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distribution width have an inferior outcome in chronic
lymphocytic leukaemia patients
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Introduction. Chronic lymphocytic leukaemia (CLL) is an incurable disease of the elderly, characterised by gradual accu-
mulation of small mature B lymphocytes which escape apoptosis through inflammatory signals from the microenviron-
ment. Elevated inflammatory markers are associated with very poor prognosis in different types of cancer. Therefore, we
examined retrospectively the impact of platelet lymphocyte ratio (PLR) and platelet distribution width (PDW) on 180 CLL
patients’ outcome.

Materials and methods. This retrospective study included 180 patients with CLL who were diagnosed and selected
among cases referred to the Oncology Center Mansoura University between January 1%, 2008 and June 30", 2016. All the
relevant information was collected from the electronic medical records of the selected patients.

Results. Our results revealed that low PLR (<2.5) was more frequently observed in patients with stage C (p < 0.001), with 17p
deletion (p =0.017), and CD38 expression (p = 0.08), but not with seropositive HCV patients (p = 0.2). High PDW (=18.5 f1)
was more frequently associated with intention to treat population (p = 0.038), and CD38 expression (p = 0.068), but not
with 17p deletion (p = 0.25) and seropositive HCV patients (p = 0.4). Multivariate analysis for overall survival showed that
stage A and low PDW were independent factors for overall survival (p = 0.014 and 0.04 respectively), while high PLR (p =
0.05), and seronegative HCV patients (p = 0.1) lost their significance.

Conclusion. Our data showed that low PLR and high PDW were associated with poor prognostic markers. Stage C-CLL
and high PDW were independent predictors of survival.

Key words: chronic lymphocytic leukaemia, platelet distribution width, platelet-to-lymphocyte ratio

Introduction

Chronic lymphocytic leukaemia (CLL) is an incurable disease
that is characterized by gradual accumulation of small mature
B lymphocytes [1]. These lymphocytes are dormant replica-
tional cells that accumulate in the marrow and peripheral
blood, due to extrinsic survival signals from the microenvi-
ronment [2].

These leukaemic lymphocytes can resist apoptosis by in-
flammatory signals compared to normal B lymphocytes. Actual-
ly, CLL patients present with manifestations that typically occur
in chronicinflammatory disorders which make the role of inflam-
mation clear [3]. Thrombocytopenia in CLL patients caused by
either bone marrow infiltration, immune thrombocytopenia,
hypersplenism, or myelosuppression secondary to cytotoxic
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therapy orinfection [4]. PLRis a novel inflammatory marker that
can be applied in many diseases for predicting inflammation,
and PDW represents the platelet anisocytosis and is calculated
from the distribution of individual platelet volumes [5].

Further, platelet-to-lymphocyte ratio (PLR) finds its role in CLL
that the lymphocyte and platelet counts are correlated to the
pathogenesis of CLL directly and affect management of patients.
Also, PDW does not assess heterogeneity of platelet volume only,
but also platelet activity [6]. Many studies have shown that these
two inflammatory biomarkers (PLR and PDW) are considered
prognostic factors for some non-haematological tumours [5].

To our knowledge, PDW has not been studied in CLL. So,
in our study, we aimed at investigating the role of PLR and
PDW in our CLL patients.

Materials and methods

Subjects

This retrospective study included 180 patients with CLL who
were diagnosed and selected among cases referred to the
Oncology Center Mansoura University (OCMU) between Janu-
ary 1™ 2008 and June 30™, 2016. All the relevant information
was obtained through the electronic medical records of the
selected patients. All laboratory procedures were performed in
the clinical pathology labs of OCMU. The Binet staging system
was used to classify the CLL patients:

Binet stage A: <3 areas of lymphoid tissue are enlarged,

with no anaemia or thrombocytopenia.

Binet stage B: >3 areas of lymphoid tissue are enlarged,

with no anaemia or thrombocytopenia.

Binet stage C:anaemia (<10 g/dL) and/or thrombocytope-

nia (<100 x 10%L) are present. Any number of lymphoid

tissue areas may be enlarged.

They were treated according to our institute guidelines
based on performance statue by purine based regimen or
alkylators. As far as we know, patients with immune-related
cytopenia or infection were excluded from our study.

Patient evaluation

Detailed history taking and clinical examination. Laboratory

investigations:

1. Routine work:
Complete blood count (haemogram): using the electronic
counter (CELL-DYN 3700, Abbott, Canada), PDW and PLR
were obtained, before any treatment, including PDW (fl), the
lymphocyte count (k/ul) and platelet count (k/uL). We cal-
culated the PLR by dividing the absolute count of platelets
to that of lymphocytes at diagnosis with thorough examina-
tion of peripheral blood smears stained with Leishman stain.
Liver function tests, serum creatinine, serum uric acid,
and serum LDH.
Virology screen (HCV, HBsAg, HIV): HCV Ab was detected
using Murex HCV Ag/Ab Combination 4™ generation ELISA
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kit #4J2453 Anti-Core monoclonal antibody, recombinant
antigen and peptides representing the immunodominant
regions of NS3 and core. Simultaneously, the Bioelisa ELISA
kit was used for detection of Hepatitis B surface antigen
(HBsAg). Genscreen™ ULTRA HIV Ag-Ab. The Genscreen™
ULTRA HIV Ag-Ab is a qualitative enzyme immunoassay
kit for the detection of HIV p24 antigen and antibodies to
HIV-1 (groups M and O) and HIV-2 in human serum or
plasma.

2. Work up for CLL diagnosis:
Microscopic study of bone marrow and peripheral smears.
Immunophenotyping (IPT) using American (BD FACSCAN-
TOIl) to diagnose the cases and exclude other types of
lymphoma by incubation of washed cells from peripheral
blood or bone marrow samples with fluorescein-labelled
monoclonal antibody including scoring system of CLL
(CD5,CD19,LD23,CD79b,sIgM,CD38), kappa and lambda.
Positivity in each marker can be calculated if it is more
than 20%.
FISH for detection of 17p deletion. Interphase FISH tech-
nigue was conducted on peripheral blood or bone mar-
row aspiration and trephine. Using the Olympus BX 61,
fluorescent microscope. Interphase FISH technique was
performed on samples after optimization of the protocol
using commercially available probe from Cytocell UK LPH
TP53 deletion FISH Probe Kit.

Statistical analysis

Data were analysed on a personal computer running SPSS©
for Windows (Statistical Package for Social Scientists) Release
18. A two-tailed p value of >0.05 was considered statistically
significant. For descriptive statistics of qualitative variables, the
frequency distribution procedure was run with calculation of
the number of cases and percentages. For descriptive statistics
of quantitative variables, the median and range were used.
Association between categorical variables was tested by the
ChiSquareTest or Fishers exact test. The independent-samples
t-test was used to compare the means between two groups.
Time to treat was defined as the time from diagnosis until the
start of chemotherapy or death. Overall survival was calculated
by the Kaplan-Meier Product-Limit Estimator. Comparison of
the survival was performed by the Log-Rank Test. Exploring
variables for their independent prognostic effect on survival
was carried out using the multivariate stepwise Cox’s propor-
tional regression hazard model.

Results

The 180 CLL patients were (101 M; 79 F) with mean age
60.27 + 11.49 years. The incidence of chronic HCV infection
and HBV in our study were 38.3% and 3.9% respectively. At
diagnosis, the median PLR was 2.5 (range 0.07-42), platelets
138.5 k/ulL (range 5-459 k/uL), and the median PDW was 18.5
(range 15.6-24.9). Basic data are illustrated in table .



Table I. Basic data of studied cases

Character Value Percentage
Male/ferale 101/79 56.1%/43.9%
HCV positive 69 383%
HBV positive 7 3.9%

B symptoms - present 107 59%
WBC (k/uL) 61.85 8-960
ALC (k/uL) 525 6-900
HB (g/dl) 1 43-162
Platelet (k/uL) 1385 5-459
PLR 25 0.07-42
PDW 185 156-24.9
Stage Number %

A 3 1.7%

B 94 52.2%

C 83 46.1%

Prognostic markers

17p deletion positive (n = 35) 5 14.28%
CD38 positive (n =93) 33 35.48%
ZAP-70 positive (n = 30) 18 60%
PLR Value No (%)
Low PLR <25 86 (47.8%)
High PLR 225 94 (52.2%)
PDW No (%)
Low PDW <185l 82 (45.6%)
High PDW >185fl 98 (54.4%)
Intention to treat - population 138 76.7%
Treatment protocol No %
Wait and watch 19 10.6%
Purine based 53 294%
Alkylators based 108 60%
Status (alive/dead) 115/65 63.9%/36.1%

Table Il. Comparison between low PLR and high PLR group in CLL patients

Low PLR (<2.5)

Male 59 (62.76%)
Age >65 34 (36.17%)
HCV positive 40 (42.55%)
HBV positive 4 (4.26%)
Stage A 1(1.06%)

B 35 (37.23%)

C 58 (58%)
Intention to treat population 83 (88.29%)
CD38 positive 21 (43.75%)
ZAP-70 positive 10 (71.4%)
del (17p) 5 (23.8%)

Low PLR (<2.5) was more frequently observed in male
patients (p = 0.06) with stage C (p < 0.001), with 17p deletion
(p = 0.017), and CD38 expression (p = 0.08) and intention
to treat (p < 0.001), but not with HCV seropositive patients
(p =0.22) and ZAP-70 positivity (p = 0.28) (table ).

High PDW (>18.5 fl) was more frequently associated with
intention to treat population (p = 0.038), and CD38 expression
(p = 0.068), but not with 17p deletion (p = 0.25) and seropo-
sitive HCV patients (p = 0.43) (table Il).

The median time to initiate treatment in CLL patients was
2.05 years. It was found that the majority of intention to treat
population was associated with low PLR (p < 0.001), high
PDW (p = 0.038), seropositive HCV (p 0.027) and seropostive
HBV (p=0.2).

The median overall survival of the studied group was
5.58 years. CLL patients with stage A, hepatitis C seronegative
patients, low PDW, high PLR were associated with superior
overall survival with significant value (p = 0.001, 0.017, 0.043,
and 0.002 respectively figure 1a, b, ¢). Multivariate analysis sho-
wed that stage A and low PDW were independent factors for
OS (p=0.014 and 0.04 respectively), while high PLR (p = 0.05),
and seronegative C (p = 0.1) lost their significance.

Discussion

CLL is considered a heterogeneous disorder associated with
different clinical courses which were predicted by staging sys-
tems of Binet and Rai. However, these systems do not consider
other CLL biological features which can affect the course of
the disease [7, 8].

Hitherto, new molecular advances have resulted in the use
of expensive and complicated prognostic markers like cytogene-
ticaberrations (17p deletions, 11q deletions and trisomy 12), 32
micro-globulin, IGHV mutational status, expression of CD38 and
ZAP-70 and gene mutations like NOTCHT, MYD88 and SF3B1 [9].

Unfortunately, most of these biomarkers were not taken
in all of our cases because of either the cost and or unava-
ilability. Another limitation to this study would be immune
thrombocytopenia. However, to the best of our knowledge,

High PLR (>2.5) Test of significance p
42 (48.84%) 353 0.06
29 (33.72%) 0.12 0.7
29 (33.72%) 148 0.22

3(3.48%) 0.07 0.54
2(2.33%)
59 (68.6%) 19.26 <0.001
25 (29.06%)
55 (63.95%) 14.87 <0.001
12 (26.66%) 2.96 0.08
8 (50%) 14 0.28
0 (0%) 5.65 0.017
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Table lll. Comparison between low PDW and high PDW group in CLL patients

Low PDW (<18.5 fl)
Male 42 (51.2%)
Age >65 24.(29.3%)
HCV positive 34 (41.5%)
HBV positive 4 (4.9%)
Stage A 2 (2.4%)
B 45 (54.9%)
C 35 (42.7%)
Intention to treat population 57 (69.5%)
(D38 positive 9 (24.3%)
ZAP-70 positive 7 (43.8%)
del (17p) 2 (28.6%)
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Figure 1a. Effect of HCV infection on overall survival of studied
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Figure 1b. Effect of PDW on overall survival of studied population

patients with auto-immune hematologic manifestations were
not included in this analysis. Only two patients presented
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High PDW (=18.5fl) Test of significance p
59 (60.2%) 1.46 023
39(39.8%) 217 0.14
35 (35.7%) 062 043

3(3.1%) 0.39 053
1(1%)
49 (50%) 1.12 0.56
48 (49%)
81 (82.7%) 431 0.038
24 (42.9%) 334 0.068
11 (78.6%) 377 0.052
3(10.7%) 145 0.227
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Figure 1c. Effect of PLR on overall survival of studied population

extreme thrombocytopenia and their work up did not reveal
an immune phenomenon.

Recently, correlation between cancer and inflammation is an
important new area of research. The antitumour activity of inflam-
mation and the associated immune activation, induce tumour
growth and progression. Inflammation is an independent predic-
tor for response to therapy, event-free survival and overall survival
(OS) in diffuse large B-cell lymphoma (DLBCL) patients [10].

Molica et al. have reported that in newly diagnosed CLL
patients, the doubling time of absolute lymphocytic count
was an independent predictor of outcomes in those patients
[11]. Although platelet count prognostic value in CLL is not
well identified, thrombocytopenia is considered a treatment
indication [6]. Also, some studies have found that thrombo-
cytopenia results in a compensatory thrombopoietin release
which might correlate to some prognostic markers like ZAP-70
and CD38 [12, 13]. So, we used the PLR as it is an easily ap-
plicable clinical method that could detect the patients with
a poor prognosis early.



Cytopenia in patients with CLL can have multiple causes
including progressive bone marrow (BM) infiltration by ab-
normal lymphocytes, autoimmune disease, therapy-related,
non-CLL related disorders, or a combination of these mecha-
nisms [14]. The biological rationale in calculating PLR is that
lymphocytosis and thrombocytopenia often occured in the
advanced stages of CLL [6].

Our data demonstrated that Low PLR (<2.5) group was
significantly associated with poor prognostic markers; stage
C (p <0.001), with 17p deletion (p = 0.017), and intention to
treat (p < 0.001). They had significantly shorter OS compared
to high PLR (p = 0.002) in a univariate analysis, while they lost
their significance in multivariate analysis (p = 0.05). In solid
tumours, a positive relationship between high PLR with worse
prognosis for colorectal, gastroesophageal, hepatocellular,
pancreatic, and ovarian cancers was identified [15].

Meanwhile, Kang et al. demonstrated that PLR had si-
gnificant association with a poor prognosis in patients with
non-Hodgkin's lymphoma, treated by R-CHOP [16]. Wang et
al. reported that high PLR was associated with shorter OS and
PFS in patients with DLBCL [10], also Seo et al. found that PLR
showed independent significance in patients with advanced
stage marginal zone lymphoma treated with rituximab, vin-
cristine, cyclophosphamide, and prednisone protocol [17].
Retrospective analysis of 283 myeloma patients showed that
inverse PLR had predictive value for OS and PFS [18].

