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History of oncology

An outline of the history of the Oncology Institute in
Warsaw, on the 90™ anniversary of its opening

Janusz Meder, Aleksandra Towpik, Jan Walewski

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

Ninety years ago, The Maria Sklodowska-Curie Radium Institute in Warsaw was officially opened. The ceremony was
marked by Sktodowska's honourable presence as the author of the idea, the co-founder and patron of the Institute. The
opening of the first modern institution which combined research and clinical activity was a breakthrough moment in
the history of Polish oncology. This article presents an outline of the history of the Institute from the moment of the
creation of the idea, through the hardships undertaken by the distinguished personalities involved in the organisatio-
nal work during the first years of the existence of the centre, the busy period during its medical and academic heyday
interrupted by the outbreak of the Second World War and then the period of restoration from the destruction that had
previously ensued.The paper also presents the period when new oncological specialisations were created, which started
at the Institute at Wawelska street and the invaluable role the Institute staff played in the creation of the structures of
modern oncological care in Poland. The intellectual resources were created by a generation of the Institute staff on the
foundation of the innovative concept laid down by Maria Sktodowska-Curie. She always emphasised the necessity of the
continual connection between clinical work and research and the role of interdisciplinary work as the basis for progress
in combating oncological diseases. These efforts consist of a unique and special value, which is also a commitment to
and challenge for the future.
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of Oncology

Introduction

Ninety years ago, on Sunday, 29" May 1932 in Warsaw, at
Wawelska 15, in the vicinity of the Lubecki Colony, the Maria
Sklodowska-Curie Radium Institute was officially opened. The
ceremony was marked by Sktodowska's honourable presence
as the author of the idea, the co-founder and patron of the
Institute. This event marks the beginning of modern institu-
tionalised oncological care in Poland.

The creation of the Institute was by all means an exceptional
effort — both on the part of the people directly involved in the
creation of the Institute,among whom special attention should be
paid to the sister of the great Polish researcher, doctor Bronistawa
Dtuska, and also the contributions of much of society which was
involved in the creation of the Institute on an unprecedented
scale, providing donations, buying shares (“bricks” to build the
Institute) and taking part in numerous fundraising events.

How to cite:

Meder J, Towpik A, Walewski J. An outline of the history of the Oncology Institute in Warsaw, on the 90t anniversary of its opening. NOWOTWORY J Oncol 2022;

72:139-154.

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.

139



The building of the Institute was an unprecedented event,
not only on the scale of an impoverished and devastated co-
untry, as Poland was, but it was also one of the most modern
medical institutions in Europe, or perhaps even worldwide. This
carefully planned and designed centre added new value, but
failed to match the Polish reality with its potential initially unap-
preciated. Professor Franciszek tukaszczyk, the first director of
the institute, observed that this event was much ahead of the
times, and the country was in fact not ready for such a modern
institution [1]. Within a few years of the opening, however,
great progress was being made. Its significance is seen even
more clearly once we realise the hardship of the work and the
contemporary challenges of the time that were being faced.

The beginnings of oncology in Poland

In 1921, Maria Sktodowska-Curie made her first journey to
America. The main purpose of the trip was to accept, from
the hand of President Warren Harding, one gram of radium
for the Radium Institute in Paris. The purchase of this precious
element was possible thanks to the fundraising action initiated
by journalist and activist, William B. Meloney (proper name:
Marie Mattingly Meloney) [1]. On 15 June, during a meeting
with the representatives of the Polish diaspora, in Chicago,
Sktodowska said:

Independent Poland, like any other country should have its
own radium institute. The beginning of this Institute was in the
radiological laboratory, started, on my initiative in Warsaw by the
Warsaw Scientific Society. We need a large sum to transform this
laboratory into an institute created not only for scientific research,
but also for the treatment of patients, irrespective of their financial
status. If the Polish Colony in America could set itself the goal of
the creation of this Institute as fast as possible, this would be by
allmeans an act of great merit. .. [2, 3].

With these words, Maria Sktodowska Curie, for the first
time publicly, called for the support of the idea to create the
institute in Warsaw [4]. Given, the time period, this was an
extremely daring idea — as it was just a few months after
the end of the Polish-Bolshevik war. The Polish Republic had
been an independent country for only three years, whilst the
restoration of the state after partition and after the destruction
of the war was a tedious process, requiring a lot of time and
effort. All state institutions had to be created from scratch and
diverse administrative systems integrated. Divisions were also
present and always increasing in society and the academic life;
the currency was unstable, the quality of life much lower than
in the West; whilst unemployment and inflation were on the
continual rise. Not only was infrastructure lacking, there was
also significant shortage of staff. People living in urban areas
particularly had very poor access to healthcare, whilst the
number of doctors insufficient. However, at the same time,
civil attitudes and self-government were being coined, with
intellectual elites playing a key role in their work towards a
better society and the young developing state.
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Maria Sktodowska-Curie, during her address in Chicago,
mentioned the Mirostaw Kernbaum Radiology Laboratory,
created at the Warsaw Scientific Society on Kaliksta street
(currently Sniadeckich) in Warsaw; it was the first scientific in-
stitution on the Polish territories which was actively co-created
by Maria Sktodowska-Curie. She agreed to manage the institu-
tion from Paris, sending to Warsaw two of her most talented
assistants: Jan Danyszand Ludwik Wertenstein. In November
1913, she took part in the opening ceremony in person. Maria
Sktodowska-Curie planned to pay regular visits to the labora-
tory, planning organisational and research undertakings [5-8]
andin 1921 she donated the amount of 1000 dollars from the
Polish diaspora in America, as it was initially assumed that this
would be the basis for the Radium Institute [8].

Oncological diseases made up a significant issue from
an epidemiological point of view for doctors in the mid-19t
century; therefore at the turn of the 19t and 20t centuries, the
first association which had as its objective cancer studies and
treatment were created. [9]. The discovery of X-rays by Wilhelm
Conrad Roentgen, and first of all, the discovery of radium by
Maria and Peter Curie paved a new path in the fight against
oncological diseases. Sktodowska-Curie laid the foundations
for oncology as a science and a medical discipline [10].

In Poland, in 1906, upon the initiative of doctor Jézef Jawor-
skiand doctor Mikotaj Rejchman, the Committee for the Caner
Study and Control was set up. Their efforts were concentrated
mostly on statistical research, prophylaxis and attempts to en-
courage the medical milieus to undertake scientific research.
It was in 1912 that the idea was put forward of organising a
department for the study of cancer in Warsaw [11]. Yet, it was
only after regaining independence that a chance would come
to create structural solutions. In 1921, the Polish Committee
for Fighting Cancer (PKdZR) was founded by Henryk Barylski,
Czestaw Jankowski, Stefan Sterling-Okuniewski and Bronistaw
Wejnert [9]. The main task of the committee was to organise the
structures for cancer treatment and research. The committee
gathered epidemiological data, carried out educational initiati-
ves and dealt with health education, as well as organised out-
patient clinics for cancer patients. Soon, regional committees
were to be founded in Krakow, todz, Poznan, Vilnius and Lviv.
In 1923, the first issue of the Journal of the Polish Committee
for Fighting Cancer was published (Nowotwory continue that
heritage) as one of the first periodicals in the world devoted
solely to cancer treatment [12].

In 1924, the committee organised the First Polish Meeting
for Fighting Cancer in Warsaw. During the meeting, some
resolutions were passed, which now are regarded as the first
Polish Cancer Control Program. This strategy defined three
main objectives: scientific, clinical and epidemiological studies;
dissemination of knowledge of cancers and health education;
creation of oncological centres [13]. It was then that plans for
the foundation of oncological centres in larger cities around
the Poland of that time were laid down; the active process



of building the Radium Institute in Warsaw was begun. The
centres existing up to that moment were widely dispersed
and rather limited in size. Apart from a few university centres,
also some smaller, either community or private hospitals were
set up, they did not have any great success in radium therapy.
According to estimate data, even before the creation of the
Radium Institute, Poland had circa 3 grams of radium, yet
the dispersion of this element and its quality, and foremost
the lack of qualifications of the staff, paired with inadequate
knowledge about radium’s manner of action, lead to the fact
that the treatment results were greatly unsatisfactory and
purely incidental, whilst work with radium was also frequently
hazardous for the doctors involved [8].

The opening of the Radium Institute in Warsaw —a modern
institution combining academic and clinical activity — marked
a ground-breaking moment in the history of Polish oncology.
As designated, the institute promoted teamwork, whilst know-
ledge about cancers which previously had only a character
of descriptive learning was transferred into modern clinical
science, based on the knowledge of oncological processes
and the command of treatment tactics and techniques [14].

During the visit which Maria Sktodowska-Curie paid to
Warsaw in October 1921, the idea of creating an institute finally
started to take shape. At the meeting with the representatives
of women organisations, she said: If you really want to give me
proof of your friendship and respect, please see to the creation of
the Radium Institute in Warsaw. This is a task for you as women
since our experience so far shows that, especially in female pa-
tients, the treatment of malignant tumours with radium gives
invaluable results [15].

The scientist, not only gave the ideas but also started to
act herself with full energy and determination, establishing
contacts and writing numerous letters. It was in November
that she wrote to Ignacy Paderewski: | dare to ask you for the
support offundraising for a cause which I greatly desire to pursue.
It is about the creation of a central Radium Institute in Warsaw
which task would be to treat patients with radium and carry out
scientific research related. .. [16].

Since its very beginning, the Warsaw Institute was suppo-
sed to be a comprehensive institution, where patient treatment
would be carried out together and in connection with scientific
research. Sktodowska, on every occasion, would stress the
double role of the future institute. The plans were getting their
final shape at the moment when the institution in Paris was still
struggling with a painful inadequacy e of the hospital section,
so while planning its sister institution, Maria wanted to create
a comprehensive centre in which the two areas of activity
would make up an organic whole. Such a type of centre was
a completely different and novel solution [17].

The creation of the Radium Institute
Itisimpossible to name all the distinguished persons involved
in the organisation of the institute. The driving force behind

contemporary social and scientific organisations, also extreme-
ly dynamic and determined female organisations and, finally,
the ability to pursue such an important cause in spite of all
divisions — these all make up an unprecedented example even
today. The Institute would not have been created if it had not
been for Maria’s elder sister, doctor Bronistawa Dtuska, and
also her brother, doctor Jézef Sktodowski had been involved
in the creation of the Institute since its very beginning [3, 18,
19]. It was in December 1921 that he wrote to Maria stating
that he had submitted the project of an act of the Association of
the Radium Institute, modelled on the statute Jézef Mianowski
Fund[20]. The founding of the association under the honorary
patronage of Curie-Sktodowska gave a formal framework to
her dream, making it a point where there was no turning back.

In 1923 in France, the 25" anniversary of the discovery of
radium was celebrated. On this occasion, on 26™ December
at Sorbonne University, an official celebration was held, whilst
the French government awarded Maria with an extraordinary
distinction — a lifetime grant of 40 000 francs per year. The
Polish state could not afford such a gesture at that time. Sub-
sequently, the Polish Committee for Fighting Cancer (PKdZR)
made an appeal to Polish society to donate to the “National
Gift for Maria Sktodowska-Curie’, which was supposed to be
the Radium Institute named after her [21].

In March 1924, the Committee of the Maria Sktodowska-
-Curie National Gift was created with the intention to found
the Radium Institute in Warsaw. Its honorary presidency was
entrusted to the President of Poland, Stanistaw Wojciechowski,
whilst the post of the President of the Management Board was
conferred to the Speaker of the Senate, Wojciech Trampczyriski;
the Deputy President of the Committee was professor Antoni
Ponikowski, the then rector of Warsaw Polytechnics and the
secretary — Stefan Sterling-Okuniewski, who was the secretary
of the Polish Committee for Fighting Cancer and current direc-
tor of the committee’s journal. The committee members also
included members of the Board of Ministers, representatives of
universities, scientific institutions and associations, and clergy
of various denominations [3].

The institute creation was gaining momentum. The appeal
garnered a wide and enthusiastic response. The University of
Warsaw donated a plot of land at Wawelska street for the site.
[twas not only institutions and elites that responded to the call
—acommon cause and the prestige that Maria enjoyed united
the society, irrespective of one’s financial status and beliefs. It
is remarkable that the stickers with an image of Sktodowska-
-Curie — which were the donation certificates with a nominal
value of 10 groszes — were sold at the number exceeding one
million and a half copies [3]. The committee was very active in
publishing and advertising — brochures, Maria’s portraits and
postcards with donation certificates were sold. The branches
of the committee were also active in other cities [22, 23].

And so, on 7™ June 1925, the ceremony of placing the
ground-breaking plaque for the construction of the Institute
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was held with the participation of Maria Sktodowska-Curie,
who came for this occasion from Paris; the President of the
Republic of Poland, Stanistawa Wojciechowski; representati-
ves of the academic, political and cultural milieus and also
residents of Warsaw who turned out in large numbers [24]. In
1926 construction started at full speed (fig. 1-3).

The Warsaw Institute was intended to be a sister institution
of the Radium Institute in Paris. Its first architect was Tadeusz
Zielinski, and, after his death in 1925, the work were continu-
ed by Zygmunt Woycicki [3, 22]. At each stage, the project
was consulted extensively with Maria Sktodowska-Curie and
professor Claudius Regaud, a pioneer in radiotherapy and the
head of the Pasteur Laboratory at the Paris Institute. In War-
saw, the undertaking was supervised by Maria's sister, doctor
Bronistawa Dtuska (fig. 4).

Sktodowska attached alot of importance to the preparation
of scientific workshops and looked over even the smallest details
herself. However, with the course of time, in the face of chronic

financial difficulties, it became clear that the scientific section
of the institute would not be completed anytime soon [25].

= = S By ) Re
Figure 1. The Radium Institute at Wawelska street in Warsaw on its
inauguration day (from the collections of the National Digital Archives)

Figure 2. Maria Sktodowska-Curie and the President of Poland, Stanistaw
Wojciechowski (first from the right) during the ceremony of laying
the cornerstone for the construction of the Radium Institute. Above
Sktodowska-Curie, there are (from the left), the Rector of the University
of Warsaw and the President of the Association of the Radium Institute
- Professor Franciszek Krzysztatowicz, doctor Bronistawa Dtuska, doctor
Kazimierz Dtuski and doctor Jozef Sktodowski (from the collections of the
National Digital Archives)
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At the end of October 1929, Maria Sktodowska-Curie re-
ceived from the hands of the President of the United States,
Herbert Hoover, a symbolic check for 50 000 US dollars for the
purchase of radium for the Institute in Warsaw. The money
came from the fundraising actions among American women
and the Polish diaspora. The spiritus movens of the entire un-
dertaking was again William B. Meloney. The visit, however, was
overshadowed by an event which impacted the fate of the
entire world at that time — 24" October went down in history
as"Black Friday”: the Wall Street stock market crash unleashed
the greatest economic crisis in the history of the world, spre-

Figure 3. The founding act of the Radium Institute, 7 June 1925 (from
the collections of the National Digital Archives)

Figure 4. Maria Sktodowska-Curie accompanied by President Ignacy
Moscicki, Professor Stefan Pierkowski (first from the right), doctor Bronistawa
Dtuska (first from the left) and Professor Franciszek Krzysztatowicz (second
from the left) while visiting the construction site of the Institute, 47 October

1928 (from the collections of the National Digital Archives)



ading immediately to Europe; in Poland, it also deteriorated
an already difficult economic situation, leading to a significant
slow-down in the collection of money for the completion of
theinstitute. That said, the drive to obtain resources for the pur-
chase of radium was a starting point for another social initiative
-anillustrated book presenting the state of the construction of
the institute [22]. A donation certificate could be bought for
100 Zloties and thus the benefactor could get the rights for a
memorial plaque in the future institute. The cause was sup-
ported by the Ladies Club at the Polish Committee for Fighting
Cancer. Also the Committee of United Female Associations
was set up for the completion of the Maria Sktodowska-Curie
Radium Institute. Michalina Moscicka and Aleksandra Pitsudska
took the honorary patronage over the committee (fig. 5) [26].

Thanks to the funds brought from the USA on 12" April
1930, Maria Sktodowska-Curie signed a contract for the sup-
ply of radium to Poland with Union Miniere du Haut-Katanga
(an English-Belgian mining company that were active in Africa
on the territory of the current Republic of Kongo) and 833.23
mg of radium was purchased for 54 574 dollars and 90 cents.
Maria also received some part of this element as a gift from the
company. Thanks to this, Sktodowska provided 103321 mg of ra-
diumfor the Institute, in the form of platinum tubes and needles,
labelled later on as RMS (Radium of Maria Sktodowska) [8, 27, 28].

In the end, given the incessant financial shortages, it was
necessary to take out a financial loan for completion of con-
struction [1]. On 215 January 1931, the Polish Parliament ad-
opted a resolution on the donation of a state-owned estate
at Wawelska street, to the Association of the Radium Institute
for the completion of construction and the fastest launch of the
institute, whilst the justification of the resolution stated that,
the benefits for the state in starting the institute are extremely great
[29]. Thanks to this it was possible to make a mortgage out at
the Insurance Board for Academic Staff [1]. The clinic was thus
equipped, yet the resources did not suffice for the completion
of the research buildings (fig. 6-8).

Figure 5. The opening ceremony of the Second Cancer Meeting on 23rd
March 1929 - Professor Franciszek Krzysztatowicz presents the report from
the activity of the Committee of the Radium Institute and the account of
the progress in the conduction (from the collections of the editing office
of the Maria Sklodowska-Curie National Research Institute of Oncology
[MSCNRIQ])

The first patients were admitted to the institute in January
1932.Workin the first months of the year was extremely difficult.
The committee funds were lacking and the institute was seve-
rely in debt. Between mid-January and the date of the official

opening of the institute, only 40 patients were hospitalised.

Figure 6. The building of the clinic of the Radium Institute during the
completion works, a view from the side of the planned garden (from the
collections of the National Digital Archives)

Figure 7. The building of the scientific laboratories of the Radium Institute
— finishing works (from the collections of the National Digital Archives)
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Figure 8. The views of the buildings of the Radium Institute as designed
by Tadeusz Zielitiskiand Zygmunt Woycicki - as in the brochure published
in October 1929: The State of the Construction of the Radium Institute. ... [22]
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Unfortunately, the official opening did not signify the end of the
financial problems for the institute, which was supposed to be
a self-sufficient centre which would earn money on treatment
services provided, yet both the patients and the doctors were
quite distrustful about the new methods of treatment. This is
how the institute director, Franciszek tukaszczyk, recollected
the period: It crossed my mind that Poland had been provided such
an institution — at that time one of the few in the world — thanks to
Maria Skfodowskia-Curie. Yet it was too early for the current state of
medicine development in Poland and thus the institute was isolated
and without the appropriate resources. .. [1].

The beginnings of the Institute’s activity

The opening ceremony of the Radium Institute was held
on 29" May 1932 with the participation of Maria Sktodows-
ka-Curie, The President of the Republic of Poland, Ignacy
Moscicki, Prime Minister Aleksander Prystor and numerous
representatives of the realms of science, politics and medicine
(fig. 9-13). Sktodowska, when addressing the audience, said:
The Committee. .. took the right decision, | believe, to open the

Figure 9. January 1932 - the meeting with the representatives of the press
immediately after the admission of the first patient to the Radium Institute
—doctor Bronistawa Dtuska (standing in the middle), Maria Pierkowska (on
the left), Lucyna Kotarbiriska (on the right); doctor Jozef Laskowski (the
second from the right) and doctor Franciszek tukaszczyk (the third from
the right); (from the collections of the National Digital Archives)

Figure 10. The opening ceremony of the Radium Institute on 29" May
1932.The ceremony was honoured by the of the President of Poland, Ignacy
Moscicki; the Prime Minister, Aleksander Prystor, the Speaker of the Senate,
Wiadystaw Raczkiewicz, the Minister of Foreign Affairs, August Zaleski; the
Minister of Industry and Commerce, Ferdynand Zarzycki, the Minister of
Communication, Alfons Kihn; the Minister of Post and Telegraph, Ignacy
Boerner, the Ambassador of France, Jules Laroche (from the collections of
the National Digital Archives)
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medical treatment department first in order to meet the obliga-
tion to offer high-quality therapy, which is ground-breaking and
challenging, to Polish society. However, this therapy should always

go hand in hand with research, without which no progress can
be made. Therefore, | do hope that the launch of the research
laboratories and workshops planned for the Institute, will take
place shortly after the opening of the medical department... [3].
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Figure 11,20 May 1932 after the official opening of the Radium Institute,

memorial trees were planted in the Institute’s garden. In the front — Maria
Sktodowska-Curie and the President of Poland Ignacy Moscicki (from the
Collections of the Military History Office)

Figure 12. Doctor Franciszek tukaszczyk in his office — the first Director
and the Chief Doctor of the Radium Institute, 1936 (from the collections
of the National Digital Archives)

Figure 13. The opening ceremony of the Radium Institute — from the
left, there are standing, the Ambassador of France, Jules Laroche, Maria
Sktodowska-Curie, doctor Franciszek tukaszczyk and Professor Claudius
Regaud (from the collections of the National Digital Archives)



This concern for research laboratories hindered Maria
from basking in total enjoyment of the opening whilst her
worries were not unjustified as the concept of a centre com-
bining on equal terms, the research in the fields apparently
remote from medicine with clinical activity was by all means
a new thing [30].

The first director of the Institute, and, at the same time,
the head of its clinical department was doctor Franciszek tu-
kaszczyk, who had been preparing for this role for many years,
among others, under the supervision of Professor Regaud in
Paris. The pathology laboratory was directed by doctor Jézef
Laskowski. During the first months of the Institute’s activity,
these were the only doctors in the Institute and were assisted
by only one nurse. Soon the team was joined by doctor Halina
Noblindwna. Despite his thorough training in foreign centres,
young doctor tukaszczyk saw many cases for the first time
and had to think on his feet to find adequate solutions to the
problems that appeared [1].

Sadly, Maria Sktodowska-Curie did not live to see the
opening of the research laboratories. The physics laboratory
was launched as late as 1936, with its head Cezary Pawtow-
ski who was Sktodowska-Curie’s student. While preparing
for this position, he spent 4 years in the Paris laboratory. In
October 1936, Irena Curie and Frederic Joliot-Curie came to
Warsaw. They also visited the newly opened laboratory and,
in recognition of its high level and meticulous organisation,
they donated a precious electromagnet purchased with the
money received from their Nobel Prize. In 1937, two other
laboratories were opened in the physics laboratory: an X-ray
showroom and a laboratory for measuring radioactive objects
[30, 31]. Also in 1936, the biological laboratory was opened,
which was directed by the talented and highly respected
Zygmunt Zakrzewski [32].

In 1937, the number of hospital beds increased from 45
to 100. At that time there were 7 doctors employed: in ad-
dition to Franciszek tukaszczyk, Jozef Laskowski and Halina
Noblinéwna, the staff also comprised Adam Kuklinski, Anna
Madejczyk, Jerzy Szabunia and Jozef Towpik. They all helped
pave the way to previously unknown areas and created new
standards. In the first years of the Institute’s activity, mostly
radiotherapy was used, and the relatively few surgeries that
were undertaken were performed by surgeons from outside
the Institute. An especially novel approach was initiated by
Jozef Laskowski, consisting of a close correlation between a
microscopic image and clinical picture. Such an approach,
combining histopathology and clinical radiotherapy, later on
named the histo-clinical method, was highly innovative on
a world scale. The collaboration between a pathologist and
clinician allowed for tracing radiosensitivity and defining pro-
gnostic and predictive factors [33]. In addition, the creation
of a modern department collecting medical documentation
with archival data of typed patient histories where medical
secretaries were employed was also a great achievement.

Having gone through difficult beginnings, the Institute
started to develop dynamically. The number of patients was
growing, results were improving, scientific laboratories started
to operate and didactic activity was being organised. With
great speed, original scientific papers were starting to be pu-
blished (by 1939 more than 50 papers had been published)
[1]. The number of beds in the clinical was increased to 120,
and at the beginning of 1939, the average occupancy exce-
eded 90%. The average waiting period for a vacant bed was
close to three weeks. On the eve of the war, the Institute was
afully organised and actively working treatment and academic
centre (fig. 14-17).

The times of the occupation
The outbreak of the Second World War put a stop to the Institute’s
undertakings [34-36]. It was on 5" September 1939 that director
tukaszczyk decided to discontinue treatment with radium, taking
it out of Warsaw and hiding it a summer cottage belonging to
doctor Dionizy Zuberbier in Jozefow. This was a many-hour long
journey during which the doctor was exposed to an massive dose
of irradiation, as the agent was transported without the correct
protection. This would not be the last time this happened. The
story of radium and the role of professor tukaszczyk provide
a good story for a film script [1, 8, 34, 37-39]

After the capitulation of Warsaw, the consent for the re-
storation of treatment was obtained, thanks to the efforts and

F“igure 14. The operating theatre in the Radium Institute, 1936 (from the
collections of the National Digital Archives)
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Figure 15. The irradiation room at the Radium Institute, the late 1930s
(from the collections of the National Digital Archives)

Figure 17. The corridor on the ground floor in the main building of the
Institute at Wawelska, 1936. On the wall on the right-hand side, there are
plagues with the names of the Institute’s benefactors (from the collections
of the National Digital Archives)

contacts of professor tukaszczyk. The Institute was renamed
to Municipal Cancer Hospital (fig. 18). tukaszczyk brought
the radium back to the Institute, but the element, kept in a
safe, was confiscated by the Germans; however a part of the
radium remained hidden in a secret place and in spite of the
months-long investigation, the Gestapo were finally convinced
that the radium had been taken out of Poland together with
the valuable equipment of the operating theatre. The radium,
saved from confiscation and hidden in the Institute, was used
for the treatment of patients during the entire period of the
Nazi occupation [1].
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Figure 16. The memorial plagues commemorating the most generous
benefactors of the Radium Institute placed in front of the main entrance,
above the lift for the patients, 1936 (from the collections of the National
Digital Archives)

Figure 18.The Radium Institute, with the name changed into the Municipal
Cancer Hospital, in the period of the German occupation — the view from
Wawelska street towards the West (from the collections of the Museum
of Warsaw Uprising)

The Warsaw Uprising in 1944 brought complete annihila-
tion to the Institute. At the end of July, many patients dischar-
ged themselves and the majority of doctors went to the sanita-
ry points ascribed to them [34]. According to various accounts,
at the Institute, there were about 80 patients remaining with
a similar number of staff and their families. On 5™ August 1944,
the staff and the patients who were able to walk were forcibly
removed. Other patients were murdered and the building was
plundered and burnt by the soldiers of SS RONA. Only a few
people survived the extermination of the Institute’s staff [34].
These events span a period of almost 78 years, and until not



very long ago, these tragic happenings seemed both absurd
in their cruelty and distant enough to be safe. Today, howe-
ver, we see Ukrainian hospitals being fired at and war crimes
committed by Russian soldiers on Ukrainian civilians; suddenly
those images of the Institute from August 1944 turn out to be
tragically contemporary and closer than ever.

On the 20™ August 1944, director tukaszczyk, having bri-
bed German soldiers with his wife's bracelet, managed to
reach the Institute in an armoured vehicle. He took the radium
hidden there and brought it to Reguly, near Warsaw, and then
to Poronin in the Polish mountains [8, 34, 38, 39].

