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DIFFERENTIAL TREATMENT EFFECTS

OF STANDARD AND HYPOFRACTIONATED
RADIATION REGIMENS

IN GLIOBLASTOMA PATIENTS

Background. The identification of the subgroups with differential treatment effects (DTE) is important for decision-
making in personalized treatment. The DTE analysis assists in identifying patients who are more likely to benefit from
a particular treatment regimen. The aim of the study was to analyze DTE in terms of the survival of glioblastoma (GBM)
patients in the groups of standard radiotherapy (SRT) and hypofractionated radiotherapy (HRT) by the multicluster
modeling of homogenous groups while retaining the statistical characteristics of the overall primary study cohort.
Patients and Methods. The cohort of 159 patients with newly diagnosed GBM stratified according to the radiotherapy
regimen (HRT group (n = 110/69.2%); SRT group (n = 49/30.8%)) was evaluated retrospectively. Forty-eight subgroups
(multiclusters) were created by enumerating all possible combinations of 5 significant covariates (age, sex, the radicality
of the surgical resection, chemotherapy, and Karnofsky performance status) of the Cox model. The DTE for the cancer-
specific survival (CSS) within 48 modeled multiclusters were studied by comparing the interpolated Weibull CSS curves
according to the Kolmogorov — Smirnov test. Results. The findings showed that the SRT group was superior to the HRT
group by CSS only in 3 of the modeled clusters presenting clinical scenarios with a non-radical tumor resection,
no chemotherapy, and low Karnofsky functional status (< 70 scores) (Cluster 10: male aged < 60; Cluster 21: female
aged > 60; Cluster 22: male aged > 60). Most of the studied clinical variants (45 of 48 multiclusters) did not demonstrate
a significant difference when comparing the interpolated Weibull curves of the CSS for the SRT and HRT groups accord-
ing to the Kolmogorov — Smirnov test (p = 0.05). Conclusions. We propose a novel multicluster modeling approach
that addresses DTE in relatively small samples of GBM patients receiving SRT or HRT. This original analytical method
can be taken into consideration while designing new well-powered prospective trials aimed at the subgroup analysis
in GBM patients who will be most beneficial from personalized treatment strategies.
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The personalized therapeutic approach taking
into account the individual features of cancer pa-
tients is an important prerequisite for the success-
ful treatment outcome. The analysis of the con-
cordance between the therapeutic effect and the
specific characteristics of the patients through the
subgroup analysis becomes increasingly relevant,
especially within the framework of controlled cli-
nical trials [1—3]. The identification of the sub-
groups of patients that account for treatment ef-
fect heterogeneity (differential treatment effects
(DTE)) and are likely to benefit more from certain
therapeutic modalities represents an indispens-
able basis for the practical realization of the preci-
sion medicine concept [4]. This is especially true
for radiation oncology, which rapidly acquires per-
sonalized features. The current high-tech accele-
rators allow for the precise dose delivery to the
target and the real-time adjustment of the radia-
tion schedule according to the anatomical changes
in patients and tumors during the course of ra-
diation therapy (RT) [5, 6]. On the other hand,
the technological improvements result in broader
application of modified RT regimens, in particular
hypofractionated RT (HRT), allowing to complete
RT course faster [7].

Glioblastoma multiforme (GBM) is the most
common and aggressive malignant brain tumor
in adults. RT as an indispensable component of
the complex treatment of GBM has demonstrated
a positive impact on the patient’s survival and the
admissible toxicity profile in multiple studies [8].

The use of HRT as an alternative to the stan-
dard RT regimen (SRT) in elderly patients and/or
patients with a low functional status has been ap-
proved by the consensus of the professionals and
regulated by the current guidelines (NCCN, SNO,
EANO) [9—11].

At the same time, the question remains open
whether HRT could be beneficial in fit and young
patients who have prognostically higher survival
chances [12, 13].

The present study is based on a suggestion that
there are certain subgroups of GBM patients with
potential survival benefits depending on the RT
regimen used (i.e., HRT vs. SRT). In other words,
we assumed the existence of the DTE across out-
comes depending on the applied RT regimen. Due
to the lack of a unified approach to the analytical
tools for subgroup analysis, we propose an original
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methodology based on the multicluster modeling
of homogenous groups while retaining the statis-
tical characteristics of the overall primary study
population.