Despite recent interest in the clinical implications of acti-
vated platelets in the setting of cancer, the scope of available
data is still limited by the type of malignancy, sample sizes,
selected population and clinical outcomes studied. PDW is
ameasure of platelet heterogeneity caused by heterogeneous
demarcation of megakaryocytes. Several cytokines such as IL6,
granulocytes colony stimulating factor (G-CSF) and macropha-
ge colony stimulating factor (M-CSF) have dual functions inc-
luding regulating megakaryopoiesis and tumour progression
[19]. Another possible mechanism is that activated platelets
create a procoagulant micro-environment that protect the
tumour cells from the host immune system [20].

Increased PDW was found in gastric cancer and lung can-
cer [21, 22], and has been demonstrated to have a poor pro-
gnosticimpactin melanoma, thyroid cancer, colorectal cancer,
and laryngeal cancer. Also, studies, found that an increased
PDW was associated with advanced TNM stages and shortened
OS in patients with nasopharyngeal cancer. In contrast, other
studies showed that decreased PDW was found in thyroid and
breast cancer [23, 24],and is an unfavourable predictive factor
for non-small cell lung cancer patient survival [25].

To the best of our knowledge, our study is the first to
demonstrate the effect of high PDW in CLL patients and it
revealed that High PDW (=18.5 fl) was more frequently asso-
ciated with intention to treat population (p =0.038),and CD38
expression (p = 0.068), but not with 17p deletion (p = 0.25)
and seropositive HCV patients (p = 0.4).

Conclusions

The low PLR and high PDW are associated with poor prognostic
markers in CLL patients. CLL staging and PDW are independent
predictors of survival. Unfortunately, the other prognostic mar-
kers as 17p deletion, CD38 and ZAP-70 were not performed
forall our patients. We recommend further prospective studies
to evaluate these simple applicable and cheap biomarkers in
larger numbers of patients.
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Introduction. In this study, an original model has been developed to estimate the real TCP that is a product of the TCPs
calculated for GTV subvolumes of head and neck cancer based on 3D-IMRT dose planning.

Material and methods. Retrospective pilot group consist of 16 cases of oropharyngeal cancer in stage T1-2NO previously
treated with 3D-IMRT with at least 3-year follow-up. The total dose (TD) was 60-70 Gy in 2.0 Gy fractions delivered over
42-49 days. Within GTV two subvolumes were marked out: SVA with the planned 100% TD, and underdosed (90-95%)
SVB. The TCP for both was calculated using the original formula developed by Withers and Maciejewski.

Results. During 3-year follow-up, 8 local recurrences (LR) occurred. In about 70% of SVB “dose cold spots”encompassed
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more than 50% GTV volume. This resulted in the TCP

decrease to 60%. Thus, the real overall TCP was much lower than

a priori predicted, and in these cases local recurrences occurred.

Discussion. Both cold spot SVB volumes and their dose deficit strongly correlated with a high risk of LR.

Conclusions. In conclusion the magnitude of dose deficit and the size of cold subvolume within GTV have an indepen-
dent negative impact on real TCP and demand dose re-planning.

Key words: 3D-IMRT planning, cold spots within GTV, estimates of partial TCPs within GTV subvolumes

Introduction

Tumour cure using radiotherapy requires the sterilisation of all
tumour stem cells. A single surviving functional tumour stem
cell has a high probability of causing local tumour recurrence
[1]. With increasing radiation dose to the GTV, the number of
surviving tumour stem cells decreases exponentially, leading
to a dose-dependent rise of tumour control probability (TCP)
which follows a Poisson function of the probability that no

tumour stem cell survived in the GTV. The logical consequence
of this mechanism is that only two factors determine the de-
pendence of the TCP on tumour dose (TD), but only in the case
of homogeneous dose distribution in the GTV:
the absolute number of tumour stem cells (which is related
to the absolute tumour volume, the stem cell fraction
among all tumour cells and the repopulation rate during
the duration of the treatment);
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the slope of the exponential decrease of the fraction of

surviving tumour stem cells within the irradiated volume

(which depends on the dose per fraction, the intrinsic

tumour stem cell radiosensitivity, and which may also be

influenced by micro-environmental factors).

The dependence of the curative dose (TCP-50) on the
tumour volume has been investigated in experimental tu-
mours (in particular by Suit [2] and by Guttenberger [3]) and
in clinical studies, (e.g. Maciejewski et al. [4], Dubben et al. [5]
and Magee et al. [6]). The analysis of these data suggests that
a ten-fold difference in the absolute number of tumour stem
cells between tumours of the same type and T-stage (which
may be due to differences in gross tumour volume, tumour
stem cell fraction at the start of radiotherapy or accelerated
repopulation during radiotherapy) may represent a difference
in TCD-50 of around 7 Gy. However, the relationship between
TCP and TCD-50 is much more complicated when the dose
in the GTV is heterogeneously distributed. Theoretical calcu-
lations of the impact of dose inhomogeneity within the PTV/
GTV have been published, yet little clinical evidence to support
these calculations has been presented so far.

When the 3D-IMRT was introduced into daily practice it be-
came obvious that a dose gradient within the target leads to
non-uniform dose distribution in the tumour volume. Tome and
Fowler [7, 8] calculated an increase in the TCP for tumour subvo-
lumes boosted to higher dose, and TCP loss within under-dosed
sub-volumes (‘cold spots”). It was concluded that the clinical
impact of a dose deficit would depend not only onthe magnitude
of the deficit but also on the size of subvolume [9-11].

More than 15 years ago, Withers and Maciejewski develo-
ped a radiobiological model for changes in the TCP estimates
for subvolumes and their dependence on initial tumour stem
cell number represented by the size of the respective subvolu-
mes and the total doses delivered [unpublished]. However, at
that time, 2D radiotherapy with homogenous dose distribution
within the target was the standard and dose differences in the
GTV subvolumes were not a problem. Nowadays, 3D-IMRT with
heterogeneous dose distribution within the GTV is widely used,
which may impact on the TCP [12-15].

Material and methods

Dose planning data

For the present study, a pilot set of 16 consecutive 3D-IMRT
treatment plans for T1=T2NOMQO, sq.c.c of the oral cavity, oro-
pharynx and supraglottic larynx, all with at least 3-year follow-
-up and with apparent inhomogeneous dose distribution
within the GTV were selected from the treatment planning
data bank in our institution. Inhomogeneous dose distribu-
tion was defined as sub-volumes larger than 5% of the GTV
in which the total dose was reduced by >5%. Treatment plans
with homogenous dose distribution D100 or D95 covering the
whole GTV were not taken into account.
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Radiotherapy

For all 16 patients, the 3D - treatment plans and DVHs were
developed using the Eclipse Planning System (version 8.6 or
13, Varian). Using the Clinac 2300 accelerator with 120 MLC
and 3D-IMRT technique, conventional 2.0 Gy daily fractions
were delivered 5 days a week to a total dose ranging from
60 Gy in 42 days to 70 Gy in 48 days. There were no extensions
of overall treatment time, and therefore the time factor is not
considered in the analysis.

Tumour volume measurements
For the purpose of this study, tumour volumes were estimated
from the data bank of the CT/MRI sequential scans spaced
by 2-3 mm as proposed by Johnson et al. [11]. The primary
tumour was outlined in each scan at the TPS workstation
and the tumour volume was calculated by a computer-based
analysis system. The primary tumour volume was defined as
GTV, which ranged from 2.5 cm? to 29.2 cm?.
Forthe purpose of the present analysis, the tumour volume
was subdivided into two subvolumes:
SVA - the volume of the GTV covered by 100% isodoses
of the planned total dose (D100);
SVB - the volume of the GTV covered by on average
90-95% of the planned total dose (D90-95). The total
dose for this subvolume was converted into biologically
normalised total dose (BNTD) if given in 2.0 Gy fractions
using the L-Q model with = 10 Gy.

Initial stem cell number (K)

Following the assumptions made by McBride and Withers [9],
a tumour of 1 cm in diameter (v = 0.52 cm?3) was assumed
as a standard volumetric unit, containing 10° cells [9, 16, 17],
among which 1% possesses stem cell potential (107 tumour
stem cells). Then, the initial stem cell number in each specific
primary tumour volume (V,) would be:

K =107 x (V/0.52) [1]

Stem cell numbers in subvolumes SVA and SVB were
calculated using the same equation [1], using SVA and SVB
volumetric parameters.

Tumour cure probability (TCP)
The relationship between the number of surviving tumour
stem cells (K), tumour volume (V) and total dose (TD,) appro-
ximates simple Poisson statistics [18, 19]:

TCP = exp (-K) [2]

where K is equal:

K,= K x SF, [3]



in which K;is initial stem cell number and SF. is the surviving
fraction after the total dose (TD).

This equation can be rearranged as follows:
TCP = exp (-K; x SF) [4]

Surviving fractions may be estimated using various me-
thods, such as SF2.0 (surviving fraction after a dose of 2.0 Gy),
or effective D, , which is the dose that reduces survival to e”!
for a particular fraction regimen or the LQ model. These three
methods are mainly used in experimental radiobiology, but
are not very practical for daily clinical radiotherapy.

Mc Bride and Withers [9] suggested that the surviving
fraction can more easily be determined in terms of eD,,, i.e.
the dose which reduces stem cell survival by one decade to
10%. In our study this parameter was used. An approximate
value for eD,, for 2.0 Gy fractions was suggested as about
7 Gy [1,9,16]. Therefore using eD, ;=7 Gy, for a tumour treated
with the total dose TD, the absolute number of surviving func-
tional stem cells (not surviving fractions) would be reduced
t0 ]O,TDf/eDw_

Combining equations the subvolume TCP, can be calcu-
lated from equation:

TCP, = exp [~ (107 X (V/0.52) x (10-TP/€D0)] (5]

where 107 is approximately the number of stem cells in a tu-
mour 1 cm in diameter (0.52 cm?), V, — is tumour subvolume,
and TD; is the delivered total dose.

TCP, values were calculated using the previously given
parameters for the GTV and subvolumes A and B. Finally, the
real TCP, was calculated as a product of the TCP, and the TCP,;:

TCP,, =TCP, X TCP, [6]

For all 3D-IMRT plans, TCP, and TCP, were compared and
finally related with 3-year follow-up clinical results (local re-
currence or disease-free survival).

Clinical data

After completing the results of TCP,,, and TCP,, calculations,
they were compared with retrospective 3-year treatment out-
comes of the selected 16 patients previously treated with
3D-IMRT. The outcome end-points, i.e. local tumour control
(LTC) and local recurrence (LR) were considered. There was no
incidence of distant metastases.

Results

Table I shows initially planned TCP,, estimated from equation
[5] for the data taken from treatment planning charts of the
group of 16 cases. Dose planning and delivery had been pre-
scribed by individual radiation oncologists generally based on

theT stage criterion, even though tumour volumes differed by
about 10 times (2.5 cm?-29.2 cm?). Although there were no
extensions in overall treatment time and the standard fraction
of 2.0 Gy was given regularly, 5 days a week, in hindsight, the
choice of the total doses for some cases seemsillogical, e.g. TD
of 70 Gy was given to 4.55 cm? (pt. no. 2) whereas the tumour
volume 2.5 larger (case no. 11) received only 60 Gy and the
largest one in this series (case no. 16) received 63 Gy.

Nevertheless, except for two cases (no. 7 and no. 16), es-
timates of the planned TCP,, are within an acceptable range
and predicted a high probability of local tumour control.

The analysis of the impact of the subvolumes A and B
within GTV on estimated values of the TCP (tab. Il) shows that
TCP, estimated for SVA were generally very high. However
they do not correlate with the incidence of local recurrence.

In contrast with SVA, the size of subvolumes SVB, and de-
rived NTD and partial TCP, values had a strong impact on the
estimated real TCP values, which were decreased by 3-74%
compared to the initial TCP,, calculated from the treatment
plans. Three-dimensional least square (20, 21) planes for dose-
-volume-TCP relationship are presented in figure 1.

The spatial distribution of these three parameters esti-
mated prior to therapy appear to be of little use in predicting
the risk of local recurrence (fig. 1 a). The correlation was even
weaker when the SVA was analysed (fig. 1 b). Local recurrence
was observed in patients who received the prescribed TD. In
contrary, figure 1 ¢ shows a significant impact of “cold” dose
in SVB on TCP,, which was particularly strong when, within

Table 1. Planned TCP values for all 16 patients and gross tumour volume
(GTV) and the calculated number of tumour stem cells and prescribed total
dose (NTDp). Black dots indicate that a local tumour recurrence occurred
during 3-year follow-up

Pts T VOL.(GTV)  Log,, NTD p Planned
No Stage cm? Kp izobioGy, TCPp
1 T1 25 7.7 60 ~ 88%
2 T1 455 7.95 70 ~99%
3 T1 54 8 60 ~77%®
4 T1 56 8 60 ~77% ®
5 T2 6.2 8.1 60 ~71% ®
6 T2 6.2 8.1 60 ~71%
7 T2 8.1 8.2 60 ~65%@
8 T2 9.5 83 66 ~93%
9 T2 11.0 833 66 ~92%
10 T2 11.5 8.34 66 ~92%
1 T2 12.5 84 60 ~51%e
12 T2 14.0 843 66 ~90% @
13 T2 15.0 8.46 70 ~97% ®
14 T2 19.0 8.56 66 ~87%
15 T2 220 8.63 70 ~ 96%
16 T2 29.2 8.74 63 58% @
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Table II. Estimates of the TCP for subvolumes SVA and SVB within GTV, and realistic TCP as a product of both estimates (SVA is covered by TD100 and SVB by
TD90-95). Black dots indicate that a local tumour recurrence occurred during 3-year follow-up

SUBVOLUME A SUBVOLUME B (V,y o)
NTD 9%VOL, NTD, TCP e, TCP, TR, SV
. A TV . B B (TCP, X TCP;) follow-up
izoGy, , izoGy, ,

1 Vi 60 Gy 94% Vo, 568 Gy 78% 73% -15% DFS
2 Vi, 70 Gy 99.5% v, 61.1 Gy 95% 94% 5% DFS
3 Vs 60 Gy 88% Ve 558 Gy 53% 47% -41% LRe
4 vy, 60 Gy 94% Vi 56.8 Gy 52% 49% ~28% (Re
5 Vg 60 Gy 98% ' 56.7 Gy 41% 40% -31% LRe
6 Vi 60 Gy 78% vy, 574Gy 86% 67% 4% DFS
7 Vo, 60 Gy 76% Vi 559 Gy 62% 47% -18% LRe
8 Ve 66 Gy 95% Vig 63.2 Gy 97% 92% -3% DFS

Vs 66 Gy 99% Vs 624 Gy 78% 77% -15% DFS
10 Vs 66 Gy 99% Vs 60 Gy 56% 55% -37% DFS
n Vi 60 Gy 59% Vi 563 Gy 65% 38% -13% Re
12 v, 66 Gy 99.5% Ve 60.1 Gy 51% 50% ~40% (Re
13 Vi 70 Gy 99% Vi 56.5 Gy 23% 2% ~74% (Re
14 Vi 66 Gy 98% Vi 63.1 Gy 73% 71% -16% DFS
15 Vi 70 Gy 98% Ve 642 Gy 85% 83% -13% DFS
16 Vi, 63 Gy 94% Vi 60.7 Gy 35% 33% -25% Re

the GTV, the SVB was larger than the SVA. Therefore, the size
of SVB and respective values of “cold"TDB, but not SVA and it
parameters, substantially impacted on the decrease in the real
TCP compared with the initially planned TCP. The real TCP,
strongly correlated with the incidence of local recurrence.