The development of modern oncology

Most of the Institute was destroyed together with the equip-
ment, including the priceless scientific documents. In spite of
theimmense damage and other urgent needs connected with
rebuilding the entire country, it was in November 1945 that
the decision to rebuild the Institute was taken by the govern-
ment. At the end of the year the construction work started,
including the development of the clinic’s building and adding
one more floor. In the year that followed the first patients were
admitted, and one year later, the Institute, having already 240
beds, resumed its activity for good [40, 41]. Professor Franci-
szek tukaszczyk became its director again, remaining in this
post until his death in 1956. The reconstruction works were
initially supervised by doctor Hanna Kotodziejska-Wertheim.
At the end of 1945, she left for Washington to visit the seat of
UNRRA (United Nations Relief and Rehabilitation Administra-
tion). Thanks to her efforts, a significant amount of radium,
devices for X-ray therapy and teaching aids as well as the
library collections were obtained [42, 43]. During that period,
the reconstruction was supervised by doctor Tadeusz Kosza-
rowski. The good political intentions and financial support of
the state came as a great surprise, yet a key role was played
by the enthusiasm and commitment of the Institute’s staff [1].

Shortly after the war, the Institute was organised into three
departments: radiotherapy, managed by Professor Franciszek
tukaszczyk; pathology, whose head was professor Jézef La-
skowski; surgery, managed by doctor Tadeusz Koszarowski,
who had been at the Institute since 1941. Also the Radiology
Department was created by doctor Janusz Buraczewski as its
head. At the end of 1947, the Institute staff comprised also
Zofia Chefchowska, Wiadystaw Jasifiski, Hanna Kotodziejska-
-Wertheim, Anna Madejczykowa, Irena Skowroriska, Jeremi
Swiecki and Ludwika Tartowska (fig. 19-21) [43].

The first years after the war were devoted to organising
and equipping the Institute, employing and training staff
as well as drafting the plans for the years to follow. Three
main directions of action were set: basic research, clinical
studies and treatment activity as well as the organisation of
cancer control [44].

In 1949 the Polish Anti-Cancer Society resumed its activity
(later on changing its name to the Polish Society of Oncology)

Figure 19. Doctor Hanna Kotodziejska-Wertheim at work, the 1950s (from
the collections of the editing office of the MSCNRIO)

Figure 20. Professor Tadeusz Koszarowski (from the collections of the
editing office of the MSCNRIO)

organising the Anti-Cancer Symposium, as first after the war.
One year later, the Department of Cancer Biology, directed by
doctor Stanistaw Wistocki was created and then the Medical
Physics Department — again under the supervision of Professor
Cezary Pawtowski.
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Figure 21. The visit of the Queen of Belgium, Elisabeth (at the microscope)
at the Institute of Oncology 1955. Visiting of the Department of Pathology.
First from the left: Professor Jézef Laskowski, above the Queen: doctor
Ludwika Sikorowa and doctor Maria Dabska - distinguished pathologists;
both of them later on received the professor degree (from the collections
of the editing office of the MSCNRIO)

In 1951, on the basis of the resolution of the Council of
Ministers [45], the Radium Institute was combined with the
Oncology Institute in Krakow and the National Cancer Institute
in Gliwice, thus creating the Maria Sktodowska-Curie Institute
of Oncology with the departments in Krakow and Gliwice
having the status of Research Institute.

Poland at that time was developing a new model of health
service which was socially oriented. At the Institute, new and
intensive works were initiated concentrating on structural
and systematic solutions, based on hard epidemiological data
and the scientific models of oncological care. The creation of
the National Cancer Register in 1952 played a key role in this
process. An obligation to report cases of malignant tumours
[47] and data collection in the register (although initially unde-
restimated and incomplete) gave rise to planning real needs
with regards to infrastructure, the basis and staff training. This
provided the foundation for drafting the cancer treatment plan.

The definition of oncology, formulated in the 1950s by
Professor Tadeusz Koszarowski, which specifies this discipline
as a science of agetiology, pathology, epidemiology, prevention
and early detection of malignant tumours, combined treatment
of cancer patients, palliative care and the organisation of cancer
control became the basis of treating oncology as a separate
field of medicine, the formulation of the objectives of the Se-
cond Cancer Control Program and defining formal principles
for gathering epidemiological data and approval of oncology
as separate specialisation [10, 44].

In 1952 Franciszek t ukaszczyk, Jozef Laskowski, Wiadystaw
Jasinski, Hanna Kotodziejska-Wertheim, Tadeusz Koszarowski,
Jeremi Swiecki and Ludwika Tartowska developed the Second
Cancer Control Program. The document included the plans for
the development of scientific basic and clinical research, cancer
epidemiology and prophylaxis and the creation of treatment
base in oncological network [48].

One of the most important points of the Program was the
initiation of the data collection about the malignant tumour
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Figure 22. The team of the Oncological Surgery, 1962. Standing from
the left: doctor Marek Krolikiewicz, doctor Jerzy Meyza, doctor Dorota
Niemand (anaesthesiologist), Professor Tadeusz Koszarowski, doctor Hanna
Werner-Brzeziriska (“the Forewoman”), Maria Sowacka (secretary), doctor
Tadeusz Lewinski, Danuta Krotkiewska (the scrub nurse and the chief of
the operating theatre), doctor Albert Gerlach. Kneeling: doctor Andrzej
Kutakowski and doctor Czestaw Gorski (from the collections of the editing
office of the MSCNRIO)

incidence and mortality as well as of the epidemiological
studies as the foundation of the modern organisation of can-
cer control. The Ministry of Healthcare and Social Protection
issued an instruction for reporting the cases of malignant
tumours to the register kept at the Warsaw Institute [47]. Within
the Program also, the graduate and post-graduate training
programmes were worked out, specialists were trained and
multidirectional research was developed, also in collaboration
with foreign centres. Anintensive international exchange was
carried out [48].

In 1953, at the Institute an Independent Surgical Depart-
ment was created — under the supervision of Tadeusz Kosza-
rowski [49], whilst one year later — the Department of Oncologi-
cal Gynaecology managed by doctor Ludwika Tartowska [50]. In
1957 the Isotope Laboratory, created by professor Wiadystaw
Jasinski was opened and, in 1965, doctor Janusz Szymendera
set up the Radio-chemotherapy laboratory (fig. 22) [32].

In 1956, as a result of post-irradiation disease, professor
Franciszek tukaszczyk died and professor Jozef Laskowski
was appointed as the new director. In the years that followed,
the Institute was managed by professor Wiadystaw Jasinski
(1961-1972), professor Tadeusz Koszarowski (1972-1985),
professor Jan Steffen (1986-1991), professor Andrzej Kuta-
kowski (1991-1998), professor Marek P.Nowacki (1999-2009),
professor Maciej Krzakowski (2009-2011), professor Krzysz-
tof Warzocha (2012-2015), and since 2016 — professor Jan
Walewski.

New headquarters

Analysis of the epidemiology data suggested a dynamic
growth in the number of oncological diseases of that time
which means a necessity to expand the diagnostic and tre-
atment base. In 1972, a decision was taken to enlarge the
Institute providing it with a new seat in Ursynéw, which was



Figure 23. The team of the Chemotherapy Department - at the front:
doctor Jozef Zborzil, to the right doctor Grzegorz Madej, from the left:
doctor Maryna Rubach, doctor Feliksa Pieftkowska, doctor Jan Walewski,
1970s (from the collections of the editing office of the MSCNRIO)

supposed to be the central oncological hospital in Poland. The
Institute’s representative for the construction was Professor
Tadeusz Koszarowski, who also took over the function of the
Institute director [44, 48, 51].

At the end of the 19605, at the Oncology Clinic on Wa-
welska, a Chemotherapy Team was created, and in 1974,
the first Chemotherapy Clinic in Poland, which was sub-
sequently managed for 20 years by doctor Jézef Zborzil
(fig. 23) [52, 53].

By the mid-1970s, the basic elements of the oncological
network were created. Thanks to the data coming from the
Central Cancer Register and from local registers, it was possible
to monitor the efficiency of the adopted solutions and plan
further development (fig. 24-25) [44].

Professor Tadeusz Koszarowski, together with his team,
worked on developing the Third Cancer Control Program (go-
vernmental program No. 6 — Cancer Control). This program was
pursued in 1976-1990 with the main objective being a change
in the 5-year survival level from 25% to 50%. The program was
co-ordinated and conducted by the Institute. At that time,
11 comprehensive cancer centres were organised with the
number of beds increasing to 6000; moreover, in excess of
600 specialists in oncology were trained [44].

Professor Koszarowski worked on the cancer control pro-
gram consisting of the creation of comprehensive cancer
centres associating high class specialists in many fields and
specialist equipment — the centres conducted diagnostics

Figure 24.The team of the Radiotherapy Department, 1977. Standing from
the left: doctor Janusz Meder, doctor Danuta Gotebiowska, Professor Zofia
Danczak-Ginalska, doctor Zbigniew Malinowski, doctor Anna Skowroriska-
Gardas, doctor Tadeusz Morysinski, doctor Gizela Nowak. At the front: doctor
Teresa Wieckowska-Starzyriska and doctor Anna Swierczewska-Strojwas
(from the collections of the editing office of the MSCNRIO)

Figure 25. Professor Tadeusz Koszarowski — the Head of the Institute in
1972-1985, with the team of his closest collaborators, 1976. Sitting from
the lest: Professor Zofia Danczak-Ginalska — the Head of the Team for New
Technologies in Radiotherapy, Professor Maria Dabska - the Head of the
Department of Cancer Pathology, Professor Tadeusz Koszarowski, Professor
Ludwika Tartowska — the Head of the Gynaecological Oncology Clinic,
Professor Janusz Buraczewski - the Head of the Department of Radiological
Diagnostics. Standing from the left: Professor Janusz Szymendera — the head
of the Department of Nuclear Medicine, engineer Jerzy Rybicki — Deputy
Director for Administration and Economics of the Institute and Economic,
doctor Ryszard Sosinski — Deputy Director for Organisational Affairs,
Professor Andrzej Kutakowski - the Head of the Oncological Surgery Clinic
and Deputy Director for Clinical Affairs, Professor Jan Steffen — the Head
of the Department of Immunology and the Deputy Director for Research
Organisation and Co-ordination, Professor Helena Gadomska — the Head
of the Department of the Research Information and Documentation,
Professor Olga Mioduszewska — the Head of the Independent Laboratory of
Pathomorphological Special Technologies, Professor Zbigniew Wronkowski
- the Head of the Department for the Organisation of Cancer Control
and Tumour Epidemiology (from the collections of the editing office of
the MSCNRIO)
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Figure 26. Fields in Ursynéw, where the Oncology Centre is to be
constructed — a visit of the team of the Surgery Clinic, 1974 (from the
collections of the editing office of the MSCNRIO)

Figure 27. Professor Tadeusz Koszarowski presents the concept and the
design of the Oncology Centre to the state authorities, first from the left:
Edward Gierek (from the collections of the editing office of the MSCNRIO)

and treatment as well as research and prophylaxis which was
regarded as the basis for cancer control [48].

The largest investment of the PR-6 program was the
construction of the new seat of the Institute of Oncology in
Ursynow district in Warsaw (fig. 26-27). The promotor and
real founder of the new seat was professor Koszarowski, who
not only worked on the new concept, but also, thanks to his
great diplomatic skills and charisma, was able to convince the
current authorities to pursue this idea and win the support of
numerous milieus — often with rather opposing ideologies.
The social committee for the construction of the Oncology
Centre was set up, including, apart from prominent represen-
tatives of the ruling party, members of the Polish Academy
of Sciences, the clergy (Cardinal Stefan Wyszyrski) and also
the press, radio and television, trade unions and diverse
medical groups [51].

And thus, on 19™ July 1977, the founding bill was laid
under the new seat which was an immense success given the
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Figure 28.The ceremony of laying the cornerstone for the Oncology Centre

inthe fields of Ursyndw, the speech of Professor Tadeusz Koszarowski, 191 July
1977 (from the collections of the editing office of the MSCNRIO)

Figure 29. The construction of the new seat of the Institute of Oncology
in Ursyndw, the late 1970s (from the collections of the editing office of
the MSCNRIO)

politically complex and economically fraught period (fig. 28)
[54]. However, the construction took almost 20 years and
faced numerous obstacles. Even the Polish Film Chronicle
which usually presented an optimistic image of the Polish
reality of that period, provided such a comment: The Warsaw
Oncology Centre in Ursyndw was supposed to grow fast and in
a modern way. The dreams were supposed to come true thanks
to a dedicated company, Budopol, created for this purpose; but
then the whole amusement park with the Ferris wheel of mate-
rial supplies, the roundabout of deadlines and the staff house of
mirrors began [55]. The next titles speak for themselves: Delay
(1986), Construction Crisis (1987) or Reverse Drive (1989). It was
only in the film from 1993 titled From the Institute to the Centre,
did Professor Andrzej Kutakowski, the current director, proudly
present the completed clinical building. The investment was
completed as late as 1997 (fig. 29-31) [51, 54-62].



Figure 30. The construction of the new seat of the Institute of Oncology
in Ursynéw — the scientific building is constructed (from the collections
of the editing office of the MSCNRIO)

The complex in Ursynéw is now awaiting another deve-
lopment which is its urgent need, in spite of the fact that at
the moment of its opening it was one of the most modern
oncological centres in Europe [51, 62]. The concept of organ-
-related clinics was then many years ahead of the later concept
of units of excellence which is today regarded as the optimum
solution in the case of key cancers.

The completion of the Third Governmental Program of
Cancer Control was followed by a period of stagnation [63].
There was no intention on the part of the decision makers to
invest in oncology. During that period there were many cases
of negligence and glaring underinvestment, paired with gradu-
al wear and tear of the infrastructure and apparatus base in all
oncological centres in Poland. In the following years there were
attempts to implement the next Program of Cancer Control, yet
each time the authorities refused. Nevertheless, on 229 Sep-
tember 1999 the draft version of the Fourth National Program
of Cancer Control was filed again in the health committees of
the Polish Parliament and Senate and the desideratum was
then sent to the government. In order to gain support and
intensify actions, in December 1999, upon the initiative of
professor Marek P. Nowacki and doctor Janusz Meder, support
also by professor Tadeusz Koszarowski, the idea of the creation
of the Polish Union of Oncology (PUO) was coined (fig. 32) [63]

Oncology Institute in the 215t century

In January 2000 the founding father of the PUO sent a letter to
the President of Poland with a request to support their actions.
The founding meeting was attended by the representatives
of both chambers of the Polish Parliament (Seym and Senate),
the Ministry of Health, directors of oncological centres, the
head of academic chairs in medicine, national experts in on-
cology, haematology and related disciplines, the presidents of
many medical scientific associations and patient societies [63].

On 3-4™ February 2000 the World Summit Against Cancer for
the New Millennium was held in Paris under the patronage of
UNESCO. During the summit the Charter of Paris was drafted
and signed not only by the prominent academics and oncolo-
gy doctors, but also the President of France Jacques Chiracand
the UNESCO Secretary General, Koichiro Matura, and, together
with them - the representatives of governments, academic
centres and NGOs from the entire world. The participants
called upon the world leaders to support their joint efforts
for the creation of the National Cancer Control program in
each county and to respect the Paris Charter together. Among
the postulates included in the Charter there were, among
others, the protection and increase of the rights of a cancer
patient, an increase of financial support for the purchase of
infrastructure of international research ( both basic and clini-
cal), the elimination of differences in the standards and access
to professional medical care and the implementation of the
social policy which could promote cancer control by all the
world countries. In the wake of these events, in June 2000, the
Polish Cancer Control Summit was organised during which
the Polish Oncology Union was officially set up with the main
objective being to carry out intensive work for passing the
parliamentary act on the National Program for Oncological Dis-
eases Control (NPZChN) and providing financial resources for its
execution. In the next years, several meetings took place with
the participation of the management and scientific council of
the Polish Oncology Union, held in the office of the Polish Pres-
ident and the Prime Minister in the Health Committees of the
Polish Parliament and Senate; here the draft act was processed
and prepared for legislation. Finally, after 6 years of intensive
and tedious work, on 6™ July 2005, at the plenary session of
the Polish Parliament, the Act on the National Program for
Oncological Diseases Control was unanimously passed with
the President signing it on 20t July 2005 [63].

The most recent history of the Institute deserves a sepa-
rate paper. Here we will only list the recent changes and key
events from the perspective of its organisation and the role in
the system of oncological care. The regulation of the Council
of Ministers of 17" October 2019 gave the Institute the sta-
tus of National Research Institute, defining its new and more
extensive tasks [64]. The process of reorganisation is closely
connected with the implementation of the National Onco-
logy Network (KSO) and the adoption of the National Cancer
Strategy (NSO) [65-67]. Under the new name — the Maria
Sklodowska-Curie National Research Institute of Oncology, the
Institute plays the coordination and monitoring role within the
new strategy. The document worked out under the supervision
of professor Piotr Rutkowski has the character of a complex
cancer plan, setting out new directions for the development
of the oncological care system, pointing to 5 strategic clinical
areas of key significance for the improvement of the efficiency
of cancer therapies and the adaptation of the system'’s solutions
to meet the needs of the patients. Thanks to the introduction
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Figure 31. The construction of the new seat of the Institute of Oncology in Ursynéw was completed in 1997 (from the collections of the editing office

of the MSCNRIO)

Figure 32. The meeting of the representatives of the Polish Oncology
Union with the President of Poland, Aleksander Kwasniewski, concerning
the project of the National Program for Oncological Diseases Control;
second from the left: Professor Tadeusz Koszarowski, further: Professor
Kazimierz Roszkowski-Sliz and doctor Janusz Meder (from the collections
of the editing office of the MSCNRIO)

of the new benchmarking methods and tools and financial
framewaorks, the strategy draws from the achievement of sys-
tem solutions worked out for decades under the auspices of
experts from the Institute and also from the thorough analysis
of the needs of the system of cancer care worked out upon
the initiation of the Polish Society of Oncology, Jacek Jassem
by almost 200 specialists and scientific associations.

Among all the changes of key importance for the reali-
sation of the strategic tasks, which are also closely related to
the development of the Institute of Oncology - the role of
the modernisation of the National Cancer Registry must be
stressed (eKRN+ Project); for 50 years it has been the core of the
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structured cancer control actions. Last but not least, the Institu-
te now enters a new decade at the moment when the works
connected with the revitalisation of the hospital complexand
the construction of the new clinic’s building in Ursyndw, are
in progress which will significantly improve the conditions of
patient treatment and work in the Institute. The beginnings of
the work on these objectives were undertaken during espe-
cially difficult times: the pandemic posed new obstacles for
oncology, uncovering weakness in the system and having a
negative impact on the execution of plans. However, we are
allin agreement in stating that such an intellectual potential,
so meticulously worked out, together with the widely under-
stood organisational and logistic infrastructure must be fully
and consistently used in the timely pursuit of the tasks and
goals defined in the National Cancer Strategy, which also fit
within the framework of the European Beating Cancer Plan.
Ourhopes and determination are inextricably connected with
opening up a new chapter in the history of the Institute with
the support of the greatest decision-makers in Poland, inclu-
ding the President and Prime Minister.

Conclusions
The Institute of Oncology at Wawelska street was the cradle of
modern specialisations and research fields in Polish oncology.
[tisimpossible to name everyone who contributed to this de-
velopment. The list presented here is by all means incomplete
and selective, yet these names — of teachers and mentors of
many future generations cannot be omitted.

The basic research was developed by: Zygmunt Zakrzew-
ski, Stanistaw Wistocki, Kazimierz Dux, Adam Michatowski, Jan
Steffen, Janusz Siedlecki, Przemystaw Janik, Zygmunt Paszko,



Alina Czarnomska. Medical physics is represented by: Cezary
Pawtowski, Barbara Gwiazdowska, Jerzy Totwinski, Marian
Dworakowski, Wojciech Bulski, Pawet Kukotowicz. Oncological
pathology: Jézef Laskowski, Ludwika Sikorowa, Maria Dabska,
Olga Mioduszewska, Anna Nasierowska-Guttmejer and Klara
Zakrzewska. Epidemiology was developed thanks to: Zbi-
gniew Wronkowski, Helena Gadomska and Witold Zatorski.
The pioneers of nuclear medicine were Wtadystaw Jasifiski,
Janusz Szymendera and lzabela Koztowicz-Gudziiska. Ra-
diotherapy was developed thanks to: Franciszek tukaszczyk,
Anna Madejczykowa, Hanna Kotodziejska-Wertheim, Wta-
dystaw Jasinski, Jeremi Swiecki, Danuta Gajl, Czestawa Lesz-
czyk, Joanna Makdlska-Kowalska, Janina Schayer-Malinowska,
Michat Wasilewski, Maria Wréblowa, Zofia Danczak-Ginal-
ska, Zbigniew Malinowski, Teresa Wieckowska-Starzyriska,
Wiadystaw Nowakowski, Janusz Meder, Barbara Puchalska.
The development of oncological surgery can be attributed
to: Tadeusz Koszarowski, Hanna Werner-Brzezirska, Tadeusz
Kotodziejski, Witold Rudowski, Andrzej Kutakowski, Czestaw
Gorski, Tadeusz Lewinski, Jerzy Meyza, Wtodzimierz Ruka,
Grzegorz Luboiriski, Marek P.Nowacki. Reconstructive surgery
was developed by Andrzej Kutakowski, Edward Towpik and
Stawomir Mazur. Ludwika Tartowska initiated gynaecological
oncology as a separate specialisation which was creatively de-
veloped then by Bozena Sablifiska, Jerzy Haruppa, Jan Zielin-
ski, Elzbieta Ploch and Zofia Kietliriska. Janusz Buraczewski laid
the foundations of radio-diagnostics in oncology, developed
later by Jadwiga Zomer-Drozda, and then — Marta Kaczurba
and Janina Dziukowa. The foundations of chemotherapy and
the first treatment standards in Poland can be attributed to:
Anna Madejczykowa, Anna Zelechowska, Feliksa Pierikowska,
Jozef Zborzil, Piotr Siedlecki, Maryna Rubach, Grzegorz Madej,
Jan Walewski, Tadeusz Pienkowski, whilst the core bases of
oncological rehabilitation were created by Krystyna Mika and
Hanna Tchorzewska-Korba [10, 28].

At the close of this, definitely incomplete outline of the
history of the Institute, let us quote the words of professor
Tadeusz Koszarowski, in which, as it seems, the idea planted
more than 90 years ago by Maria Sktodowska-Curie, who de-
termined the final shape of the Institute and the development
of Polish oncology is rightly reflected: Maria Sktodowska-Curie
gave Polish society T gram of radium. .. Polish society, impoveri-
shed and destroyed by the war, reciprocated the gift of this Eminent
Scholar by pursuing her ‘greatest dream” — the creation of the
Radium Institute in Warsaw. This is a widely known and discussed
fact. However, a much more precious, in fact priceless gift often
goes unnoticed — this was her creative knowledge and the belief
that the progress of learning and its application is not coined
within the narrow limits of the science disciplines, but by means
of combining and connecting them which leads to their mutual
interpenetration [68].
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Introduction. A laparoscopic partial nephrectomy for kidney cancer is a technically demanding procedure. Among
many training approaches a live animal model is considered to be one of the most promising.

Material and methods. During nine editions of a two day live animal laparoscopy course, nine urologists took part in
exercises aimed at mastering a partial nephrectomy for kidney cancer. After finishing the courses, an online survey was
sent to all participants in order to evaluate the practical implications of the training on a live animal model.

Results. Seven participants responded to the survey. Two attended one course, two attended two courses and three
attended more than twice. The number of partial nephrectomies performed during the course ranged from 0 to 20. All
participants declared good understanding of the knot formation and stated that they use their obtained knowledge on
a regular basis. Six of seven participants would like to repeat the course. All participants would recommend this course
to colleagues with no partial nephrectomy experience.

Discussion. A live animal laparoscopy course for experienced urologists can yield positive results in terms of techni-
cal abilities and the implementation of minimally invasive techniques into clinical practice. It seems that this type of
advanced simulation is better for clinicians than residents. The high level of satisfaction and willingness to repeat the
course seem to back up this hypothesis.

Conclusions. The live animal model seems to be an interesting tool in advanced training in minimally invasive partial
nephrectomy for kidney cancer.

Key words: laparoscopy, partial nephrectomy, animal model, minimally invasive surgery

Introduction A laparoscopic partial nephrectomy is recommended for
A laparoscopic nephrectomy, simple or radical, has become patients with tumors less than 7 cm in diameter, considering
the standard approach to nephrectomy as it has been shown renal parenchyma spearing approach if only anatomically
to minimize morbidity without compromising the longer-term possible and oncologically accurate [2].

outcomes [1].
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Itis well-established that oncologic safety and long-term
results in patients undergoing a partial nephrectomy is supe-
rior to nephrectomy in carefully selected renal cancer patients
[3]. With the advancement of modern diagnostic tools and
screening programs, more and more patients can be schedu-
led for a minimally invasive surgical (MIS) partial nephrectomy
approach. Despite the fact of the rapid introduction of the
robotic technique, still the most common MIS approach to
a partial nephrectomy is a laparoscopy.

In a study by Boga et al,, no significant differences were
observed in eGFR changes and post-operative new-on-
set chronic kidney disease 1 year after surgery (p = 0.768,
p=0.614, respectively) during the overall mean follow-up pe-
riod of 36.07 + 13.56 months (p = 0.007). During the follow-up
period, there were no cancer-related death observed in both
groups and non-cancer-specific survival was 93.5% and 94.4%
in the laparoscopic and robotic groups, respectively (p = 0.859)
[4]. The main problem inherent in the laparoscopy approach to
a partial nephrectomy is the level of technical difficulty of the
operation [5].In order to adequately prepare surgeons for this
demanding operation, different modalities were introduced
into the training curriculum including silicone-based models
[6]. Different animal models were proposed for the MIS training
in urology [6]. Live anesthetized animals are a well established
model for the laparoscopic training and obtaining complex
skills by the minimally invasive surgeons [7, 8]

However, there is a lack of evaluation of feedback from the
participants of the different training approaches and therefore
it can be difficult to assess the value of this type of training.
In this study, we analyzed the subjective impact of training in
alaparoscopic partial nephrectomy using a live porcine model.

Material and methods

Study setting and design

A survey-based observational study was performed. The study
participants were recruited from Polish urologists, who parti-
cipated in two days hands-on training course in laparoscopic
urology. Training was held in the Jesus Uson Minimally Invasive
Surgery Centre, Céceres, Spain. The program of the course
contained lectures, dry lab training, tissue model and a live
anesthetized animal model. There were nine editions of the
course. All participants were actively practicing specialists in
urology.

Tutors

The tutors who participated in the study (surgeons and vete-
rinary surgeons) had experience in both theoretical activity
and practical mentoring during animal MIS procedures, par-
ticipating in at least five hands-on courses as mentors. The
same lectures and basic training exercises were given to all
participants. Advanced exercises were adapted to the previous
experience of the participants and a tailored approach was
chosen for the intracorporeal suturing exercise.
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Exercises

Before proceeding to the animal model, the participants un-
derwent a step-by-step training program, including lectures,
practical skills teaching, and intracorporeal suturing. The sutu-
ring was done in the ex-vivo, a preserved porcine small intestine
inside a plexiglass training box. The main focus was on the
formation of the intracorporeal node at different angles and
under stressful conditions.

