offered [14].

In any case where breast cancer is suspected, a histopa-
thological diagnosis should be performed. A USG guided core-
-needle biopsy is recommended and in the case of suspicious
lymph nodes, a fine needle biopsy should be performed. The
histopathological examination confirms diagnosis and assesses
the prognostic and predictive factors: expression of estrogen
receptors (ER) and progesterone receptors (PgR), expression of

the human epidermal growth factor receptor 2 (HER2), Ki-67.
It is important to inform the pathologist that the biopsy is
being performed on a pregnant woman [4].

Doctors should be mindful of the possibility of breast
cancer in pregnant women, present oncological vigilance,
and, in the case of abnormalities, conduct immediate dia-
gnostics. There are reports highlighting the importance of
proper breast oncology surveillance during pregnancy [15].
The management of pregnant women with diagnosed breast
cancer requires an experienced and multidisciplinary medical
team working closely with each other. The team must assess
the benefits of the ongoing oncological treatment and the
risks associated with the therapy for the fetus. The prognosis
of pregnant women with proper treatment is comparable
to that of women with the disease at the same stage of
disease, but not pregnant. This fact should be clearly stated
to the patient during the first consultation. Delivery should
be performed on time and iatrogenic prematurity should
be avoided [16].

Conflict of interest: none declared

Barbara Radecka

University of Opole

Faculty of Medicine

Institute of Medical Sciences

ul. Oleska 48

45-052 Opole, Poland

e-mail: barbara.s.radecka@gmail.com

Received: 16 May 2021
Accepted: 1 Jun 2021

References

1. Pavlidis N. Coexistence of Pregnancy and Malignancy. The Oncologist.
2002; 7(6): 573-573, doi: 10.1634/theoncologist.7-6-573.

2. Brose MS,RebbeckTR, Calzone KA, et al. Cancer risk estimates for BRCA1
mutation carriers identified in a risk evaluation program. J Natl Cancer
Inst. 2002; 94(18): 1365-1372, doi: 10.1093/jnci/94.18.1365, indexed in
Pubmed: 12237282.

3. ZhaN, Alabousi M, Abdullah P, et al. Breast Cancer Screening in High-
-Risk Patients during Pregnancy and Breastfeeding: A Systematic
Review of the Literature. Journal of Breast Imaging. 2019; 1(2): 92-98,
doi: 10.1093/jbi/wby015.

4.  Kakoulidis I, Skagias L, Politi E. Pregnancy associated breast cancer
(PABC): aspects in diagnosis. Breast Dis. 2015; 35(3): 157-166, doi:
10.3233/BD-150408, indexed in Pubmed: 26406540.

5. CérdobaO, LlurbaE, Saura C, et al. Multidisciplinary approach to breast
cancer diagnosed during pregnancy: maternal and neonatal outcomes.
Breast.2013;22(4):515-519,doi: 10.1016/j.breast.2012.10.005, indexed
in Pubmed: 23116970.

6. Loibl S, Minckwitz Gv, Gwyn K, et al. Breast carcinoma during pregnancy.
Cancer. 2006; 106(2): 237-246, doi: 10.1002/cncr.21610.

7. CollinsJ, Liao S, Wile A. Surgical management of breast masses associa-
ted with pregnancy and lactation. J Reprod Med. 1995; 40(11): 785-788.

8. AhnBoY,Kim HH, Moon WK, et al. Pregnancy- and lactation-associated
breast cancer: mammographic and sonographic findings. J Ultrasound
Med. 2003; 22(5): 491-7; quiz 498, doi: 10.7863/jum.2003.22.5.491,
indexed in Pubmed: 12751860.

9. Nicklas AH, Baker ME.Imaging strategies in the pregnant cancer patient.
Semin Oncol. 2000; 27(6): 623-632, indexed in Pubmed: 11130469.

10. Litton JK, Theriault RL, Gonzalez-Angulo AM. Breast cancer diagnosis
during pregnancy. Womens Health (Lond). 2009; 5(3): 243-249, doi:
10.2217/whe.09.2, indexed in Pubmed: 19392610.