The aim of the study was to analyze the diffe-
rential treatment effect in terms of the survival
of GBM patients in SRT and HRT groups by the
multicluster modeling of homogenous groups
while retaining the statistical characteristics of
the overall primary study population.

Materials and Methods

The data of the retrospective single-center study
of the cohort of 159 GBM patients treated at the
State Institution “Romodanov Neurosurgery Insti-
tute, National Academy of Medical Sciences of Uk-
raine” in 2014—2020 are presented. The diagnosis
of GBM was verified histopathologically after the
resection or stereotactic biopsy of the primary tu-
mor. Patients were stratified according to the RT
regimen: SRT — 49 (30.8%) patients and HRT —
110 (69.2%) patients.

The patients were treated on a linear accelerator
“Trilogy” (USA) (6 MeV). The intensity-modulat-
ed RT (IMRT) method was applied. The radiation
regimens were as follows:

SRT: total dose 60.0 Gy delivered in 30 fractions,
5 days a week, 2.0 Gy per fraction;

HRT: total dose 52.5 Gy delivered in 15 frac-
tions, 5 days a week, 3.5 Gy per fraction.

Inclusion criteria:

e males and females aged above 18 years;

e anticipated survival time of more than 3
months;

e histopathologically confirmed diagnosis of
GBM (diffuse glioma grade 4 according to the
WHO classification);

e supratentorial location of tumor;

e Karnofsky performance status > 60; perfor-
mance status according to ECOG scale < 1;

e patients who received a course of the adjuvant
RT (either SRT, 60.0 Gy delivered in 30 fractions,
or HRT 52.5 Gy delivered in 15 fractions)

e voluntary informed written consent to partici-
pate in the study; willingness and ability to comply
with the procedures of the study and the follow-up.

The study was approved by the Committee on
Ethics and Bioethics of the Institute (Meeting
Minutes No. 3 of June 6, 2016).
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The distribution of the patients under study ac-
cording to their major characteristics is given in
Table 1.

The data on the methylation of the promoter of
the MGMT gene were not available for most pa-
tients in the SRT group (33 cases; 67.4%) and the
significant number of patients in the HRT group
(44 cases; 40%). In 8 (16.3%) patients in the SRT
group and 43 (39.1%) patients in the HRT group,
the promoter of the MGMT gene in tumors was
methylated. Non-methylated status of the promot-
er of the MGMT gene was confirmed in 8 (16.3%)
cases in the SRT group and 23 (20.9%) cases in the
HRT group. The statistical assessment for group
homogeneity according to the methylation status
of the promoter of the MGMT gene was not pro-
vided because of the shortage of such data for most
cases in this study. Due to the same reasons, this
feature was not included as a covariate in further
analysis.

The descriptive statistics of this patient population
is presented in detail in our previous papers [14, 15].

Statistical analysis. The following algorithm was
used for testing the HO hypothesis as to the pre-

Table 1. Patients' characteristics

sence of DTE when the HRT and SRT regimens
were used in GBM patients:

1. The regression semiparametric model of the
Cox proportional risks is built for the sample
stratified by the SRT and HRT groups aimed at the
detection of the covariates affecting the baseline
risk of survival for these two groups, which may
be different.

2. A whole set of possible clusterization variants
according to the detected statistically significant
covariates is generated by the enumeration of all
their values.

3. The baseline survival separately for the SRT
and HRT groups is then interpolated by the
Weibull function opening up the possibility to
use calculations for determining the survival cur-
ves, which in the SRT and HRT groups simulate
the risk inherent to each of the 48 homogeneous
clusters.