Animal model

The porcine species is used as the experimental model for
urological laparoscopy training because of its anatomical
similarities in the position and structure of the kidneys to
the human urinary tract. At the beginning of the procedu-
re, the animal is positioned on the back for the first trocar
introduction and obtaining a pneumoperitoneum with the
assistance of the Veress needle. The features of the anatomy
of the anterior abdominal wall of the pig can cause sliding of
the trocar between the layers and cause insufflation outside
the abdominal cavity. To allow for partial nephrectomy on both
sides of the animal, we put the first 10 mm optical trocar 1 cm
above the umbilical scar. Then pneumoperitoneum pressure
is set to 12 mm Hg. All animals undergo standard pre-op and
intraoperative medication.

Working ports positions are as follows: subcostal 10 mm
trocar for the scissors, needle holder and energy source in-
struments for the right hand. For the left hand 5 mm trocar
in the iliac fossa, to handle the dissector or grasping forceps.
A 5 mm trocar is placed in the flank, for the forceps and the
aspirator. After positioning of the trocars, the animal is rotated
to the side in a lateral position with lumbar elevation for the
viscera shifting and better renal exposure. The final position
of the animal and the operating team is shown on figure 1.

A peritoneal excision is done from the posterior side at the
height of the ureter and caudal pole of the kidney with the
monopolar L-hook. Using the forceps or aspirator, the caudal
pole of the kidney is retracted for the pedicle exposure and
manipulations. The renal artery is then dissected, and a vessel
silicone tourniquet is prepared to be applied, as shown in
figure 2.

Figure 1. Position of the team and the animal (illustration from the
Manual de Formacidn en Cirugia Laparoscdpica Paso a Paso, Caceres 2013,
with permission)



Figure 2. Silicone tourniquet application (illustration from the Manual
de Formacion en Cirugia Laparoscépica Paso a Paso, Caceres 2013, with
permission)

The renal vein is dissected to achieve confidence of va-
scular damage control by the participants. Once it is achie-
ved, the operating surgeon marks the incision line with the
monopolar coagulation. Afterwards two clips are applied on
the tourniquet to obtain arterial occlusion and the timer is set.
The parenchyma of the kidney is transected without energy
use with the laparoscopic Metzenbaum scissors. Once the
excision is completed, hemostasis of the bed is performed.
Kidney reconstruction is performed with the 3-0 polyglactin
absorbable sutures using hemostatic gauze, as shown in
figure 3. Then tourniquet is removed by cutting one part
of the loop.

After finishing a partial nephrectomy, three working ports
are removed from the abdomen under direct vision and
trocar wounds are sutured. Then, the animal is placed in the

Figure 3. Final steps of the procedure (illustration from the Manual
de Formacion en Cirugia Laparoscépica Paso a Paso, Caceres 2013, with
permission)

contralateral position by the technical team for the exposure
of the second kidney and the position of working ports are
inverted. During the change of position, an ex-suflation is
performed, promoting the control of the hemostasis. The
procedure site is examined after re-establishing the pneu-
moperitoneum.

Survey

The anonymous questionnaire was sent to participants at least
12 months after finishing the course. There were five demogra-
phical questions and 13 questions regarding the course and its
effect on clinical practice. The detailed questionnaire can be
seen in table |. The questionnaire was sent to the participants
through the Google forms (Google LLC, 1600 amphitheatre
parkway mountain view CA 94043).

Table I. List of questions regarding training in laparoscopic partial nephrectomy used in the survey

Question Answer

1 full name
2 age
3 position resident
medical doctor
chief specialist/ chief of the department
other
4 How many times have you been on our course in Caceres? once
two times
more than two times
5 date of the training in Caceres (year, month)
6 How many partial nephrectomies have you performed on a tissue model? (please mention the
number)
7 How many partial nephrectomies have you performed on a live animal model as an operating

surgeon? (please mention the number)

8 How many partial nephrectomies have you performed on a live animal model as an assisting

surgeon? (please mention the number)

9 How do you evaluate the training for partial nephrectomy in Caceres on animal tissue from

1 (completely useless) to 10 (the best | can imagine)?

completely useless
the best | can imagine
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Table I. cont. List of questions regarding training in laparoscopic partial nephrectomy used in the survey

Question Answer

10 Do you feel you were ready to perform laparoscopic partial nephrectomy in humans after

attending training?

not ready
prepared but definitely needing more training
prepared but needed some assistance

well prepared

11 Have you done partial laparoscopic nephrectomy after our course? yes
no
12 Did you have intracorporeal suturing skills and knot tying capabilities before taking part in the
training course?
yes
no
other
13 Did you use your obtained knowledge, tips, and tricks in intracorporeal suturing and knot tying
in the operating room after the training course?
yes
no
14 Would you like to participate again in such a course? yes
no
maybe
15 How many partial nephrectomies did you perform before the course? (please mention number)
16 How many partial nephrectomies did you perform after the course? (please mention number)
17 Would you recommend this course for colleagues with no partial nephrectomy experience? yes
no
18 Would you advocate this course for colleagues wanting to master partial nephrectomy yes
technique?
no
Results Table Il. Number of cases performed on a live anesthetized animal model

The questionnaire was sent to nine participants. Seven partici-
pants (77%) returned the filled form. All those that responded,
responded to all questions in the questionnaire. The age of the
participants was within the range 45-54 years (mean 49 years).
All participants were male. Six participants were medical do-
ctors, and one — a Chief specialist/ Chief of the department.
Two attended training course in Caceres once, another two
twice, and three participants participated more than twice.
The number of partial nephrectomies that were done on the
tissue model ranged from 0 (one result) to 20 (one result), the
latter figure seems highly unlikely given the overall number of
nephrectomies performed. Other participants mention 1 (one
result), 2 (two results), and 3 (one result), this result seems more
likely to be true. One participant forgot the exact number
of procedures performed on the model, mentioning one or
two attempts. The number of operations performed on the
live animal model as an operating and assisting surgeon are
presented in table II.

Five participants declared that before attending the tra-
ining course they did not have a clear understanding of intra-
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How many partial
nephrectomies have you

How many partial
nephrectomies have you
performed on a live animal
model as an assisting surgeon?

performed on a live animal
model as an operating
surgeon?

0 0
1or2 1or2
2 3
0 1
10 10
2 3

corporeal knots formation in laparoscopic surgery. After the
course, all seven participants declared a good understanding
of the sequence of knot formation and the steps required to
increase quality and performance in intracorporeal knot tying.

All seven participants mentioned that they use their ob-
tained knowledge, tips, and tricks in intracorporeal suturing
and knot tying in the operating room after the training cour-



se on a regular basis. The number of procedures performed
by the participants in their home hospitals are presented in
figures 4 and 5.

Six of seven participants declared their wish to return for
this type of training course in the future. Seven participants
agreed on the statement to recommend this course to colle-
agues with no partial nephrectomy experience. Six of the seven
participants agreed to advocate this course for colleagues
willing to master partial nephrectomy laparoscopic technique.

Discussion

Minimally invasive surgery permeates all branches of surgery
urology included. It is common to study the basics of mi-
nimally invasive surgery during residency, but there are no
clearly established mandatory programs that would guarantee
a high-quality result and implementation of minimally invasive
operations into clinical practice for more senior surgeons. There
is also still a large number of surgeons who completed their
training long before the widespread introduction of minimally
invasive technologies. Overall, the literature describes a large
number of studies on the skills of residents after completing
short-term courses, but little attention is paid to courses for
more senior colleagues.

Among the population of young specialists, hands-on
training is quite popular. Some studies show great satisfaction
of participants with all of them willing to recommend hands-
-on training to other residents, considering it an important
stepping stone in their career [10]. Some authors showed
improvement, not only in the task performance by residents
and students, but even an increased interest in their surgical
specialty due to this minimally invasive course [11].

2(28.6%)

1(143%)  1(143%) 1(143%)  1(143%) 1(14.3%)

0 35 50 Zero about 15 laparo-
(open surgery) scoopically: 0

Figure 4. Number of partial nephrectomies performed before attending
the course

2(28.6%) 2(28.6%)

(14.3%) (14.3%) (14.3%)

(open surgery

scoop\cally 0

Figure 5. Number of partial nephrectomies performed after attending
the course

Unlike residents, senior specialists could implement new
surgical interventions immediately after completing a training
course without delay. At the beginning of the learning curve,
this could be a negative factor for the quality of performance.
If this statement is indeed true, the training of senior specialists
should become a priority in the structure of postgraduate
education.

In a urology setting, one of the most common indications
for the minimally invasive approach is nephron sparing surgery
[12]. Laparoscopic partial nephrectomy is recommended for
patients diagnosed with kidney tumors less than 7 ¢cm in
diameter. The anatomical location of the tumor has got to be
taken into account as well [2].

The laparoscopic partial nephrectomy is highly demanding
in terms of surgical performance [5]. To obtain the required
technical skills, many training approaches can be proposed
including live animal models [6]. While evaluation of the lear-
ned skills is fairly common, the real impact of such courses on
clinical practice is unknown. In this paper we tried to determine
whether live animal model training had any impact on clinical
practice of urologists specializing in urologic oncology. While
data obtained in our survey is limited, it seems to back up the
statement that an animal model in training for laparoscopic
partial nephrectomy for kidney cancer is well received by
experienced clinicians. It seems that the implementation of
short duration intensive training can be beneficial in starting
minimally invasive programs at urology departments.

One of the most praised elements of the course was in-
tracorporeal knot tying. It is clear that intracorporeal suturing
should be included in all minimally invasive training programs,
including partial nephrectomy training courses. This is espe-
cially true when we realize that laparoscopic suturing and
knot tying are technically challenging and failure to tie a knot
can lead to conversion to open procedure [13]. Despite the
low number of participants, we can observe positive respon-
ses and the potentially positive impact on clinical practice
of short-term training courses, the importance of which for
experienced professionals is underestimated.

Conclusions

The live animal model seems to be an interesting tool in
advanced training in minimally invasive partial nephrecto-
my for kidney cancer - specially for established clinician
urologists.
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Introduction. Inflammation plays an important role in carcinogenesis, therefore morphology-based inflammatory indi-
ces could be prognostic factors in lung cancer patients. This study aimed to analyze if red cell distribution width (RDW),
neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR) are associated with patients’prognosis in
non-small cell lung cancer (NSCLC) patients.

Material and methods. The study population included 110 patients treated with definitive sequential radio-chemo-
therapy for stage IlIA-IIIB NSCLC. The data were retrospectively analyzed using the receiver operating characteristic (ROC)
method, Kaplan-Meier estimator, log-rank testing, and Cox proportional hazards regression model.

Results. The ROC analysis has shown that the optimal cut-off values were 14% for RDW, 2.1 for NLR, and 120 for PLR,
with area under the curve (AUC) of 0.606, 0.509, and 0.564 respectively. The overall survival was significantly higher in
patients with RDW < 14% with a median survival of 31.2 months compared to 20.2 months for patients with RDW > 14%.
RDW was an independent prognostic factor in multivariate analysis.

Conclusions. RDW can provide additional information in assessing patients’ prognosis, but it is necessary to consider
its modest sensitivity and specificity. NLR and PLR were not found to be independent prognostic factors.

Key words: lung cancer, red cell distribution width, RDW
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Introduction

Lung cancer is the most common cause of cancer-related de-
athamong men and the second most frequent among women
with as many as 1.76 million deaths worldwide annually [1]. The
disease is frequently diagnosed at an advanced stage, which is
associated with a poor prognosis. Approximately 84% of lung
cancers are non-small cell lung cancers (NSCLC) characterized

by a 5-year overall survival rate of 24%, which is significantly
higher than 6% for small cell lung cancer (SCLC) [2, 3].
Inflammation plays a significant role in cancer develop-
mentand is regarded as the 7" hallmark of cancer [4]. Inflam-
matory cells release molecules to the tumor microenviron-
ment, including growth factors that stimulate proliferation
and survival factors that limit apoptosis. Furthermore, these
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molecules include proangiogenic factors and extracellular
matrix-modifying enzymes, which facilitate angiogenesis, in-
vasion, and metastasis [5].

Multiple studies indicate that blood morphology indices,
such as red blood cell distribution width (RDW) [6-13], neu-
trophil-to-lymphocyte ratio (NLR) [14-19], and platelet-to-
-lymphocyte ratio (PLR) [6, 19-21], may be prognostic factors
in cancer patients. Such indices could be particularly useful
for clinicians given that the majority are based on routinely
performed laboratory tests.

RDW indicates the variability of red blood cell volu-
me, and it is commonly used to distinguish the etiology of
anemia [22]. Higher RDW values reflect a larger variation of
erythrocyte volume, which can be associated with chronic
inflammation [23] and oxidative stress [24]. Likewise, neutro-
phil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte
ratio (PLR) have been reported as inflammation biomarkers
[19, 25]. In our study, we analyzed whether parameters such
as RDW, NLR, and PLR could be useful in assessing prognosis
in patients treated with definitive sequential radio-chemo-
therapy for stage IlIIA-IIIB NSCLC.

Table I. Patients’ characteristics

Material and methods

This retrospective analysis was based on a group of 110 patients

treated for NSCLC at a single institution between January 2009

and December 2017.The following inclusion criteria were used:

- inoperable stage llIA or I1IBNSCLC (according to the 7t edi-
tion of AJCC/UICCTNM Classification of Malignant Tumors),

- radical sequential radiotherapy and chemotherapy as the
primary method of treatment.

Patients with a diagnosis of a secondary malignant neo-
plasm, ongoing autoimmune disease, or chronic steroid uptake
were excluded from the study group.

The data were collected from patients'medical history and
the Polish National Cancer Registry. Out of the initial database
of 176 patients, 64 cases had to be excluded due to missing
data (36.8%). The final cohortincluded 110 patients. The RDW
was available in 81 cases (73.6%), NLR and PLR in 110 cases
(100%). The indices were calculated based on laboratory tests
performed before the first dose of chemotherapy (median
delay of 1 day, IQR 0-10).

The vast majority of patients (97; 88.2%) received chemo-
therapy based on cisplatin and vinorelbine. Remaining patients

Whole group
n=110
age 61.8 years
(57.1-66.4)
sex:
male 82 (74.5%)

. female 28 (25.5%)

history of smoking:

« non-smoker 13 (11.8%)

- active or former smoker 95 (86.4%)

+ pack-years 33.0(20-42)

blood panel:

« WBC 86(7.1-10.1)
RBC 46 (43-4.9)
HGB 13.6 (12.6-14.5)
RDW 134(12.9-14.1)
NLR 28(21-39)
PLR 145.1 (107.8-232.9)

stage:

A 73 (66.4%)
1B 37 (33.6%)
type:

« adenocarcinoma 17 (15.5%)

«+ squamous cell carcinoma 69 (62.7%)

« large cell 5 (4.5%)

+ NOS (not otherwise specified) 19 (17.3%)

Zubrod score:
0
1
2

GTV (co):
primary
nodal

35(31.8%)
73 (66.4%)
2(1.8%)

342 (16.0-56.3)
2.85(0.0-8.9)

RDW <14% RDW >14%
n=>58 n=23
61.8 years 62.8 years

(57.1-664) (54-66.4)
44 (75.9%) 16 (69.6%)
14(24.1%) 7 (304%)
10 (17.2%) 1(4.3%)
48 (82.8%) 20 (86.9%)
30 (0-64.5) 32.5(0-585)
82(6.8-9.7) 88(7.3-10.5)
4.7 (44-4.9) 45(3.9-4.9)

13.9(134-14.7)
13.1(12.7-13.6)
2.5(20-34)
1474 (107.3-200.6)

40 (69%)
18 (31%)

11 (19.0%)
37 (63.8%)
2 (3.4%)
8 (13.8%)

23 (39.7%)
34 (58.6%)
1(1.7%)

27.8(4.3-203.2)
2,65 (0.0-37.1)

The data is presented as median value and interquartile range or number and percentage for binary variables.

WBC - white blood cell count; RBC - red blood cell count; HGB — hemoglobin concentration; RDW - red blood cell distribution width; NLR — neutrophil-to-lymphocyte ratio; PLR

- platelet-to-lymphocyte ratio; GTV - gross tumor volume
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123 (11.2-13.7)
15.0(14.3-16.9)
26(1.9-36)
1329 (107.8-232.9)

10 (43.5%)
13 (56.5%)

5(21.7%)
12 (52.2%)
2 (8.7%)
4(17.4%)

6 (26.09%)
16 (69.56%)
1 (4.35%)

432 (6:4-471.0)
5.8(0.0-15.9)



received gemcitabine and carboplatin (5; 4.5%), cisplatin and
etoposide (5; 4.5%), carboplatin and vinorelbine (2; 1.8%), or
pemetrexed and cisplatin (1;0.9%). The median radiotherapy
dose was 67.2 Gy (IQR 66.51-69.2). The majority of the patients
received radiotherapy doses ranging between 60 and 70 Gy
(93.6%). The remaining patients had their total dose reduced
due to treatment complications. Patients’ characteristics are
presented in table I.

The receiver operating characteristic (ROC), Kaplan-Me-
ier estimator, log-rank testing, and Cox proportional hazards
regression model were used for the analysis. Median OS was
chosen as a cut-off point for the ROC analysis. The univariate
Cox analysis was performed using known clinical factors. Sta-
tistically significant cofactors (p-value < 0.05) were included in
the multivariable analysis (MVA, tab. Il). Due to the inclusion of
corresponding variables, the MVA was performed twice, using
RDW, NLR, and PLR as continuous and binary indices. The Spe-
arman Rank Correlation test was used to assess the correlation
between the RDW or primary gross tumor value (GTVp) and
hemoglobin concentration (HGB). The statistical analysis was
performed using the STATISTICA 13.3 by TIBCO Software Inc.

Results
The median overall survival (OS) was 27 months; 17 (15.5%)
patients were alive at the time of the analysis.

The ROC analysis (fig. 1) showed that RDW had the highest
discriminatory value for overall survival (AUC = 0.606; 95% Cl:
0479-0.733).PLR (AUC=0.564;95% CI:0452-0.675) and NLR (AUC
=0.509; 95% Cl: 0.398-0.619) had lower discriminatory values.

In the univariate Cox regression model, RDW as a continu-
ous value and histopathological diagnosis of squamous cell
carcinoma were associated with increased mortality risk as well
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Figure 1. ROC analysis based on RDW, PLR, and NLR for OS in patients
treated with sequential radio-chemotherapy for advanced inoperable
NSCLC

Table Il. Univariate and multivariate COX regression analysis

Univariate analysis

HR (95% CI) p-value
sex (male) 1.080 (0.654-1.784) 0.765
smoking 0.816 (0.815-3.509) 0.158
pack-years 0.999 (0.989-1.009) 0.802
RDW 1227 (1.054-1.430) 0.008
RDW (>149%) 2434 (1.420-4.173) 0.001
NLR (>2.1) 0.547 (0.336-0.889) 0015
PLR (>120) 0592 (0.377-0.928) 0.022
hemoglobin 0.937(0.807-1.088) 0.395
neutrophil count 1.029 (0.956-1.107) 0446
platelet count 1(0.999-1.001) 0.926
lymphocyte count 1.28 (0.916-1.799) 0.154
TNM stage (IlIB vs. IB-IlIA) 1216 (0.774-1912) 0.396
type - squamous cell carcinoma 1619 (1.038-2.524) 0.034
type — adenocarcinoma 0.535(0.258-1.110) 0.093
type - NOS 0.727 (0.438-1.109) 0217
Zubrod (1-2 vs. 0) 1496 (0.927-2.415) 0.099
primary GTV (per cc) 1.004 (1.002-1.007) 0.0006
nodal GTV (per cc) 1.000 (0.986-1.014) 0.997
total GTV (per cc) 1.003 (1.001-1.006) 0.002

Multivariate analysis

RDW, NLR and PLR as continuous variables

RDW 1179 (1-1.39) 0.049
type — squamous cell carcinoma 1.558 (0.997-2.43) 0.051
primary GTV (per cc) 1.003 (1.000-1.006) 0.009
value

RDW (>14%) 2,048 (1.155-3.632) 0014
NLR (>2.1) 0.584 (0.33-1.033) 0.065
PLR (>120) 0.648 (0.378-1.111) 0.115
type - squamous cell carcinoma 1717 (1.093-2.695) 0.019
primary GTV (per cc) 1.004 (1.002-1.007) <0.001

RDW - red blood cell distribution width; NLR - neutrophil-to-lymphocyte ratio;
PLR - platelet-to-lymphocyte ratio; TNM - stage according to AJCC/UICC TNM
Classification of Malignant Tumors; NOS - not otherwise specified; GTV - gross
tumor volume

as RDW, NLR, and PLR presented as binary values categorized
by Youden index value (tab. I). In the MVA, squamous cell
carcinoma (SCC) histopathology became nearly statistically
significant (p = 0.051), while GTVp and RDW remained inde-
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Figure 2. Overall survival stratified by RDW in patients treated with
sequential radio-chemotherapy for advanced inoperable NSCLC

pendent prognostic factors.When presenting blood indices as
binary variables, RDW, SCC histopathology, and primary GTV
remained independent prognostic factors, while NLR and PLR
were non-significant (tab. Il).

The overall survival was significantly higher in patients
with RDW < 14%, with a median survival of 31.2 months
compared to 20.2 months for patients with RDW > 14%
(fig. 2, p =0.006).

Discussion

Inflammation plays an important role in tumor development,
including angiogenesis, tumor invasion, and metastasis. Many
molecules released by the inflammatory cells to the tumor
environment promote cancer development [5, 26]. Elevated
expression of various inflammatory biomarkers, including in-
terleukin-10 (IL-10) and transforming growth factor (TGF-),
were found to be associated with poor survival in patients
with NSCLC [27, 29].

The correlation between C-reactive protein, erythrocyte
sedimentation rate (ESR), and RDW was reported by Lippi
et al. in 2009 [23].In another study, by Allen et al. reported
a correlation of RDW and different inflammatory biomarkers;
it was suggested that RDW may reflect pathologic processes,
such as inflammatory stress and impaired iron metabolism
[30]. Since RDW can be considered a marker of chronic in-
flammation, its elevated value may be associated with poor
survival in patients.

In this study, overall survival (OS) was significantly lower in
patients with higher RDW as well as higher PLR and NLR, when
the latter two were expressed as binary values. Furthermore,
as shown in table I, patients with RDW > 14% had lower HGB
and RBC than those with RDW < 14%, higher median GTVp,
and more frequently stage IlIB disease. Additionally, there was
a statistically significant correlation between HGB and RDW
(p=0.002). However, the HGB was not significantly associated
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with survival (tab. II), while RDW was found to be an indepen-
dent prognostic factor.

Many authors reported that elevated RDW values are as-
sociated with an advanced cancer stage in NSCLC [7, 31, 32].
In our study, we have shown that RDW can also provide ad-
ditional prognostic insights in patients presenting advanced
disease (IIIA-lIB). Chen et al. found that among 245 NSCLC
patients, RDW > 13.25 was significantly correlated with can-
cer stage llI-IV [31]. In a study conducted by Song et al.
RDW > 12.95 was strongly associated with the llIBand IV stage
of NSCLC [32]. Koma et al. conducted a study to assess the as-
sociation between RDW levels and prognosis in 332 patients
with NSCLC (stages I-IV) [7].In the last study, the authors
divided patients into two groups: the early (stage I-Il) and
advanced cancer stage (stage llI-IV). In the early stage group,
higher RDW levels (>15%) were associated with prognosis,
but such association was not found in the advanced stage
group [7]. The RDW was also found as potentially helpful in
screening, as RDW varies significantly between healthy adults
and NSCLC patients [31, 32].

In this analysis, in contrast to other studies, we analyzed
RDW both as a continuous and binary variable. The conversion
of continuous variables into binary variables can lead to overfit-
ting and lack of reproducibility of results, especially considering
the relatively low AUC values for each investigated index (0.606,
0.564, and 0.509 respectively). While setting a cut-off value
can produce statistically significant results, those values vary
in different studies. Koma et al. established a cut-off value of
15% [7]. Toyokawa et al. used 14.5% as a cut-off value, which
they described as “the upper limit of the hospital laboratory
normal range”[33]. Ichinose et al. used a cut-off value of 13.8
[34]. Some authors used quartiles or tertiles to divide patients
into groups, such as Kiriu et al. [35] or Warwick et al. [36]. In
our study, we have shown that RDW remains a significant
prognostic factor even as a continuous variable, and although
defining a single cut-off value remains controversial, higher
RDW values are universally associated with poorer prognosis
in NSCLC patients.

The strength of our study lies in the analysis of RDW in-
fluence on prognosis in patients limited to stage Ill NSCLC,
decreasing the influence of cancer stage on prognosis, and
the use of RDW as both a continuous and binary index in
COX regression analysis, which is less prone to overfitting. We
acknowledge the study limitations, including the small group
size, retrospective design, and limited clinical data available.
Additionally, concurrent radio-chemotherapy and immuno-
therapy with durvalumab are currently considered to be the
standard of care for advanced NSCLC patients, superseding
sequential radio-chemotherapy. However, due to the recent
introduction of durvalumab to clinical practice [37-39], there
is limited follow-up data available. Moreover, sequential radio-
-chemotherapy remains in use for patients with contraindica-
tions for concurrent therapy [39, 40].



Conclusions

The introduction of RDW to the initial patient assessment
might improve the prognostic accuracy, as RDW was deter-
mined to be an independent prognostic factor for the OS in
non-operative stage IllA and IlIB NSCLC, albeit with limited
specificity and sensitivity. Both NLR and PLR were not found
to be statistically significant prognostic factors in our analysis.
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Introduction. Prostate cancer is a malignant neoplasm originating primarily in the peripheral zone of the prostate
gland. A patient’s survival depends largely on the stage of the disease and the treatment method used, which is why
early detection of the tumour plays an important role. One of the methods used for screening for prostate cancer is the
measurement of prostate specific antigen (PSA) concentration.

Material and methods. The analysis was based on the results of the research found in the systematic review. The fol-
lowing sources of medical information were searched for secondary research: Medline (via PubMed), Embase (via Ovid),
The Cochrane Library. The time range has been set to articles published between July 2011 and July 2021.

Results. The inclusion criteria for a systematic review of the clinical effectiveness of PSA measurements in the early
detection of prostate cancer were met by 5 secondary scientific evidence articles. Most of the evidence found showed
an increase in the detection of prostate cancer after PSA testing. In case of stage Il or IV tumours and the metastatic
prostate cancer (CaP) variant, a statistically significant reduction in tumour detection was demonstrated. Most of the
scientific evidence indicates a statistically insignificant effect of PSA screening on the risk of death due to CaP (with
a diagnostic threshold of >4 ng/ml).