Replanning of dose distribution in cases of large SVB
During 3D radiotherapy planning, heterogeneous dose di-
stribution within the target volume needs detailed searching
for possible “cold spots” and “cold doses’, not so much in the
CTVand PTV but above allin the GTV. The treatment plan and
the dose distribution should be revised by a mathematically
simple calculation of the realistic TCP and compared with the
conventionally determined TCP,, . For this task we recommend
using equation [6]. It is a simple and non-time-consuming
procedure. If an unacceptable decrease in real TCP, compared
with the planned TCP,, is found, the dose distribution within
specified volumes needs to be corrected, which should lead
to as uniform a dose distribution as possible at leastin the GTV.
Table Il shows an option of corrections of SVA and SVB and
respective TDA and TDB for 16 cases previously listed in table I
to achieve uniformly high TCP,, and TCP, above 90%, finally
resulting in an increase in realistic TCP, . This exemplifies a way to
minimise or even eliminate “cold spot”and ‘cold dose”in the GTV
togetareal TCPy close orequaltothatoriginally planned (TCPy,).

Discussion

Many authors have emphasised that both tumour volume (TV)
and tumour dose define tumour control probability (TCP) [5,
11-14,17,22]. Tumour stage (T), however, fails to provide relia-
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ble information of tumour volume and TCP. Therefore tumour
staging cannot replace measurement of tumour volumes.
Even within one tumour stage, TV can vary considerably as
shown in table I: In the group of T1-T2NOMO treatment plans
for oral cavity and oropharyngeal cancer investigated, there
was a 10-fold difference in the TV.

Analysing a survey of cervix, breast, head and neck and
melanoma clinical data Dubben et al. [5] produced a series
of steep TCP-TV-curves. Because in our model study, 16 tre-
atment plans were randomly chosen from our clinical data
bank, we cannot explain why some small TV (case no. 2)
were treated with 70 Gy whereas much larger TV received
60 Gy. It was the individual choice of different radiation
oncologists, who prescribed total doses according to the
T-stages of tumours.

The absolute number of tumour stem cells has been
shown to be proportional to the tumour volume in most
rodent and human cancers (unless there are large necrotic
volumes found [1, 2, 11, 12]). For the purpose of our study, we
assumed that 1% of tumour cells are tumour stem cells [9].

A local control rate of 90% results if on average 0.1 tu-
mour stem cells survive, or in other words, if one in ten
irradiated tumours contains one or more tumour stem cell. In
a tumour with about 10° tumour stem cells such as #16, the
stem cell surviving fraction has to be about 107"%to achieve
a local control rate of 90%. Using eD,, of 7.0 Gy assumed
in our model, it would require a total dose of approxima-
tely 70 Gy instead of the 63 Gy given to increase TCP from
approximately 40% to 90%. The observed local recurrence
thus had to be expected.
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Figure 1. 3D-least square planes for dose-volume-TCP relationships: A — for planned parameters; B — for subvolume SVA; C - for subvolume SVB; black
dots indicate local tumour recurrence occurred during 3-year follow-up

Table I1l. Examples of re-planning of dose distribution within the GTV subvolumes SVA and SVB in all patients to get similarly high TCPs in both, and also high

realistic overall TCP,

SUBVOLUME A > ACr SUBVOLUME B - BCr o
R/ NTD, > NTD,, . NTDg > NTDg TCPy, (TCP,., x’?c'PBCr)
(izoGy, ;) (iz0Gy, ;)
48% > 70% 60 Gy > 62 Gy 95% 52% > 30% 56.8 Gy > 59 Gy 95% 90%
change not needed change not needed 94%
42% > 70% 60 Gy > 65 Gy 96% 56%-30%  558Gy->61Gy 95% 91%
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SUBVOLUME B - BCr

SUBVOLUME A - ACr

NTD, > NTD,q Vs> Vgg NTD, > NTDg, (TCPLC;?EIZPBQ)
(izoGy, ;) (iz0Gy, o)

4 21% > 70% 60 Gy > 65 Gy 96% 79% > 30% 56.8 Gy > 61 Gy 94% 90%
5 6% > 70% 60 Gy > 65 Gy 95% 94% > 30% 56.7 Gy > 61 Gy 95% 90%
6 79% 60 Gy > 65 Gy 95% 21% 574Gy ->61Gy 95% 90%
7 63% > 70% 60 Gy > 66 Gy 95% 37% > 30% 559 Gy > 62 Gy 95% 90%
3 change not needed change not needed 92%

5% > 70% 66 Gy 95% 95% > 30% 624 Gy > 63 Gy 94% 89%
10 5% > 70% 66 Gy 96% 95% > 30% 60 Gy > 63 Gy 94% 90%
11 80% 60 Gy > 67 Gy 95% 20% 56.3 Gy > 63 Gy 95% 90%
12 4% - 70% 70 Gy 97% 96% > 30% 60.1 Gy > 64 Gy 94% 90%
13 40% > 70% 70 Gy 97% 60% > 30% 56.5 Gy > 63 Gy 97% 94%
14 13% > 70% 66 Gy > 68 Gy 95% 87% > 30% 63.1 Gy > 65 Gy 94% 89%
15 45% > 80% 70 Gy 97% 55% > 20% 64.2 Gy > 66 Gy 99% 96%
16 12% > 70% 63 Gy > 70 Gy 96% 88% > 30% 60.7 Gy > 66 Gy 97% 93%

Besides the absolute number of tumour stem cells, other
factors such as hypoxia, clonal radio-resistance, intercellular
communication, and repopulation rate may increase inter-
-tumour or intra-tumour heterogeneity of stem cell density
and of the resulting tumour radioresistance. Brenner [22] and
Johnson et al. [11] suggested that although some deviations
in cellular characteristics of the tumour might modify the
volume response to radiation it would unlikely be of crucial
importance. Daily fractionation with 2.0 Gy in all tumours
was given which, if at all, might lead to a similar impact on
repopulation, which is known to be a major factor causing
local recurrences in head and neck cancer. Currently, there
is no way to determine heterogeneity of repopulation rates
and starting times between tumours. Thus, the contribution
of this factor to the findings of our study cannot be properly
evaluated. The intra-tumour heterogeneity of tumour stem
cell density cannot, at present, be seriously discussed because
of the lack of reliable data, however, histopathological studies
on stem cell marker distribution may enable us in the future
to determine stem cell density in tumours.

Particularly in 3D-IMRT there is a high risk of minor dose
inhomogeneity because of the relatively steep gradient of dose
within a narrow distance from the centre of the tumour. Tome
and Fowler [7, 8], Withers [9, 10] and other authors discussed
in detail the physical and clinical aspects of “cold spots” and
‘cold doses” Whereas GTV can be precisely contoured using
radiological images, CTV and PTV can only be individually
surmised based on the experience of the radiation oncologist
because there is no chance to image small conglomerates of
tumour (stem) cells outside the GTV. Therefore we focused
on underdosed cold spots within the GTV. At the edge of the
SVB the dose may even be a bit lower, but we used an average
value to simplify our model. With constant number of fractions,
the dose per fraction is also reduced. To compare biological
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effectiveness of the total doses in both SVA and SVB, mean
total doses (NTD,) in the SVB were normalised to the dose
given in 2.0 Gy fractions using the L-Q model with = 10 Gy
and listed as NTD 1zoGy,,

The relationship between planned and delivered NTD.
for SVA and SVB is presented in table Il. The results show that
the size of the SVA which received 100% of the planned total
dose ranged from 5% to 82% but the mean TD in SVA was
high enough to correspond with high TCP,, except case no.11
for which the planned TD was too low to eradicate the SVA.
For the SVB, the situation was worse. In 11 cases, the SVB was
larger than the SVA. The real TCP values were estimated by
multiplying TCP, and TCP, calculated for SVA and SVB. The
real TCPy values significantly differ from the planned TCP,
values. All local recurrences occurred in those cases in which
a significantly reduced real TCP, was calculated.

Qur results in the present study support the suggestions of
other authors that the biological impact of heterogeneous dose
distribution and dose deficitin tumour subvolumes depends not
only on the dose deficit but also on the extent of the cold spot(s).
Tome, Fowler, Withers [7-10] and other authors postulated that
a cold spot of 20-40% of the target volume underdosed by 10%
of the prescribed TD would cause the loss in TCP by about 15% or
more. Our observations are in agreement with those theoretical
predictions. Yet, we also agree with Tome and Fowler 7, 8] and
Goitein and Niemierko [19] that a significant decrease in the TCP
depends steeply on dose even for small cold volumes, and that
such a deficit cannot be rectified by boosting the dose to the
relatively large volume of the PTV.

It is obvious that using IMRT and other 3D-conformal
techniques, some dose inhomogeneity in the GTV is unavo-
idable. The efficacy of these radiotherapy techniques cannot
only be dealt with on the basis of physical parameters alone,
disregarding radiobiological principles [10]. TCP should be



considered as a function not only of dose but also of the
initial number of tumour stem cells, indirectly expressed by
tumour subvolumes but not by tumour stages. The treatment
outcome is strongly influenced by unaccounted differences in
a spatial dose distribution. The hazard of cold spots has been
clearly documented and intuitively, even a cubic millimetre
of receiving a low dose may lead to recurrence. Such a risk
significantly increases when the size of a cold spot enlarges
from millimetres to cubic centimetres. It must be estimated
a priori as an essential part of treatment planning. Our model
involves the simple assumption of constant stem cell density,
and uniform dose distribution in each of the two subvolumes
(more than two SV can also be analysed). This model should
be taken only as example of what might occur in practice.

Whereas complex TCP equations defined by Tome [7, 8]
and Goitein and Niemierko [19] may be useful for mathemati-
cally sophisticated analyses, they are useless for daily planning
by radiation oncologists. Our proposition of TCP estimation
(i.e. our equation no. 6) is simple and can easily be used even
by a mathematically inexperienced radiation oncologist, and
it takes only about one minute using a simple calculator with
Ln and Log functions.

The unacceptable discrepancies between the planned
(tab.1) and real TCP, (tab. Il) which occurred in our study, need
re-planning procedures with the aim of enlarging the D100
subvolume (SVA) and minimising the size of the underdosed
cold subvolume (SVB) as much as possible. Examples of such
correction of the IMRT planning are shown in table |II.

Conclusions

In 3D-IMRT and other conformal radiotherapy techniques,
inhomogeneous dose distributions are unavoidable. Therefore
the hazard of underdosed cold spot(s) within the target volume
(at least GTV) should be accounted for. The efficacy of these
radiotherapy techniques expressed by local tumour proba-
bility cannot be considered based on physical parameters
alone, disregarding radiobiological principles. Tumour volume
(but not tumour stage) is an appropriate though approximate
measure of initial number of tumour stem cells which is the
most relevant predictor of the TCP. The biological impact of any
dose deficitin the cold spot(s) on the TCP depends not only on
the magnitude of the deficit but on the size of the cold spot
subvolume. Instead of the 95% isodose criterion, mappingV,
within the target receiving 100% of the planned dose is recom-
mended, which should be as large as possible, minimising the
biological impact of the underdosed cold subvolume(s). The
real TCP, is the product of the TCP, for the V, ,, and TCP for
the cold subvolume. Any serious discrepancy between the
real TCP;, and the planned TCP,, requires precise re-planning
and correction of dose distribution within GTV subvolumes.

This paper is dedicated to the memory of Rod Withers who initiated
the concept of the present work.
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Introduction. The study aimed to report the efficiency of radical radiotherapy and chemoradiotherapy in patients with
non-small cell lung cancer (NSCLC) treated in the Nu-Med Radiotherapy Center in Elblag.

Material and methods. Ninety-two patients diagnosed with NSCLC treated between 2013 and 2016 were included in
the analysis. Overall survival (OS) was estimated by the Kaplan-Meier method.

Results. The 2-year OS for all patients was 36% (median 1.5 years). Two prognostic factors had a significant impact: tre-
atment method and performance status (PS). Patients who underwent concurrent radiochemotherapy and were treated
sequentially had a better 2-year OS in comparison with those treated with radiotherapy alone (respectively 46% and 37%
vs. 25%, p < 0.05). Patients with PS 0-1 had better OS (median 1.6 years) compared with PS 2 (median 0.7 years, p = 0.04).
Other prognostic factors analysed had no impact on OS in our study.

Conclusions. The treatment results of our patients are comparable to those in published trials and meta-analyses.

Key words: non-small cell lung cancer, chemoradiotherapy, radiotherapy, overall survival

Introduction

In 2013, of more than 12.7 million malignancies diagnosed
worldwide, about 13% (1.6 million) were lung malignancies.
In Poland, lung cancer is the most common type of cancer in
men, and among women it ranks third. It's also the prime cause
of death from malignancy for both sexes [1]. Cigarette smoking
is the leading cause of lung cancer development. Smoking
increases its risk 20-30 fold [2, 3]. The treatment method of
patients diagnosed with lung cancer depends mainly on the
clinical stage of the disease and patient comorbidities. One

of the reasons for the poor prognosis is late diagnosis, and
therefore most patients are disqualified from radical surgery
[4]. According to EUROCARE 5 (EUROpean CAncer REgistry
based study on the survival and care of cancer patients), the
5-year relative survival of lung cancer patients diagnosed be-
tween 2000 and 2007 was 14.3% for Poland, and the European
average was 12.6% [5]. The most frequent histology of lung
cancer is non-small cell lung cancer (NSCLC) [6]. The 5-year
overall survival of patients diagnosed with NSCLC depending
on clinical stage ranges 4-66% [7]. For patients with early-stage
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NSCLC surgery remains the primary treatment; for locally ad-
vanced non-small cell lung cancer chemoradiotherapy is the
treatment of choice. However, the effectiveness of the latter
leaves much to be desired. We have particularly high hopes for
the addition of immunotherapy to chemoradiotherapy, which
has significantly improved survival in inoperable patients [8].

However, there are some limitations to the data supporting
treatment strategies in specific patient subsets and studies
have included heterogeneous patient populations. The de-
finition of clinical stage Il has changed over time, and early
reviews have often been inadequately powered to detect
small differences in survival outcome, have not been rando-
mised or have had limited time of follow-up. Development
in therapy: the use of more active chemotherapy agents and
refinements in radiation and surgical techniques also limit the
interpretation of earlier clinical trials [9]. The aim of this study
was to analyse and report the outcome of the treatment of
non-small cell lung cancer patients with radical radiotherapy
and chemoradiotherapy in our department.

Material and methods

A list of patients was generated from the institutional data-
base, Mosaiq and Clininet systems. The medical records of all
patients were available for this study. The research was con-
ducted on a group of 109 patients with primary, unresectable,
non-metastatic cancers, with a histopathological diagnosis of
non-small cell lung cancer, who underwent curative radio- and
radiochemotherapy between 2013 and 2016 in the Nu-Med
Radiotherapy Centerin Elblag. Seventeen patients were exclu-
ded from the analysis. The reason for exclusion was resectionin
11 patients (10%), including nine patients treated with posto-
perative radiation and two patients treated with preoperative
radiochemotherapy. Six patients (6%) who underwent therapy
because of recurrence were also excluded from the analysis. All
patients were staged with computed tomography of the chest
and abdominal ultrasound, 57 (62%) had PET examinations,
87 (95%) had a spirometric evaluation.