317


http://dx.doi.org/10.1634/theoncologist.7-6-573
http://dx.doi.org/10.1093/jnci/94.18.1365
https://www.ncbi.nlm.nih.gov/pubmed/12237282
http://dx.doi.org/10.1093/jbi/wby015
http://dx.doi.org/10.3233/BD-150408
https://www.ncbi.nlm.nih.gov/pubmed/26406540
http://dx.doi.org/10.1016/j.breast.2012.10.005
https://www.ncbi.nlm.nih.gov/pubmed/23116970
http://dx.doi.org/10.1002/cncr.21610
http://dx.doi.org/10.7863/jum.2003.22.5.491
https://www.ncbi.nlm.nih.gov/pubmed/12751860
https://www.ncbi.nlm.nih.gov/pubmed/11130469
http://dx.doi.org/10.2217/whe.09.2
https://www.ncbi.nlm.nih.gov/pubmed/19392610

318

Webb JAW, Thomsen HS, Morcos SK, et al. Members of Contrast Media
Safety Committee of European Society of Urogenital Radiology (ESUR).
The use of iodinated and gadolinium contrast media during pregnancy
and lactation. Eur Radiol. 2005; 15(6): 1234-1240, doi: 10.1007/s00330-
004-2583-y, indexed in Pubmed: 15609057.

Wang PI, Chong ST, Kielar AZ, et al. Imaging of pregnant and lactating
patients: part 1, evidence-based review and recommendations. AJR
Am J Roentgenol. 2012; 198(4): 778-784, doi: 10.2214/AJR.11.7405,
indexed in Pubmed: 22451541.

Durrani S, Akbar S, Heena H. Breast Cancer During Pregnancy. Cureus.
2018; 10(7): 2941, doi: 10.7759/cureus.2941, indexed in Pubmed:
30202672.

Paluch-Shimon S, Cardoso F, Partridge AH, et al. ESO-ESMO 4th Interna-
tional Consensus Guidelines for Breast Cancer in Young Women (BCY4).
Ann Oncol. 2020; 31(6): 674-696, doi: 10.1016/j.annonc.2020.03.284,
indexed in Pubmed: 32199930.

Kalantarova A, Zembol NJ, Kufel-Grabowska J. Pregnancy-associated
breast cancer as a screening and diagnostic challenge: a case report.
NOWOTWORY J Oncol. 2021; 71(3): 162-164, doi: 10.5603/NJO.
a2021.0017.

Jeziorski A, Nowecki ZI. Chirurgiczne leczenie zmian nowotworowych
piersi — Konsensus Polskiego Towarzystwa Chirurgii Onkologicznej
pod patronatem merytorycznym Konsultanta Krajowego w dziedzinie
Chirurgii Onkologicznej. Via Medica, Gdarsk 2016.


http://dx.doi.org/10.1016/j.annonc.2020.03.284
https://www.ncbi.nlm.nih.gov/pubmed/32199930
http://dx.doi.org/10.5603/NJO.a2021.0017
http://dx.doi.org/10.5603/NJO.a2021.0017
http://dx.doi.org/10.1007/s00330-004-2583-y
http://dx.doi.org/10.1007/s00330-004-2583-y
https://www.ncbi.nlm.nih.gov/pubmed/15609057
http://dx.doi.org/10.2214/AJR.11.7405
https://www.ncbi.nlm.nih.gov/pubmed/22451541
http://dx.doi.org/10.7759/cureus.2941
https://www.ncbi.nlm.nih.gov/pubmed/30202672

Vi

VIA MEDICA

Invited editorial

NOWOTWORY Journal of Oncology
2021, volume 71, number 5, 319-320
DOI: 10.5603/NJ0O.2021.0060

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

RECIST criteria and clinical practice

Piotr J. Wysocki

Oncology Chair and Clinic, Jagiellonian University, Collegium Medicum, Krakow, Poland