Conclusions. Screening in the opportunistic variant aimed at prostate cancer with the use of PSA concentration is
justified in men between 50 and 69 years of age, and in men <50 years of age should they have additional risk factors.
Conversely, it seems unjustified to conduct population-based screening for prostate cancer.
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Introduction

Prostate cancer (CaP) is a malignant neoplasm originating in

the peripheral zone of the prostate gland. Almost 95% of CaP

cases are adenocarcinomas, with changes occurring within
the apical part of the peripheral zone of the prostate which
are often of a multifocal nature [1]. It is also important that at
an early stage of development CaP may cause no symptoms,
or manifest symptoms specific to benign prostatic hyperpla-
sia. As a result, early detection and application of preventive
measures may be difficult. At a later stage of local develop-
ment, this neoplasm may affect surrounding organs, such as
seminal vesicles, bladder neck or ureteral openings, leading
to erectile dysfunction, hydronephrosis and far-reaching renal
failure. This neoplasm often exhibits metastatic features, involv-
ing the obturator lymph nodes and those located below the
bifurcation of the common iliac vessels. In the final stage of
development, CaP may also affect distant organs, such as the

brain, lungs, or liver [2].

According to the literature, there are 3 main risk factors
for prostate cancer [3]:

+ age - this applies especially to men over 50,

+ race/ethnicity — this applies especially to representatives
of the Negroid race,

- genetic factors — that is, the presence of CaP cases in the
family history, especially first-degree relatives (grandfa-
ther, father, brother). The risk in such case is often two or
three times greater than in cases without familial history
of CaP.

Some publications suggest that other risk factors are
obesity, previous urinary tract infections and high con-
sumption of saturated fatty acids, although the data is not
conclusive [4].

Prostate cancer is the second most common cancer in
the male population and the third in terms of all cancers
in the world (1.41 million new cases in 2020; age-standardized
incidence rate (world) —30.7/100 000) [5]. In Europe, the inci-
dence is approximately 148.1/100 000 [6], while the frequency
of CaPin Poland is at the level of 117.9/100 000 people (stand-
ardization by revised European Standard Population ESP2013)
[7]. According to the data stored in the Institute for Health
Metrics and Evaluation database, the highestincidence values
are observed in the age group of 70-74 (2,517.68/100 000),
with a gradual increase visible already in the age group 50-54
(547.9/100 000) [8]. Prostate cancer was the fifth leading cause
of cancer death among men in the world in 2020 (375 000
deaths; age-standardized mortality rate (world) - 7.7/100 000).
However, it should be emphasized that mortality rates for CaP
have decreased in many high-income countries since the mid-
1990s, including those in Northern and Western Europe, but
during the same period, rates increased in most countries in
Central and Eastern Europe (also in Poland) [5]. This neoplasm
accounts for 13.14% of malignant neoplasm incidence in the
male population [9].
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Survival depends largely on the stage of the disease and
the applied treatment method; hence early tumour detec-
tion is crucial [10]. One of the methods used to screen for
CaP is the measurement of the concentration of the prostate
specific antigen (PSA) [11]. This test involves taking a venous
blood sample from which the serum PSA concentration is then
calculated. Depending on the result obtained, it is possible to
identify men who are likely to develop prostate cancer. How-
ever, this tool is not a CaP-specific measurement. An increase
in PSA concentration may occur with age (higher PSA valuesin
men >40 years of age), in case of benign prostatic hyperplasia,
due to physical activity, or because of a history of urinary tract
infections [12]. It is possible to measure free PSA (fPSA), total
PSA (tPSA) orintact PSA (iPSA) or using specific measurement
protocols such as Prostate Health Index (PHI) or 4KScore, which
include more than one PSA variant [13].

Objective
The clinical effectiveness of PSA concentration measurement
in the early detection of prostate cancer.

Material and method

The clinical analysis was based on the research results found

in the systematic review performed according to the follow-

ing protocol:

+defining the inclusion criteria for publications to be in-
cluded in the analysis,

- development/verification of a search strategy for scientific
reports,

- searching medical information sources/updating results
from medical information sources,

-+ acquiring full texts of scientific reports potentially useful
in clinical analysis,

- selection of studies based on the criteria of inclusion in
the analysis,

- analysis of the research data,

- statistical and clinical significance analysis of the results
obtained from studies included in the analysis.
Searching for clinical trials was based on a detailed sys-

tematic review protocol developed in accordance with the

Cochrane Collaboration guidelines before starting this research

[14]. The protocol consisted of criteria for including studies

in the review, the search strategy, the method of selecting

studies, and the planned methodology for conducting data
analysis and synthesis.

The analysis was performed on clinical trials that met the
criteria for:

- population: general male population,

-+ interventions: measuring PSA concentration,

- alternative technologies (comparators): not limited,

- methodologies: meta-analyses of randomized trials; system-
atic reviews of randomized trials; meta-analysis of observa-
tional studies; systematic reviews of observational studies,



endpoints: evaluation of the clinical effectiveness of PSA

testing.

The following sources of medical information were
searched for secondary research: Medline (via PubMed), Em-
base (via Ovid), The Cochrane Library. The last search of the
databases was performed on July 27, 2021.

Atall stages of the systematic review, the selection of stud-
ies was completed by two analysts working independently (MJ
and AM).Inconsistencies were resolved by consensus with the
participation of a third independent analyst (WM).

The quality of the secondary studies included in the analy-
sis was assessed by verifying the key domains of the AMSTAR2
tool for critical evaluation of systematic reviews. This tool ena-
bles selection. To obtain the highest rating, the published
research must score positively on every assessed aspect. Even
single negative score in a critical domain results in lowering
article value to low, and two or more negative scores lower
the evaluation value to critically low.

Secondary research presented the results of the sta-
tistical analysis carried out by the authors of the studies
(they are based on primary data and therefore constitute
a reliable source of information). No meta-analysis was
performed, and the results of each publication were pre-
sented separately.

Results
The inclusion criteria for a systematic review of the clinical
effectiveness of PSA measurement in the early detection of
prostate cancer were met by the following scientific evidence
(n = 5; Paschen 2021, Fenton 2018, Ilic 2018, Rahal 2016, Lu-
men 2012):
Paschen 2021 — meta-analysis based on 11 randomized
controlled trials (RCTs), which systematically assessed
the benefits and harms of population-based screening
using the measurement of PSA concentration (quality:
low) [15],
Fenton 2018 — meta-analysis based on 3 RCTs and 5 ob-
servational (cohort) studies presenting systematic review
of the screening evidence using PSA measurement per-
formed; the results related to prophylaxis were not meta-
analysed (quality: high) [16],
llic 2018 — meta-analysis based on 5 RCTs, determining the
effectiveness and safety of PSA concentration measure-
ment as a screening test for CaP (quality: low) [17],
Rahal 2016 — meta-analysis based on 11 RCTs, in which
a quantitative review of the available screening studies
using PSA concentration measurement (quality: low) was
performed [18],
Lumen 2012 — meta-analysis based on 8 RCTs, assessing
the impact of population screening using PSA concentra-
tion measurement on CaP detection, stage and severity,
and mortality (quality: critically low) [19].
The results of the included studies are presented below.

Effectiveness

Prostate cancer detectability and PSA diagnostic precision

As part of the Ilic 2018 meta-analysis, based on 4 RCTs, a statisti-
cally significant effect of screening utilising PSA concentration
measurement on a 23% increase in CaP detection, regardless of
the stage of cancer advancement had been shown (incidence
risk ratio [IRR], 1.23; 95% confidence interval [Cl]: 1.03-1.48).
Moreover, a meta-analysis based on 3 RCTs showed that the
PSA screening test had a statistically significant influence on
the increase in the detection of stage | and Il prostate cancer
by 39% (relative risk [RR], 1.39;95% Cl: 1.09-1.79). In the case of
stage lll or IV neoplasms, a statistically significant reduction in
detection had been demonstrated (RR, 0.85;95% Cl: 0.72-0.99).
Individual results included the PSA diagnostic threshold of
>3 ng/ml[17].

As part of the Fenton 2018 meta-analysis, the authors
summarized data on the effectiveness of PSA concentration
measurement in detecting CaP. The conclusions of the analysis
were based on 3 large primary studies (CAP 2018 [20], PLCO
2017 [21, 22], ERSCP 2014 [23, 24]). The British CAP 2018 (The
Cluster Randomized Trial of PSA Testing for Prostate Cancer)
showed a statistically significant effect of screening with PSA
concentration measurement on an increase in CaP detec-
tion by 19% (RR, 1.19; 95% ClI: 1.14-1.25). Similar results were
obtained in the American study PLCO 2017 (Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial), which showed
a statistically significant increase in CaP detection by 12%
(RR, 1.12;95% ClI: 1.07-1.17), while the European Randomized
Study of Screening for Prostate Cancer (ERSPC 2014) showed
the highest effectiveness of population screening using PSA -
a59% increase in CaP detection in the population of European
men was observed (RR, 1.57;95% Cl: 1.51-1.62). In case of the
metastatic CaP variant — a statistically significant reduction
in the detection of this type of cancer was demonstrated
(RR, 0.70; 95% Cl: 0.60-0.82) [16].

In Lumen 2012, the authors referred to 7 large studies
taking into account population screening using PSA meas-
urements. A meta-analysis based on 7 RCTs showed a statisti-
cally significant effect of population screening compared to
non-screened subjects on increasing CaP detection by 55%
(RR, 1.55; 95% Cl: 1.17-2.06). The diagnostic threshold of PSA
concentration in the studies included in the meta-analysis
ranged between 2.5 and 10 ng/ml [19].

The characteristics and results of individual studies in-
cluded in the review are presented in table .

Death due to CaP

As part of the Paschen 2021 meta-analysis based on 4 RCTs,
a statistically significant reduction in the risk of death due to
CAP was demonstrated when participating in the screen-
ing using PSA concentration measurement with a diagnostic
threshold <4 ng/ml (IRR, 0.68; 95% ClI: 0.51-0.89) and a statis-
tically insignificant reduction of said risk when establishing
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Table I. Characteristics and individual test results concerning CaP detection

N research

Author/ year

Population, n

PSA diagnostic

End point RR/IRR result (95% Cl)

threshold

llic 2018 4RCT males aged 50-74, 675 232
(MA)
3RCT men aged 50-74, 647 751
3RCT men aged 50-74, 647 751
Fenton 2018 1 RCT (CAP 2018) men aged 50-69, 408 825
(MA)

1RCT (PLCO 2017) men aged 55-74, 76 683

1 RCT (ERSPC 2014) men aged 50-74, 181 999

Lumen 2012 7RCT
(MA)

men aged 45-74, 525 108

(ng/ml)

>30 CaP incidence rate IRR=1.23(1.03-1.48)

detectability of CaP RR=1.39(1.09-1.79)

in stagelor Il
detectability of CaP RR =0.85 (0.72-0.99)
in stage lllor VI
30 CaP detectability RR=1.19(1.14-1.25)
4.0 RR=1.12(1.07-1.17)
2.5-40 RR=1.57(151-1.62)
detectability of the RR=0.70 (0.60-0.82)
metastatic variant
of the CaP

2.5-100 CaP detectability RR=1.55(1.17-2.06)

MA - meta-analysis; Cl - confidence interval; RCT - randomized controlled trial; RR - risk ratio; IRR — incidence risk ratio

a PSA test threshold of >4 ng/ml (IRR, 0.95; 95% Cl: 0.86-1.05).
In addition, a meta-analysis based on 11 RCTs showed that
screening using PSA concentration measurement statisti-
cally significantly reduces the number of deaths due to CaP
over a 16-year perspective by 3 deaths/1000 people (3; 95%
Cl:1-5/1000) and reduces the number of CaP progressions to
the metastatic variant in the next 12 years by 3/1000 people
(3;95% Cl: 2-4/1000) [15].

The 2018 llic meta-analysis based on 4 RCTs did not show
a statistically significant effect of screening with PSA con-
centration measurement on CaP mortality (IRR, 0.96; 95% Cl:
0.85-1.08) [17].

The 2018 Fenton meta-analysis considered the conclusions
of the 3 RCT evaluation. Two studies (CAP 2018, PLCO 2017)
showed no statistically significant effect of PSA screening on

Table Il. Characteristics and individual test results concerning death due to CaP

N research

Author/ year

Population, n

therisk of death due to CaP (RR, 0.96; 95% Cl: 0.85-1.08; RR, 1.04;
95% Cl:0.87-1.24).1n turn, the third study (ERSPC 2014) showed
a statistically significant effect of PSA screening on the risk of
death from CaP (RR, 0.79; 95% Cl: 0.69-0.91) [16].

As part of the Rahal 2016 meta-analysis, the authors took
into account 11 RCTs, finding no statistically significant effect
of screening using PSA concentration measurement on CaP
mortality (RR, 0.89; 95% Cl: 0.76-1.04) [18].

The Lumen 2012 meta-analysis based on 7 RCTs did not
show a statistically significant effect of population screening us-
ing PSA concentration measurement on the reduction of the risk
of death due to CaP (RR, 0.88;95% CI:0.72-1.06). However, based
on 4 RCTs, using the adjusted analysis (studies with: follow-up
>8 years; PSA test in the control group <33.3%; compliance in
the screening group >75%), a statistically significant effect of

PSA diagnostic End RR/IRR result

Paschen 2021 4RCT
(MA)

men aged 55-70, 66 832
4RCT men aged 55-70, 199 085
llic 2018 (MA) 4 RCT

men over 18 years of age with or without lower ~ >3.0

threshold (ng/ml) point (95% CI)

<4 death IRR =0.68 (0.51-0.89)*
due to _
>4 Cap IRR =0.95 (0.86-1.05)

IRR = 0.96 (0.85-1.08)

urinary tract symptoms that would suggest the

presence of prostate cancer,
718 258

1 RCT (CAP 2018) men aged 55-74,418 732
1RCT (PLCO 2017)  men aged 55-74, 84 748

1 RCT (ERSPC2014)  men aged 55-74, 175 758
Rahal 2016 (MA) 11 RCT men aged 55-69, 302 497

Lumen 2012 7RCT men aged 45-74, 571 594
(MA)

Fenton 2018
(MA)

* a statistically significant results

30 RR=0.96 (0.85-1.08)
40 RR=1.04 (0.87-1.24)
2.5-40 RR=0.79 (0.69-0.91)*
- RR=0.89 (0.76-1.04)
= RR =0.88 (0.72-1.06)

MA — meta-analysis; Cl - confidence interval; RCT - randomized controlled trial; RR - risk ratio; IRR - incidence risk ratio

170



population screening using PSA concentration measurement on
reduction of the risk of death due to CaP by 24% (RR, 0.76; 95%
Cl: 0.58-0.98) [19]. The characteristics and results of individual
studies included in the review are presented in table Il.

Overall mortality

As part of the llic 2018 meta-analysis based on 4 RCTs, no sta-
tistically significant effect of screening using PSA concentration
measurements on overall mortality was demonstrated (IRR,
0.99;95% Cl:0.98-1.01) [17].

In the Fenton 2018 meta-analysis, none of the 3 RCTs
included (CAP 2018, PLCO 2017, ERSPC 2014) showed a statis-
tically significant effect of PSA screening on overall mortality
(RR,0.99;95% Cl:0.94-1.03; RR, 0.98; 95% Cl: 0.95-1.00; RR, 1.00;
95% Cl:0.98-1.02) [16]. The characteristics and results of indi-
vidual studies included in the review are presented in table Ill.

Number needed to invite

The Fenton 2018 meta-analysis showed that it was necessary
to invite 154 men to the CAP 2018 study (95% Cl: 128-192),
84 men to the PLCO 2017 study (95% Cl: 59-144) and 26 men
to the ERSPC 2014 study (95% Cl: 24-29) to diagnose one ad-
ditional case of CAP in men [16]. The characteristics and results
of the Fenton 2018 study regarding number needed to invite
(NNI) are presented in table IV.

Safety
Some of the found scientific publications (n = 4) refer to the
results of the ERSCP, PLCO and/or CAP studies, which analysed

Table IlI. Characteristics and individual test results concerning all-cause mortality

Author/ year N research Population, n

llic 2018 (MA) 4RCT

men over 18 years of age with or without lower

the effectiveness of population screening for CaP and the side
effects resulting from this type of screening (Paschen 2021,
Fenton 2018, llic 2018, Lumen 2012). Based on the above-
mentioned study, the authors analysed: the frequency of
false-positive results, the rate of over-detection, as well as the
percentage and consequences of prostate biopsies based on
the PSAresult [15-17, 19].

False Positive Results

In PLCO 2017, 10.4% of men had at least 1 false positive PSA
test result of all participants who underwent at least 1 PSA
testin the first 4 (out of 6 cycles) screening tests (n/N = 3387/
32567).Inturn, inthe ERSPC 2014 study, 17.8% of men received
at least 1 false positive PSA test result among all participants
who were tested at least once in one of the 5 centres (n/N =
10 965/61 604).

Over-detection

Depending on the method of measuring over-detection, the
percentage of over-detection ranged from 16.4 to 20.7% in
the PLCO 2017 study and from 33.2 t0 50.4% in the ERSPC 2014
study. Inthe CaP 2018 study, the over-detection rate was 40.7%

Biopsy based on PSA result

In the PLCO 2017 study, 12.6% of men underwent at least
1 biopsy (6295 biopsies in total) in all PLCO screening cycles
(16.4 biopsies/ 100 men assigned to screening). Of the men
subjected to biopsy, 2% experienced complications such as
infection, bleeding, or difficulty urinating (n/N = 97/4861).

End point RR/IRR result (95% Cl)

general mortality IRR =0.99 (0.98-1.01)

urinary tract symptoms that would suggest the

presence of prostate cancer,

718 258
Fenton 2018 1 RCT (CAP 2018) men aged 55-74,
(MA) 418732

1 RCT (PLCO 2017) men aged 55-74,

84748

1 RCT (ERSPC 2014) men aged 55-74,

175758

RR =0.99 (0.94-1.03)

RR =0.98 (0.95-1.00)

RR=1.00(0.98-1.02)

MA — meta-analysis; Cl - confidence interval; RCT - randomized controlled trial; RR - risk ratio; IRR - incidence risk ratio

Table IV. Fenton 2018 results for number needed to invite (NNI)

N research

Author/year

Population, n

End point NNI score (95% Cl)

Fenton 2018 (MA) 1 RCT (CAP 2018)

418732

1RCT (PLCO 2017)
84748

1 RCT (ERSPC 2014)
175758

men aged 55-74, NNI

men aged 55-74,

men aged 55-74,

NNI'= 154 (128-192)

NNI'= 84 (59-144)

NNI = 26 (24-29)

MA — meta-analysis; Cl — confidence interval; RCT - randomized controlled trial; NNI - number needed to invite
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In the ERSPC 2014 study, the biopsy rate among men rand-
omized for screening was 27.7 biopsies/100 men. In CaP 2018,
7.3% of participants (n/N = 71/977) and 5.5% of participants
(n/N =54/981) experienced moderate or severe pain and mod-
erate or severe fever within one month of biopsy, respectively.

In the PLCO 2017, ERSPC 2014 and CaP 2018 studies, pros-
tate cancer, based on the performed biopsy, was not confirmed
in 67.7%, 75.8% and 60.6% of the participants of the respective
studies. Moreover, there was no statistically significant relation-
ship between the biopsy performed and the reduction of the
risk of death (ERSPC 2014, PLCO 2017).

Discussion

Based on the results of the research found in the systematic
review, the clinical effectiveness of PSA testing in the early
detection of prostate cancer was assessed.

The results of most of the evidence found indicate an
increase in the detection of CaP by screening with PSA meas-
urement [16, 17, 19]. In the case of stage Il or IV tumours [17]
and the metastatic CaP variant [16], a statistically significant
reduction in tumour detection was demonstrated. Some of
the evidence found indicates the occurrence of adverse effects
resulting from screening based on the PSA test [15-17, 19].
Most of the scientific evidence indicates a statistically insignifi-
cant effect of PSA screening on the risk of death due to CaP
[15, 16, 19] - at the diagnostic threshold of >4 ng/ml.

For the purposes of discussion, the current clinical practice
guidelines for PSA testing were reviewed. The most important
conclusions of the recommendations are presented below.

The recommendations of the Polish Society of Clini-
cal Oncology from 2013 [25] indicate that the population
screening for the diagnosis of CaP at an early stage (clinically
asymptomatic) is based on the determination of serum PSA
levels. The target PSA concentration values for the pres-
ence of CaP are 4.0 ng/ml. However, even in the case of
lower PSA values, it is not possible to completely exclude
the probable presence of this tumour. It should be noted
that the Paschen 2021 meta-analysis showed a statistically
significant reduction in the risk of death due to CaP with
a diagnostic threshold of <4 ng/ml.

The Polish Society of Urology in 2011 [26] indicated that
despite the lower risk of death due to CaP, screening tests
using the PSA measurement determine a high probability of
false positive results.

The American Cancer Society (ACS 2021) [12] recom-
mends that men should be given the opportunity to make an
informed decision about undergoing screening for CaP, with
the support of their physician. After being informed about
the possibility of screening, adjusted to age of the patient,
men who wish to undergo screening tests should have their
blood tested for the presence of a prostate specific antigen.

The National Comprehensive Cancer Network (NCCN 2021)
[13] emphasizes the role of patient education in recognizing
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and distinguishing the symptoms of lower urinary tract dis-
eases caused by benign prostatic hyperplasia. Measurement
of the concentration of prostate-specific antigens should be
offered to men aged 45-75 years who have received all the
necessary information about the test and are in good health.
Recommendations based on expert consensus suggest that
PSA measurement should be offered to men over 75 years of
age without or with a small number of comorbidities. In addi-
tion, itis not recommended to measure men who will not ben-
efit from having prostate cancer detected (PSA testing should
only be offered to men with a life expectancy >10 years).

The European Society for Medical Oncology (ESMO 2020)
[27] does not recommend PSA-based screening. The organisa-
tion emphasises that measuring PSA levels contributes to the
reduction of mortality, but the disadvantage is over-detection
and unnecessary treatment of men with false-positive results.
In addition, the recommendations indicate that an early PSA
measurement may be offered to men over 50 and over 40 with
afamily history of CaP, African-Americans of more than 45 years of
age, and carriers of the BRCA1/2 mutation above 40 years of age.

According to the US Preventive Services Task Force Rec-
ommendation Statement (USPSTF 2018) [28], the decision to
conduct PSAtesting in men aged 55-69 should be made indi-
vidually. Experts emphasize that the benefits of screening PSA
tests are small, while the harm is significant, such as frequent
over-detection, unnecessary treatment or false positive results
determining the need for further diagnostics. In addition, it
has been shown that screening based on PSA levels for men
>70 years is not recommended.

Limitations

In this review only publications in English are included. The
search has been limited to publications from the last 10 years
(July 27,2011-July 27,2021). The studies included in the sec-
ondary scientific evidence found covered a diverse population
in terms of ethnicity and geography. Also evidence were char-
acterized by high heterogeneity (including various methods
of presenting the analysed data).

Conclusions

The authors of included studies indicated an increase in the
detection of CaP during PSA screening tests, with no effect
on the reduction of the risk of death due to prostate cancer.
Screening in the opportunistic variant aimed at prostate cancer
with the use of PSA concentration is justified in men between
50 and 69 years of age, and in men above 50 years of age with
additional risk factors.

[t seems unreasonable to conduct population screening
based on the measurement of PSA concentration due to fre-
quent over-detection, unnecessary treatment or false-positive
results necessitating further diagnosis.
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The primary function of intracellular heat shock proteins (HSPs) is to protect the cell by suppressing the effects of va-
rious stress factors by either refolding misfolded proteins or blocking apoptosis. After neoplastic transformation, cells
overexpress HSPs, which act as factors promoting the neoplastic process by stabilizing proteins responsible for carci-
nogenesis, however, HSPs can be released into the extracellular environment where they act as important modulators
of the immune response. In a tumor microenvironment, extracellular HSPs are able to induce a pro- or anti-neoplastic
response, using various mechanisms of affecting immune cells, The study of the role of extracellular HSPs in immuno-
modulation processes is a very important direction in the search for new methods of cancer treatment. This review

summarizes reports on the use of HSPs in immunotherapeutic cancer strategies, in particular in cancer vaccine design.

Key words: heat shock proteins, cancer immunotherapy, vaccine

Introduction

The research conducted so far confirms the importance of
heat shock proteins (HSPs) in such oncological processes as
cell proliferation, infiltration and metastasis. Heat shock pro-
teins are receiving increased attention as potential therapeutic
targets. The success of anti-cancer treatment depends on the
level of the body’s immune protection. Heat shock proteins
affect the balance between protective and destructive im-
mune responses in the tumor microenvironment, hence the
concept of using HSPs in cancer immunotherapy and design-
ing cancer vaccines.

The innate and adaptive immune system is essential for
the effective recognition and removal of neoplastic cells in
the process of immune surveillance. Many previous studies
have demonstrated the importance of natural killer (NK)

cells, natural killer T-cells (NKT), eosinophils, ab and yo T-
and B-lymphocytes in immune surveillance [1, 2]. Studies
on animal models have shown that mice deprived of any
of the above-mentioned immune cell populations showed
an increased susceptibility to methylcholanthrene-induced
sarcomas [1].

Chemical mediators such as IFN 1, IFN-y, IL-12, and TNF-a
are equally important. In patients with immunosuppres-
sion caused by, for example, acquired immunodeficiency
syndrome (AIDS), transplantation or even old age, cancer
incidence is several times higher than in patients with nor-
mal immunity [3]. Kaposi's sarcoma (KS) is a neoplasm that
defines the diagnosis of AIDS, as the likelihood of developing
KS in people with AIDS is 175-400 times higher. Before the
AIDS epidemic, the incidence of this type of sarcoma was
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not higher than two per million people. The second most
frequently diagnosed AIDS-related cancer is non-Hodgkin’s
lymphoma, which is 73 times more common in these patients
than in the average population [4].

The role of HSPs in immune processes associated
with cancer

Tumor recognition by the immune system is based on the
expression of mutant proteins and tissue-specific antigens
by the neoplastic cells, as well as overexpression of tumor-
-associated antigens (TAAs). One of the key factors enabling
the development of a neoplastic process in the body is the
tumor’s ability to avoid immunological detection. This effect
is achieved through:

suppression of the major histocompatibility complex

(MHCQ) class I expression on the neoplastic cell surface

loss or alteration of TAA expression by neoplastic cells

inhibition of the mechanisms of cancer cell-specific anti-
gen recognition

local expression of inhibitory immune molecules such as

transforming growth factor (TGF) - 3 and Fas-ligand [5].

Given this, it is clear why scientists are interested in increas-
ing the potential and specificity of the anti-cancer immune
response.

The development of the neoplastic process is accom-
panied by changes in the structure and function of protein
complexes and individual molecules. Protein functions are
determined by its conformation (spatial structure), which de-
pends on the functioning of heat shock proteins — molecular
chaperones or stress proteins — highly conserved specialized
proteins responsible for the correct folding of proteins and
preventing their unwanted aggregation. HSPs help transport
proteins into the cells across the membranes. HSP-molecular
chaperones interact with proteins in equal amounts (stoichio-
metrically), therefore a huge amount of HSPs are synthesized
at the time of cellular stress, forming complexes with cellular
proteins. In the process of neoplastic transformation, the cell
experiences oxidative stress and nutrient deficiency. We ob-
serve high expression of mutated cancer-specific proteins that
have a destructive effect on the processes of cell proliferation,
growth and death. This leads to high expression of HSPs [6].
Thus, intracellular HSPs play the role of cancer promoters, stabi-
lizing the altered conformation of mutant proteins responsible
for carcinogenesis [7].