The stage was determined by the UICCTNM classification
of Malignant Tumours — 7t edition. A total dose of 66 Gy with
fraction dose 2 Gy was administrated in 55 patients, 66 Gy
(fraction dose 2.2 Gy) in 8 patients, 60 Gy (fraction dose 2 Gy)
in 27 cases and 50 Gy in 2 patients. Dose 60 Gy was prescribed
for concomitant treatment, 66 Gy for the sequential scheme
or for radiotherapy alone. The dose of 50 Gy was prescribed
for tumours infiltrating vertebral bodies close to the spine.
The CTVincluded lung tumour and pathological lymph nodes
with 8 mm margins. In post-chemotherapy cases, the CTV
consisted of residual lung tumour and lymph nodes with an
8 mm margin and initially involved mediastinal node groups. In
both scenarios, the PTV was created by adding 7 mm margins
radially and 10 mm in the craniocaudal direction.

Treatment plans were prepared using Prowess or Eclipse
software. Radiotherapy was delivered with Artiste (Siemens)
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Liniacs, using photons X 6 MV, with IMRT in 79 patients (86%)
and 3D technique in 13 (14%). The method was chosen by
attending a radiation oncologist, after DVH comparison.

Patients treated with chemoradiotherapy received diffe-
rent chemotherapy regimens: carboplatin-vinorelbine (KN)
(6 patients), cisplatin-vinorelbine (PN) (47 patients), carbopla-
tin-etoposide (KE) (1 patient), cisplatin-etoposide (PE) (6 pa-
tients), cisplatin (1patient), cisplatin-pemetrexed (1 patient),
KN+PN (1 patient), KN+PXL/CDDP (1 patient). The induction
chemotherapy regimen was chosen and administered by
medical oncologists from other hospitals.

The efficacy of radiotherapy and chemoradiotherapy was
estimated by survival analysis from the date of the beginning
of the treatment to the last follow-up visit/death. Variables that
can impact patient survival (sex, age, BMI, place of residence,
the distance between the place of residence and Nu-Med
Center, baseline WHO PS, clinical stage, lymph node status,
tumour localisation, type of histopathology, type of treatment)
were analysed.

The proportion between subgroups: radiotherapy alone
vs. sequential radiochemotherapy vs. concurrent radiochemo-
therapy in different factors were compared using the chi’ test.
Overall survival (OS) was estimated by the Kaplan-Meier me-
thod and differences in survival were compared by the log-rank
test. Uni- and multivariable analysis was estimated through
the Cox regression model. Univariate variables with p < 0.25
were included in the multivariable analysis. A p-value <0.05
was considered to be significant. The analysis was performed
using TIBCO Software Inc. (2017) and Statistica (a data analysis
software system), version 13. http://statistica.io.

Results

Ninety-two patients were included in the analysis. The majority
of patients were men (72; 78%) and lived in cities <100 tho-
usand (44; 48%) and villages (31; 34%). The median age was
64 years. Half of the patients (47; 51%) were of PS (performance
status) grade 0 according to the WHO/ECOG scale during the
first visit. Most patients were treated in clinical stage IllA (53;
58%) and I1IB (31; 34%), with T3—4 (70%), with N2-3 (80%), with
squamous cell carcinoma (68; 74%) and adenocarcinoma (19;
21%), tumour localisation on right side (59; 64%). Over half
(57;62%) had a PET examination before treatment. 28 patients
(30%) underwent radiotherapy only, 38 patients (41.5%) had
sequential radiochemotherapy and 26 patients (28.5%) had
concurrent radiochemotherapy. Most patients (58; 63%) were
referred from Szpital Specjalistyczny in Prabuty (the regional
pulmonological center) for treatment to the Nu-Med Center
and the 34 remaining patients (37%) where diagnosed in
hospitals in Elblag (tab. I).

More patients who received radiotherapy alone were >64
years compared with patients who underwent sequential or
concurrent radiochemotherapy, respectively 89% vs. 32% vs.
23% (p < 0.001). There was a significant difference in perfor-
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Table I. Characteristics of patients

Patient’s characteristic Radiotherapy Sequential radio-  Concurrent radio- Chi?
alone chemotherapy chemotherapy test

N % N % N 7 p




Patient’s characteristic

N %
Time of treatment from
radiochemotherapy to end
of radiotherapy
<475 46 50
>47.5 46 50

range:

Radiotherapy  Sequential radio-  Concurrent radio- chi2
alone chemotherapy chemotherapy test
\ % N % N % p
15-208 days; median 47.5 days
26 93 0 0 20 77
<0.001
2 7 38 100 6

*p-value — comparison of the percentages between subgroups: right and left tumor localization
Ap-value — comparison of the percentages between subgroups: planoepitheliale and adenocarcinoma type of histopathology

mance status (PS) according to the WHO/ECOG classification
during the first visit between patients treated with concurrent
radiochemotherapy (no one with PS 2) vs. sequential radioche-
motherapy (10% of patients with PS 2) or radiotherapy alone
(14% of patients with PS 2) (p = 0.02). Patients who underwent
a different type of treatment significantly differed in terms of
characteristics: clinical stage, lymph node status, PET exami-
nation and the time of treatment from radiochemotherapy to
the end of radiotherapy (tab. I).

The 2-year overall survival for all patients was 36%. The
median OS (MOS) was 1.5 years (95% confidence interval (Cl):
0.7-2.8 years; (fig. 1). 31 deaths (34%) were observed during
the first year, including 13 patients treated with radiothera-
py alone, 9 with sequential radiochemotherapy and 9 with
concurrent radiochemotherapy. Patients who underwent

Table Il. Overall survival of patients

2-year OS (%)

All

Age (at start of radiotherapy)
<64 years
>64 years

Sex
women
men

BMI

Place of residence
village
cities <100 thous
cities >100 thous
The distance from place of residence to Nu-Med Center
<67 km

>67 km
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36

39

33

50

32

36

36

39

32

41

30

42

radiotherapy alone had a statistically significant worse 2-year
OS (25%; mOS 1.1 years [95% Cl: 0.5-1.9 years]) in compari-
son with patients treated with concurrent (46%; mOS 1.1
years [95% Cl: 0.5-not reached]; p = 0.05) and sequential
radiochemotherapy (37%; mOS 1.7 years [95% Cl: 1.0-2.6
years]; p = 0.03). There was no significant difference obse-
rved between concurrent and sequential radiochemotherapy
(p =0.54) (Aig. 2, tab. Il). Patients with PS 0-1 during the first
consultation had a significantly better mOS - 1.6 years (95%
Cl:0.7-3.5 years) than patients with PS 2 - mOS 0.7 years (95%
Cl:0.4-1.1 years; p = 0.04) (fig. 3, tab. Il). Total treatment time,
age, sex, BMI, place of residence, the distance from the place
of residence to the Nu-Med Center, lymph node metastasis,
tumour localisation, type of histopathology, clinical stage,
PET examination had no impact on OS (tab. II).

Median OS [years] (95% Cl) Lliapis

p

15 (0.7-2.8)
16 (0.7-4.2)

0.17
15 (0.6-2.2)
16 (0.7-2.9)

042
15 (0.6-2.2)
15 (0.5-23)

0.76
16 (09-32)
15 (0.7-not reached)
15 (0.7-2.3) 0.72
16 (0.2-3.7)
15 (05-22)

0.29
16 (0.9-3.1)



Log-Rank test

2-year OS (%) Median OS [years] (95% Cl)

o

* patients with mediastinum tumor localization were excluded from the analysis
A patients with undetermined type of histopathology were excluded from the analysis
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Figure 1. Overall survival for all patients Figure 2. Overall survival by type of treatment
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Figure 3. Overall survival by performance status during the first visit

In univariate analysis, only three factors met the inclusion
criteria to a multivariate regression model (p < 0.25). In multi-
variate analysis, it was determined that performance status and
type of treatment were independent factors influencing OS.
Therisk of death in patients with WHO/ECOG grade 2 increased
by three times (PS 0-1 vs. 2, HR: 3.0; 95% Cl: 1.4-6.6; p = 0.006).
Increased risk of death was observed in patients treated with

Table IIl. Uni- and multivariate survival analysis by Cox regression model

Univariate analysis

radiotherapy alone (HR: 2.4;95% Cl: 1.0-5.6; p = 0.04) compared
with concurrent radiochemotherapy (tab. Ill).

Discussion

The optimal management of NSCLC patients depends on
multiple factors, including the clinical stage of the disease, the
potential to achieve a complete resection, the patient’s overall
condition, comorbidities and preferences. The main option for
CS I-IIIA (NO-1) NSCLC remains surgery, for clinical stages: IllA
(N2), llIB, and unresectable I-IlIA (NO-1) the standard of care
is radiochemotherapy [10].

The current analysis concerned patients qualified for treat-
ment before and after the Polish National Program of Diagnosis
and Treatment of Oncological Diseases was set. Before 2015, in
our centre, the decision to use the appropriate treatment was
made by a team of radiation oncologists, after disqualification
from surgery by thoracic surgeons. In 2015, we started to
present patients at a multidisciplinary board with a radiation
oncologist, a medical oncologist, a radiologist and a thoracic
surgeon, where an accurate treatment plan was chosen.

Curative radiotherapy alone was chosen for elders and
patients with a poorer performance status, who had con-

Multivariate analysis

Variables

Age (start of radiotherapy)
<64 years
>64 years

Sex
women
men

BMI

Place of residence
village
cities <100 thous
cities >100 thous
Distance from place of residence to Nu-Med Center
>67 km
<67 km
Performance status according to WHO/ECOG scale during first visit
0-1

2
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HR (95% Cl) p HR (95% Cl) p
1.0 reference 1.0 reference
14 (09-22) 017 0.79 (0.4-16) 0.50
1.0 reference
13 (0.7-23) 043
1.0 reference
09 (0.6-1.5) 0.76
1.0 reference
12 (0.7-2.0) 0.59
1.1 (06-2.2) 097
1.0 reference
13 (08-2.1) 030
1.0 reference 1.0 reference
29 (14-6.3) 0.006 30 (1.4-6.6) 0.006



Univariate analysis Multivariate analysis

Clinical stage
B
IIA
1B
IIIA-B
Lymph nodes
status
N-
N+
Tumor localization
left
right
Type of histopathology

adenocarcinoma
planoepitheliale

PET
yes
no

Time of treatment from radiochemotherapy to end of radiotherapy
>47.5 days
<475 days

Type of treatment
concurrent radiochemotherapy
alone radiotherapy
sequential radiochemotherapy.

* patients with mediastinum tumor localization were excluded from the analysis
A patients with undetermined type of histopathology were excluded from the analysis

traindications to chemotherapy or in whom the application
of the combined treatment would significantly increase its
toxicity. The 2-year overall survival of our patients treated with
radiotherapy only was 25% and this was at the upper limit of
the survival time reported in the literature: 5-28% [11-15].
Patients in good general condition without significant
comorbidities were qualified for combined therapies. At mul-
tidisciplinary meetings, concurrent radiochemotherapy was
the preferred option. Sequential treatment was selected when
the baseline tumour volume excluded radical radiotherapy and
chemotherapy would provide a chance to reduce tumour mass
(more advanced clinical stage, positive lymph node status).
The addition of chemotherapy to radiation has been the
subject of many trials and several meta-analyses. Firstly, its
beneficial influence on survival was demonstrated in the case
of sequential radiochemotherapy in comparison with radical

1.0 reference
13 (0.2-7.9) 0.77
2.1 (04-104) 038
0.8 (03-27) 0.76
1.0 reference
1.1 (06-2.2) 0.78
1.0 reference
1.2 (0.7-2.0) 0.51*
1.0 reference
14 (0.7-2.4) 0.32A
1.0 reference
1.2 (0.7-1.9) 0.51
1.0 reference
12 (0.7-1.8) 0.55
1.0 reference
2.1 (1.1-4.1) 0.02 24 (1.0-5.6) 0.04
1.2 (0.7-23) 0.53 1.1 (0.6-2.1) 0.72

radiation alone. Adding induction chemotherapy to radio-
therapy increased overall survival to 26-31% at two years [14,
16-18]. Secondly, the introduction of concurrent radiochemo-
therapy: although this intensification of treatment is associated
with higher toxicity, most trials showed better survival with
a concurrent association in comparison with sequential the-
rapy [17, 19-24]. Combining chemotherapy and radiotherapy
simultaneously increases 2-year overall survival to 35.6-55.6%
[8,17,18,23].

Our study showed the significant advantage of radioche-
motherapy in survival outcomes when compared with radio-
therapy alone. The 2-year survival of NSCLC patients treated
with sequential and concomitant radiochemotherapy was
37% and 46% respectively. The results were comparable to
those published in clinical trials and meta-analyses. However,
this raport did not manage to show a significant difference in
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efficiency between sequential and concomitant therapy. This
could be limited by the small size of the subgroups compared.
Unfortunately, our center, especially in the first years of ope-
ration, had no impact on the choice of combination therapy
(simultaneous vs. sequential). The majority of patients who
were suitable for concurrent treatment were referred to our
department with no initial PET-CT scan and after the admini-
stration of induction chemotherapy — without the decision of
a multidisciplinary board.

In the multivariate analysis, the type of treatment and
performance status were independent factors influencing
OS. We estimated the statistically significant increasing risk of
death in patients treated with radiotherapy alone in compari-
son with concurrent radiochemotherapy and in patients with
WHO/ECOG grade 2 at the first consultation. Polish colleagu-
es also confirmed that performance status had a significant
association with overall survival [25]. In our analyses, four PS
2 patients were treated with sequential chemoradiotherapy,
and their ECOG status was probably an effect of the extent of
the disease and chemotherapy toxicity.

In Poland, apart from clinical trias, institutional reports on
the effectiveness of oncologic treatment of lung cancer are
still lacking. A similar type of institutional report with a survival
analysis of NSCLC patients was noted in the case of patients
treated in the Warmia and Mazuria Oncology Center in Olsztyn,
Poland.The authors showed treatment results for 130 patients
treated with chemoradiotherapy in CS llIA-IIIB and the 2-year
overall survival was 37% [25]. The results are consistent with
those reported by our analysis.

Nonetheless, we are aware of the limitations of this study. It
is a retrospective analysis, with a small sample and a short ob-
servation time. Comparison of the groups also has limited value
because of the small subgroups and potential selection bias.