The objective of response evaluation criteria in solid tumo-
urs is to assess the reaction of cancer lesions to the applied
treatment. Categorisation of the response to oncological tre-
atment was proposed for the first time by the WHO in 1981
[1], however, over the subsequent two decades, no detailed
or generally accepted guidelines were actually established.
[t was only in the mid-1990s that work on the standardisation
of treatment response criteria began, and, in 2000, the first
version of RECIST criteria was published [2]. The criteria were
soon accepted by international regulatory agencies, such as
the FDA or EMA. In 2009 the criteria were updated, making
up RECIST 1.1 [3]; this version, with only some modifications
connected with the introduction of immunotherapy [4], has
defined the standards of objective evaluation of treatment
response in oncology until today. In 2014 Nowotwory. Journal
of Oncology published a paper introducing the RECIST 1.1
evaluation criteria to Polish readers [5].

The coreissue that all oncologists must remember is the fact
that RECIST criteria cannot assess whether patients will objectively
benefit from treatment; instead it can verify if there was an objec-
tive reduction of the cancer stage in the cases of these patients.
Thus, RECIST criteria, though very useful for the evaluation and
comparison of new medication and treatment strategies with
the standard ones, should not be the only decision criterion in
oncological practice. What is more, in some cases such a means
of treatment could turn out to be adverse for patients.

One can imagine a situation in which a patient with
a massive and symptomatic cancer dissemination into the

visceral organs, receives systemic treatment which allows for
a clear imagining and clinical response within all the meta-
static lesions. However, after a few months of disease control
in the visceral organs, two new metastases appear in the
bone system. In accordance with RECIST criteria, this means
disease progression. Does it mean, though, that in a patient
with a very good and permanent clinical response (symptom
resolution, improvement of organ efficiency), effective sys-
temic treatment must be discontinued because of two new
asymptomatic lesions appearing? The answer is — no. Systemic
treatment must be maintained as it comprehensively controls
the disease whilst the introduction of local treatment must be
taken into consideration, e.g. stereotactic radiotherapy which
can get rid of asymptomatic progression in the bones. Such
situations are quite frequent in clinical practice. This confirms
only that the possibility of response evaluation according to
RECIST criteria does not exempt oncologists from thinking
and treating the patient’s wellbeing, and not the size or
number of cancer lesions, as the priority.

Drug programmes which we have at our disposal were cre-
ated on the basis of clinical trial protocols so as to maximise the
probability of reaching therapeutic effect compliant with the
results of registration studies for a specific therapy. This is why
many patients who do not meet the strictly defined inclusion
criteria may not have access to new treatment methods. At the
same time, following the study protocols is necessary for the
reimbursement of extremely costly specific therapies. Quali-
fication and treatment within the drug programmes requires
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agood knowledge and interpretation of these provisions. This
is to ensure that the chances of inclusion into the programmes
of the patients who meet the detailed requirements of the
payer can be increased.

The Polish Society of Clinical Oncology, in collaboration
with marketing authorisation holders, carried out a number of
courses and online conferences concerning drug programmes,
regularly answering questions from doctors about the me-
thods of interpretation of specific provisions in the regulations.
The objective is to increase the chances of oncological patients
in Poland getting access to the most novel strategies of syste-
mic treatment which may potentially improve their prognoses.
Thanks to this process, doubts concerning qualifications to the
drug programmes without the changes measurable according
to RECIST 1.1 criteria were finally resolved. At the same time, it
was explained that the lesions which can be assessed are all
the lesions (both target and non-target) visible in the imaging
diagnostics which can be monitored both with regards to their
size and also their number and morphology.