4. The interpolated curves of the baseline func-
tions of cancer-specific survival (CSS) for SRT and
HRT groups are used for calculating the survival
curves (S,) for each separate homogeneous cluster
by the Cox model formula:

total + subtotal resection
partial resection + stereotactic biopsy

Karnofsky performance status:
<70
>70

Adjuvant chemotherapy:
temozolomide
PCV
not used

105 (66.0%)
54 (34.0%)

43 (27.0%)
116 (73.0%)

125 (78.6%)
19 (12.0%)
15 (9.4%)

34 (69.4%)
15 (30,6%)

12 (24.5%)
37 (75.5%)

38 (77.6%)
6 (12.2%)
5(10.2%)

71 (64,6%)
39 (35.4%)

31 (28.2%)
79 (71.8%)

87 (79.1%)
13 (11.8%)
10 (9.1%)

Characterisics Oversll sty | S group | HRT group p
53.6 52.8 54.0 0.56

Mean age, years (95% CI) (51.8—55.4) | (49.6—55.8) | (49.0—58.0) | Mann — Witney test
Gender:

males 86 (54.1%) | 24(49.0%) | 62 (56.4%) 0.38828

females 73 (45.9%) | 25(51.0%) | 48 (43.6%) 0.38871

x2-test (Pearson Chi-
square; M-L Chi-square)

Radicality of surgery:

0.55163
0.54968
x2-test (Pearson Chi-
square; M-L Chi-square)

0.62843
0,62639

x2-test (Pearson Chi-
square; M-L Chi-square)

0.97049
0.97079
x2-test (Pearson Chi-
square; M-L Chi-square)
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Sg = Sbgy
where
y=eZiBiki,

g — feature of the SRT or HRT group; S, — curves
for the baseline functions of CSS for the SRT and
HRT groups interpolated by the Weibull function;
B; — regression coefficients assessed in the Cox
model; k; — corresponding values of the covaria-
tes (1 or 0) depending on the selected cluster.

5. The distributions obtained for the SRT and
HRT groups in each cluster are finally compared
using the Kolmogorov — Smirnov test since the
survival curves are in fact the corresponding func-
tions of the probability distributions.

To accept/reject the HO hypothesis stating that
there is no differential treatment effect in the SRT
and HRT groups, a significance a.; = 0.05 was set.

The assumption of the risk proportionality hypo-
thesis was tested using the Schoenfeld residuals
analysis (since this assumption is the underlying
assumption of the Cox model). The graphical rep-
resentations of the Schoenfeld residuals, which show
a separate residual for each subject according to
a separate covariate, do not show a non-random
pattern (i.e., a pattern of changes in the residuals),
which indicates that the assumption of propor-
tionality of risks is not violated. Schoenfeld’s re-
siduals test did not reveal a statistical significance
of p < 0.05 for all the regression variables studied
determined by the Cox proportional hazards mo-
del, which confirms the hypothesis that the risks
of these covariates are proportional.

The primary data were collected and prepared
in MS Excel. The data were analyzed using STA-
TISTICA 64 v.12.5.192.0 Windows NT 6.2.

Results and Discussion

The survival of the patients in the study popula-
tion has been analyzed in detail in our previous
paper [14]. Earlier, we also analyzed the factors
(covariates) affecting the survival of GBM pa-
tients [15]. We demonstrated the following se-
lected clinical factors as significant covariates in
the semiparametric regression model of Cox pro-
portional risks: age (p = 0.003), gender (p = 0.02),
radicality of surgery (p = 0.002), chemotherapy
(p < 0.0000001), and Karnofsky functional sta-
tus (p = 0.0003). Nevertheless, the log-rank test
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showed no significant difference in overall sur-
vival (OS) (p = 0.07), progression-free survival
(PES) (p = 0.43), or cancer-specific survival (CSS)
(p = 0.07) between the SRT and HRT groups.

The analysis of the Kaplan — Meier curves for
OS, PFS, and CSS in the SRT and HRT groups
demonstrated that these curves had intersection
points close to the median values. At the same
time, the shape of these curves demonstrated that
the SRT group has survival benefits over a span
before the intersection point, while the situation
changes to reverse when the median is attained.
A log-rank test will be useful for detecting the
possible difference between two Kaplan — Meier
curves when the risk of the event for one of the
groups is consistently higher throughout the en-
tire period of study. However, this is not the case
when the survival curves are intersected [16, 17].

Meanwhile, the inconsistency in the risk coef-
ficient in the case of the intersecting Kaplan —
Meier curves does not mean that a log-rank test
itself is ineffective. In the case of crossing survival
curves, a log-rank test may lose its power in pro-
viding a significant comparison of the treatment
outcomes. In such a situation, alternative methods
of analysis could exist allowing for better results [18].