Conclusions

The survival data of NSCLC patients treated in the Nu-Med
Radiotherapy Center in Elblag is comparable to those publi-
shed in other papers. Forty-six percent of patients treated with
concurrent radiochemotherapy survived 2 years. The main risk
factors which decreased OS were: the type of therapy and per-
formance status. A significantly worse prognosis was noted in
the case of radiation alone compared to radiochemotherapy.
and poorer performance status during first consultation. Parti-
cular attention should be paid to the proper qualification of the
lung cancer patient for the appropriate treatment — preferebly
during multidisciplinary meetings.
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Genetics and oncology (part 1.)
Fundamentals of genetic testing-based personalised
medicine in oncology
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The dynamic development of genetics in recent decades has opened a new era in medicine. Understanding molecular
mechanisms of multiple human diseases has laid the foundations for targeted medical care, based on knowledge of the
basic pathogenesis of these diseases. This breakthrough is particularly evident in oncology because knowledge of the
molecular basis of cancer leads to a change in the paradigm of medical care for the patients. Gradually, classification and
treatment based only on organ location and histopathologic diagnosis is becoming outdated, and so is the classification
considering clinical stage and malignancy of the tumour. Personalized treatment for individual patients based on the profile
of genetic changes is increasingly common. Defining the genetic aetiology of neoplastic diseases was an achievement
that allowed for division of neoplasms into sporadic ones and those which develop due to hereditary predisposition. It also
enabled establishment of the molecular classification of neoplasms and more and more frequently — targeted treatment
and precise clinical prognosis.

This article is the first one in a series of articles written by oncologists and geneticists. We hope that this series will be helpful

for oncologists in understanding genetic problems and for geneticists — in understanding oncologic issues.

Key words: personalised medicine, oncology, molecular classification, predictive tests, prognostic tests

Introduction
Personalized (targeted, precise) medicine is based on know-
ledge of the genetic aetiology of a disease, and its objective is
tointroduce medical treatment adapted to specific molecular
alterations that cause pathology [1-3]. The underlying concept
of this approach is to optimise therapy by using precisely
targeted drugs, and thus minimizing side effects and optimi-
sing patient care costs, as targeted therapy reduces the risk
of administration of a therapy which is ineffective or leads to
adverse effects [1-3].

Thus defined, the idea of personalized medicine is not
new - it was authored by Paul Erlich (Nobel prize laureate in

1908), who developed the concept of causal treatment (magic
bullet) based on identification of the pathogenic agent [4].
In oncology, introduction of personalised procedures into
clinical practice has become possible with development of
testing techniques that allow identification of genetic changes
and molecular pathways that are key in the aetiology of cancer,
and which are present or absent in individual patients with the
same histopathological diagnosis of the tumour [1].
Currently, mainly genomic and genetic testing techni-
ques are applied to identify the “molecular target of perso-
nalised medicine” (mutations of individual genes, chromo-
some aberrations, methylation disorders). These techniques
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include next generation sequencing (NGS), cytogenic and
molecular cytogenetic tests: multiplex ligation-dependent
probe amplification (MLPA), fluorescent in situ hybridization
(FISH), array comparative genomic hybridization (aCGH), gene
expression studies, and soon, proteomic testing techniques
will be available, too [5, 6].

Genetic basis of cancer

Inresearch aimed at understanding the genetic background of
cancers, a breakthrough achievement occurred in early 1970s
with development of a model of inheriting retinoblastoma
based on the analysis of incidence of this neoplasm in affected
families, and with development of the theory concerning me-
chanism of suppressor genes’effect in this model (Knudson’s
two hit hypothesis) [7, 8]. Publications by Knudson and al.
encouraged research concerning neoplasms and nowadays,
afteryears of epidemiologic analyses, family clinical studies and
along with genetic research, 5-10% of neoplasms are known
to belong to hereditary cancer syndromes, most commonly
characterised by autosomal dominant, and more rarely — au-
tosomal recessive inheritance [9, 10].

About 15% of cancer cases are familial and are determi-
ned by multifactorial inheritance mechanism (interaction of
environmental, potentially carcinogenic and genetic factors
thatincrease individual sensitivity to their effects), and the re-
maining approximately 75% develop as a sporadic disease [11].

Studies of the constitutional genome of cancer patients
and cancer cells have led to the conclusion that they are two
different genomes: the constitutional shows stability and
invariability throughout lifetime, while cancer cell genome
are highly heterogeneous and unstable. The instability of
the latter genome is the reason for its variability both in an
individual patient in the course of tumour progression, as
well as in different cancer patients with the same histopa-
thological diagnosis [12].

Genetic studies have shown that cancers classified in
a single group based on histopathological studies represent
actually many different types. This may be evidenced by lung
cancer, traditionally classified as small-cell cancer and non-
-small cell cancer (adenocarcinoma and squamous cell cancer).
However, genetic tests of lung cancer cells have revealed a vast
complexity of its molecular forms [13].

Tumour development is a process stretched over time
(most commonly it lasts 5-20 years), and its multi-stage cour-
se is determined by mutations which accumulate in the cell,
leading to a change in its biological properties [14]. In 2011,
Hanahan and Weinberg defined eight major biological features
of cancer and two potential ones:

- proliferation independent from signals stimulating cell
division,

«no reaction to proliferation inhibitors,

« no programmed cell death,

-+ replication immortality,

« angiogenesis,

- activation of infiltration and metastasis processes,

- genome instability,

- inflammation that promotes neoplasia,

« changes in energy metabolism,

- escape’ from the immune system’s “supervision” mecha-

nism. [15].

Currently, researchers consider two major theories of neo-
plastic transformation as grounded: clonal and cancer stem
cells theory. Both refer to expansion of cancer cells, develop-
ment of genetically variable cell clones and selection of clones
of the highest potential for proliferation and adaptation to
the tissue eco-system [16, 17]. The difference between these
theories lies in different properties of the first cell from which
the transformation process begins. According to the clonal
theory, the transformation is triggered by a random cell in the
body where the first mutation occurs; while according to the
cancer stem cell theory — by a cancer stem cell. Cancer stem
cells form a small (below 1%) subpopulation of tumour cells of
particular biological properties, e.g. low proliferation potential,
no capacity of final differentiation, presence of characteristic
surface markers [17].

In the neoplastic transformation, the main role is played
by three groups of genes: oncogenes, suppressor genes
and mutator genes. Oncogenes are activated forms of pro-
tooncogenes which are present in every cell of the body. In
the process of neoplastic transformation, they stimulate cell
proliferation. For most cancers, itis possible to identify an on-
cogene which is the leading genetic force (driver mutation)
responsible for uncontrolled cell division. This phenomenon
is called oncogene addiction. Suppressor genes are classified
as "gatekeepers” because they control cell division points,
directing mutated cells to a path of repair of DNA damage
or to programmed death (apoptosis). Finally, mutator genes
are referred to as “caretakers” and they are responsible for
removing unpaired and mispaired bases from DNA, as such
bases are the cause of mutation [14].

Cancer development, clinical course and response to the-
rapy are affected by these three groups of genes of key impact
on neoplastic transformation (genes of high penetrance), but
also by many genes of moderate and low penetrance (e.g.
genes which are involved in the process of angiogenesis, cell
array adhesion, affect the organism’s immune reaction, loca-
lised tumour development, metastasis potential, reaction to
therapy and many other processes) [14].

Inthe process of neoplastic transformation all those genes
are interconnected in complex networks of mutual interde-
pendence. Thus, they are all requlated by other genes loca-
ted upstream on the signalling pathway (upstream genes),
and they themselves regulate activity of downstream genes.
This is the “vertical” regulation system, and at the same time
mutual interrelations of genes are expressed in “horizontal”
bonds - e.g. through modification of the tumour ecosystem
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on the local (tissue) level and in the entire body (e.g. immune
reactions) [18].

Functional alterations of oncogenes, suppressor genes
and mutator genes lead to genetic instability of cancer cells.
Instability may be expressed on the chromosome level (aber-
rations of the number and structure of chromosomes), gene
level (accumulation of mutations) or in alterations of epigenetic
regulation of gene expression (global hypomethylation which
contributes to cells'’chromosomal instability and hypermethy-
lation of suppressor and mutator genes, thus leading to loss
of their function). Accumulation of genetic alterations in cells
causes changes of their biological properties and also leads to
development of resistance to the therapy [14, 19].

Personalized care for cancer patients

Personalised medicine in oncology should be offered to pa-

tients with inherited cancer syndromes, as well as patients

with sporadic neoplasms.

Carriers of critical mutations which determine inheri-
tance of this syndrome receive personalised medical care
including:

1. Prophylaxis: for most hereditary cancer syndromes , the
increased risk concerns not only a specific, individual or-
gan, but also other ones within the risk spectrum. This can
be illustrated by the hereditary non-polyposis colorectal
cancer (HNPCQ), also referred to as Lynch syndrome. Its
spectrum includes colonic cancer, but also cancers of the
endometrium, ovary, bile ducts, urinary tract, stomach and
brain [20]. Knowledge of this spectrum allows optimisation
of prophylaxis by planning a test program or resection of
healthy organs from the spectrum (depending on the risk
of developing cancer).

2. Chemoprevention (prophylactic drug administration
aimed at reduction of the risk of cancer development,
e.g.administration of tamoxifen) in carriers of BRCA1/BRCA2
gene mutation [21].

3. Personalisation of medical management, e.g. special re-
commendations concerning surgical management in
carriers of BRCAT and BRCA2 mutations and concerning
targeted management (e.g. olaparib in patients with ova-
rian cancer and hereditary and/or somatic mutation of
BRCA1/BRCA2) [21].

4. Genetic counselling for patients and their families, pro-
vided by clinical geneticists and based on the analysis of
pedigree and clinical data and results of genetic tests. With
a family and clinical analysis it is possible to diagnose or
suspect the hereditary cancer syndrome and to determine
the scope of genetic testing for the individual patient, but it
also enables interpretation of the genetic test results in the
clinical context. Moreover, it is possible to identify family
members, who may carry the critical mutation, and further
to select the optimal method of genetic testing for those
people and genetic counselling with information on the
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risk of further transfer of the mutation [22]. Predictive tests,
i.e.those performed in healthy people with a family risk of
cancer, are legally allowed in adults and should always be
performed on two independent material samples.

Rules for selection of genetic diagnosis methods
in patients with cancer for the purpose of
personalised medicine

Regardless of whether neoplasm development is due to in-

herited, family, or sporadic factors, cancer cells have their own

genome of specific properties described above.
If molecular changes are identified, it is possible to deter-
mine the following markers:

- diagnostic — supporting the diagnosis process,

- predictive — enabling forecasting of response to the ap-
plied treatment,

«  prognostic — allowing determination of prognosis. For
this purpose, testing of DNA isolated from cancer cells
is needed.

Choosing the right method of genetic testing is crucial,
both for medical and economic reasons.

Genetic diagnosis in hereditary cancer
syndromes
The objective of genetic testing is to identify hereditary muta-
tions, and the tested material is isolated DNA from somatic cells
(usually lymphocytes of peripheral blood, as well as skin fibro-
blasts or mucosal cells — smear of the internal aspect of cheek).
Most of hereditary cancer syndromes are characterized by
high genetic diversity, despite the same clinical manifestations
of the disease. This phenomenon is described by the concepts
of genetic, allelic,and non-allelic heterogeneity. The term allelic
heterogeneity means that there is more than one mutation in
a critical gene (e.g.,, about 1,200 mutations are known in the
BRCAT gene). Meanwhile, non-allelic heterogeneity occurs
when the same disease may be conditioned by pathogenic
variants in different genes. One example of non-allelic hete-
rogeneity is the hereditary breast/ovarian cancer syndrome,
which may be conditioned by mutations in multiple genes,
however the most common mutations occur in BRCAT gene
(approximately 25% of patients with this syndrome) and BRCA2
(another 25% of patients), and in the remaining group of pa-
tients the syndrome may occur due to mutation of such genes
as: ATM, BARD1, BLM, BRIP1, CHEK2, MLH1, MRET 1, MSH2, MSHe,
NBN, PALB2, PMS2, PTEN, RAD51C, RAD5TD, STK11, TP53 [23].
Out of these genes, some (e.g. BRCAT and BRCA2) belong to
the"high-penetrance genes’group, which means that carriers
of their pathogenic variants have a defined, high risk of deve-
loping breast/ovarian cancer. Other genes in this group are
classified as“moderate-penetrance genes’, which moderately
increase the risk of development of a cancer and the forecast
risk is based on an analysis of a genetic test result and family
history of cancer [24]. In the case of some genes, researchers



have described a phenomenon of preferential occurrence of
some mutations in a specific population -“founder mutations”
(e.g.inthe case of BRCAT gene, in the Polish population about
50% of patients with mutation of this gene have one of the fol-
lowing three mutations: c.5266dupC (former name: 5382insC),
c4035delA (former name: 4153delA), c.181T > G p.Cys61Gly
(former name: C61G) [23, 25].

The situation becomes even more complicated, if one consi-
dersthat not all genetic changes have the same clinical consequ-
ences. The pathogenicity of some variants is known, and clinical
management standards have been developed for their carriers.
On the other hand, other variants are rarely described, their
pathogenicity has not yet been clearly defined, while available
knowledge and bioinformatic analysis allow to classify them as
potentially pathogenic changes. Some changes have not been
described so far and constitute the group of lesions of unknown
clinical significance (variants of unknown significance — VUS).
In the ClinVar database, among the 9,073 described variants of
the BRCAT and BRCA2 genes, approximately 2197 are variants
with unknown pathogenicity [26]. As databases are constantly
updated and new variants are constantly characterised, the
result of NGS test analysis in a patient should indicate the date
of accessing the databases and the obtained data should be
stored for potential re-analysis in future.

In this complicated genetic situation, there is still no con-
sensus concerning the scope of genetic tests to be recommen-
ded for patients with specific clinical problems.

Some authors claim that the optimal recommendation is to
sequence all genes which potentially may be critical for the here-
ditary cancer syndrome in question (clinical panel). The benefits
of this approach include reduced testing costs and reduced
waiting time, as well as effective use of isolated DNA. There are
also negative consequences: increased number of identified
variants of unknown pathogenicity or variants in genes for
which no standard clinical proceeding has been developed,
as well as identification of changes in genes of moderate and
low penetrance, leading to a difficult situation for the patient
and doctor, when targeted clinical management cannot be
introduced, even though the genetic change is known [27].

Other authors claim that the request should include te-
sting only those genes for which there are clinical procedures
developed (targetable mutations). Some countries (e.g. United
Kingdom) have developed official diagnostic recommenda-
tions, e.g. Recommendations of the UK Cancer Genetics Group
(2018) for diagnostics of genes whose mutations determine the
risk of occurrence of hereditary breast (BRCA1, BRCA2, PALB2,
PTEN, STK11,TP53) or ovarian (BRCAT, BRCA2, MLHT, MSH2, MSHe,
PMS2, RAD51C, RAD51D) cancer syndromes [28].

Personalized management based on genetic
changes in cancer cells

Identification of genetic changes in cancer cells allowed better
understanding of molecular mechanisms of neoplastic trans-

formation, and thus, it enabled more precise, cause-based
classification of cancers and development of targeted treat-
ment. Cancer cells may be tested using DNA isolated from the
primary or metastatic tumour cells, or else from cancer cells or
cancer DNA circulating in the patient’s blood (liquid biopsy).
Consistency of the genetic tests results for the primary tumour
and lymph node metastases with those for other primary tu-
mours is uncertain, while comparison of test results for primary
tumours and material circulating in the patients’ serum may
give variable results [29].