To sum up, it must be emphasised that RECIST criteria are
of key importance first of all in clinical studies and, in some
respect, also in the monitoring of patients treated within the
drug programmes. In clinical practice in turn, they make up an
additional source of information about the activity of various
oncological therapies. They should not, however, exempt on-
cologists from clinical diligence and from ensuring the patient’s
wellbeing is the central point of the decision-making process.
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Such an attitude is necessary for obtaining the best possible
effect of the systemic oncological treatment applied — irrespec-
tive of whether it is carried out within the drug programmes
or the therapy available in the catalogue.
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Pancreatoduodenectomy due to cancer in the older
population
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By 2030, 70% of all pancreatic cancer will be diagnosed in the older population. However, pancreas operations are
a complex surgical procedure with a high rate of morbidity and mortality. Therefore, the benefits of surgical resection in
older patients are controversial and decisions about treatment for this group must be well balanced. Chronological age
alone should not be a contraindication for multimodal radical treatment in older patients. Fit patients, according to the
comprehensive geriatric assessment (SGA), should be qualified for the same treatment as younger patients to benefit

the same outcomes. However, they should be operated on in high-volume hospitals by experienced surgeons. Prefrail
patients should undergo prehabilitation, during neoadjuvant treatment also, and then reevaluated. Frail patients should
be discussed in an oncogeriatric meeting. We still do not have evidence-based data to design a tailored approach for them
so as to balanced good oncologic outcomes and the appropriate postoperative quality of life.

Key words: older patients, pancreatic cancer, pancreatoduodenectomy, elderly

Pancreatic ductal adenocarcinoma (PC) is common in the older
population, with incidence increasing with age, reaching the
highest peak after 60 years of age. It is estimated that by 2030,
approximately 70% of PC will be diagnosed in this group [1].
It also has one of the worst prognoses of all malignancies. At
present, 5-year relative survival is 8% [2] and improvements seen
for most cancers over the last 20 years, is unfortunately not the
case for PC and progress remains very slow. Surgical resection is
the only curative treatment option; it is possible in only 15-20% of
patients. Even among those who undergo surgery, 5-year survival
is just 20-25% due to local or metastatic relapse during the first
two years after resection. Thus, PC has the potential to become
the second leading cause of cancer-related death before 2030 [3].

Resection of the pancreas (pancreaticoduodenecto-
my, partial or total pancreatectomy) is a complex surgical

procedure with a high rate of morbidity and mortality.
Compared with younger patients, many older patients may
not be good candidates for surgery, and they are less likely
to receive other treatments. Therefore, the benefits of sur-
gical resection for PCin older patients remain controversial
and the decision about this treatment in older patients must
be well balanced. Moreover, the most important problem
in the treatment of older patients with PC is the underre-
presentation of this population in clinical trials. This results
in treatment decisions taken for older patients that are
extrapolated from studies performed on younger patients.
Although the situation is improving constantly, most of
the studies still use chronological age, the Karnofsky scale
or the Eastern Cooperative Oncology Group/ World Health
Organization scale and not biological age [4].

How to cite:

Kenig J, Richter P. Pancreatoduodenectomy due to cancer in the older population. NOWOTWORY J Oncol 2021; 71: 321-327.

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

321



Clinical and pathological characteristics of PC in
older patients

Very little data is available regarding PCin the older population.
Kamisawa et al. compared the pathologic features of it in older
and younger patients and found no differences in location,
stage, grade and local spread, although older patients seem
to develop fewer hematogenous metastases. Older patients
may present more diploid tumours or more p53 mutations,
which are associated with a poorer prognosis [5].

Preoperative assessment and treatment

decisions

As was mentioned in our previous publications, the popu-

lation of older patients is very heterogeneous in terms of

co-morbidity, physical reserve, cognitive function and social
support. Chronological age alone is a poor predictor of cancer
treatment outcomes and toxicities [6]. Current routine pre-

-operative assessment cannot adequately identify patients at

risk. Many older adults have unidentified, uncommunicated,

and therefore unaddressed aging-related conditions that are
associated with morbidity and early mortality. Therefore, the

Comprehensive Geriatric Assessment (CGA) was introduced

to help determine the primary status of the older patient, to

diagnose frailty syndrome and to identify how to optimise

the patient’s condition before the start of treatment [7-10].
Frailty syndrome (a surrogate of biological age), is defi-

ned as a multisystem reduction in reserve capacity leading

to shorter life expectancy, higher risk of complications after
surgery/chemotherapy, higher risk of hospital readmission
and institutionalisation. Considering their limited remaining
lifetime and their postoperative quality of