In light of the foregoing, we attempted to search
for the methodology aimed at overcoming the li-
mitations of a log-rank test in a situation of cross-
ing survival curves using more powerful methods
of statistical analysis. We hypothesized that certain
combinations of clinical factors may impact the
survival in the SRT and HRT groups.

To check this hypothesis, we attempted to use the
method of simulation of multicluster samples for
analyzing our data. The total number of patients in
our study was rather small (n = 159) excluding the
delineation of the real subgroups that could be suf-
ficient for assuring the required statistical power.

First, using the statistically significant covaria-
tes determined by the Cox model in our previous
study, we generated all 48 possible clinical variants
of clusterization. An important prerequisite for the
correct extrapolation of the multicluster simula-
tion to the real cohort is that artificially generated
clusters are not only homogenous relative to the
delineated factors affecting the survival but also
retain the statistical characteristics of the overall
primary study population relative to these selected
factors.

ISSN 1812-9269. Experimental Oncology 46 (2). 2024
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Examples of the clusterization variants:

Cluster 1: female, age < 60, non-radical tumor
resection, chemotherapy with temozolomide, Kar-
nofsky functional status < 70.

Cluster 24: male, age > 60, radical resection of
primary tumor, without chemotherapy, Karnofsky
functional status < 70.

Cluster 48: male, age > 60, radical resection of
primary tumor, without chemotherapy, Karnofsky
functional status > 70.

The results of testing the HO hypothesis as to
the DTE in SRT and HRT by the algorithm above
demonstrated that only in three variants of covari-
ate combination (variants 10, 21, 22) out of 48 pos-
sible combinations, the HO hypothesis should be
rejected (Table 2). For all other 45 clinical variants,
the HO hypothesis assuming that there is no signif-
icant difference in CSS between the SRT and HRT
groups is accepted.

Figure, a demonstrates the interpolated CSS
curves for cluster 1 (female, age < 60, non-radical

tumor resection, temozolomide chemotherapy,
Karnofsky functional status < 70)). According to
the Kolmogorov — Smirnov test, p = 1.0. There-
fore, the HO hypothesis implying that there is no
significant difference between CSS in the SRT and
HRT groups is accepted.

Figure b demonstrates the interpolated CSS curves
for cluster 21 (female, age > 60, non-radical tumor
resection, without chemotherapy, Karnofsky func-
tional status < 70). According to the Kolmogorov —
Smirnov test, p = 0.03. Therefore, the HO hypothesis
implying that there is no significant difference be-
tween CSS in the SRT and HRT groups is rejected.
The interpolated CSS curves (Weibull regression)
demonstrate the benefit to survival in the SRT group.

The p values for the Kolmogorov — Smirnov
test in the SRT and HRT groups for different base-
line risk functions interpolated by the Weibull dis-
tribution are given in Table 3.

Since the results outlined above may depend
on the precision of the approximation of the base-

Table 2. Clinical variants wherein the HO hypothesis as to the CSS distribution in the SRT and HRT groups is rejected

Covariates
Cluster No. o Karnofsky
Gender Age, years Radicality of surgery Chemotherapy functional status
10 Male <60 Non-radical Not performed <70
21 Female > 60 Non-radical Not performed <70
22 Male > 60 Non-radical Not performed <70

ISSN 1812-9269. Experimental Oncology 46 (2). 2024
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line survival curves, we performed an additional
analysis. Instead of the exact Weibull approxima-
tion, we used a simple linear interpolation be-
tween the adjacent points of the survival curves in
the groups under study. Since the linear interpola-
tion is sensitive to accidental outliers (deviations),
it may be considered a “rough” estimate compared
to Weibull’s approximation. The results of the clus-
ter estimation are summarized in Table 4.

As seen from Tables 3 and 4, the number of clus-
ters with p > 0.05 for the Kolmogorov — Smirnov

test (i.e., the clusters that share the same distribu-
tion) is different depending on the interpolation
used (Weibull’s or linear). Based on the compari-
son between the results obtained by Weibull's or
linear interpolation, we may state that the variants
sharing significant p values of the Kolmogorov —
Smirnov test (p < 0.05) assessed by both interpo-
lation methods can be considered more confident
as to the rejection of the HO hypothesis of no sig-
nificant difference between CSS in the SRT and
HRT groups (variants 10, 21, and 22).