The genetic heterogeneity of cancer tumours and the fact
that tumours of the same histopathological diagnosis differ
essentially in genetic aetiology explains to a large extent the
variability of patients’responses to standardised therapies and
different clinical course of the disease. Currently,a molecular clas-
sification is being developed for an increasing number of cancers
that allows for precise biological differentiation of tumours. This is
crucial for choosing personalized clinical management. This may
be evidenced by the molecular classification of brain gliomas
(WHO Classification, 2016), which allows identification of diffe-
rent forms of low-differentiated gliomas: distinguishing primary
glioblastoma multiforme (without IDH1/IDH2 mutation, with
presence of: 10q deletion, PTEN mutation, EGFR amplification,
CDKN2A/2B deletion) from secondary glioblastoma multiforme
(with IDH1/IDH2 mutation) originating oligoastrocytomas (IDH1/
IDH2 mutation, 1p/19q co-deletion, TP53 mutation and 9p de-
letion), diffuse astrocytomas (IDH1/IDH2 and TP53 mutations,
17p, 9p, 20q deletions) or anaplastic oligodendroglioma (1p/19q
co-deletion and deletion of 9p and 10q) [30].

As genetic testing of cells of various cancers is increasingly
broadly applied, it was found that there are several common
pathways of signal transmission which stimulate neoplastic
transformation, e.g. the pathway starting from activation of
the epidermal growth factor receptor (EGFR) or tyrosine ki-
nase (RTK), which lead to stimulation of cell proliferation [31].
Understanding that the same signalling pathways may be
activated in different neoplasms leads to a modification of
rules of classification of neoplastic tumours for the purpose
of targeted management: the molecular classification has
become important parallelly to the organ-based classification.
The increasing share of medication is applied molecularly.
Consequently, patients with different cancers — but with the
same mutations — are treated with the same drugs [32]. For
example, there is a treatment which involves blocking of factors
that stimulate hyperproliferation and it is the same for cancers
that differ in location and histopathology, but “depend”on the
same oncogene, such as application of:

trastuzumab in breast and stomach cancers in which the

key molecular change is amplification of the HER2 gene

crozitinib in patients with non-small cell lung cancer with

ALK mutations,

gefitinib in tumours of the same histopathologic type, but

with EGFR amplification,
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- imatinib in cancer patients with the KIT mutation or BCR
/ABL fusion gene,

- vemurafenib in cancer patients with BRAF mutations
[32,33].

Molecular testing of cancer cells allowed also for explana-
tion of the phenomenon of non-identical response to targeted
treatment in patients with the same leading molecular chan-
ge, e.g. EGFR amplification. Different studies, e.g. concerning
metastases of colonic cancer, have shown modification of
functions of multiple genes involved in the signalling pathway
in neoplasms, making downstream genes independent from
genes located upstream the signalling path which normally
regulate their expression (EGFR — RAS — BRAF — MEK / ERK or
EGFR - PI3K— AKT and PTEN) [31, 32].

This complicated system of genetic relationships in cancer
cellsleads to further dilemmas in genetic diagnostics. There is
a question whether assessment of prognostic markers before
initiation of the targeted therapy should rely on individual ge-
nes which mutate the most commonly (e.g. EGFR amplification)
or a panel of genes on the specific signalling pathway. There
are no specific guidelines for management of most tumours
yet, e.g. for metastatic colonic cancer. The US Food and Drug
Administration (US FDA) has already approved a panel for
testing KRAS and NRAS gene mutations to allow identification
of 56 specific mutations in exons 2, 3 and 4 of these genes [34].

Treatment of cancer patients with drugs selected on the
basis of molecularchanges is a very promising trend in therapy.
However, usually after approximately two years of treatment,
patients acquire resistance to the therapy [31, 32].

The mechanisms of acquired resistance to treatment vary,
but they can be classified in two main groups:

1. Internal tumour resistance (intrinsic resistance), which
results from the high genetic instability of cancer cells and
leads to a rapid change in their genetic characteristics,
both spontaneous and in response to the treatment used
(leading to the elimination of dominant cell clones, which
are replaced by less numerous clones of different genetic
characteristics).

2. Induced resistance (acquired resistance), which arises in
response to treatment and results from:

+  activation (through mutations) of genes located on the

signal pathway below the gene which is the current
"target (effector)”of treatment (activation of upstream
effector),

- activation of another oncogene that stimulates cell

proliferation (bypass, bypass of (onco) protein effector),

+ activation of another signalling pathway (kinase tar-

get) [35].

Prognostic and predictive tests

The clinical and genetic heterogeneity of neoplastic diseases
means that frequently it is not possible to precisely predict the
course of neoplastic disease for an individual patient. This is a
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serious medical, psychological, and social problem. Therefore,
for years researchers have been striving to develop molecular
tests that would allow forecasting of different aspects of the
disease, e.g. overall survival rate or survival rate before meta-
stases. Despite many years of research and multiple predictive
tests offered on the market, none of them has been approved
for routine application in clinical practice yet.

Currently, many predictive tests are available, meant for
patients with various neoplasms, but the highest number of
tests is designed for patients with breast cancer. These tests
are based on analysis of expression of various genes in the
tumour tissue and they differ both in the scope of predictive
potential and analysed genes.

The most commonly used tests include: Mammaprint,
Oncotype Dx Breast, Prosigna PAM-50 Breast Cancer Prognostic
Gene Signature Assay, Breast Cancer Index (BCl) and EndoPre-
dict. All four tests are intended for patients post breast tumour
resection, with known hormonal status and condition of lymph
nodes, as well as size and grade of the tumour. These tests
assess the risk of distant recurrence (and Oncotype DX also
assesses the response to chemotherapy) [36-38].

Prostate cancer is another type of cancer that occurs fre-
quently and displays great clinical variability. Patients with this
disease have access to two main tests available on the market,
which forecast course of the disease. These are Oncotype Dx
Genomic Prostate Score and Genomic Classifier, Decipher
(based on assessment of 22 RNA markers).

Currently, research is underway to develop prognostic tests
for patients with other cancers, too: urinary bladder cancer
(Decipher Bladder), cancers with unknown primary (Response
Dx, CancerTYPE ID, Rosetta Cancer Origin, ProOnc, SourceDX,
PathfinderTG), colonic cancer (Oncotype DX Colon Cancer Assay,
Colorectal Cancer DSA, GeneFx Colon, OncoDefender CRC),
leukaemia (FoundationOne® Heme) or melanoma (Decision Dx —
Melanoma, Decision Dx-UM, DermTech PLA). However, it has not
been proven yet, whether these tests are clinically relevant [37].

Conclusion

Development of personalised medicine in oncology leads to
a change of the paradigm of understanding neoplasms, and
thus also to a change of the broadly defined medical care
for oncological patients and their families. Only cooperation
between oncologists and geneticists will allow introduction
of truly personalised medical care based on understanding of
the genetic background of cancer.
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The term “microbiome”is used to describe the substantial number and diverse spectrum of microorganisms that inhabit
the body. It plays an essential role in health conditions and diseases. Recent years have brought a further intensification
of experimental studies on the impact of the microbiome on the human body, particularly with the aim of identifying
and clarifying this impact. Many studies indicate that diet, lifestyle and drugs can affect the composition of the intestinal
microflora, which, in turn, can modulate the development and progression of gastrointestinal tract tumors. It is suspected
that the gut microbiome plays a significant role in the formation of gastrointestinal tumors. On the other hand, the role of
the intestinal microflora in inhibiting the processes of oncogenesis suggests that this mechanism may be used to prevent
and treat gastrointestinal cancer. Using probiotics to modify the microbiome may be beneficial in cancer therapy and may
be used as a supportive treatment for classic cancer therapies such as chemotherapy, radiotherapy and surgical treatment.
Intestinal microbiome analysis can be potentially used to develop non-invasive diagnostic tests. These tests could be
useful as new protective markers for colorectal cancer, or as prognostic markers and predictive markers of response to
treatment, especially immunotherapy.
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Introduction
The term “microbiome” is used to describe the substantial
number and diverse spectrum of microorganisms that inhabit
the body. It was suggested by Joshua Lederberg in 2001 to
cover the entire population of commensal, symbiotic and
pathogenic microorganisms. [t has been established that with
a mass of about 2 kg, the number of cells in the microbiome
exceeds the number of cells that make up the healthy human
body by 10 times. It plays an essential role in health conditions
and diseases. Recent years have brought a further intensifica-
tion of experimental studies on the impact of the microbiome
on the human body, particularly with the aim to identify and
clarify this impact.

Each part of the body is inhabited by a specific microbial
population. The biggest and most heterogenous is that of the

gut microbiota. This plays animportant role in many diseases of
the digestive and other systems, and exhibits a broad spectrum
of actions, including effects on the immune system. Toll-like re-
ceptors (TLR) are sensors of infections caused by microorganisms
and the microbiome, which play a major role in identifying the
threat and initiating the inflammation and immune response.
The intestinal microbiome stimulates both specific and non-
-specific immune mechanisms of the body. It is also involved
in regulating immune responses. It affects the lymphoid tissue
associated with the mucosal associated lymphoid tissue (MALT)
and stimulates the synthesis of antibodies. Saprophytic bacteria
of the gastrointestinal tract inhibit inflammation and affect the
tightening of the intestinal epithelial barrier [1, 2].

[thas been found that gastrointestinal cancers account for
up to one third of all cancer diseases. A number of factors are
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involved in oncogenesis — both extracellular, and intracellular,
such as cellular membrane proteins and transmembrane pro-
teinslocalized in the cytosol or nucleus. Many studies indicate
that diet, lifestyle and drugs can affect the composition of
the intestinal microflora, which, in turn, can modulate the
development and progression of gastrointestinal tract tumors.
Therefore, it is suspected that the gut microbiome plays a si-
gnificant role in the formation of gastrointestinal tumors [3-5].

Intestinal bacteria stimulate the production of the tumor
necrosis factor (TNF), which affects the activity of lymphocytes,
cell metabolism, as well as the apoptosis of cancer cells. They
can enhance the development and progression of gastro-
intestinal tumors by damaging DNA, activating oncogenic
signaling pathways, producing tumor-stimulating metabolites
such as secondary bile acids, and suppressing anti-tumor
immunity [6].

[thas been found that metabolites, such as the secondary
fatty acids produced by some bacterial species, may promote
the development of gastrointestinal tumors [7]. Experimental
studies have identified microorganisms that can promote on-
cogenesis by increasing cell proliferation and the production
of metabolites such as butyrate [8]. In contrast, the short-chain
fatty acids (SCFA) produced by other species play a suppressing
role in cell proliferation and cell apoptosis induction processes
and are responsible for maintaining balance in anti-inflamma-
tory and pro-inflammatory reactions. They are characterized
by the induction of T-regulatory cells (Treg) through free fatty
acid receptors (GPR). To summarize, SCFA can suppress in-
flammatory processes and oncogenesis. In particular, a high
concentration of butyric acid may inhibit oncogenesis. Cancer
cells are characterized by a high rate of proliferation and the
anti-tumor activity of butyric acid is based on inhibiting this
proliferation.

Recently presented research results show that some bacte-
rial species produce metabolites such as secondary bile acids,
and an increased concentration of these intensifies the deve-
lopment of gastrointestinal tumors due to their cytotoxicity [7].

The role of the intestinal microflora in inhibiting the pro-
cesses of oncogenesis suggests that this mechanism may be
used in preventing and treating gastrointestinal cancer.

The use of probiotics in preventing and treating
cancerous diseases of the gastrointestinal tract
There is a connection between the intestinal microflora, its
metabolic activity and the mode of nutrition. Combined with
genetic predisposition, unfavorable environmental factors
and bad eating habits may disturb the composition of the
gastrointestinal microflora. Therefore, research is being carried
out on the use of probiotics to modify the disbalance of gut
microbiota [7]. Negative metabolic changes induced by inte-
stinal microorganisms can cause toxic oncogenic substances
to form; these, in turn, may contribute to the development
of cancer [9].

Administering probiotics increases the pool of beneficial
intestinal microflora, and thus seems to create conditions for
limiting changes in the intestines [10-12]. Researchers from
Italy have presented a discussion of the results of studies
which had been conducted on this problem [13]. Their re-
view suggests that probiotics may reduce the risk of cancer
through a number of mechanisms, including the degradation
of potential carcinogenic factors and the production of anti-
-cancer compounds.

Another literature review presents the results of research
conducted on the impact of probiotics on the suppression of
gastrointestinal and other cancers, and also on their mechani-
sms of action [14]. Other authors have also presented a review
of literature on the mechanisms of probiotics in neoplastic
diseases of the gastrointestinal tract [15]. Though numerous
studies conducted on animal models can serve as evidence to
the beneficial effects of probiotics in the prevention of neopla-
stic processes, it is necessary to conduct extensive clinical trials
on humans to determine potential bacterial strains, dosages
and schedules of administration depending on the types and
stages of cancer development [16, 17].

The fecal microbiota transplant (FMT), which is a method
used to cure specific diseases by reconstructing normal func-
tioning and the immune system, is also worth mentioning in
this context. Its influence on the recipient’s immune system is
complicated and unpredictable, so further investigation is ne-
cessary to answer numerous questions which still remain [18].

Among the modern drugs used in cancer therapy, much
attention has been given to immunological drugs, i.e. to anti-
-CTLA4, anti-PD-1 and anti-PD-L1 inhibitors, whose action is
designed to stimulate the immune system [19]. The problemis
that only those patients who are positive for the CTLA4 protein,
the so-called programmed death receptor 1 (PD-1) and its
ligand (PD-L1) are eligible for such treatment. However, the
effectiveness of microflora participation in controlling these
activities requires further research [20].

Many studies indicate that the intestinal microflora not
only plays a role in the formation of cancer, but also modifies
the effectiveness of therapy [19]. Recently, research has been
presented on the regulation of the composition and methods
of using probiotics in patients undergoing chemotherapy and
radiotherapy [18]. Suggestions to use the microflora as suppor-
tive treatment for other cancer therapies, such as chemothe-
rapy and immunotherapy, are also being considered [16, 17].

There are also studies that show the benefits of regulating
the intestinal microflora through the use of probiotics in patients
treated oncologically with 5-fluorouracil (5-FU), which is one of
the chemotherapeutic agents used in the treatment of cancer.
This drug significantly damages the microflora, and, therefore,
its correction with the use of probiotics is highly desirable [21].
In addition to the unquestionable benefits of supra-cancer
therapy, the use of probiotics may also cause adverse effects in
immunocompromised patients. Attempts are being made to
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develop the possibility of individually selecting bacterial species,
taking into account the specific needs of each patient. That kind
of program would allow for obtaining the beneficial effects of
using probiotics while avoiding side effects [22, 23].

Wieczorska et al. emphasize that intestinal microbiome
analysis can be potentially used to develop non-invasive dia-
gnostic tests. These tests could be useful as new protective
markers for colorectal cancer, or as prognostic markers and
predictive markers of the response to treatment, especially
immunotherapy [24, 25].