Stress conditions in a tumor lead to necrotic lysis of
neoplastic cells accompanied by the release of HSP-pep-
tide complexes (HSP complexes with cellular proteins) into
extracellular space. Detection of HSPs in the extracellular
environment suggests that HSPs perform functions other
than just that of intracellular chaperones. A large number
of immune cells concentrate around the site of necrosis. It
has been noticed that HSP-peptide complexes, including
complexes with neoplastic peptides, can be taken up by

antigen presenting cells (APC) through endocytosis [8]. The
absorption of the HSP70-peptide complex by APC with the
participation of LOX-1, FEEL-1 and SREC-1 receptors was
reported [9]. Absorbed peptides are processed by APC and
participate in antigen cross-presentation. After processing,
antigenic epitopes in the form of complexes with MHC class
land Il are presented to T lymphocytes [10]. This results in the
activation of cytotoxic T lymphocytes (CTL), which induces
a cytotoxic response, and of helper T cells (Th), which, in turn,
activate B lymphocytes to induce humoral response.

HSPs can be released into the extracellular space not only
during necrotic disintegration, but can also be secreted in
the form of extracellular milieu HSP (EX-HSP), membrane-
associated HSP (mHSP) and extracellular vesicle HSP (EV-HSP)
[11]. Extracellular HSPs interact with immune cells, and these
interactions may have suppressive or stimulating effects [12].
The general conclusion that can be drawn from the data pre-
sented so far is that the effect of HSPs on tumor growth de-
pends on the mechanism of their release into the extracellular
space. HSPs released into the extracellular space by tumor
cellsin result of cellular exocytosis may have an immunosup-
pressive effect. They lead to immune tolerance and anergy
of immune cells, creating a favorable microenvironment for
invasive growth and proliferation of neoplastic cells [13, 14].

HSP60 secreted as extracellular milieu (EX-HSP60) shows
immunosuppressive properties, especially in relation to CTL,
participating in the increase of CD4(+), CD25 and Foxp3 cell
population. It also stimulates mononuclear cells to induce the
production of anti-inflammatory cytokines such as IL.-10 and
IL-6 by CD4(+) T lymphocytes. CD4(+) T lymphocytes stimu-
lated in this way demonstrate immunosuppressive properties
[15,16]. It has also been established that HSP60, acting through
the TLR4 receptor, stimulates B lymphocytes to secrete IL-10
and IL-6 and also stimulates the proliferation of B-lymphocytes,
which acquire the ability to stimulate T lymphocytes to secrete
IL-10 and TNF-a [17]. HSP60 may also induce the produc-
tion of TNF-a by macrophages, promote metastatic processes
through the interaction with B-catenin and enhance the tran-
scriptional activity of cells [18].

HSP27 secreted into the extracellular space induces the dif-
ferentiation of monocytes into immunotolerant macrophages.
The latter produce anti-inflammatory mediators, thrombos-
pontin-1and IL-10, which can induce the anergy of T lympho-
cytes. Macrophages also demonstrate pro-angiogenic activity
and participate in the formation of new blood vessels, which
is one of the conditions for tumor progression [6].

Extracellular HSP70 (EX-HSP70) inhibits TNF-a-induced IL-6,
ILl-8 and MCP-1 production, and also inhibits the maturation of
dendritic cells (DC) and cytokine secretion [19]. Furthermore,
EX-HSP70 can reduce the T lymphocyte response indepen-
dently of the stimulatory effect of DCs.

In most cases, extracellular vesicle HSP (EV-HSP) also exerts
immunosuppressive effects. EV-HSP72 stimulates myeloid-
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derived suppressor cells (MDSC) and induces their suppressive
activity dependent on the Stat3 pathway [13]. The immuno-
suppressive activity of MDSC is manifested by the secretion of
IL-10, the involvement of regulatory T lymphocytes (Treg) and
inhibition of CD4(+) and CD8(+) T lymphocytes.

However, the presence of HSPs in the extracellular space,
especially as a result of necrotic or apoptotic tumor cell death,
including destruction induced by chemotherapy or radia-
tion therapy, may result in pro-inflammatory activation of im-
munocytes in both the tumor microenvironment and the
entire immune system, thereby inhibiting tumor growth and
metastasis. Acting as endogenous signaling factors, HSPs
facilitate the functional maturation of APCs — dendritic cells
and macrophages — which enhance the expression of MHC
molecules and activate adaptive immune responses.

It should be pointed out that the role of EV-HSP in im-
munological processes is ambiguous, as they may also exhibit
immunostimulatory properties (e.g. EV-HSP70 may induce
chemotaxis of NK cells and enhance their cytolytic function)
[20]. The immunostimulatory effect was also observed in rela-
tion to mHSP, for example mHSP70, which is able to activate
the production of TNF-a by macrophages and the cytolytic
activity of NK[21].

The immunostimulatory properties of HSP have been
studied to establish their possible use in the development of
anti-cancer therapies. The first publications describing HSPs as
immune regulatory molecules appeared in the 1980s. It was
shown that gp96 is a carrier of TAA acting as a TAA transporter
[22].The gp96 protein in combination with tumor antigens can
stimulate immune response against the tumor cells it has been
isolated from. A similar ability to enhance anti-tumor immunity
has been demonstrated for HSP70 and HSP90 combined with
tumor peptides [23].

Several examples of the immunostimulatory effects of
HSPs have been described. Extracellular HSP70 activates NK
and, in particular through the CD94 receptor, stimulates their
proliferation and specific migration [24, 25]. HSPs located on
the surface of neoplastic cells increase their sensitivity to NK.
Increased lysis of cells under the influence of NKwas observed
in osteosarcoma and breast cancer expressing HSP70 on the
cell membrane surface [27]. When interacting with CD91,
CD14, TLR4 receptors on the surface of APC, HSPs are able to
induce the production of pro-inflammatory cytokines (IL-1, IL-6,
IL.-12, TNF). Moreover, HSPs as molecular chaperones, are ca-
pable of binding TAA and these complexes may be presented
by APCs, including DCs, through MHC | and Il molecules. This
leads to the anti-tumor activation of CD8(+) and CD4(+) T lym-
phocytes, stimulation of macrophages and NK cells, as well as
activation of B lymphocytes [27]. HSPs are able to stimulate
the maturation and migration of DCs. In this case, they can act
“‘independently”without forming complexes with peptides or
using ATP energy, i.e, acting not only as a chaperon but also
having a cytokine-like function [28, 29].
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Receptor-mediated HSPs have been observed to stim-
ulate the maturation of CD11c + DCs that enhance MHC
class Il expression. In addition to increased MHC class Il ex-
pression, HSP-activated DCs have been found to exhibit
increased CD86 expression and TNF-a and IL-12 production
[30]. Moreover, nitric oxide is released by dendritic cells and
macrophages during the stimulation of HSPs, namely gp96
and HSP70, which in turn leads to a cytolytic or cytostatic
effect on neoplastic cells in vivo [31]. Chemoattraction of
DC and T lymphocytes in tumors following the exposure to
hyperthermia leads to the release of HSP70. It was found that
DCs are activated upon contact with HSP70 released from
tumor cells and that this activation is dependent on TLR4
[32]. This demonstrates the ability of endogenous heat shock
proteins to stimulate DCs via TLR4.

As chaperones, HSPs can bind to specific receptors on
DCs, contributing to the cross-presentation of their peptides
[33]. Typically, the antigen interaction with APC, especially DCs,
leads to its presentation in the complex with MHC class Il and
its subsequent recognition by helper T lymphocytes (CD4(+))
inlymph nodes. The mechanism of antigen cross-presentation
lies in the ability of DCs to process and present the antigen by
means of MHC class I molecules. The MHC I-antigen complex is
recognized by the CD8(+) Tlymphocyte receptor and activates
these cells to differentiate into mature cytotoxic T lymphocytes.
HSPs have the ability to bind to antigenic peptides present
on tumor cells and stabilize their conformation by forming
permanent complexes with them (HSP-TAA).

SRECI and LOX-1 are the two most important DC recep-
tors that allow the cross-presentation of HSP-TAA complexes.
SRECI binds to a wide variety of HSPs (HSP60, HSP70, HSP9O,
HSP110,gp96 and GRP170), while LOX-1 binds mainly to HSP60
and HSP70 [34]. The interaction of the HSP-TAA and MHC class
| complex with the immature CD8(+) T lymphocyte recep-
tor leads to the activation of the latter. Activated CD8(+) T
lymphocytes acquire cytotoxic properties, and therefore may
induce apoptosis of tumor cells in which the aforementioned
HSP-TAA complexes have been formed. Cross-presentation of
peptides plays an important role in immune surveillance as
the bound peptide is not only protected from degradation
but the efficiency of cross-presentation in DCs is also higher.
Moreover, some neoplastic cells express very little neoantigens,
which limits the possibility of their presentation. Thus, cross-
presentation of the HSP-peptide complex widens the range of
complexes available as targets for the immune system (fig. 1).

There is also a known phenomenon of the reduction of
surface molecules of the MHC class | presentation pathway in
neoplastic cells, which can be used as a protective mechanism
in tumor proliferation. It has been demonstrated to restore
the presentation of MHC class | molecules on the cell surface
after transfection with human HSP70.B16 melanoma cells with
primary presentation deficiency have thus become available
for recognition by CTL.
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Figure 1. Antitumor immunomodulatory role of extracellular HSP70 (EX-HSP70) — [35] with modification

EX-HSP70 complexes with TAAs allowing them to be taken up by APC via CD91 (or other uptake receptors). EX-HSP70 provides a cross-presentation of TAA
on MHC class | or I molecules, and promotes a signal cascade that activates CD8(+) and CD4(+) T lymphocytes. mHSP70 provides specific stimulation of
NK-cells through the CD94 receptor. EX-HSP70 stimulates NK cells indirectly through the MICA receptor on NK cells, which binds to the NKG2D activation
receptor. Activated NK cells increase the release of granzyme B, which triggers the process of perforin-independent apoptosis of cells by binding to the
neoplastic mHSP70. Through binding to the TLR4 receptor of dendritic cells, EX-HSP70 stimulates their maturation and increases the expression of MICA,

which, in this case, is a ligand for NKG2D

We can therefore say that the HSP-TAA complex contains
not only a tumor associated antigen capable of stimulating
specific immune response, but also an immunoadjuvant (in
this case HSP) which is responsible for stimulating nonspecific
immunity. This makes the HSP-TAA complexes very prom-
ising objects for their use in the design of cancer vaccines
[5]. Moreover, cross-presentation of antigens in a complex
with HSP derived from a tumor of a certain haplotype, has
the ability to initiate CTL upon administration of the second
haplotype to the recipient [36]. This broadens the arsenal of
possible tools in the technology of designing immunological
cancer treatments.

Immunological cancer treatment strategies

The search for methods of enhancing the immune response
to TAA is a very dynamic area of contemporary research in
oncology. The immunotherapeutic strategies developed so
far can be divided into non-specific and specific. The main
goal of the former is the nonspecific activation of immune
responses by means of cytokines such as IL-2 [37-39], or
by means of immune checkpoint inhibitors — anti-CTLA4
or anti-PD-1 drugs. Specific immunotherapy strategies can
be classified as passive and active. Passive immunotherapy
includes the use of:

- monoclonal antibodies against neoplastic antigens, e.g,,
trastuzumab [40],

- adaptive cell therapy, i.e, the transfer of ex vivo activated
tumor infiltrated lymphocytes (TILs), and chimeric antigen
receptors (CARs) [41, 42].

Cancer vaccines provide an example of active immuno-
therapy [43]. The main strategy of cancer vaccine design is
to identify immune response targets (TAAs), to create im-
munogenic forms and conditions for the recognition of such
antigens, and to induce proliferation and increase the activity
of immunocompetent cells. Cancer vaccines can be divided
into three main groups:

-+ cell vaccines based on the use of the whole or lysed au-
tologous or allogeneic tumor cells and DCs modified by
various in vitro or in vivo methods,

+  peptide vaccines based on the identified tumor antigens;
they are autologous, recombinant or synthetic vaccines
based on peptides, heat shock proteins,

« genetic vaccines — this method consists in introducing
DNA sequences coding for the tumor antigen to the pa-
tient.

All of these strategies have been and continue to be ex-
tensively researched and have their advantages and disad-
vantages. The effectiveness of the treatment depends not
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only on the specific medicinal preparation but also on the
method of administration, dose, number of repeats as well as
the nature of the TAA itself. The strategy for using cellular vac-
cines is to administer autologous APC preparations that act as
immune activators through antigen presentation by MHC class
I and II. Dendritic vaccines provide an example of this type of
therapy. During treatment with dendritic cells, monocytes are
removed from the patient’s blood, forced to differentiate into
dendritic cells that“get acquainted”with the antigens isolated
from that patient’s tumor, and are then introduced into the
body. Dendritic cells present TAA to cytotoxic T lymphocytes
and activate them to fight cancer. Increased interest in these
type of vaccines appeared after the approval of the first ac-
tive cancer vaccine “Sipuleucel-T"in the treatment of patients
with asymptomatic or minimally symptomatic metastatic
castration-resistant prostate cancer [44]. Other approaches
in cell vaccine design involve the use of whole tumor cells of
autologous or heterologous origin that are pre-devitalized. In
the future, they will act as immunogenic targets to stimulate
specific and innate anti-tumor immunity. This vaccine provides
the immune system with all potential tumor antigens in every
individual patient. Another advantage of this approach is that
tumor antigens and their epitopes and presentation methods
do not require identification. However, these vaccines suffer
from a number of disadvantages, including the difficulty of
obtaining enough tumor tissue for sustained therapy and the
tolerance to the patient’s “own” tumor antigens of patient’s
immune system.

Another type of cancer vaccine consists in protein or pep-
tide vaccines, based on the use of native antigens or specific
antigen epitopes, the introduction of which stimulates an
immune system response in the form of a cascade of reac-
tions, which leads to the targeted lysis of tumor cells. These
proteins/peptides induce T lymphocytes by their presentation
in a complex with MHC class Il. The use of peptide vaccines in
oncological patients is able to activate a specific anti-tumor
immune response and is not accompanied by symptoms of
toxicity. The disadvantage of this type of vaccine is the lack
of the possibility of significant CTL stimulation. Therefore, many
protein vaccine design strategies use adjuvants to enhance the
immunostimulatory properties of these vaccines.

The basic principle of using genetic vaccines is to intro-
duce mRNA or DNA sequence coding for the neoplastic an-
tigen to the patient [45]. The sequence is placed in a plasmid
and controlled by a promoter. When the vaccine is adminis-
tered, the body cells that have absorbed the DNA synthesize
the encoded protein. Then it is transported to the nearest
lymph node, where it induces a specific immune response
[46]. There are several options for the delivery of genetic
vaccines. Viral vector-based cancer vaccines are considered
a subtype of genetic vaccines. Viral vectors such as adeno-
viruses [47], pox or avipox viruses [48], some herpes viruses,
and the like are used to create viral cancer vaccines. The
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virus in the vaccine is attenuated and contains a nucleotide
sequence encoding the tumor antigen. The advantages of
these vaccines include high transgene expression in infected
cells, high immunostimulatory capacity and relative ease of
production [49]. A drawback of using viral vectors is their
ability to elicit an antiviral immune response to the vector.
Similar advantages and disadvantages exist when using bac-
terial vectors, in particular in the case of intracellular bacteria
Listeria monocytogenes [50]. This type of vaccine allows the
attraction of the endogenous presentation of the encoded
antigens by MHC class I. Stimulation of the CTL via the en-
dogenous presentation pathway is a very desirable feature
of active anti-cancer therapy since a stable CTL response is
essential for anti-tumor immunity. HSPs are used as antigens,
chaperones or adjuvants of DNA or peptide based vaccines
[51]. It has been demonstrated that specific immunostimula-
tion is induced for a wide range of antigens (including HER2/
neu, mucin-1, E7, AFP, MAGE-3, gag, survivin and PSCA) with
HSP70-mediated DNA vaccines [52-54].

Despite the significant anti-tumor activity of various immu-
notherapeutic strategies demonstrated in preclinical studies,
the efficacy required in the drug registration processes has not
been obtained. Research is still ongoing. The involvement of
immunologically active HSPs is one of the investigated cancer
immunotherapy strategies.

Design and application of vaccines based on HSP

Research on the use of anti-cancer properties of HSPs began

in the mid-1980s [55]. The first trials involved vaccinating mice

with attenuated tumor cells [56]. This enabled immune reac-
tion against live cancer cells, but only in relation to allogeneic
neoplasms. In the next stage, researchers started searching
for molecules in neoplastic cells that may be responsible
for the development of immunity. Tumor cell lysates were
biochemically fractionated and the individual fractions
were tested for their ability to vaccinate mice and generate
an immune response against live tumor cells of the same
type. It was shown that the fractions capable of inducing an
immune response contained HSPs [57, 58]. HSPs obtained
from autologous tumor tissue turned out to be associated
with tumor-specific antigens, forming the so-called “antigenic
imprint” of the tumor. The immunoadjuvant properties of

HSPs are based on two mechanisms — the ability to induce

an adaptive cytotoxic response of T lymphocytes to TAA in

combination with HSPs and non-specific stimulation of im-

mune cells. The development of HSP-based cancer vaccines

is based on four main assumptions:

« HSPs obtained from other organisms act as classical foreign
antigens, eliciting an immune response against their non-
conservative epitopes,

- HSPs are able to elicit an immune response in the case of
autologous administration in the absence of tolerance
of the host's immune system to them,



HSPs can cause the development of animmune response
against a specific protein in the presence of cross-reactivity
between HSPs and the protein,

HSP-TAA are able to stimulate a specificimmune response

against the antigens included in the complex, while an

immune response to HSPs will not develop.

The last of the described mechanisms determines the
direction of the development of HSP-based vaccines that can
be used in the prevention and treatment of various conditions,
including infectious and neoplastic diseases[59]. Such vaccines
were initially demonstrated to be effective in animals (e.g., in
the treatment of liver cancerin rats [57]), and in the mid-1990s,
studies of HSP-based vaccines were initiated in cancer patients.

The active ingredient in such vaccines is not a single HSP,
but HSP-TAA complexes. There are two variants of such vac-
cines: recombinant cancer vaccines obtained by exvivo forma-
tion of a complex using HSP and/or recombinant peptides, and
cancer vaccines obtained by isolating HSP-TAA from a patient’s
tumor tissue that contains a specific tumor antigen set. The
use of linked HSP-TAA complexes in the development of vac-
cines increases the ability of APCs to present TAA through
MHC class | and Il with subsequent activation of CD8(+) and
CDA4(+) T lymphocytes.

The ability of HSP or HSP-TAA complexes to induce anti-
tumor immunity is dose dependent. Low doses of HSP-TAA
complexes are effective in stimulating an anti-tumor immune
response, while high doses do not, and may even be immuno-
suppressive. High doses of gp96-peptide complexes induce
immunological tolerance, hence the attempts to use them in
the treatment of autoimmune diseases [60, 61].

Currently, HSPs are being studied as immunostimulatory
molecules in various therapeutic models. The promising results
have been obtained in animal models of tumor growth. Extra-
cellular HSP70 derived from the L1210 leukemia cell was used
to immunize DBA/2 mice. The specific activation of CTL was
found, which inhibited the growth of the implanted tumor [62].
These results have been confirmed in animal models of colon
cancer and melanoma. An increased expression of HSP70 in
the exosomes of the hyperthermically treated tumor cells was
detected. The immune response in animals with cancer after
the introduction of HSP70-enriched allogeneic exosomes was
significantly higher than when using exosomes derived from
cells without prior hyperthermia. As a result, increased IgG2a
and IFN-y production and tumor regression were observed [63].

In a study in the J558 myeloma model, the effectiveness
of stimulating an anti-tumor immune response with exosomal
forms of HSP70 was tested. The J558 myeloma cell line that
produced the transgenic form of membrane-bound HSP70in
the exosome (MHSP70-EV) was developed, and the efficacy of
these exosomes was tested compared to the exosomes from
heat-shocked tumour cells expressing cytoplasmic HSP70. Ex-
osomes released from these cells were used to immunize mice.
mHSP70-EV significantly stimulated cytotoxic CD4(+) type 1

(Th1)and CD8(+) T lymphocytes, specifically activated NK cells,
which significantly exceeded the effects of HSP70-EV [64].

The ability of NK cells to specific activation and damage
mHSP70-positive tumor cells has also been demonstrated in
animal models of lung cancer and glioblastoma. Combina-
tion therapy consisting of NK cells activated ex vivo with the
natural HSP70 peptide (TKD) and a low dose of IL-2 (TKD/
IL.-2) was demonstrated. The adaptive transfer of TKD/IL-2 ex
vivo activated murine NK cells resulted in inhibition of tumor
growth and improved survival of the animals. This regimen
therapy was well-tolerated. The antitumor activity was asso-
ciated with a massive infiltration with CD8(+) T and NK cells
in both tumor models and a decreased in PD-1 expression in
immune effector cells [65].

Recent reports concern the use of immunotherapy using
recombinant HSP70in CT-26 Colon cancer and B16 melanoma
models. The introduction of recombinant HSP70 to the tumor
cel stimulates the transport of endogenous HSP70 to the extra-
cellular space of the tumor, leading to a rapid activation of the
immune response. The immunomodulatory effect of HSP70-
bearing exosomes was manifested by CD8(+) activation, the
accumulation of antitumor cytokines and the activation of NK
cells, which had a positive effect on the reduction in tumor
growth rate and elevation of life span in mice [66].

Furthermore, HSP70 enriched exosome derived from
immune cells may also be of interest in anticancer immu-
notherapy. Scientists investigated the therapeutic effect of
macrophage-derived HSP70 enriched exosome in the WEHI-
164 fibrasarcoma model both in vitro and in vivo. Heat shock has
been shown to increase the expression of membrane-bound
HSP70in macrophage-derived exosomes. In addition, the im-
munization of animals with these exosomes reduces the num-
ber of tumor cells, indicating a potential immunoadjuvant role
of HSP70 in cancer immunotherapy [67].

In all the above-mentioned studies, the researchers
showed that HSPs play an important role in anticancer im-
munity. At present, achievements in the field of HSP-based on-
coimmunology are widely integrated into the phase of clinical
trials. A study of the safety and efficacy of the antitumor vaccine
based on the HSP-96 peptide complex (HSPPC-96), prepared
from tumor specimens of patients with metastatic melano-
mas, was conducted. Activation of the immune response to
HSP-96 related peptides was observed in patients receiving
the vaccine weekly for 4 consecutive weeks. The overall sur-
vival of patients who showed an immune response was 82%.
Moreover, the toxicity of the vaccine was very low [68]. Other
studies confirm the effectiveness of the HSP-96 vaccination.
Phase | and Il clinical trials were conducted to investigate the
efficacy of the HSPPC-96 vaccine in patients with recurrent
glioblastoma multiforme. The study involved 41 patients. The
primary endpoint was overall survival of 6 months. Studies
have confirmed that the HSPPC-96 vaccine is safe and deserves
further research [69].
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Studies have shown that Vitespen, an autologous tumor
derived heat shock protein gp96 peptide complex vaccine, has
shown positive results in phase lll clinical trials in patients with
melanoma and renal cell carcinoma. It has been observed that
Vitespen elicits a major MHC | mediated immune response in
many types of cancer, as well as a clinical response in patients
with early stage disease. In addition, the vaccine has a relatively
low incidence of side effects [70, 71]. Another study investigated
the safety, immunogenicity and clinical efficacy of an autolo-
gous vaccine of leukocyte-derived HSP70 peptide complexes
in patients with chronic myeloid leukemia. Treatment with the
vaccine was performed in conjunction with imatinib mesylate.
Clinical responses were observed in 13 of 20 patients and were
significantly correlated with the activation of immune responses,
including an increase in the frequency of CML-specific IFN-y
producing cells and IFN-y secreting NK cells. In addition, there
were no side effects, indicating the safety of this vaccine [72].

Encouraging results from the phase Il vaccine trials, based
on a heat shock protein fused to sequences from the onco-
genic E7 protein of HPV-16 in woman with high-grade cervical
intraepithelial neoplasia was obtained. Four injections of HPV-
16 HSP E7 fusion protein were given 3 weeks apart. Complete
regression of intraepithelial neoplasia was observed in 35% of
women and was correlated with the immune response [73].

DNA-HSP65, a DNA vaccine encoding the 65 kDa heat
shock protein Mycobacterium leprae (HSP65), was tested in
phase | clinical trials of hsp65 DNA in patients with advanced
head and neck cancer. 42% of patients showed disease stability
or regression following immunization. DNA-HSP65 induced
some degree of immunostimulation with no evidence of
pathological autoimmunity [74].

Was reported of a phase | clinical trials to evaluate the
safety and immunogenicity of a therapeutic human papil-
lomavirus administered to women with HPV-16 + cervical
intraepithelial neoplasia (CIN)2/3. In the above study it was
applied HPV-16 DNA vaccine [a plasmid expressing a Sig-
E7-detox]-heat shock protein 70 fusion protein. Complete
histologic regression occurred in 33% individuals. This vaccine
was safe and well tolerated [75].

In this study, researchers examined a vaccination strategy
using dendritic cells (DC) loaded with apoptotic and necrotic
cell bodies derived from autologous tumors. Using this ap-
proach, clinical and immunologic responses were achieved in
33% patients with relapsed indolent non-Hodgkin's lymphoma
(NHL). The achievement of clinical and immunological re-
sponse was significantly associated with the degree of surface
expression of calreticulinand HSP90 in DC antigenic cargo [76].

Other authors in phase | clinical trials tested a strategy for
treating patients with of colon and lung cancer patients, with
ex vivo heat shock protein 70-peptide-activated, autologous
natural killer cells. After stimulation, the activity of NK cells
against HSP70 membrane-positive colon carcinoma cells was
enhanced in 10 of 12 patients [77].
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Activation of CTL against neoplastic cells has been dem-
onstrated through administering dendritic cells transfected
with HSP70 mRNA (HSP70-DC) to patients with hepatocel-
lular carcinoma associated with hepatitis C virus [78]. HSP105
peptide vaccines used in patients with colorectal cancer and
esophageal cancer showed the ability to induce an immune
response in phase | studies [79]. Cellular vaccines, the effect
of which is related to overexpression of HSP70, have shown
immunostimulatory effects in models of glioblastoma and
ovarian carcinoma [80, 81]. Preparations designed with the use
of pure HSP70 protein turned out to be active when tested in
the B16 glioma and melanoma model [82]. Recombinant chap-
erones are an alternative source of HSPs for the development of
cancer vaccines based onimmunogenic peptides. When deliv-
ered to the tumor, recombinant HSP70 increases the sensitivity
of cancer cells to the cytolytic activity of lymphocytes, reduces
the level of immunosuppressive T regulatory cells and lowers
the production of IL-10 [83]. The use of HSP70-TAA complexes
has animmunostimulatory effect in models of leukemia, lung
and ovarian cancer [84]. In addition, HSP70 in complex with
antigenic peptides such as the Melan-A, MAGE-A1, tetanus
toxin and influenza HA protein has been used to stimulate an
antigen-specific immune response [85].