Table 3. P values* for the Kolmogorov — Smirnov test in the SRT

and HRT groups for different baseline risk functions interpolated by Weibull distribution

Gender Male Female
Age Karnofsky <70 >70 <70 >70
functional status
Radicality of surgery** PB TS PB TS PB TS PB TS

<60 | Chemotherapy 0.981 0.976 0.946 0.706 0.997 0.867 0.804 0.635
with temozolomide

Chemotherapy PCV 0.271 0.550 0.622 0.896 0.423 0.734 0.799 0.974

Without chemotherapy | 0.039 0.124 0.156 0.370 0.085 0.219 0.268 0.544

>60 | Chemotherapy 0.888 0.993 0.997 0.892 0.971 0.987 0.968 0.737
with temozolomide

Chemotherapy PCV 0.137 0.335 0.395 0.706 0.240 0.504 0.574 0.865

Without chemotherapy | 0.019 0.055 0.075 0.201 0.033 0.108 0.134 0.330

Notes: * If p > 0.05 for the Kolmogorov — Smirnov test, the SRT and HRT groups share the same Weibull distribution.
** Radicality of surgery: PB — partial surgical resection + biopsy; TS — total + subtotal resection of tumor.

Table 4. P values* for the Kolmogorov — Smirnov test in the SRT

and HRT groups for different baseline risk functions linearly interpolated

Gender Male Female
Age Karnofsky <70 >70 <70 >70
functional status
Radicality of surgery** PB TS PB TS PB TS PB TS

<60 Chemotherapy 0.054 0.273 0.260 0.220 0.163 0.261 0.259 0.223
with temozolomide

Chemotherapy PCV 0.000 0.000 0.001 0.010 0.000 0.002 0.003 0.042

Without chemotherapy | 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000

260 | Chemotherapy 0.009 0.092 0.139 0.259 0.039 0.243 0.267 0.230
with temozolomide

Chemotherapy PCV 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.007

Without chemotherapy | 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000

Notes: * If p > 0.05 for Kolmogorov — Smirnov test, the SRT and HRT groups share the same distribution. ** Radicality
of surgery: PB - partial surgical resection + biopsy; TS - total + subtotal resection of tumor.

134

ISSN 1812-9269. Experimental Oncology 46 (2). 2024



Differential Treatment Effects of Standard and Hypofractionated Radiation Regimens in Glioblastoma Patients

A rationale for interpreting the obtained re-
sults of statistical calculations is relevant to the
principle of conservatism envisaging the deci-
sions minimizing the risk of bias as to the es-
tablished DTE as a component of the subgroup
analysis. Consequently, only in cases when the HO
hypothesis is accepted by both analytical methods,
we will assume the difference in CSS in the SRT
and HRT groups as non-significant (in fact, as ab-
sent).

According to the results of the statistical analy-
sis, the following clinical variants should be con-
sidered the least doubtful (by Kolmogorov —
Smirnov test p > 0.05 coinciding for both inter-
polation methods — Weibull’s or linear) as to the
absence of the significant difference in CSS for
SRT and HRT:

o All cases where the patient is younger than
60 years and receives temozolomide chemothera-
py, regardless of sex, the radicality of the surgical
treatment, as well as the Karnofsky performance
status score before RT.

o All cases where the patient (male or female)
belongs to the age group of 60 years and older
and receives chemotherapy, except for those cases
where non-radical tumor removal combines with
a low Karnofsky performance status score (< 70
points) before RT.

As stated above, this study is a logical exten-
sion of our previous survival analysis of the same
patients population based on the standard ap-
proach [14, 15].