Conclusions

At present, itis generally accepted that intestinal bacteria have
an important influence on the cancer process. Depending
on the composition of the microbiome, this influence may
intensify cancer processes; however, it may also consist in
protective functions, as well as preventing or slowing onco-
genesis when the composition of the microbiome changes.
The research conducted shows that modifying the microbiome
using probiotics may be beneficial in cancer therapy and may
be used as a supportive treatment for classic cancer therapies
such as chemotherapy, radiotherapy and surgical treatment.
Extensive clinical trials are nonetheless required to identify
the dosages and administration regimes as a supportive or
alternative cancer treatment. Further work is also needed on
re-selecting systems for the selection of optimal microbiome
compositions for the individual needs of each patient, i.e. on
so-called microbiological biological engineering [26].
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Oncogeriatrics (part 7.)
Geriatric assessment for older patients with cancer
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The geriatric assessment (GA) is defined as a multidimensional, interdisciplinary diagnostic process focusing on determining
an older person’s medical, psychosocial, and functional capabilities that are not identified by routine evaluation. There is
more and more data on the benefits of the GA in the evaluation and management process of older patients with cancer.
It allows for the development of an individual cancer treatment plan resulting in less postoperative complications, redu-

ced treatment toxicity, improved quality of life and very often without compromising survival. However, the relationship
between specific domains of the GA and post-treatment medical outcomes, functional status and quality of life remains
unknown. Moreover, there is still no consensus over what the “golden standard” GA should look like, which tools should
be included and what cut-off should be used. This is still an active area of research. However, there is no doubt that under-
standing the health status of an older patient with cancer should be as important as cancer staging and tumour biology.

Key words: older patients, elderly, comprehensive geriatric assessment, frailty

As has been mentioned in the previous articles, older adults
are a heterogeneous group having varying degrees of co-
morbidities, functional reserves, cognitive impairments and
social support [1]. Therefore, chronological age alone and the
routine format of medical history, physical examination, bio-
chemistry and imaging tests often do not provide adequate
information needed for optimal and tailored treatment. Many
older adults have unidentified, uncommunicated, and there-
fore unaddressed aging-related conditions that are associated
with morbidity and early mortality [2]. To help guide treatment
decisions the geriatric assessment (GA) was introduced, a mile-
stone in the field of geriatrics. Moreover, at present, cancer
treatment for older patients is very often planned based on
extrapolations of evidence derived from clinical trials in which
younger patients or fit older patients enrolled [3].

The GA is defined as a multidimensional, interdisciplinary
diagnostic process focusing on determining an older perso-
n's medical, psychosocial, and functional capabilities. In turn,

the term comprehensive geriatric assessment (CGA) refers to

a GA which also includes a plan for the further management

of identified problems. Therefore, the main goal of the CGA in

older cancer patients is to provide a comprehensive health
appraisal to guide targeted interventions and appropriate

cancer treatment selection [4].

The GA was initially developed and validated in the general
older population for detecting vulnerability and aging-rela-
ted issues that were associated with mortality [5]. However,
numerous studies, though not all, have proved its usefulness
equally in cancer patients:

- The GA allows the determination of a baseline health
status, monitoring of changes and a diagnostic of the
frailty status, which is an exponent of biological old age;

+ The GA canidentify age-related areas of vulnerability that
can be missed in routine clinical evaluation in up to 50%
of patients [6]. These impairments concern physical func-
tioning and nutritional status, but also very often geriatric
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syndromes such as: dementia, delirium, depression, incon-

tinence, sarcopenia, osteoporosis/spontaneous fractures

which are independent risk factors of worse outcome [6].

Routinely used oncological tools like the Eastern Coopera-

tive Oncology Group (ECOG) or the Karnofsky performance

status have been shown to poorly reflect functional impa-
irment in older patients with cancer. In patients with an

ECOG score <2 almost 40% of patients were dependent

on some form of instrumental activities for daily living [7];
+ Performing the GA can change treatment decisions for up

to 50% of older patients [8, 9]. In these studies, in the case

of up to 28% of patients, the treatment was intensified
and in case of up to 37%, the treatment intensity was

reduced [10, 11];

- The GA can identify areas for further rehabilitative actions
such as: review of diet and nutrition, physical performan-
ce, psychological support, medication review and social
support. In some studies, applying the GA reduced the
number of treatment related complications. Other studies
have not confirmed this, but in case of high-risk patients
its use allowed the completion of the cancer treatment
with fewer treatment modifications [12];

+ The GA can predict survival of and adverse events during
cancer treatment. Thus, it may assist clinical decision-making.

- The GA can improve patient physician communication
about aging-related concerns and their influence on the
treatment outcome [13]. A practical and convenient GA
summary with recommendations for aging-sensitive in-
terventions improves patient-cantered outcomes and
patient satisfaction.

Biological age does not correspond with the chronological
age. Therefore, it is difficult to arbitrarily set the level of age at
which the GA should be implemented. Most of the guidelines
recommend it at the age of 70 years. However, in our opinion,
the age should be set at the level of 65 years in Polish society.
It also should be performed in younger patients identified in
screening tests [14].

The GA consists of several domains evaluating: functional
status, mobility/falls, cognitive level, mood, comorbidity, poly-

pharmacy, fatigue and social support. At present, there are se-
veral well-validated tools available. Table | presents an overview
of the different tests with literature-based cut-offs that may be
used in the GA process. There has been no consensus about
which tools should be included in the GA and until now there
have been no studies showing the superiority of one specific
tool over another. Therefore, the choice of score might rely on
local preferences, the aim of the tool and present resources.

The number of incorporated GA domains has a great in-
fluence on the diagnosis of frailty and on adequate risk as-
sessment as we showed in one previous study. The summary
deficit score based on the GA consisting of functional, mobility,
cognitive, depression, nutritional, co-morbidity, polypharma-
cy, and social support questionnaires was the most accurate
predictor of post-operative complications in comparison to
models with less incorporated domains [33].

In turn, two large prospective studies — Cancer and Aging
Research Group (CARG) and Chemiotherapy Risk Assessment
Scale for High-Age Patients (CRASH) — identified which para-
meters of the GA were capable of predicting severe chemothe-
rapy-related complications in a heterogeneous cancer popula-
tion (tab.ll) [33, 34]. Both scores revealed their superiority over
the Karnofsky performance status or other classic oncological
evaluation tools. They can also help determine the risks and
benefits of treatment, promoting shared decision-making.
High-risk patients can be monitored closely. A randomized
study of GA-directed therapy for older patients with advanced
lung cancer demonstrated reduced toxic effects of treatment
and less treatment discontinuation in the GA group [35].

In case of radiotherapy the literature is still scarce. Spyro-
poulou et al. observed higher risk of not completing radiation
in the case of impaired score on a VES-13 (screening frailty
tool) [36].

There are various models of the GA. It can be performed
within a geriatric ward with a specialized geriatric team. Six
meta-analyses showed that this model is the most effective
method with lower mortality, less institutionalization, and less
functional decline compared with a standard ward [37-39]. In
the case of the model with a specialized geriatric team that ap-

Table . Glossary of the most common tools used in the geriatric assessment process

Test

ADL (Katz Activities of Daily Living)
[15]

IADL (Lawton Instrumental Activities of Daily Living) [16] Functional

The Duke OARS Assessment of IADL status

7]

Barthel scale [18]

Self reported number of falls within different time frames

TUG (Timed Up and Go) :

9] Physical
activity

Gait speed [20]

154

Number of items Range Cut-off score
6 0-6 <5
8 0-8 <7
6 12 <9
10 0-100 <60
>2 within last 6
1 0—c0
months
1 0—c0 =15
1 0-c0



Test

Charlson Comorbidity Scale [21]

Comorbidit

Cumulative lliness Rating Scale (CIRS-G) [22]

Geriatric Depression Scale [23] Depression

Mini-Mental State Examination [24]

Montreal Cognitive Assessment [25]

Abbreviated mental test score AMTS (Hodgkinson) [26] -
Cognitive
function

The Blessed Orientation-Memory-Concentration (BOMC) Test [27]

Clock Drawing Test (CDT-test) [28]

Mini Nutritional Assessment [29] Nutritional

MNA full [29] assessment

Number of medications Toxicity risk

Brief Fatigue Inventory [30] Self-
perceived
fatigue

RAND MOS Social Support Scale [31] Social
Support

plies the GA in non-geriatric wards, one meta-analysis could not
show significant improvement in the outcome of the patients.
However, the main reason for this was the low adherence rate
to the geriatric team’s recommendations [40]. In turn, joint ge-
riatric and specialized care on the ward is gaining in popularity
and showing promising results in more and more studies [41].

In conclusion, all physicians treating older patients with
cancer should include some form of geriatric assessment in
their clinical practise. Multiple organizations including the
International Society of Geriatric Oncology, the National Com-
prehensive Cancer Network and the European Organization for

Table Il. CARG and CRASH score

Number of items Range Cut-off score

19 0-37 >3
/ 13 0-52 >4
15 0-15 >5
8 0-30 <24
7 0-30 <26
10 0-10 <6
6 0-28 >10
7 0-7 <4
6 0-14 <12
18 0-30 <24
1 0-c0 >4
0-3 no/mild fatigue
9 0-90 4-7 moderate
>7 severe
19 0-5 <4

the Research and Treatment of Cancer recommend the use of
the GA prior to the initiation of cancer treatment. However, it is
still not routinely performed due to afalse beliefin its comple-
xity and time consumption. Various forms of the GA allow its
incorporation in busy clinical settings. The use of a given tool
and cut-off is, in light of current research results, not as impor-
tant as the incorporation of the following domains: functional
status, mobility/falls, cognition function, depression/anxiety,
comorbidities, polypharmacy, nutritional status and social
support. The more domains included, the more adequate the
risk assessment that will be achieved.

CRASH (Chemiotherapy Risk Assessment Scale for High-Age Patients)

Variable Score Variable Points

1

- Age>72yearsold 2 Hematologic score

- Cancer type (gastrointestinal or genitourinary) 2 Diastolic BP <72 >72 >459

- Chemiotherapy dosing (standard dosing) 2

- Number of chemiotherapy drugs (polychemitherapy) 2 IADL 26-29 10-25 >0.57

- Hemoglobin (<11 g/dL in males, 10 g/dL in females)

- Creatinine clearance (<34 mL/min) 3 LDH 0-459

- Hearing (fair or worse) 3

- Number of falls in the past 6 months (one or more) 2 Chemotox 0-0.044 0.45-0.57

- Take medications with some help/ unable 3

- Walking one block, somewhat limited/ limited a lot 1 Nonhematologic score

- Decreased social activity because of physical/ 2

emotional health problem (limited at least sometimes) 1 ECOG PS 0 1-2 3-4

MMS 30 <30
MNA 28-30 <28
Chemotox 0.044 045-0.57 >0.57

BP - blood pressure, Chemotox — toxicity of the chemotherapy regimen, ECOG PS - Eastern Cooperative Oncology Group performance status, IADL - Instrumental Activities of
Daily Living, LDH - lactate dehydrogenase, MMS - Mini Mental Health Status, MNA — Mini Nutritional Assessment
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Frailty screening tools (the topic of one of the next artic-
les) are useful. These are simple and quick tools to identify
fit older patients who do not require additional assessments
or interventions. However, in the case of older patients with
cancer, qualified for abdominal surgery, recognised as high-risk
surgery, their predictive value, as the only assessment tool, is
currently insufficient.

The arguments raised about the time-consuming nature
of the GA/CGA are absurd, particularly when one considers the
time and resources required to treat complications. Therefore,
understanding the health status of an older patient with cancer
should be asimportant as cancer staging and tumour biology.
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Does the type of a centre in which the resection of
extensive tumours of the limbs and truck is performed,
affect the patients'survival?

Dear Editor,

Modern reconstructive surgery is based on the appropriate
application of the available reconstruction methods, including
microvascular ones. Their combination with radio- and che-
motherapy leads to optimal treatment results. Nevertheless,
the issue of immediate resections and reconstructions in the
treatment of extensive tumours still arises many unnecessary
controversies.

Although the origin of the concept of immediate recon-
struction after resection goes back to the 18~ century [1],
the theses contained in Halsted’s works from the end of the
19+ century [2] with fundamental significance for oncological
surgery, led to a situation in which the closure of postresection
bed and let alone the use of more advanced techniques of the
defect completion, materialised as late as in the 1990s [3]. The
results of the studies from this period proved that immediate
reconstruction — even in the case of extensive resections — is
literally safe. Moreover, planning of appropriate reconstructive
surgical procedure allows for a maximally extensive resection,
which additionally increases the radicality of the surgery [4, 5].

Oncological and Reconstructive Surgery Clinic of the Maria
Sklodowska-Curie National Research Institute of Oncology, Gli-
wice Branch has a rich clinical material concerning immediate
reconstructions in the case of extensive tumour resections
of almost any region of the body. Each year, more than 200
microsurgical procedures are performed in the clinic.

The treatment results of the above group of patients with
extensive tumours of the trunk and the limbs were analysed
(ig. 1). The obtained results support the thesis of the effective-
ness of the microsurgery techniques in the restoration of the

limbs function and also make a valuable point in the debate
concerning the extensive resections outside the centres which
have appropriate experience and the equipment base for
such procedures.

Recently some tendency to perform extensive tumour
resections in the centres which do not have large experience
in such procedures has been observed. There is a concern
that — with regards to the lack of possibility of performing an
immediate reconstruction — the scope of the resection may
not be adequate in terms of obtaining complete radicality of
the procedure.

Oncological and Reconstructive Surgery Clinic of the Maria
Sklodowska-Curie National Research Institute of Oncology,
Gliwice Branch analysed the treatment results of 71 patients
operated in 2006-2017 for extensive tumours of the trunk and
limbs. The basic clinical data of the study group are presented
in tables land Il.

The obtained results show, among others, that the pa-
tients with primary treatment (resection surgery) outside the
National Research Institute of Oncology had a significantly
shorter recurrence free survival. The patients whose resection
surgeries were performed in the National Research Institute of
Oncology had a longer recurrence-free survival periods than
the patients treated in other centres (p < 0.05). The comparison
showed that the statistically significant difference in a five-year
recurrence-free survival period is present when the primary
surgery is performed in the National Research Institute of
Oncology (fig. 2).