Attempts are also being made to combine HSP70-based
vaccines with other anti-cancer drugs, such asimmune check-
point inhibitors, which researchers believe may improve ef-
ficacy. Intratumoral HSP70 injections have also been used in
conjunction with local hyperthermia, irradiation or cationic
magnetite liposomes [86, 87].

Conclusions

In recent years, the potential of HSP as an immunothera-
peutic tool has been gaining more and more recognition.
The influence of HSPs on the functioning of the immune
system, manifested in particular by the activation of den-
dritic cells, increased activity of T lymphocytes, NK cells and
increased antigenic presentation of TAA, allows the use of
these proteins as therapeutic targets in oncology, including
the development of cancer vaccines. A number of studies
have demonstrated the anti-cancer efficacy of HSP-based
vaccines, setting directions for further research. It should be
noted that the safety and efficacy of cancer vaccines also
depend on the route of administration, dose and vaccination
schedule. Combining vaccines with other treatments can
improve their effectiveness.
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Possibilities of applying a combination of targeted
molecular therapies and immunotherapy in NSCLC patients

Magdalena Wojcik-Superczynska, Tomasz Jankowski, Pawet Krawczyk

Department of Pneumology, Oncology and Allergology, Medical University of Lublin, Lublin, Poland

Non-small cell lung cancer (NSCLC) advanced or metastatic with driver mutations (EGFR, ALK, ROST) is treated with ty-
rosine kinase inhibitors (TKIs), respectively anti-EGFR, anti-ALK or anti-ROS1. Immunotherapy with checkpoint inhibitors
(anti-PD-1 or anti-PD-L1) alone or in combination with TKIs was considered as a treatment option in several studies, but
results are not promising, furthermore the toxicity profile of such a combination is potentially unacceptable. The initial
findings suggest that combination therapy has failed to demonstrate clinically meaningful efficacy and there are no

strong signals of its future development.

Key words: immunotherapy, lung cancer, targeted therapy, EGFR, ALK

Rationale for combination of immunotherapy
and targeted therapy

Non-small cell lung cancer (NSCLC) represents 85% of dia-
gnosed lung cancer cases. Approximately 50% of patients are
diagnosed at stage IV of the disease, and their five-year survival
rate is less than 10% [1].

Theintroduction of immunotherapy with the application of
immune checkpointinhibitors (ICls) which target programmed
death-1 receptor (PD-1), found in cytotoxic T-lymphocytes,
orits ligand, PD-L1 (programmed death-1 receptor ligand 1),
found, among other things, in cancer cells, has significantly
changed the treatment of advanced lung cancer.

Modern methods of immunotherapy focus on the bo-
osting of antitumor T-cell response and the bolstering of
cell immunity with the ultimate destruction of the tumor.
The impact of PD-1 and PD-L1 leads to the suppression of
antitumor T-cell activity. The idea of using antibodies against

immune checkpoint inhibitors is based on the blocking
of one of these molecules, which restores cytotoxic T-cell
activity [2-5].

The phenomenon of the immune checkpoint blockade
(ICB) was the point of departure for the development of antibo-
dies which target cytotoxic T-cell antigen 4 (CTL-4) (ipilimumab
and tremelimumab). Similar development was observed as
regards monoclonal antibody drugs and anti-PD-L1 antibodies,
which respectively block PD-1, found in T-cells (nivolumab,
pembrolizumab), and PD-L1, found on both the surface of
cancer cells and the immune system cells penetrating cancer
tissue (durvalumab, atezolizumab, avelumab) [2].

CheckMate 057 and KEYNOTE-010 studies demonstra-
ted a statistically significant improvement in the overall
survival in NSCLC patients treated with nivolumab or pem-
brolizumab in comparison with patients receiving standard
2"-line docetaxel-based chemotherapy. Those studies pro-
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ved, however, that EGFR-mutant patients did not experience
a greater benefit from using immunotherapy compared
with chemotherapy. In CheckMate 057, 82 patients (14%
of all) were EGFR-positive and 21 (4%) were ALK-positive.
Subgroup analyses of OS revealed that patients with the
EGFR mutation, having received or receiving an additional
line of TKI, did not benefit from nivolumab compared with
docetaxel (hazard ratio [HR] 1.18, 95% confidence interval
[Cl]: 0.69-2.00). In KEYNOTE-010, 86 patients (8.3%) were
had the EGFR-mutant and 6 (0.6%) were ALK-positive. Pa-
tients with the EGFR mutation did not have prolonged OS
in response to pembrolizumab compared to docetaxel. No
data on OS were reported for ALK-positive patients. In both
trials (HR 0.88, 95% Cl: 0.45-1.70) [4, 5].

Unfortunately, many NSCLC patients do not benefit from
immunotherapy due to their primary resistance whilst others
experience disease recurrence after the initial response (se-
condary resistance). Adaptive resistance can also be obse-
rved when the immune system has identified cancer, but it
can adapt to the immune attack and, consequently, resist
it. The incidence of resistance to immunotherapy has led to the
development of a new concept of combination therapy, which
utilizes immunotherapy and chemotherapy, radiotherapy or
targeted molecular therapies. First-line chemoimmunothera-
py became the standard of care in the treatment of NSCLC.
Chemotherapy increases the effectiveness of immunothera-
py through the increased level of tumor antigens released,
the induction of inflammation within the tumor as well as
the provoked expression of various molecules found on the
surface of tumor cells (e.g. calreticulin). What also became
standard practice was the combination of chemotherapy and
immunotherapy in the treatment of locally advanced NSCLC
patients. The greatest controversy, however, was aroused by
the idea of combining immunotherapy and targeted molecular
therapies [6].

Undoubtedly, the dawn of targeted molecular therapies
has radically changed the prognosis for NSCLC patients. Tar-
geted molecular therapies inhibit the growth and progression
of tumors by means of blocking both abnormal proteins and
signaling pathways of cancer cells, which are vital to cell su-
rvival. During the last decade, considerable progress has been
made in the field of identification of driver mutations, and,
consequently, of drugs which can delay tumor progression,
thus considerably improving the survival of patients with such
mutations [7]. Three generations of epidermal growth factor
receptor (EGFR), tyrosine kinase inhibitors (TKIs) as well as
three generations of anaplastic lymphoma kinase (ALK) inhi-
bitors have been developed. ROS1, BRAF, NTRKand MET kinase
inhibitors have also become part of the standard treatment
of NSCLC. However, the percentage of mutation-positive or
gene-rearrangement-positive patients remains relatively low.
For instance, the presence of EGFR-mutant Caucasian NSCLC
patients ranges from 10 to 16% [8, 9].

Moreover, due to the emergence of tumor cell clones
resistant to targeted molecular drugs, the response to this
kind of therapy can be short-lived. Even therapeutic strategies
developed for patients with secondary mutations, such as EGFR
T790M, which use the latest generation of inhibitors, do not
produce a durable remission. It results from the fact that for
every drug, there is a different mechanism of targeted mole-
culartherapy resistance, such as secondary mutations in genes
encoding cell surface receptors, gene fusions or the activation
of alternative signaling pathways in tumor cells. In case all
options of targeted molecular therapy have been exhausted,
patients will require standard-of-care chemotherapy [10].

This is why, from the clinical standpoint, it would be worth
analyzing a combination of targeted molecular therapy and
immunotherapy, aiming to achieve a durable remission. It is
believed that genetic alterations in specific driver genes activate
the proliferation of tumor cells. It has also been demonstrated
that the activation of some oncogene pathways impacts the
way tumors are detected by the immune system, especially by
cytotoxic T-cells. On the other hand, however, “driver"mutations
usually tend to be isolated genetic alterations. It means that
such tumor cells have a low count of neoantigens, encoded by
mutant genes, and, as a result, they are not recognized by the
immune system. That explains the reduced efficiency of immu-
notherapy in the treatment of non-smoking NSCLC patients, in
whose case only isolated genetic alterations develop, such as
EGFR mutations or ALK rearrangements. In the case of smoking
patients, however, numerous genetic alterations concur and
numerous neoantigens are to be found. This is why, in clinical
trials, a high tumor mutation burden (TMB) is considered a po-
sitive predictive factor for immunotherapy [11].

There are views, however, that a combination of TKls and
immunotherapy in treatment-naive patients may be well-
-founded. The results of preclinical and clinical studies de-
monstrated the immunomodulatory effect of TKI therapy. The
studies demonstrated that gefitinib and erlotinib promoted
immune response by means of enhancing the cytotoxicity of
NK cells [12].

A study by Sheng et al., on the other hand, demonstrated
a significant increase in the number of NK cells as well as in
the level of IFN-y, and a decrease of IL-6 in patients’ peripheral
blood after 4 months of gefitinib treatment. Moreover, tumor
samples collected after gefitinib treatment demonstrated a do-
wnregulation of PD-L1 expression on tumor cells following the
use of this drug [13].

The level of PD-L1 expression is directly modified by EGFR,
ALK and other cell receptors as well as by exposure to TKIs,
which have an effect on the expression level, the activity of
receptor tyrosine kinases and the following signaling cascades.
The studies demonstrated that there was a much increased
PD-L1 expression level in NSCLC cell lines positive for the
EGFR mutation and EML4-ALK fusion gene [14-16]. There are
conflicting reports regarding the effect of EGFR-TKIs on PD-L1
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expression in EGFR-mutant NSCLC cell lines. According to cer-
tain reports, there is adownregulation of PD-L1 expression on
tumor cells as a result of tumor cells being exposed to erlotinib
or gefitinib. According to other authors, a completely reverse
phenomenon takes place. To date, elevated PD-L1 expression
on tumor cells has been the only recognized predictive factor
for immunotherapy. The identification of PD-L1 expression
in over 50% of tumor cells allows patients to be qualified for
first-line pembrolizumab therapy [13, 17].

First-line treatment of NSCLC patients

The number of clinical trials which evaluate the efficacy of com-
bination therapy with the application of targeted molecular
therapy and immunotherapy is still limited. Unfortunately, the
conducted experiments to date have indicated that the bene-
fits resulting from the use of immunotherapy in the treatment
of EGFR-mutant or ALK-positive NSCLC patients are dubious
[18]. In fact, clinical trials which employed immunotherapy
did not demonstrate any benefit from the use of anti-PD-1 or
anti-PD-L1 antibodies in the treatment of EGFR-mutant NSCLC
patients [19, 20]. The retrospective analysis demonstrated an
objective response to immunotherapy in 3.6% of the EGFR
mutation-positive or ALK rearrangement-positive patients in
comparison with 23.3% of the patients without these genetic
alterations or individuals of an unknown profile as regards the
genes under discussion [21].

There are still numerous ongoing clinical trials which in-
vestigate the efficacy of the combined immunotherapy and
EGFR or ALK inhibitors in the treatment of NSCLC patients.
The results of the clinical studies which have been published
draw attention to the fact that there was a high percentage
of adverse events as well as a frequent lack of clinical benefit
from the combined therapy.

The phase |-l KEYNOTE-021 study focused on the evalu-
ation of the efficacy of erlotinib or gefitinib in combination with
pembrolizumab as first-line therapy in the treatment of EGFR-
-mutant NSCLC patients. In the group of participants enrolled
to receive gefitinib, due to the significant toxicity resulting in
liver damage (adverse events of the 3rd and 4th grade), the
treatment was discontinued in 4 out of 7 patients. In the group
of participants enrolled to receive erlotinib, however, the safety
profile of the drug combination was acceptable. The patients
did not require having their doses reduced and the adverse
events were similar to those found in patients who received
each drug as monotherapy. These findings corroborated the
good safety profile of these combined drugs. The most frequ-
entadverse events related to treatment with pembrolizumab
and erlotinib were a rash (50% of the participants), dermatitis
acneiform, diarrhea, hypothyroidism, and pruritus (33.3% each).
The combination of pembrolizumab and erlotinib, however,
did not increase the response rate in comparison with the
previous trials which employed EGFR-TKI monotherapy [22].
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The unfavorable safety profile of the application of a com-
bination therapy based on EGFR-TKIs and ICls was also the re-
ason for the termination of a large randomized study (CAURAL)
which was terminated early because of the high toxicity of
the osimertinib plus durvalumab combination demonstrated
in a parallel phase Ib trial (TATTON) [23]. That study CAURAL
aimed to combine a third-generation EGFR-TKI, osimertinib,
with a PD-L1 inhibitor, durvalumab, in treatment-naive EGFR-
-mutant patients. Aspartate transaminase concentrations of
the 3'9and 4" degree were observed in blood plasma in 65%
of the patients, which led to the termination of the study. The
results in terms of the treatment overall response rate were not
different from the previously known results of phase Il studies
employing osimertinib as monotherapy in treatment-naive
EGFR-mutant NSCLC patients [24].

In another clinical study, atezolizumab (NCT02013219)
was applied in combination with erlotinib in the treatment of
EGFR-mutant NSCLC patients. 75% of the patients responded
to the treatment and the safety profile proved satisfactory [25].
Ina phase I trial (NCT02088112), the efficacy of durvalumab in
combination with gefitinib was investigated. The participants
of the study were EGFR-TKI-naive EGFR-mutant NSCLC patients.
The first half of the patients received both durvalumab and
gefitinib (group 1), while the other half were treated only
with gefitinib for 28 days before they started the combination
therapy (group 2). The employed combination therapy did
not increase the response rate in comparison with gefitinib
monotherapy. The objective response rate accounted for 77.8%
and 80% of the patients in group 1 and group 2 respectively.
The combination therapy induced serious adverse events in
55% of the patients [26].

In a phase I trial (GEFTREM), the efficacy of tremelimumab
immunotherapy in combination with gefitinib was investiga-
ted in stage IV EGFR-mutant NSCLC patients. Stable disease
was obtained in 67% of the evaluated patients, and the safety
profile was in accord with the previously observed adverse
events for each specific drug [27].

In the CheckMate 370 trial, a combination of nivolumab
and crizotinib was applied to treat ALK translocation-positive
NSCLC patients. 38% of them experienced serious adverse
events (most frequently hepatotoxicity), which led to the di-
scontinuation of the combination therapy, and which may
have contributed to the death of two participants [28].

There are not any available results of clinical trials which
evaluated the efficacy of the combined immunotherapy and
targeted therapies aimed at areas other than EGFR or ALK
in NSCLC patients. ROST and NTRK rearrangements or BRAF
and MET mutations occur very seldom in NSCLC patients
while inhibitors of those proteins have been developed only
recently. That is why there is not any data regarding the ef-
ficacy and safety of the combined therapy in the treatment
of such patients.



Immunotherapy in resistance to targeted
therapy

An unusually attractive concept is the idea of applying a com-
bined therapy in the treatment of patients who progressed
during the course of a targeted molecular therapy. As the-
rapeutic possibilities to employ new-generation EGFR-TKIs
are exhausted, new attempts have been made to overcome
EGFR-TKI resistance by means of combining targeted molecular
therapy with immunotherapy.

Phase Ib TATTON trial (NCT02143466), in which various
treatment combinations were employed, has, to date, been the
most advanced clinical study investigating the possibility of
combining targeted molecular therapy with immunotherapy
in order to overcome EGFR-TKI resistance. In that trial, EGFR
TKl-pretreated EGFR-mutant advanced NSCLC patients were
qualified for a combination therapy with osimertinib and one
of the three following drugs: selumetinib (MEK1 and MEK2
inhibitor), savolitinib (MET inhibitor) or durvalumab (anti-PD-
-L1 antibody). The most frequent adverse events of any grade,
which occurred in no less than 20% of all the participants
were: diarrhea (75% of the cases), a rash (58% of the cases) and
nausea (47% of the cases), developed by patients receiving
osimertinib in combination with selumetinib; nausea (67%
of the cases), a rash (56% of the cases) and vomiting (50%
of the cases), developed by patients receiving osimertinib in
combination with savolitinib; a rash (48% of the cases) and
vomiting (43% of the cases) and diarrhea (39% of the cases)
developed by patients receiving osimertinib in combination
with durvalumab. Furthermore, 38% of the patients treated
with osimertinib in combination with durvalumab developed

interstitial lung disease, which was the reason for the discon-
tinuation of the treatment and the termination of the study.
The objective response rate accounted for 42% in the group of
patients treated with osimertinib in combination with selume-
tinib, 44% in the group of patients treated with osimertinib in
combination with savolitinib, and 43% in the group of patients
treated with osimertinib in combination with durvalumab.

Even though the findings of the TATTON study demon-
strated a high frequency of adverse events, which resulted
from the combination of targeted molecular therapies and
immunotherapy, other studies demonstrated a much better
safety profile of this type of treatment. A good example is the
CheckMate 012 study, where 21 EGFR-mutant NSCLC patients
(20 erlotinib-pretreated and 1 EGFR-TKI-naive) received nivo-
lumab in combination with erlotinib in order to overcome
resistance to the latter drug. The objective response rate
accounted for 19%. The findings demonstrated a 24-week
progression-free survival rate of 51%, and a 1-year overall
survival rate of 73%. Serious adverse events (diarrhea, neph-
ritis, an increase in liver function enzymes) occurred in 21%
of the patients. The findings suggest that a combination of
erlotinib and nivolumab has an acceptable safety profile and
can ensure certain clinical benefits for EGFR-mutant NSCLC
patients who developed resistance to previous EGFR-TKI
treatment [29].

Conclusions

Currently, there is a number completed and ongoing clinical
trials aiming to evaluate the combination of new-generation
EGFRand ALK inhibitors and immunotherapy in selected popu-

Table I. Completed and active clinical trials of immune checkpoints inhibitors in combination with EGFR/ALK TKIs in advanced or metastatic NSCLC

Clinical trial Phase ICI
KEYNOTE-021 I pembrolizumab
CAURAL Il durvalumab
NCT02013219 Ib atezolizumab
NCT02088112 I durvalumab
GEFTREM I tremelimumab
CheckMate 370 I nivolumab
TATTON I durvalumab
CheckMate 012 I nivolumab
NCT01998126 I nivolumab/ipilimumab
NCT02393625 I nivolumab
LUXLUNGIO Il pembrolizumab
NCT02511184 | pembrolizumab
Javelin Lung 101 Ib/11 avelumab
NCT02898116 I durvalumab

TKI Setting
erlotinib/gefitinib first line EGFR + advNSCLC
osimertinib first line EGFR + advNSCLC
erlotinib first line EGFR + advNSCLC
gefitinib first line EGFR + advNSCLC
gefitinib first line EGFR + advNSCLC
crizotinib first line ALK + advNSCLC
osimertinib TKl-pretreated
erlotinib 20 erlotinib-pretreated patients, 1 TKl-naive

erlotinib or crizotinib first line EGFR + or ALK + advNSCLC

ceritinib first or second line ALK + advNSCLC
afatinib pretreated EGFR + advNSCLC
crizotinib first line ALK + advNSCLC

crizotinib/lorlatinib first or second line ALK + advNSCLC

ensartinib first line EGFR + advNSCLC
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lations of TKI-naive or EGFR- or ALK-pretreated NSCLC patients
who progressed following the applied treatment (tab. I). The
initial findings suggest that combination therapy has failed to
demonstrate clinically meaningful efficacy and there are no
strong signals of its future development; furthermore the safety
profile is not always acceptable. The lack of long-term observa-
tion does not allow one to draw any definitive conclusions [30].

The ongoing attempts to combine targeted molecular thera-
pies with immunotherapy may evolve into new therapeutic strate-
giesin the treatment of NSCLC patients. However, the application
of combined targeted molecular therapy with immunotherapy in
treatment-naive patients is probably unfounded. Undoubtedly,
the evaluation of the efficacy and safety of combined EGFR and
ALK treatment in conjunction with immunotherapy still requires
further research [32]. Perhaps the direction of further research
should be changed to tumor immunophenotype profiling, and
the research itself should focus on methods of modulating the
immune response leading to modification of the tumor micro-
environment. It appears that targeted molecular therapy can
change the tumor immunophenotype from “cold” (no immune
infiltration of tumor) to"hot"(significantly more immunogenic and
infiltrated by the immune system). Currently, following the failure
of EGFRTKI treatment of EGFR-mutant NSCLC patients, ongoing
clinical trials combine immunotherapy (nivolumab) with chemo-
therapy andimmunomodulating therapy (plinabulin-microtubule
polymerization inhibitor) [22]. This creates new possibilities for
the conduct of further research and sets a new course in the
treatment of NSCLC.

A detailed profile of interactions between cells of the
immune system and cancer cells that contain various genetic
abnormalities, identification of reliable predictors in the appli-
cation of immunotherapy, and expertise in the mechanisms
of acquired tumor resistance to immunotherapy and targeted
molecular therapies are undoubtedly research directions that
will contribute to the progress in treatment of patients with
NSCLC.The increasing progress of science in terms of mecha-
nisms of targeted molecular therapy and immunotherapy will
facilitate the development of new drugs and new effective
strategies in the treatment of NSCLC patients.
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Results of studies on coexistence of rheumatic and oncological diseases are somewhat conflicting in the literature.
This is probably due to various methodological problems of the conducted research such as: small groups of patients,
possible Berkson's bias, lack of information about the most important factors affecting the risk of developing cancer
including lifestyle, body mass index, use of tobacco and alcohol, family history of cancer and autoimmune diseases,
misclassification of diseases in administrative registries, differences including geographical, racial factors, and a relatively
short observation period. The risk of cancer development or recurrence in patients treated for rheumatic disease is very
low, estimated as 2-5 cases per 1000 patients treated annually, and even lower in patients with cured cancer and 5 years
after completion of oncological treatment. In the absence of clear recommendations for cancer screening of patients
with rheumatic diseases, there is a need to develop guidelines for screening.
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Introduction

The literature data on the relationship between rheumatic di-
seases and malignancies dates back to the second decade
of the 20" century, when Stertz described a case in 1916 of
a patient with inflammatory muscle disease and coexisting
gastric cancer [1]. Cancer and rheumatic diseases have similar
etiological factors, which generally boil down to the lack of or
impaired immune surveillance of the body. The main cause
of cancer development in patients with rheumatic diseases is
a chronic activation of the immune system and inflammatory
process, which may be explained to some extent by common
etiopathological factors in both groups of diseases: genetic,

environmental, immune surveillance disorders, which is referred
to as multi-disease phenomenon.

Methodological pitfalls

The results of studies on coexistence of rheumatic and oncolo-
gical diseases are somewhat conflicting in the literature [2, 3].
Thisis probably due to various methodological problems of the
conducted research. Most analyses of the association between
rheumatic diseases and cancer are based on small groups of
patients, which, from a statistical point of view, make it difficult
to see possible associations. Moreover, in analyses of hospital
registries of oncological patients or patients with rheumatic di-
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seases, Berkson's bias may appear when paradoxically, there are
more patients with rheumatic and cancer diseases than with
rheumatic diseases alone. This happens when control groups
are notincluded. What is more, the literature reports generally
do not provide information about the most important factors
affecting the risk of developing cancer including lifestyle, body
mass index, use of tobacco and alcohol, family history of cancer
and autoimmune diseases. In addition, based on available
data from administrative registries, there is a possibility of mi-
sclassification of diseases with respect to both rheumatic and
cancer diseases, which in turn may lead to misinterpretation
of data on cancer risk. Also, associations between rheumatic
diseases and cancer vary by type of disease, population and
geographic zones, racial and ethnic factors. For example, a stu-
dy performed in one geographical area is not corroborated by
a study performed in another part of the world. Meta-analyses
concerning cancer development in the course of biological
therapy of rheumatic diseases, and likewise, are burdened with
methodological errors such as a relatively short observation
period compared to known and long-used cytostatic drugs,
basing the assessment of treatment effectiveness on time to
disease progression instead of overall survival time. Another
problem is survival bias resulting from the fact that rapidly
progressive malignancies may be underrepresented because
patients may die prematurely or die from other (nhoncancerous)
causes before cancer diagnosis [4].

Many studies use short follow-up periods making long-
term cancer risk analysis difficult. Studies on the association
of drugs used in rheumatology in the induction of second-
ary cancers are often based on data from transplantation.
However, the use of observations from transplantation has its
limitations, as multiple drugs are used in immunosuppressive
therapy after transplantation and it is difficult to determine
which (if any) drug is responsible for tumor development
or recurrence. Moreover, it is difficult to translate data from
immunosuppression used in transplantology to immunosup-
pression used in rheumatology, because in the first case there
is no autoimmune disease, and in rheumatic diseases autoim-
mune processes are usually present. Some authors raise the
problem that data obtained from randomized clinical studies
and meta-analyses do not always meet the needs of patients
and clinicians due to potential biases favoring positive results
of these studies and a paucity of head-to-head comparisons
between biologically active agents [5].

Coexistence of rheumatic diseases and cancer

Taking into account all the above mentioned methodological
limitations, many publications point to the coexistence of
rheumatic diseases and cancer, which can take the form of
paraneoplastic syndromes, cancers induced by rheumatic
disease therapy and conversely rheumatic disease induced
by anticancer therapy [6-8]. Some rheumatic diseases may
increase the incidence of cancer and a problem of particular

importance is the induction of cancer under the influence of
antirheumatic therapy. The extent of this problem is impos-
sible to assess due to the lack of complete knowledge about
the etiopathogenesis of both groups of the diseases and the
inability to distinguish secondary from primary metachronous
tumors.

Basically, the risk of cancer development or recurrence in
patients treated for rheumatic disease is very low, estimated as
2-5 cases per 1000 patients treated annually, and even lower
in patients with cured cancer and 5 years after completion of
oncological treatment [9].

A study by Chang et al. evaluating cancer incidence in
patients with different rheumatic diseases showed that diffe-
rent rheumatic diseases are associated with the risk of specific
cancers [3]. According to Penn, the risk of cancer recurrence
after rheumatic disease therapy can be defined as:

« low (0-10%) and concerning cancers of: testicle, cervix,
thyroid and lymphoma,

- medium (11-25%) and concerning cancers of the endo-
metrium, colon, prostate, breast, Wilms tumor,

+ high (above 25%) and it involves bladder cancer, kidney,
skin, malignant melanoma, sarcomas and multiple my-
eloma [10].