Our current approach was employed to decide
whether certain subgroups with survival advan-
tages depending on the used RT regimen (SRT or
HRT) exist within the overall population of 159
GBM patients. We suggest that such an approach
allows approximating subgroup analysis, and the
presence of DTE within small-size samples is im-
portant for the clinical trials related to the malig-
nant diseases that are not highly prevalent in the
general population, in particular, GBM. In such
cases, it is highly improbable to generate within
the plausible timeframe real subgroups of the
size providing the required statistical power. Our
methodological approach based on simulating
multicluster homogeneous subgroups retaining
the statistical characteristics of the overall prima-
ry study population allows for overcoming these
limitations. Nevertheless, this approach itself has

ISSN 1812-9269. Experimental Oncology 46 (2). 2024

several inherent limitations related both to the as-
sumptions of the Cox proportional risks methods
and the inaccuracies of one or another interpola-
tion technique.

Usually, a subgroup analysis envisages the divi-
sion of the general cohort into subgroups accord-
ing to some defined factors (parameters). We rea-
lize that the approach that we have suggested
should not be considered an accepted subgroup
analysis per se. In this context, it is worth men-
tioning the propensity score analysis that could
be used for studying the treatment effects within
certain groups of patients, although it does not
represent a sort of subgroup analysis as such [19].

On the other hand, the dominating belief is
that prospective randomized clinical trials are to
be considered as reference ones in terms of the
level of evidence of the results obtained. Contrary
to this view, the point of the current discussion
is whether the accepted practice of the direct
extrapolation of the randomization results to the
general population is correct in all aspects [20—22].

We must admit that many questions related to
the subgroup analysis and the assessment of the
DTE remain open. This is partly due to the metho-
dology and analytical tools of the corresponding
studies. Nevertheless, the growing relevance of such
studies in the context of personalized treatment
is beyond doubt.

It should also be mentioned that the terms of
subgroup analysis and DTE themselves have not
yet become widespread among the relevant spe-
cialists and sometimes these terms are perceived
ambivalently. Moreover, no unified view as to which
statistical methods could be most appropriate for
such an analysis has been elaborated.

Anyway, despite the difficulties and the lack
of unification, such studies become increasingly
relevant in the context of personalized medicine.
Subgroup analysis allows for substantiating the
before-developed hypothesis on different treat-
ment outcomes in specified subgroups of patients
providing the required level of evidence.

In the context of personalized medicine, there are
several advantages of subgroup analysis [3, 23, 24].

A subgroup analysis might be helpful to better
identify patients who benefit more from the spe-
cific treatment regimen paving the way for deve-
loping personalized treatment accounting for the
specific profiles of patients. Moreover, the analysis
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of subgroups can provide insight into the mecha-
nisms underlying the treatment effects with a bet-
ter understanding of how the specific factors affect
the treatment outcome.

Nevertheless, such an analysis has certain pit-
falls and shortcomings partly due to the under-
powered statistics resulting in misinterpretation
caused by multiple comparisons with an increased
chance of false-positive and false-negative results.
Therefore, the correct interpretation of the results
of subgroup analysis with inferences on the indi-
vidual therapeutic approaches represents a chal-
lenging task [25—27].

Despite all the difficulties, subgroup analysis
is becoming more widespread in clinical trials, in
particular, in neuro-oncology. Recently, Toms et al.
[28] presented the data of post-hoc subgroup anal-
ysis applied to the phase II randomized clinical
trial demonstrating a significant survival benefit
in GBM patients treated with alternating electric
fields of a low intensity and intermediate frequen-
cy in combination with temozolomide compared
to temozolomide alone when a compliance thresh-
old of 50% was set.

It should be emphasized the advantage of sub-
group analysis allowing for delineating certain
profiles of patients that potentially fit most for
personalized targeted treatment in terms of the
specific features selected for the analysis. Such
an approach was successfully used by Georgescu
[29] who demonstrated the importance of the
molecular classification of GBM based on MAPK
pathway activation for delineating the subgroups
of GBM patients that could respond differently
to targeted therapy.