The above results may be regarded as an important voice
justifying performing extensive resective and reconstructi-
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Figure 1. A — an extensive tumour of the right shoulder and axilla; B, C — post-resection bed sparing axillary vessels and the nerves of the brachial plexus;
D - dissected antero-lateral flap of the thigh; E - the flap on the donor site anastomosed to the subscapular vessels; F — remote post-operative results

Table I. Age characteristics of selected patients

Variable

Age (year of life):

M+ SD 56.1+15.5
Me [Q;; Q4] 58 [46, 65]
Min-Max 19- 86

Female subjects

59.7+150

62 [48,72]

29-82

Male subjects

538155

55 [46, 63]

19-86

Table Il. Clinical characteristics of the primary tumour and its treatment in the patient study group

Variable

Location of the primary tumour:

Hand and arm

Shoulder and shoulder girdle

Foot, lower thigh

Thighs, groins, buttocks

Front chest

Back chest

Histopathological assessment of the primary tumour:
Ca plano

Sarcomas

Melanomas

BCC

Other

Non oncological

TNM assessment of the primary tumour
1-T1and T2

9

10
17
22

50

Total
n=71

12.7%
14.1%
23.9%
31.0%
15.5%
2.8%

33.8%
36.6%
8.5%
7.0%
9.9%
4.2%

704%

Female subjects

n=27

14.8%
74%
11.1%
51.9%
11.1%
3.7%

33.3%
37.0%
74%
3.7%
18.5%
0.0%

92.6%

0.121

Male subjects

n=44

15
16

~

25

11.4%
18.2%
31.8%
18.2%
18.2%

2.3%

34.1%
36.4%
9.1%
9.1%
4.5%
6.8%

56.8%

0.045

0316

0.022
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2-T3and T4 7
3 - N+ with T1 and T2 8
4 - N+ with T3 and T4 3
5 — does not apply 3
Centre where the surgery was performed:
Atthe Ol 49
Outside Ol 1
Resection outside O, reconstruction at the Ol M
Observation : e Complete +Discontinued
100% 3 The centre where the resection was performed:

The rate of surviving patients

80% [

60%

40%

20%

—— At the Oncology Institute
—— Outside the Oncology Institute

~ Log-rank test:
L=-2477
p=0013

0%

0 3 6 9 12 15
Time period between the resection and recurrence

Figure 2. Kaplan-Meier curves of the recurrence free survival after the
resection in patients with regards to the difference in the centre in
which the procedure was performed

ve surgeries on advanced tumours in the centres with large
experience in this respect. This is important especially in the
times when some resection procedures, for economic reasons
are transferred to the centres which do not have appropriate
base for a compre- hensive treatment and thus are unable to
guarantee the best possible treatment results to their patients.
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9.9% 0 0.0% 7 15.9%
11.3% 1 3.7% 7 15.9%
4.2% 1 3.7% 2 4.5%
4.2% 0 0.0% 3 6.8%
69.0% 21 77.8% 28 63.6%
0457
15.5% 3 11.1% 8 18.2%
15.5% 3 11.1% 8 18.2%
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The end of menthol cigarettes — missed opportunity or
a great step toward decrease of lung cancer burden among
women in Poland?

To the Editor,

on May 20" 2020, due to enforcement of the Directive
2014/40/EU, in Poland and other European Union (EU) coun-
tries, ban on selling menthol cigarettes came into force. This
long-waited law raises health hopes — in particular for Polish
female smokers. In accordance to the latest data sourced from
the National Cancer Registry in Poland [1],in 2017 lung cancer
was main cause of cancer deaths, both —in men and women
populations and has contributed respectively to 15 499 (ASW
=453)and 7 825 (ASW = 17,8) deaths. Despite the beneficial
changes in smoking patterns among Polish men in the last
period of time (about 9 percentage points (pp) less smokers
in 2019 in comparison with 2012 [2]) epidemiological trends
of lung cancer suggest that there is no parallel and favorable
change in women population as well. 2017 was another year
(since 2007) where number of deaths among women caused
by lung cancer was higher in comparison with breast cancer
which is the most frequent one in terms of incidence. Adopted
law on menthol cigarettes ban can be considered as one of
the greatest chances since years to change this phenome-
non and to reverse this adverse trend. Although the data on
menthol cigarettes consumption in Poland is scarce, there are
some evidence that women smoke menthols more eager than
men (8.4% vs. 2.5%). In the same study authors indicate that
menthol smokers feel greater reward and satisfaction during
smoking in comparison with regular smokers [3]. Moreover,
some of the observations suggest also that menthol cigarettes
are perceived by women as more socially acceptable than
non-menthol ones [4]. Other studies stress higher addictive
potential of the flavored cigarettes as well [5]. At the same
time there are also certain evidence of high effectiveness of

menthol cigarettes ban in reducing or even quitting smoking
in menthol smokers group [4].

Despite the right direction of changes in anti-tobacco
law, there is an emerging question on pace and complexity
of implemented solutions. Discussed ban does not include
e-cigarettes and heated tobacco products. Additionally, pe-
riod between adoption and enforcement of the law (about
6 years) seems to be much too long. This gap gave tobacco
industry the opportunity to prepare for changes and the
chance for development of the new tobacco products for
women and young people — main menthol cigarettes users.
From this perspective, the chance for favorable changes in
women's health behaviors seems to be not fully taken or
even lost. However, in the coming years ban on slim ciga-
rettes selling will force into life as well. This particular type
of cigarettes has been designed also especially for women,
therefore there is a hope that jointly with excise tax increase,
these regulations will contribute to decrease in the lung
cancer burden among Polish women.
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Protection and ownership of research results

Justyna Ozegalska-Trybalska

Department of Intellectual Property Law, Jagiellonian University, Cracow, Poland

Introduction. This article aims to present the rules concerning the protection and ownership of the results of scientific
research and development works and related know-how, including those jointly generated in multicentre research projects.
Material and methods. The analysis focuses on the identification of types of medical research results and the possibility
of protecting them under intellectual property law, including copyright, patent and unfair competition law. It also con-
siders regulations providing provisions on the ownership and commercialisation of R&D results acquired under research
programmes, projects and sponsored research, including clinical trials.

Results. The lack of protection of research results as such by intellectual property rights, the different nature of those results,
as well as potential conflicts of interests that arise from the exploitation of data which has both scientific and market value,
may in practice cause problems in regard to who is entitled to them and what are the rules for their use and publication.
Situations of conflict may arise at the interface between the interests of the different actors involved in conducting and
financing research (researchers, research centres, sponsors).

Conclusion. Effective management of research and development results requires identification of the appropriate regime
(statutory, project or contractual) under which they were obtained and are going to be exploited. Although the rules in
force for the acquisition of rights can only be modified contractually to a certain extent, it is strongly recommended to
supplement them with detailed contractual provisions specifying the rules for the co-ownership of results, the rights and
obligations of the entities involved in the research, as well as ensuring confidentiality and restrictions on their disclosure
with and/or without the consent of co-authors and sponsors financing research.

Key words: protection of research results, ownership of research results, joint research, clinical trials, confidentiality
of research results.

Introduction

Research results lack uniform rules on their protection, owner-
ship, and exploitation. There are additional aspects to this pro-
blem with regard to medical research results, which include the
need to transfer them into practice, financing costly research,
meeting administrative requirements for the authorization of
medical products, ensuring ethical standards and protecting
the privacy of individuals in clinical trials. Thus, medical research
results have an important characteristic: they are not purely
scientific, but most often utilitarian and commercial, and in
terms of their ownership and accessibility, the interests of

individual scientists, research sponsors and members of so-
ciety should be considered, who claim the right of freedom
of research and the right to access to the latest treatments for
the protection of their health.

Material and methods

The starting point for establishing rules for the protection and
acquisition of rights to research results is to clarify this term,
which in the field of medicine may relate to scientific discove-
ries, concepts and hypotheses (in particular those related to
the use of new substances and therapies), the results of clinical
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research and assessments, tests, medical experiments, biome-
dical, epidemiological, behavioral research, results obtained
through screening programmes, diagnostic tests, treatment
trials, as well as the results of medical technology research and
factors influencing health. A separate category is made up of
results used in specific products and technologies applied
in medicine. Such a heterogeneous group determines the
problems in regard to the legal grounds for determining the
ownership of results [1]. This applies especially to the results of
studies conducted jointly by many research centres (domestic
and foreign), and results obtained in sponsored clinical trials
that are subject to specific statutory regulations.

Although the intuitive regime protecting the results of
research and development activity is intellectual property
law — contrary to common belief - this does not provide tools
for the protection of research results as such, even though
they have undeniable scientific, commercial and application
value.The results of research and scientific activities, including
the results of clinical trials as numerical data, parameters and
statistics, are not subject to copyright or patent protection,
and thus the regulations do not provide for the acquisition
of exclusive intellectual property rights to them [2]. A legal
monopoly on the results of medical research is not available
in order to not limit the access of society to such results and to
allow the execution of a constitutionally guaranteed principle
of freedom of research. Even though entities conducting rese-
arch do not acquire property rights to the results, they retain
a kind of “authorship” of the results under the protection of
personal rights which ensures affiliation with research results.

The absence of exclusive rights to the results of research
does not preclude their actual or contractual monopolization
as data possessing certain scientific or market value. Exclusi-
ve intellectual property rights may be acquired to works in
which research results have been described, discussed and
verified (scientific articles, conference posters presenting re-
sults, reports, studies, databases containing results). Inventions
which use these results can be also patented. According to the
general ownership regimes of IP rights, an author’s economic
rights to a work or the right to obtain a patent for an invention
are vested in the author or co-authors on the principle of the
commonality of rights (Article 8 and 9 of the Copyright Act and
Article 11 paragraph 1 and 2 of the Industrial Property Act).
If such creations have been created by an employee in the
performance of his/her duties, the rights are acquired by the
employer which employs the scientist (researcher), unless the
employment contract provides for other rules in this respect
(Article 12 of the Copyright Act and Article 11 paragraph 3 of
the Industrial Property Act). Depending on the contractual
arrangements for the involvement of an individual participant
in the research, in the case of multicentre research, rights may
be acquired by the centres employing them or those individu-
als (if they are researching on a basis other than a contract of
employment or outside of their employment obligations). The
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exception to this rule concerns employee copyrighted scienti-
fic works created in universities and research centres, to which
the author’s economic rights are vested in the employees and
notin the research unit. The latter has only alegally guaranteed
right to the first publication of the scientific work (Article 14 of
the Copyright Act). Due to the competition of scientific centres
regarding the affiliation of publications containing the most
current or pioneering research results, collisions in the exercise
of priority rights concerning co-publications involving authors
from different centres are possible.

Results

Despite the exclusion of research results from intellectual pro-
perty law protection, it is possible to acquire actual exclusivity
of results which have market applicability and value by safegu-
arding their confidentiality. The legal basis for the protection
of confidential research results is the Act on Combating Unfair
Competition of 16 April 1993 [3]. According to Article 11 of
this regulation that has recently been harmonized with EU
standards, it is possible to protect such results as a so-called
company secret (confidential know-how) from disclosure, use
or unauthorized acquisition, provided that they are not gene-
rally known to persons normally dealing with such results or are
not easily accessible to such persons and the entity entitled to
the results has taken steps, with due diligence, to keep them
confidential. The requirement to take steps to keep results
confidential should be implemented in practice, in particular
by signing clauses or confidentiality agreements with em-
ployees, members of research teams, researchers involved in
sponsored trials, clinical trial or health technology assessments.
The right to use or dispose of results whose market value is
due to their confidentiality may belong to the research team
or centres where the research is conducted or the research
sponsor. Disclosure or obtaining such results shall constitute
an act of unfair competition, if it occurs without the consent of
the rightsholder and results from unauthorized access, misap-
propriation, or the copying of documents, objects, materials,
substances or electronic files containing the results. Obtaining
results identical to somebody else’s confidential know-how is
permissible when it has occurred as a result of independent
discovery, production, observation, research, or testing, or
to protect a legitimate public interest (e.g. to avoid the use
of falsified or unreliable results of medical research, for the
functioning of the health care system, obtaining permission
to market a medicine, etc.).

In addition to the general statutory regulations, the provi-
sions providing for who is entitled to research results, what the
rules are for their use, publication and commercialisation may
result from separate statutory or contractual regulations, inclu-
ding agreements with clinical trial sponsors or research funding
schemes for national and international research projects.

In the coming years, the most important research funding
mechanism for Polish researchers in the EU will be Horizon



Europe 2021-2027, which also provides, under priority research
areas, funding for research in the area of health. Although the
EU regulation on participation in research projects imple-
mented under the program is not yet approved, it will set out
detailed rules, binding for participants, on the management
of research results obtained from projects financed from this
source in regard to the ownership of research results, obliga-
tions related to their protection and dissemination and the
granting of so-called access rights to them [4].

At the national level, specific provisions on the manage-
ment of and know-how related to research and development
results are laid down in the Act on Higher Education and
Science of 20 July 2018 and the Act on Research Institutes of 30
April 2010 [5]. Issues concerning the ownership of the results of
research projects financed from the resources of the National
Centre for Science (NCN) and the National Centre for Research
and Development (NCBIR) are regulated by the respective acts
[6] and may be subject to specific rules for the implementation
of strategic programs (such as, for example, NCBIR’s program
“Prevention and treatment of civilization diseases”— STRATEG-
ME). As far as intellectual property rights are concerned, they
respect the general principles of acquiring rights indicated
earlier, by mentioning that, in the case of results obtained in
NCN and NCBIR projects, they belong to the entity to which
the funds have been allocated unless an agreement between
the Centre and the entity receiving the funds or the decision
to allocate funds provides otherwise [6].

Independent standards apply to the results of clinical trials,
both commercial and non-commercial, which, at the national
level, are provided for in the Pharmaceutical Law of 6 Septem-
ber 2001 [7] and the implementing Act on Good Clinical Prac-
tice [8]. It follows from these regulations that the ownership of
clinical trial results is vested in the sponsor, who may transfer
the ownership of all or part of the data or the right to dispose
of all or part of the data related to the clinical trial to another
entity by means of a written agreement. The limitations in use
and transfer apply to results generated in non-commercial
clinical trials, i.e. where the owner of the results generated in
the course of the clinical trial is a university or other scientific
institution, investigator or organization of researchers. The
results of non-commercial clinical trials are intended to serve
cognitive, scientific, non-commercial purposes and may be
disseminated, for example, through scientific publications.
However, they may not be used for marketing purposes or to
make changes to an existing marketing authorization required
for a medicinal product to be put on the market.

Conclusion

On the one hand, research results as such do not constitute
an independent object of protection, on the other hand, they
are an essential element required for the development and
marketing of medical products and services. This may cause
a conflict of interest between the free use of research results

and making them available to the public (in particular by
publishing them as soon as possible in scientific journals or as
part of conference speeches) and maintaining their confiden-
tiality (novelty), necessary for market monopolization based on
know-how or patent protection. Potential areas of conflict are
situations where research results are obtained through joint
research activities, where the problem of priority of their publi-
cation, joint commercialisation or use in further, independent
research may arise. This requires the taking adoption of legal
measures and contractual tools [9].

To avoid disputes concerning the ownership of results and
their use in scientific and commercial activities, it is recom-
mended to conclude agreements on joint research work or to
adapt model agreements relevant for a given research activity
(such as, e.g. NCN projects, multicentre research, projects fo-
unded from EU programs). These should specify: the rules for
the allocation of intellectual property rights generated by the
research project or access rights to the results generated by
joint research, as well as the rights and obligations of research
stakeholders in the use of the results, including their publica-
tion and commercialization. The contracts should require, in
particular, that participants keep research logs documenting
the contributions of individuals in their research team.

Provisions concerning the confidentiality of research
results, the prohibition of their disclosure, the rules of noti-
fication of planned publication of results and the transfer of
intellectual property rights should be specified in particularin
contracts for sponsored studies, including contracts for con-
ducting clinical trials [10]. It should be borne in mind that the
disclosure of the results of studies which have scientific value
and validity, e.g. in an individual scientific publication or a
research centre, may deprive such results of their application
and market value, including preventing the funding entity
or sponsor from obtaining exclusivity under the intellectual
property rights system for products and technologies which
use such results.
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