The mutual association between cancer and rheumatic
diseases is best known in rheumatoid arthritis (RA), systemic
lupus erythematosus (SLE), Sjogren syndrome (SS), inflam-
matory myopathies, scleroderma and vasculitis. The highest
association was described in lymphomas, but the association
of rheumatic diseases with solid tumours has been incon-
sistent. In the epidemiological study based on the National
Health and Nutrition Examination Survey (NHANES), breast
and prostate cancer were the most common malignancies
observed in patients with rheumatoid arthritis [11]. Meta-anal-
ysis of Simon et al. showed increased risk in RA patients for
lymphomas, and to a lower degree for lung cancer but not
for other malignancies [12]. These results are consistent with
reports from other publications [13-14]. RA conveys some risk
for cancer development but also influences cancer survival in
patients with concomitant RA, especially in elderly patients
with breast and prostate cancer [15].In a retrospective cohort
study, higher mortality was also found in RA patients with lung
cancer [16]. Giat et al. showed that biologic therapy in RA does
not significantly increase the risk of malignancy in RA patients,
but this is influenced by different ethnic and environmental
factors [17]. RA and dermatomyositis and polymyositis is asso-
ciated with higher mortality in patients with lung and breast
cancer, whereas systemic sclerosis is associated with decreased
mortality in patients with lung cancer [17]. Environmental and
geographic factors were shown to play a role in development
of dermatomyositis and polymyositis in different types of can-
cer. For example, nasopharyngeal cancer is common among
Chinese and Korean patients with dermatomyositis and poly-
myositis while seldom in Jordan’s population.
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Theincidence of SSis associated with a risk of malignancy,
especially of the lymphatic system. Patients with that disease
have a 10-fold to 44-fold greater risk of developing malignant
lymphoma than the healthy population; among this group
of malignancies the most common are mucosa-associated
lymphoid tissue lymphoma, diffuse large B-cell lymphoma
and marginal zone lymphoma, which account for 90% of the
lymphomas developed in SS[18]. SSis also associated with an
increased risk of multiple myeloma and lung cancer. The latter
is 5 times more common in SS. A nationwide retrospective
case-control study in Taiwan showed that patients with SLE
and SS have a significantly increased risk of nonmelanoma
skin cancer [19]. Decades of research on the association of SLE
with cancer provide interesting data. While SLE is associated
with a 4-fold increased risk of non-Hodgkin lymphoma, some
studies report a decreased risk of female hormone- depen-
dent cancers: breast, ovarian and endometrial [20-22]. Several
studies also reported increased risk of cervical, vulva/vaginal,
head and neck, thyroid, bladder and kidney, liver and nonme-
lanoma skin cancer in patients with SLE [20, 21, 23-27]. The
risk of malignancy in scleroderma has been described in three
meta-analyses [28-31]. Onishi et al. examined 6641 people with
scleroderma from Australia, northern Europe, Taiwan and the
United States and showed an increased risk of lung, liver and
hematologic cancers overall, as well as an increased risk of
bladder cancerin women and nonmelanomatous skin cancer
in men [29]. Similar results were observed in meta-analysis
by Zhang et al. [30]. The authors observed increased cancer
risk for lung cancer, hematopoietic cancer and non-Hodgkin
lymphoma. The largest meta-analysis to date was conducted
by Bonifazi et al. [31]. This meta-analysis was based on 16
observational studies and included publications presented
by two earlier mentioned research groups. Investigators have
demonstrated the risk of lung cancer and hematologic mali-
gnancies in patients diagnosed with scleroderma.

The idiopathic inflammatory myopathies (IIMs) are mul-
tisystemic diseases that include different systemic autoim-
mune rheumatic diseases such as: polymyositis (PM), adult
dermatomyositis (DM), necrotizing myopathy (NM), myositis
associated with another autoimmune diseases, cancer-asso-
ciated myositis, juvenile myositis (JDM) and inclusion body
myositis (IBM) [31]. The association between IIMs and cancer
development is described in many large population studies
[33-37] and is strong for patients with DM and less for PM,
uncertain for NM or IBM, and not present with JDM. Clinical
risk factors for cancer developmentinclude: age over 50 years,
male gender, dysphagia, cutaneous necrosis, ulceration and
vasculitis, sudden onset of myositis, refractory myositis, abnor-
malities in laboratory tests, especially concerning markers of
inflammatory process [38-44].

Special attention is paid to targeted oncology therapies as
they are associated with rheumatic immune-related adverse
events (irAEs), estimated to be 5-10% in cancer patients tre-
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ated with immune-checkpoint inhibitors (ICis) [45]. The most
frequentrheumatic irAEs are: arthritis (1-7%), sicca ( 1.2-24.2%),
myositis (0.4-6%) and polymyalgia rheumatica (0.2-2.1%). Less
commonly observe syndromes are: de novo onset of sarcoido-
sis, vasculitis, lupus, antiphospholipid syndrome, scleroderma-
-like syndromes, bone abnormalities [45].

Screening for malignant diseases

Some authors point out that patients treated for rheuma-
tic diseases should be monitored for the development of
possible malignancies. The issue of screening for malignant
diseases in patients with diagnosed rheumatic disease is at
least debatable. In general, the number of cancer types for
which screening is justified is small. In addition, the highest
incidence of cancer and rheumatic diseases is observed in
the elderly, but current recommendations and guidelines do
not provide screening tests for people over 65 years of age.
Nevertheless, there are reports in the literature recommending
certain examinations to be performed in patients after antir-
heumatic treatment in search of possible neoplastic disease.
This is difficult because it is unclear what such monitoring
should look like, especially since most of the described can-
cers do notinvolve screening for these diseases in potentially
healthy, non-cancerous individuals. Moreover, the most frequ-
ently diagnosed neoplastic diseases arising in the course of
antirheumatic therapy (for example lymphoid malignancies,
bladder cancer) are not screened in the healthy population.
Also, it is not known which examinations at what time after
the completion or duration of antirheumatic therapy should
be done and whether all or only a selected group of patients
should be screened for the presence of neoplastic diseases.
What is more, screening procedures may vary in different
countries. Therefore, instead of carrying out screening te-
sts, which do not exist for certain diseases, one should pay
attention to such symptoms as, for example: weight loss,
sub-febrile states, enlarged lymph nodes (lymphoid tumors),
hematuria (bladder cancer). It seems that in the absence of
standards for treatment, guidelines and recommendations
for screening patients with rheumatic diseases for neoplastic
diseases should be developed. Such standards arguably sho-
uld look similar to, for example, genetic syndromes leading to
colorectal cancer, where specific screening tests are perfor-
med in the appropriate time sequence. A proposal for such
an algorithm procedure was presented by Moghadam-Kia
and coauthors for lIMs. This scheme recommends three types
of patient screening for cancer depending on the degree of
risk. For patients at high risk, intermediate risk, and low risk,
comprehensive screening, enhanced screening, and basic
screening are recommended, respectively [32]. For high risk
patients, screening should be performed annually for three
consecutive years after lIMs diagnosis and for enhanced and
basic screening, testing should be performed only once at
baseline. The basic screening includes routine blood tests,



chest radiograph, age-appropriate screening (colonoscopy,
mammography, cervical cytology, PSA). The enhanced scre-
ening includes basic screening and consideration of one or
more of the following evaluations: computed CT scanning of
the chest, abdomen and pelvis, gynecologic/pelvic ultrasound
examination in women and testicular ultrasound examination
and tumor markers in men. The comprehensive screening
includes basic or enhanced screening with consideration
of PET-CT scanning of the chest, abdomen, and pelvis [32].

[tis generally believed that an intensive diagnostic work-up
for neoplastic diseases in rheumatic patients should not be
performed unless symptoms clearly indicate the development
of neoplastic disease. Markers — especially AFP, PSA, CA-125,
CA-19-9 and CA-3 — have low sensitivity and specificity for
cancer screening in patients with rheumatic diseases. More-
over, the recommended determination of tumor markers is
not justified as they serve to monitor the treatment of cancer
and not its diagnosis. It is not uncommon to find elevated
tumor markers in patients treated for rheumatic diseases wi-
thout coexisting neoplastic diseases [46]. Tumor-associated
antigens (TAA) may be elevated in rheumatoid arthritis (RA),
rheumatic musculoskeletal diseases (RMDs), systemic sclerosis
(Ssc), and systemic lupus erythematosus (SLE) [44, 46-52].The
misleading concept of using markers in cancer screening is
particularly evident in lIMs, where despite initial reports of
the role of markers, current studies do not support their role
in cancer detection [39, 52].

Conclusions

In the search for associations between cancers and rheumatic
diseases, there is a need to construct methodologically valid
studies based on a large patient populations. In the absence
of clear recommendations for cancer screening of patients
with rheumatic diseases, there is a need to develop guidelines
for screening.
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Introduction. To investigate the public interest in cancer screening before, during and after one year of the COVID-19
pandemic, in relation to the number of cases and deaths caused by the coronavirus.

Material and methods. Google Trends (GT) was used to obtain data on online interest in screening for the most
common cancer types during COVID-19 pandemic.

Results. It was found that although online interest in screening collapsed during the early stages of the pandemic, it
managed to gradually return to its pre-pandemic levels six months later despite a growing number of COVID-19 related
deaths. Nevertheless, some data and reports suggest that this unprecedented crisis may result in increased mortality
and incidence rates.

Conclusions. The study raises the importance of continuous and active actions aimed at raising cancer awareness
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which appears to be crucially important during a public health crisis such as the COVID-19 pandemic.

Key words: cancer screening, cancer information seeking, COVID-19, infodemiology, public health

Introduction

Canceris considered one of the leading causes of death global-
ly, and the rate of cancer-related deaths is expected to increase
significantly in the future. However, none of the calculations
or estimates took into account the extraordinary situation that
the world has been dealing with since the beginning of 2020 -
the coronavirus pandemic that deprioritized, delayed or even
ceased a lot of cancer care on a global scale [1]. It spurred the
World Health Organization (WHO) to issue a statement saying
that although COVID-19 poses multiple threats, the epidemic

of cancer is one that cannot be ignored and ensuring conti-
nuity of care is one of the key challenges [2].

The latest research and data indicate the alarming impact
of the COVID-19 pandemic on healthcare systems, contributing
toreduced cancer detection and treatment, which may incre-
ase cancer morbidity and mortality for years to come [3]. As
early detection through screening may substantially increase
the likelihood of cancer survival, reduce morbidity rates and
improve patients’ quality of life, the stakes are significant [4].
This refers not only to the human aspect but also the capabi-

How to cite:

Olszewski R, Obiata J, Obiata K, Mariczak M, Owoc J, Cwikliiska K, Jeziorski K. One year into COVID-19 - the infodemiology of cancer screening. NOWOTWORY J Oncol

2022;72:195-199.

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.

195



lities of healthcare systems to absorb the additional burden.
The unexpected circumstances may make some previously
curable tumors more difficult to treat, increase their number
and eventually lead to more deaths [5]. Snyder et al. already
found that globally public interest in cancer screening tests
decreased by as much as 76% during the first wave of the
pandemic [6].

The common characteristic of this and numerous other
studies is that they all investigated public health issues by
using Google Trends (GT). This widespread tool presents data
on keywords typed into the Google search engine and is
used for identifying popular health topics as well as other
purposes such as evaluating interventions for policymakers,
monitoring population concerns or even predicting waves of
influenza [7, 8].

The previous reports on online cancer screening covered
only the early stages of the coronavirus pandemic [6]. This
paper scrutinizes public interest in cancer screening during the
pandemic at the global level, to cover the entire year, checks
for any associations with the number of coronavirus deaths
and the latest available data on cancer.

Methods
We used GT to obtain data on online interest in cancer scre-
ening during the COVID-19 pandemic.

Google Trends is an analytic tool, widely used in health
research, that “analyzes Google Search searches and provides
data on temporal patterns in relative search volumes (RSV)
for user-specified terms”. RSV presents selected timeframes
(weeks, months etc.) in which a period of time with the highest
interest equals to 100 while others are shown as percentages
relative to the 100 [9].

We performed worldwide searches in Google Trends on 7 May
2021 covering the period from 5 January 2020 to 2 May 2021.
The following search terms were used: “mammogram’” for breast
cancer,"colonoscopy”for colorectal cancer,"Pap smear"for cervical
cancer and “PSA test"for prostate cancer. We also performed the
same search covering a 5-year period (from 8 May 2016 to 2 May
2021) to checkforany cyclical changes over time. Each of the final
search terms was selected based on its relative popularity measu-
red with GT. For example, we compared terms “mammography’,
“mammogram’,“breast cancer screening’,"breast examination” or
“breast test"to eventually choose “mammogram”.

Three 10-week time periods were selected in order to com-
pare online interest: one year before the COVID-19 outbreak
(3 March 2019-5 May 2019), the COVID-19 outbreak (1 March
2020-3 May 2020), one year after the COVID-19 outbreak
(28 February 2021-2 May 2021). RSV values were compared
using the Wilcoxon test. Data are presented as median and
interquartile range (IQR). The “health”query category was used
to obtain the most relevant data.

The queries referred to screening tests for the most com-
mon global types of cancer were selected according to the
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WHO Cancer Fact Sheets [10].Lung cancer was excluded from
the analysis to reduce the bias of increased interest in chest
computed tomography (CT) used in medical procedures for
COVID-19[11].

Data on weekly COVID-19 deaths came from the Our World
in Data and compared with GT results which allowed us to
compare online interest in cancer screening against the course
of the pandemic over time [12].

Results
The interest of Internet users in cancer screening over the 4 years
before the pandemic outbreak was fairly constant (fig. 1). Co-
lonoscopy had the greatest number of searches (4-year mean
RSV of 74), followed by mammogram (35), pap smear (30) and
PSAtest (9). A sharp drop of interest in cancer screening started
around 15 March 2020. Approximately six months later RSV
values managed to slowly return to their original pre-pandemic
levels. There were cyclical declines of RSV values for each of the
search terms in the second half of December. The interest in
mammography grew cyclically each October.

The decline in cancer screening interest in March 2020
coincides with the COVID-19 outbreak (fig. 2). In the following
months, RSV values began to increase despite a growing num-

—— colonoscopy ——mammogram —— PSA test

Pap smear

Figure 1. The interest of Internet users in cancer screening over 4 years
before the pandemic outbreak (2016-2020)

—— colonoscopy ——mammogram —— PSA test
Pap smear —— COVID-19 deaths
400 100 000
/\ / 90000

350

300 //\/ \ fl8000O

ARVAT

250 / V60000
2200 50000 o
“ e /\ /\/\/\/\/ 40 ooo%

I \,J\’/ 30000 ©

20000

Y

|

0 0
©O O 0O 0O 0O 0 0 O O O O O — — — —
1 A S A S A o A o o S N S A S A S A N N S |
— M N O N S — A — oM S
w w w

Figure 2. The interest of Internet users in cancer screening after the
pandemic outbreak (March 2020-April 2021)



Table I. Comparison of RSV during three 10-week periods: one year before the COVID-19 outbreak (3 March 2019-5 May 2019), the COVID-19 outbreak (1 March
2020-3 May 2020) and one year after the COVID-19 outbreak (28 February 2021-2 May 2021)

One year after the COVID-19

Search term One year before the The COVID-19 outbreak
COVID-19 outbreak median (IQR)
median (IQR)
colonoscopy 87 (84-88) 33 (28-48)
mammogram 38 (36-42) 15 (14-24)
PSA test 10 (9-11) 6 (4-6)
Pap smear 31 (29-33) 16 (14-18)

outbreak

median (IQR)

85 (85-87) 0.0077 0.5751
41 (39-44) 0.0051 0.0191
10 (9-10) 0.0051 04838
29 (27-30) 0.0051 06784

@ — comparison between the COVID-19 outbreak and one year after the COVID-19 outbreak periods; ® - comparison between one year before the COVID-19 outbreak and one

year after the COVID-19 outbreak periods

ber of cases and deaths. Moreover, the second wave of the
pandemic that started in November 2020 did not coincide
with a similar decline in cancer screening interest recorded
during the first wave.

Table | presents median values of RSV for three 10-week
periods: March—April 2019, March-April 2020 and March—April
2021.The data show that the RSV values in the initial period
of the pandemic (March—April 2020) were significantly lower
than in the corresponding period one year later. On the other
hand, a comparison of RSVs one year after the COVID-19 out-
break with the year before the outbreak, indicates that they
are comparable (the differences are not statistically significant
for colonoscopy, PSA test, Pap smear), and mammography
searches were even more frequent in the March—-April 2021
thanin March—April 2019.The largest drops independently for
each of the search terms were:

76% for mammography,

75% for PSA test,

72% for colonoscopy,

66% for Pap smear.

Discussion

The need for investigation into how COVID-19 impacts long-
-term cancer-related mortality has already been emphasized,
nevertheless some negative effects of the pandemic are alre-
ady observable [1].

The largest drop of online interest in cancer screening was
around mid-March to mid-April 2020, which corresponds with
the onset of the coronavirus pandemic officially declared on
11 March 2020 by the WHO. This may well be an important
observation as it has been recognized that people who seek
health information online are more likely to get a timely screen-
ing [13]. However, it has also been found that patients with
initial symptoms, diagnosed cancer, or limited access to medi-
cal care turn to the Internet for information, especially social
media, cancer institute’s websites, or support groups [14, 15].

Thus, it seems that the world had experienced a novel si-
tuation of both phenomena - limited access to care caused by
lockdowns and adrop in interest at the same time. The natural
cause of this seems to be the unprecedented redirecting of

everybody’s attention to coronavirus — the most popular topic
in 2020 globally according to Google’s Year in Search 2020 [16].

Another finding is that one year into the pandemic pe-
ople were looking for information on cancer screening more
often, although the number of deaths from COVID-19is much
higher. It is not clear to what extent this may be triggered by
prevention needs or first symptoms. However, this short-la-
sting phenomenon - regardless of its root causes, be it lack
of interest, lockdowns or both — appears to already have real
and serious consequences regarding delayed diagnoses [2].

Although the long-term consequences of limited access
to healthcare and screening due to all sorts of lockdowns are
yet to be seen, the alarmingly high number of excess deaths
not directly associated with the COVID-19 in some countries
is already concerning [17].

The data from Poland, collected on a monthly basis, show
that the monthly number of new suspected cases of cancer
dropped significantly during the first lockdown in March 2020
(by 38.4% in March 2020 year to year) to increase to all-time
highs a year later (by 82.9% in March 2021 year to year) [18].
The study of Koczkodaj et al. showed a decrease in the number
of issued oncology diagnosis and treatment cards in breast,
cervix and colorectal cancers during the pandemic [19]. Data
confirm that sudden and significant drops in cancer diagnoses
that started in March 2020 were observed also in the United
States [20], Denmark [21], or even Sweden [22] where a full
lockdown was not enforced.

Although the long-term consequences of limited access
to healthcare and screening due to all sorts of lockdowns are
yet to be seen, the alarmingly high number of excess deaths
not directly associated with COVID-19 in some countries is
concerning. In 2018, the number of new cancer cases world-
wide was predicted to reach 19.3 million by 2020. Naturally,
this estimate did not include the impact of the COVID-19
pandemic. It is likely though that it will have a potential im-
pact on mortality and delay diagnosis [23]. The WHO already
reported that 1 in 3 European Union countries had partially
orcompletely disrupted cancer services [2]. Some researchers
suggested that preventive cancer screening should not be
limited — even during pandemics [24].
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One year after the pandemic unfolded, the Google Trends
data suggest that the number of searches was gradually retur-
ning to its pre-pandemic level. Although we saw significant
declines in searches in December, long-term data presented
in the publication of Ellery et al. suggest that interest seen in
health-related searches is cyclical [25]. Data suggest that the
pandemic did not change search behaviors in this regard. There
were occasional increases of online interest in specific types of
cancer screening procedures during the pandemic with the
most notable referring to mammography searches that regu-
larly spiked in October. This is most likely linked to the Breast
Cancer Awareness Month and a clear indication that proper
prevention campaigns may have considerable impact [26].

The pandemic did not affect the order of the most popular
cancer screening searches with colonoscopy still topping the list.

Conclusions

The unprecedented drop in March—April 2020 was the largest
one in the entire history of searching for cancer screening
online. As this decline coincided with the peak of “covid test”
searches, it is likely that the online interest and health-related
concerns of people shifted largely to pandemic related threats.
It took approximately six months for online interest to return
to its original values, however this gap is likely to result in
increased rates of mortality and incidence.

The study raises the importance of continuous and active
actions aimed at raising cancer awareness, something that is
critically important during a public health crisis such as the
COVID-19 pandemic. Strengthening cancer awareness and tar-
geting health strategies at cancer screening is crucial as patients
with cancer history are over four times more likely to develop
critical illness while being hospitalized with COVID-19 [27].

The Google Trends cannot be used as a substitute for tra-
ditional data about cancer screening. Nevertheless, as GT has
already proven effective in predicting flu waves, one cannot
exclude that GT fluctuations in cancer screening would be
eventually followed by real data. There are some concerning
indications that such processes may already be taking place.
There is a need to closely monitor how the situation evolves
and possibly brace cancer care for additional burdens.

Availability of data and material

The data that support the findings of this study are openly
available at www.trends.google.com and www.ourworldin-
data.org/covid-death.
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Rectal cancer as a rare cause of Fournier's gangrene
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Figure 1. Fournier's gangrene prior to surgery

Fournier's gangrene (FG) is a rapidly progressive infection due to
invasion of aerobic and anaerobic bacteria. Patient presents with
septic shock [1]. Fournier's gangrene in a rectal cancer setting
is very rare [2]. We report a patient with severe FG as a first pre-
sentation of locally advanced rectal cancer. An 86-year-old man
was brought to the emergency room due to discolouration of
the scrotal region and a decrease in mental status. At admission
the patient there was necrotic swelling with black discolouration
of the scrotum and perianal region (fig. 1) with subcutaneous
emphysema. Per rectum examination revealed multiple anterior
fistulas with a bleeding mass noted right above the margin of the
anus. The patient was qualified for emergency surgery. Surgery
revealed a pelvic mass without signs of metastatic disease to
the peritoneum. A diverting sigmoid colostomy was created.
Urological intervention consisted of bilateral orchiectomy with

28 \ LN
Figure 2. View after surgical debridement

extensive debridement of the scrotum and perianal region
(fig. 2). A suprapubic cystostomy was also created. Patient was
discharged home with a colostomy bag in a good general state
after atotal hospital stay of 27 days. The histopathological report
revealed infiltrative adenocarcinoma G2 with angioinvasion.
Scrotal and testicular specimen revealed necrosis of the scrotum
and oedema and fibro-pustular infiltration of the testes.
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Figure 1. A CT scan of a gastric stump tumor

A65-year-old male patient was admitted to the surgical oncology
clinic afteran examination in August 2020 revealed 10 mm ulcera-
tion in the gastric stump (fig. 1); earlier,on 15t Feb 2019, a subtotal
gastric resection was performed due to a gastric adenocarcinoma.
A histopathological examination revealed cancer cells in 4 out of
10 of the removed lymph nodes, the margins — RO. The patient
did not qualified for adjuvant therapy after the surgery, but was
qualified for another surgical procedure and HIPEC in a clinical
center accredited by the surgical associations after considering
the non-radical character of the previous gastric surgery [1]. Du-

ring the surgery on 16 Sep 2020 on the gastric stump, the
intestinal loop, pancreas tail, part of the pancreas body, the spleen
and tumor were removed. Cisplatin was administered. PCl was
2 points and the procedure was macroscopically radical - CC-0.
The histopathological examination revealed high grade ade-
nocarcinoma in the gastric stump with the obstruction of the
lymphatic vessels. Renal clear cell carcinoma presence was con-
firmed in the spleen and pancreas area. Furthermore, there were
renal cancer cells in the splenic vessels and pancreas tail vessels.
The radiological examination from March 2021 did not show any
signs of cancer recurrence. It may be the first record describing
treatment of recurrent renal cancer with HIPEC. This example
suggests that in some cases of metastatic RCC in the abdominal
cavity, itis worth considering, further research on the subject due
to the known fact of HIPEC being an effective solution in different
cases of neoplasms [2] and lack of trials in that specific matter.
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In clinical observational studies, overall survival and cancer-specific survival are usually considered the gold standard

endpoints. Equally or even more important for older patients are patient-reported outcomes, defined as a set of patient-

-centered measures that evaluate physical, mental, and social health.

This is particularly important due to the complexity of surgical treatment and the higher risk of postoperative morbidity
and mortality. The studies showed that after these operations, the quality of life (QoL) decreases and that is improving with
time. After 6 months there was no difference in QoL between younger and older patients. Nevertheless, the results refer

mostly to the group of patients who survived the follow-up period and had no recurrence. Therefore, age itself should

not be a contraindication for pancreatic or liver surgery. QoL of patients not qualified for surgery decreased constantly.

Key words: older patients, frailty, functional results, quality of life

Chronological age alone is a poor predictor of cancer treat-
ment outcomes and toxicities [1]. Therefore, chronological
age alone should not be a contraindication for radical onco-
logical treatment in older patients. As was mentioned in our
previous publications, the population of the elderly is very
heterogeneous in terms of co-morbidity, physical reserve,
psycho-cognitive function, and social support [2]. Current
routine pre-operative assessments cannot adequately identify
older patients at risk. The frailty (surrogate of the biological
age) evaluation should be the basis for the discussion on
treatment planning. At present, it is one of the most reliable
factors predicting outcomes in the geriatric population [3].
Therefore, the comprehensive geriatric assessment (CGA) was
introduced to help to determine the primary status of the older
patient, to diagnose frailty syndrome and to identify how to

optimize the patient’s condition before the start of treatment

[4]. Subsequently, more and more organisations, including

the International Society of Geriatric Oncology, the National

Comprehensive Network, the European Organisation for the

Research and Treatment of Cancer, the American College of

Surgeons’ National Surgical Quality Improvement Program,

and the American Geriatric Society have called for the routine

use of the Geriatric Assessment. Before treatment begins, the

following questions should be discussed:

+ s the currently planned treatment strategy correct? Are
there alternative treatment options?

« What is the result of the comprehensive geriatric asses-
sment?

- Can frailty syndrome be diagnosed in the patient?

« Whatis the risk of complications?
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What would be the patient’s lifespan be without treat-

ment?

What are the goals, preferences and expectations of the

patient?

What effect might the treatment have on these goals,

particularly in terms of quality of life?

Is it possible to improve the patient’s state prior to the

surgical procedure? [4].

Fit and prefrail patients, according to the comprehensive
geriatric assessment, should be qualified for the same treat-
ment as younger patients. Frail patients should be discussed in
the oncogeriatric meeting [5]. The goal of the modifications is
toreduce surgical stress. In older patients (aged 75 years or ol-
der), pathological outcomes and postoperative complications
are predictors of survival, whereas pathological outcomes and
chemotherapy are predictors of survival in younger popula-
tion (aged 74 years or less). Thus, prevention of postoperative
morbidity may contribute to an improved prognosis for older
patients with cancer [6, 7]. However, we still need better
designed studies on a larger group of patients using frailty
evaluations — not only chronological age and comorbidity.
Existing studies on this topic are limited, too small, lack im-
portant details with unsatisfactory statistical power. In clinical
observational studies, overall survival or cancer-specific survival
are usually considered the gold standard endpoint because it
is simple and reliable to measure. Equally or even more impor-
tant for older patients are patient-reported outcomes, defined
as a set of patient-centered measures that evaluate physical,
mental, and social health [8]. This is particularly important in
the case of older patients with pancreas or liver cancer due
to the complexity of surgical treatment and the higher risk of
postoperative morbidity and mortality.

Quality of life after pancreatectomy

Although there are many studies on postoperative morbidity
and mortality in older patients, there are only few on how this
population’s quality of life is affected by pancreas resection.
The most important are presented below.

The aim of the study conducted by Gestenhaber et al. was
to observe long-term outcomes in a group of >70 patients
who underwent a pancreatoduodenectomy (PD) (96%) or
total pancreatectomy (TP) (4%). Patients with metastatic dise-
ase or incomplete data were excluded. 168 patients met the
inclusion criteria. Patients were interviewed with EORTC QLQ
C-30 questionnaire 3, 6, and 12 months after surgery. 96% of
patients underwent PD, while the remaining 4% TP. In 76%
of patients, cancer was depicted as invasive and the most
common histology was ductal adenocarcinoma (49%). There
were no intraoperative deaths. The 30- and 60-day postope-
rative mortality was 5.9% and 6.5%, while the most common
cause of death was sepsis leading to multi-organ failure. The
overall postoperative complication rate accounted for 39%
and the most frequent were septic complications. The median

follow-up lasted 32 months. QoL evaluation was performed in
70 individuals who were free of disease in the first year after
surgery. Results of the QoL assessment were compared with
the results of 20 matched (sex, age, comorbidities) patients
who underwent a laparoscopic cholecystectomy (LC). After
3 months PD group more frequently than LC group reported:

fatigue (75% vs. 13%),

loss of efficiency (70% vs. 20%),

weight loss (51% vs. 09%),

pain (35% vs. 10%)

nausea and vomiting (68% vs. 10%),

diarrhea (29% vs. 5%)

—allthese differences were statistically significant. Comparing
results 6 months postoperatively in the following domains:

physical (73% vs. 78%),

psychological (69% vs. 67%),

global health (79% vs. 84%),

global quality of life (73% vs. 79)

- the differences were not statistically significant. In patients
after PD results in functional, symptoms and global QoL do-
mains indicated constant improvement in subsequent time
intervals. Comparing PD subgroups results in all domains were
being slightly higher in patients with benign or premalignant
pathology than in the group with malignant pathology (phy-
sical 75% vs. 72%; psychological 70% vs. 69%; global health
83% vs. 78%; global quality of life 77% vs. 72%), but none of
the differences were statistically significant. The study revealed
that the quality of life in patients after a pancreatoduodenec-
tomy is improving with time from the period of surgery. The
limitation of the study is that the results only refer to patients
who survived at least a year after the operation and who in this
time did not have a recurrence of the disease [9].

The research of Kim et al. analyzed QoL in 154 patients >65,
operated due to periampullary neoplasms with regard to the
stage of nutrition. Patients undergoing palliative resection, with
metastases or recurrence, treated with neoadjuvant therapy,
with a history of other abdominal operations, after cerebro-
vascular accident or with ASA score >Ill were excluded from
the study. The primary outcome was postoperative morbidity
related to nutritional status and the secondary outcomes were:
Clavien-Dindo classification, rate of postoperative pancreatic
fistula, cognitive score and quality of life. According to a pre-
operatively performed Mini Nutritional Assessment, patients
were divided into three groups: well-nourished (13%), at risk of
malnutrition (59.7%), and malnourished (27.3%); this resulted
in statistically significant differences in body mass index (mean
values respectively: 25.6 kg/m?, 234 kg/m? and 21.1 kg/m?).
Types of operations included in the study were: pancreatodu-
odenectomy with pylorus resection (12.3%) and pylorus-pre-
serving pancreatoduodenectomy (87.7%) performed due to
malignant (79.2%) or benign (22.8%) neoplastic disease of the
periampullary area. Patients were also dichotomized based on
age, into 65-74 (n=117) and 75-85 (n = 37) years old groups.
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Overall morbidity was 41.6%. It was more frequent in patients
with a poorer stage of nutrition, with statistically significant
difference between well-nourished and malnourished groups.
There were no significant differences in morbidity between the
younger and older group. A cognitive evaluation was perfor-
med with the use of 4-point scale of cognitive function, based
on the EORTC QLQ-C30 questionnaire. Cognitive function was
evaluated preoperatively, the results were higher in patients
with better nutrition, but not significantly. There were also no
significant differences in cognitive score between age groups.
Quality of life was assessed using global health status from
EORTC QLQ-C30. Questionnaires were completed before the
operationand 3,6,and 12 months after surgery. Preoperatively,
Qol was higher in patients with better nutrition and in the
older group, but the differences were not significant. After 12
months, across all nutrition groups, an increase of QoL was
observed, compared to preoperative results. The intergroup
differencesin QoL 12 months after surgery were not significant,
but in the evaluation after 6 months it was significantly higher
in the well-nourished and at-risk of malnutrition group than
in the malnourished group [10].

Parray et al. investigated perioperative, long-term, and
quality of life results of elderly patients undergoing pancre-
atoduodenectomy. 94 patients >70 years old operated on
due to a malignant or non-malignant pathology between
January 2007 and December 2019 were included. Distal pan-
creatic resections, median pancreatectomies, enucleations
or palliative procedures were excluded. The average age was
73 years (70-85) with male prevalence (71%). The majority of
the patients underwent surgery due to the adenocarcinoma
of periampullary region (63%), the second most common
was pancreatic ductal adenocarcinoma (22%). Based on the
histopathological results, 46 patients had tumors described
as T1 or T2 stage, while 39 had T3 or T4. The 30- and 90-day
postoperative mortality was 3.1% and 5.3% respectively. Me-
dian follow-up lasted 25 months (0-108 months) and it was
completed in 95% (n = 89) of patients. 53% (n =47) were alive
atthe end of the median follow-up. The QLO-PAN26 question-
naire was used to evaluate patients'long-term quality of life at
the end of the follow-up period.

The questionnaire included answers: ‘not at all’, “a little’,
‘quite a bit"and “very much”. For symptoms-based questions
answers: “‘quite a bit"or “very much”were reported most com-
monly for weakness (94%) and backache (78%). 100% of pa-
tients reported “very much”in health care support, while 97%
of patients chose the answer“not at all"for frequency of stools.
61% of patients answered "not at all” about weight loss. The
most common answer for: abdominal pain (57%), food re-
striction (74%), and activity restriction (97%) was a little” The
postoperative complication appeared in 76.6% of patients
>70 years old and in 63% of patients <70, but the differences
were not statistically significant. The differences in mortality
between the study group and the control group were also
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not statistically significant. The conclusion of the authors was
that age alone should not be a contraindication for PD [11].

Inturn, Torphy et al. compared the QoL results in the open
and laparoscopic approach groups of patients undergoing
pancreatic resection. Patients after pancreatoduodenectomy
or distal pancreatectomy in either the open or laparoscopic
approach were included. There were no age restrictions for
the inclusion. The only exclusion criteria for undergoing a la-
paroscopic procedure was receiving neoadjuvant therapy or
vessel involvement. 159 patients were included in the study,
60.4% in the open approach group and 39.6% in laparoscopic.
71.7% of all procedures were PD and DP accounted 28.3%.
Patients were also dichotomized depending on age. There
were 80 patients <65 and 79 >65 years old. 52 patients >65
underwent laparotomy, while remaining 27 laparoscopy. The
overall complication rate was 66.7%. All participants were
asked to complete the FACT-Hep questionnaire preoperatively
and 2 weeks, T month, 3 months, and 6 months after surge-
ry. Response rates were the highest preoperatively (96.6%)
and decreased to 69.2% at the last evaluation. The internal
consistency of the questionnaire assessed with standardized
Cronbach alpha at subsequent time intervals were respective-
ly:0.80,0.76,0.81,0.81, and 0.86. Quality of life in comparison
with age groups was emphasized with the estimated beta
coefficient, with a 95% confidence interval. Evaluated in phy-
sical, emotional, social, functional, hepatobiliary domains, and
FACT-Hep Total, there were no significant differences in either
postoperative period, or in the long-term recovery between
<65 and >65 patients. The conclusion for the whole group
of included patients is that there is no significant difference
in QoL after pancreatic surgery when compared to the open
and laparoscopic surgical approach [12].

Watanabe et al. was to observe long-term outcomes of
patients after a total pancreatectomy. The study group com-
prised 44 consecutive patients between 1990-2013. At the
time of the study there were 25 survivors who were assessed
cross-sectionally. Their body weight and blood chemical pa-
rameters were evaluated. They also completed an institutional
questionnaire about sociodemographic data, ambulatory care,
exocrine and endocrine function. To collect QoL results, 25
survivors completed the SF-36v2 questionnaire — a tool con-
sisting of 36 questions on eight different domains:

physical functioning (PF),

role physical (RP),

body pain (BP),

general health perceptions (GH),

vitality (VT),

social functioning (SF),

role emotional (RE),

mental health (MH).

The separate domain results were calculated into three
summarized component scores (SCS): physical component
score (PCS), mental component score (MCS), and the role-social



component score (RCS). The SF-36v2 standard values were
determined based on general Japanese population results.
To assess the influence of age, patients were divided into <70
(n=21)and =70 (n = 23) groups. Median age was 71 (46-88),
with a prevalence of males (29 vs. 15). The indications for to-
tal pancreatectomy were pancreatic ductal adenocarcinoma
(PDAC) (45%), intraductal papillary mucous neoplasm (IPMN)
or mixed PDAC and IPMN etiology (10%). Overall morbidity rate
was 32%, while postoperative mortality was 5%. There were no
significant differences in histological diagnoses, length of stay
or surgical procedure between the younger and older group,
but the postoperative complications were more frequent in
the older group (48% vs. 14%; p = 0.02). Median follow-up
lasted 21 months (2-222). Apart from 2 patients (5%) who died
postoperatively, another 17 died during the follow-up period.
The majority of deaths were caused by underlying pancreatic
disease. The 3- and 5-year survival rate was 64% and 48%
respectively. From 25 survivors, 5 patients had a recurrence
during the follow-up. Their PF, RP, RE, and SCS scores were
significantly lower than in the non-recurrence group (n = 16,
without octogenarians). For accurate evaluation, patients who
experienced recurrence were excluded from the comparison
with national population. In two domains (PF and GH) and
one SCS (PCS), the QoL results were significantly lower than
the reference values. Patients who complained about diarrhea
(n=5) had significantly lower results in VT and MCS than those
without such symptoms (n = 16). Due to the large group of
young people in the national population, patients aged 60-69
and 70-79 were compared with their age-matched with indi-
viduals of a similar age. As a result, no significant differences
between study and general population individuals were fo-
und in any QoL domain or SCS. Results among 60-69, 70-79,
and the octogenarians groups did not reveal any significant
differences in QolL. Comparing <70 (n =9) and =70 (n = 11)
patients, the outcomes were almost indistinguishable with the
exception of the mental component score, which was signi-
ficantly lower in the younger group. In conclusion, QoL after
total pancreatectomy is satisfactory even in the elderly and age
itself should not be a contraindication for surgery. However,
the complication rate is more often higher in the older group
and the study was conducted on a very small population [13].

A comparison between the studies is difficult because of
their heterogeneity. The endpoints were evaluated using diffe-
rent questionnaires: EORTC QLQ-C30[9, 11], EORTC QLO-PAN26
[12], FACT-Hep [10] and SF-36v2 [13]. Among the studies there
were different criteria for inclusion to the QoL evaluation.
Two of the studies collected PRO only once, at the end of the
follow-up [12, 13]. Multiple postoperative assessments were
conducted in three studies: 3-months, 6-months,and 12-mon-
ths postoperatively [9, 11] and 2-weeks, 1-month, 3-months,
and 6-months postoperatively [10].

Concluding, the QoL in older patients decreases after
surgery and then is improving with time. Six months post

pancreatic surgery, there was no difference in QoL between
younger and older patients. Therefore, age itself should not
be a contraindication for pancreatic surgery. Nevertheless,
the results refer mostly to the group of patients who survived
the follow-up period and had no recurrence. This systematic
review revealed a lack of high-quality data in this area and
incontestably it undoubtedly indicated the demand for further
research in this area.

Quality of life after liver resection

There are many studies analyzing postoperative outcomes
in older patients after liver resection, however, there are only
few on how this population’s quality of life is affected by liver
resection. Most of the studies are retrospective in design.
Only a few are prospective, and none of them are randomized
control trials [14-17]. Moreover, the tools used to evaluate the
QoL isIs different in each of the studies, which makes metaana-
lysis impossible. A systemic review on instruments measuring
quality of life found that there is no gold standard in the field;
these different measures make comparisons between studies
difficult if not impossible [18].

Chen et al. compared patients >70 years of age with he-
patocellular carcinoma who underwent liver resections with
those who did not using European Cooperative Oncology Gro-
up (ECOG). Comparing pre- and postoperative performance
status scores, ECOG in the conservative group only worsened.
All patients received at least 6 months of follow up. In the
surgery group, postoperatively 7 patients received a score of
0,7 ascore of 1,and 2 a score of 2. No patient in the resection
group received a score of 3-5 [19].

Nomi et al. compared patients >75 undergoing laparoscopic
liver resection (LLR) and open liver resection (OLR). In order to
minimize selection bias, propensity score-based analysis was
performed, after which 155 patients were in the LLR group and
155 in the OLR group. After propensity score matching, 3 pa-
tientsinthe LLR group and 13 in the OLR group were transferred
to rehabilitation facilities, 12 in the LLR group and 14 in the OLR
group had their comorbidities exacerbated, and 2 patients in
the LLR group and 7 in the OLR group developed dementia [20].

Mise et al. used the Short Form-36 questionnaire to assess QoL
in 108 patients who underwent liver resection between January
2004 and January 2008. Patients were assessed before surgery,
3 months after surgery,and 6 months after surgery. Physical Com-
ponent Summaries (PCS) and Mental Component Summaries
(MCS) were determined and compared between patients at or
above 70 and patients below 70. PCS decreased at 3 months, then
increased at 6 months for both groups. Patients <70 experienced
a more drastic drop in PCS at 3 months than patients >70. MCS
increased at 3 months and 6 months for patients <70, while it
decreased at 3 months and increased at 6 months for patients >70
[21]. Quality of life appears to either remain stable or improve in
the long term in older patients undergoing liver resection. There
is still a deficit in high quality studies exploring this issue.
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Conclusions
To conclude, pancreas and liver surgery influence quality of
life in the short term. However, after 3-6 months quality of life

level is rising and is comparable with the preoperative time.

We have to remember that it was evaluated only in patients
that had a radical operation and survived the follow-up time.
Moreover, chronological age was the inclusion criteria in all
of the studies and not biological age. This is also important,
in the context that all patients not qualified for surgery had

a QoL that was constantly decreasing.
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All cancers are genetic disorders, but not all genetic disorders are inherited. Most cancers are sporadic, independent

events that do not affect other family members. There is a population risk of developing any cancer and it mainly

depends on the individual’s age and environmental factors. Cancers linked to predisposition syndromes constitute

about 5-10% of all cancer cases. Although it is a small group, making the right diagnosis is important, because of the

consequences to the individual, his/her relatives and the benefits they can acquire from surveillance, early therapy and/

or surgical interventions.

Genetic counselling plays an important role in diagnosing cancer predisposition syndromes. Hereditary cancer risk

assessment includes evaluation of personal and family history, as well as other medical and environmental risk factors.

Indications for genetic testing, scope of tests, possible results and their consequences for the patient and his/her family

should be discussed.

Key words: cancer, predisposition, sporadic cancer, hereditary cancer, genetic counselling

Cancer as a genetic disease

Any malignant tumour might be regarded as a “disease of the
genes” Cancer cells harbour a plenitude of gene mutations
and/or chromosomal aberrations that lead to the formation
of a“cancer genome’, substantially different from the “consti-
tutional genome” of an individual. Those genetic alterations
constitute the essence of neoplastic development through
which the cells acquire the ability to proliferate uncontrollably,
evade growth suppressors, immune response and apoptosis,
become immortal, induce angiogenesis, infiltrate surrounding
tissues and metastasize [1-3].

Sporadic cancers

In most cases, genetic alterations leading to cancer develop-
ment arise as “somatic events” in the cells of a given organ
during an individual's lifetime, and hence cannot be passed

on to the next generation (are not inherited). The risk of these
acquired changes increases with age and is often connected
to environmental, lifestyle or medical factors. The risk of cancer
development in another organ depends on another somatic
mutation. Those events are independent of each other and the
probability is as high as population risk for a given cancer. In
these cases we can talk about sporadic cancers. All people have
the risk of cancer development, because cancers are relatively
common in human populations. Therefore, in the same family
there might be more than one case of sporadic cancer. These are
independent events. Although in sporadic cancer cases a spe-
cific build-up of mutations (changes) in specific genes may be
important for treatment or prognosis (personalised treatment)
[4-6], these genetic changes cannot influence the risk of cancer
in any relatives of an individual who has a sporadic cancer. Each
family member has their own risk of cancer development [1-3].

How to cite:

Stembalska A, Pesz K. The role of genetic counselling in oncology. NOWOTWORY J Oncol 2022; 72: 207-210.

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.

207



Hereditary cancers

Some cancers are the result of so called “germline mutations’,
that is single gene pathogenic variants from reproductive
cells in the parent generation that have been transmitted
and are present in every cell of an individual. These variants
can be passed on to the next generation, so the presence of
genetic changes in an individual with cancer can influence
the relatives (children).

In such cases we can talk about hereditary cancers (1,2, 7,
8]. Since it is not the cancer itself that is inherited, rather the
susceptibility to cancer, the condition should be referred to as
‘cancer predisposition syndrome”.

A cancer predisposition syndrome means that there is an
increased risk of cancer development from the spectrum of
cancers associated with a particular gene. An individual who
developed a cancer in one organ still has an increased risk of
other cancers. For example: a female carrier of a BRCAT mu-
tation has an increased risk of breast, ovarian and pancreatic
cancers; with male carriers this also includes prostate cancer
[9,10]. Although cancer development risk may be much higher
than the population risk and tends to increase with a patient’s
age, itis not the same for all cancers on the spectrum. The risk
of developing a cancer from outside the spectrum s as high as
in the remainder of the population (population risk).

Because the gene mutationis presentin every cell, genetic
testing in any tissue (e.g. blood or saliva) detects gene muta-
tions that cause hereditary cancer.

Although cancer patients with inherited susceptibility
constitute only 5-10% of all cancer cases, they cannot be
neglected considering the magnitude of risk of malignan-
cy development [11-13]. Diagnosing cancer predisposition
syndromes is important, despite their rarity, because of con-
sequences to individual patients and their families and the
benefits they can acquire from surveillance, early therapy and/
or surgical interventions.

In this article, the diagnostic and clinical aspects of cancer
predisposition syndromes in the context of genetic counselling
are discussed.

Genetic counselling in oncology

The main challenge in a genetic clinicis distinguishing betwe-
en those individuals (and/or families) with high or moderate
cancer risk from those with low risk to appropriately provide
genetic testing and management [5, 11, 12].

The most numerous group of patients referred for genetic
counselling would be individuals suffering from cancers that
are common in the general population (breast, ovarian, colo-
rectal cancers) but in rare instances falling into the category of
mendelian inheritance (single gene disorders). Most hereditary
predispositions to cancers follow an autosomal dominant
pattern of inheritance, with a 50% probability of passing it on
tothe next generation [12, 14, 15]. It should be underlined that
diagnosing a predisposition syndrome means an increased
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risk of cancer development in an individual, not a diagnosis of
cancer itself. Consequently, in the firstinstance, genetic testing
should be offered to an individual with a history of cancer.
Only in cases when it is not possible to test a relative with
cancer (the individual died or declines genetic testing), should
molecular testing be offered to relatives (initially first-degree
relatives, and then others). Negative results of genetic testing
in healthy individuals (without a proven genetic mutation in
a relative) do not exclude a cancer predisposition syndrome
due to genetic heterogeneity of such syndromes (mutations in
different genes might be responsible for similar cancer spectra),
the limitations of methods employed in genetic testing and
the current knowledge of hereditary predispositions [8, 16-18].
Diagnosis of hereditary cancer predisposition syndromes
is based on pedigree-clinical criteria, different for particular
syndromes (currently approx. 50 syndromes) [8, 14, 16]. It is
important that in some cancer predisposition syndromes,
apart from malignancies, there are also noted multiple benign
tumours (examples include MENT, MEN2, neurofibromatosis
type 1, Cowden syndrome, Peutz-Jeghers syndrome, familial
adenomatous polyposis). A separate group are additionally
genetically determined syndromes/disorders in which there
is a risk of cancer development, such as: Fanconi aneamia,
Xeroderma pigmentosum, Ataxia-teleangiectasia, Nijmegen
syndrome, which are inherited in an autosomal recessive
manner. Diagnosis of these syndromes/disorders is based on
assessment of clinical features and genetic testing.

Pre-test and post-test genetic consultations

An ideal setting for oncogenetic counselling includes pre-
-test and post-test genetic consultations. The initial visit to
a genetic clinic concentrates on collecting the family history
and pedigree construction, as well as taking a personal medical
history [8, 19].

Medical information should be gathered on family mem-
bers from at least three generations. It includes details of any
malignant and benign tumours and other features such as
consanguinity. The evaluation of clinical and pedigree data
not only serves the purpose of diagnosing an alleged cancer
predisposition syndrome, but also the selection of individuals
eligible for genetic testing [8, 12, 16, 171.

Suspicion/recognition of hereditary cancer
predisposition
Families with the same or related types of cancer affecting
numerous family members, early onset of cancers (usually
younger than in sporadic forms of cancer, often younger than
the age of 50) and atypical or rare cancers (for example, male
breast cancer), multifocal cancers or multiple cancers in one
person comprise red flags for cancer predisposition syndromes.
A meticulous analysis of family history serves the purpose
of identifying cancer patterns that fulfil criteria for recognition
of cancer predisposition syndromes. Especially in situations of



three affected relatives with the same related cancer across
aminimum of two generations and at least one patient under
50 years of age [8, 9, 20].

However, due to the high overall frequency of cancers,
not all individuals with cancer from a family with a hereditary
predisposition will carry a causative mutation. For example:
larynx cancer in a lifelong cigarette smoker should not be
assumed to be caused by a familial BRCAT mutation. Further-
more, in family with a BRCAT mutation, there might be relatives
without a BRCAT mutation who develop breast or ovarian
cancer.This phenomenon is called “phenocopy” It means that
independent, different environmental or genetic factors are
responsible for the same type of cancer.

In some instances the structure of the family itself (a small
number of relatives or early deaths, no information on relatives,
adoption or assisted reproduction, etc.) limits pedigree asses-
sment. Negative family history might be also the result of false
data, incomplete penetrance (not all people with a genetic
change will develop cancer) or sex-related penetrance, for
example, inheriting through a male line a genetic variant con-
sistent with ovarian cancer. Those factors are: atypically young
age of cancer onset, multiple tumours in one individual, rare
types of cancers or tumour properties (ex. triple negative breast
cancer or microsatellite instability in colorectal cancer) may
indicate a genetic background without specifically meeting
the diagnostic criteria for a syndrome. For example, early onset
female breast cancer (before age 31 years) or adrenocortical
carcinoma or choroid plexus tumour irrespective of family
history might be indicative of Li-Fraumeni syndrome [21].

Personal history may prove relevant to making the correct
diagnosis. The presence of hamartomatous gastrointestinal
polyps would require a differential diagnosis between Peutz-
-Jeghers syndrome, juvenile polyposis syndrome and Cowden
syndrome in the least. A history of multinodular goitre and uteri-
ne fibroids may prompt a careful dermatological examination of
a patient for pathognomonic signs of Cowden syndrome 7, 15].

Genetic tests

Assessment of family and personal histories forms the basis for
formulating indications for genetic testing. There are several
approaches that depend not only on the clinical findings but
also on other factors such as the resources available for testing.
Molecular genetic testing may include:

- direct mutation diagnosis,

- single gene sequencing,

- multigene panels.

Direct mutation analysis is required when a pathogenic
variant has previously been found in a relative. In cases when
itis clinically possible to determine a diagnosis or at least have
a high probability of making one, single gene testing might be
considered. In instances when the condition might be related
to mutations in many different genes, multigene panels have
been introduced. There are no uniform recommendations on

the number of genes that should be included in such a panel,
and there are ongoing discussions on the relevance of parti-
cular genes to some cancers [18, 22, 23].

Discussion on genetic testing

The pre-test consultation should include a comprehensible
evaluation of the advantages and disadvantages of molecular
genetic testing for the patient and the possible outcomes of the
testing (positive result, negative result, inconclusive result and
accidental findings), as well as the consequences of diagnosing
cancer predisposition syndrome for other family members. Ack-
nowledging the magnitude of risk of developing cancer caused
by the identified mutation, gives the individual opportunities
for managing that risk by making life style changes, undergoing
regular screening or having preventive surgical treatment. For
many individuals it relieves the anxiety connected to the uncer-
tainty of not knowing the risk. However, there are limitations to
genetic testing that necessitate consideration. Receiving a ne-
gative result will never alleviate the risk of developing cancer
—most of the cases are caused by acquired somatic mutations.

It is also important to remember that there are no indi-
cations for genetic testing in a relative of an individual with
cancer and a negative genetic test result. However, in some
cases a different test might be offered, but this depends on
additional circumstances and might be prompted by acquiring
more clinical and family history information.

When the clinical criteria of a cancer predisposition syn-
drome are fulfilled, but no genetic alteration can be found,
counselling about the management of cancer risk should be
provided to individuals elected on the basis of a pedigree.

Sometimes the results might be inconclusive, not pro-
viding an accurate answer to the question of the exact level
of risk. Those genetic alterations are known as variants of
unknown significance. In some rare instances, performing
a genotype-phenotype correlation in family members might
elucidate the significance of a change that has been found.

For some individuals, a positive result may cause perma-
nent anxiety of a diagnosis that seems all but inevitable. Each
of the above-mentioned issues should be brought to the
individual's attention and hence they formulate the under-
pinnings of informed consent. Signing a consent form should
be preceded by disclosing fullinformation on the possibilities
and limitations of a given genetic test, the consequences of
diagnosing a cancer predisposition syndrome and its man-
agement (8,16, 17,22, 23].

Consultations after genetic test

The post-test consultation includes the explanation of the
result of the genetic testing to the individual and his family
and the various possibilities of cancer risk management that
are open to the individual. Depending on the gene involved,
a positive result (pathogenic or likely pathogenic variant) may
convey different levels of risk of cancer development in dif-
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ferent organs. For example, particular mutations in TP53 have
been linked to different levels of risk of different types of cancer
(https://tp53.isb-cgc.org/). Each significant change (patho-
genic or potentially pathogenic) will be related to a specific
clinical course of action in the field of prophylaxis and the
treatment of the patient. This is reflected in various clinical
recommendations [9, 15, 24].

A positive result is also a proof of hereditary cancer predi-
sposition syndrome, hence it is important to relatives at risk of
harbouring the mutation. With which relatives to disclose the
information should be discussed. If the result of the genetic
testing is negative — it must be interpreted in the context of the
information gathered during previous consultations. A negative
result might not exclude a cancer predisposition syndrome.
One of the most difficult issues are inconclusive results. With
the introduction of next generation sequencing, variants of
unknown significance (VUS) have become a considerable pro-
blem, requiring great caution when attempting interpretation. It
is important to attempt reanalysis of VUS as their interpretation
might change as more evidence becomes available.

It is important to remember that the risk of cancer de-
velopment is never zero. Each individual, even in a situation
of exclusion of a cancer predisposition syndrome, has a po-
pulation risk of cancer development. Individuals, according
to their genetic makeup, have different levels of cancer risk
development. Life style changes, screening strategies and,
in some cases, prophylactic surgical interventions, according
to the level of cancer risk development should be discussed.

Conclusion

Cancer predisposition syndromes are rare in oncological prac-
tise. However, their recognition has a significant impact on
screening and the management of individuals with a high risk
of cancer development. Adequate care for these patients can
be provided only in a multidisciplinary setting that includes
an oncologist and clinical geneticist.
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