The analysis presented in our study is in line
with the current trends in neuro-oncology aimed
at the personalization and optimization of the
multimodal treatment of GBM. Although this
analysis is based on a sample of a sufficient size
(159 patients) and employs evidence-based ana-
lytical tools, we are well aware that the results ob-
tained should be interpreted with caution and us-
ing a conservative approach. It should be warned
that our subgroups were not obtained by the true
subdivision of the cohort but were simulated by
the Cox model with the Weibull approximation
retaining the statistical characteristics of the over-
all primary study population.
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In most (45 out of 48) simulated clusters (clini-
cal variants), no significant benefit of one of the
RT regimens has been demonstrated. All three clus-
ters wherein the significant benefit of SRT was
demonstrated shared such features as non-radical
resection, absence of chemotherapy, and low func-
tional status of the patient. On the contrary, in all
cases of patients younger than 60 years and trea-
ted with temozolomide, the survival in the SRT
and HRT groups did not differ significantly inde-
pendently of the gender, radicality of surgery, and
Karnofsky functional status before RT (Table 2).

At the same time, according to the guides re-
flecting the actual neuro-oncological consensus
with a high evidence-based level, such factors as
the low functional status and the elderly age of
GBM patients are associated with the negative
prognosis, and therefore HRT is recommended
for these patients [9—11].

However, the attempts to improve treatment
outcomes for GBM patients, especially those with
poor-prognosis high-grade glioma, cannot be
considered successful justifying the current con-
cept of the incurability of GBM patients as such
with all the efforts focusing on the supportive
treatment aimed at prolonging the life of these
patients by the maintenance of their quality of
life [30—32].

To sum up, the studies employing subgroup
analysis determining DTE represent a promising
direction in modern neuro-oncology. Its applica-
tion in well-powered trials involving GBM pa-
tients should be considered as a priority allowing
for increasing the evidence for the personalized
treatment strategies. Our new analytical approach
can be taken into consideration during the cre-
ation of a more robust design of prospective cli-
nical trials, including those exploring subgroups
of patients who will benefit most from modi-
fied RT regimens. Not less important is assessing
risks and limitations in HRT of certain categories
of patients.
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JIVI®EPEHIIINMIOBAHIN EQEKT JIIKYBAHHA
[PV BACTOCYBAHHI CTAHJAPTHOTO I TTIIO®PAKIIITHOTO
PEXXVIMIB OITPOMIHEHHA ¥V ITAIIEHTIB 3 ITTIOBTACTOMOIO

CraH nurtaHHA. BusHadeHHs miarpyn manieHTiB srifHo mudepeHniioBanoro edekry mikysanua (JEJI) e Baxm-
BOIO IIepeyMOBOI0 e(heKTMBHOCTI epcoHatisoBanoi Tepamii. Anani3 JJEJI gonoMarae BUABUTY caMe TUX Halli€HTIB,
AKi 3 OLIBIIOIO FIMOBIPHICTIO OTPMMAIOTh KOPUCTD Bifi eBHOI cxeMmu J1ikyBaHHA. Meta. Jocmigutu [IEJI 3a xanuep-
crrenmgivHoro BivkmBaHicTio (KCB) manienris 3 rrio6macromoro (I'B) B rpynax cranfaptHoi mpoMeHesoi Tepamnii (CIIT)
ta rino¢paxuiitHoi IIT (I'TIT) nuisixoM MyIbTUKIACTEPHOTO MOJIEMIOBAHHS OSHOPITHIX BUOIPOK 3i 30epexKeHHsM CTa-
TUCTUYHUX XapaKTePUCTHK MepBUHHOI Bubipky. Marepianu Ta MeToau. PeTpoCcreKTHBHO OLiiHEHO KOropry 159 ma-
ieHTiB 3 ynepire giarHocroBaHom ['B, crpatndikoBaHoo 3a pexxumoM an roBanTHoi IIT: rpyna CIIT (n = 49/30,8%)
ta rpyna I'TIT (n = 110/69,2%). Copoxk BiciM miprpym (MynIbTHKIacTepiB) 6ynIu CTBOpPeHi LIIAXOM IepepaxyBaHHs
yCiX MOXK/IMBUX KOMOIHAIIii 5 CTATUCTUYHO 3HAYyIMX KoBapiaTiB Mopmeni Kokca (Bik, cTaTh, pagyuKaabHICTD Xipypriv-
HOI pe3eKxuil, xiMioTepamis Ta cTaryc KapHoBcbkoro). B Mexxax smopenboBaHux 48 kmacrepis mpoananizosano JEJI
y rpymnax CIIT i ITIT 3a gomoMoroo HOpiBHAHHA iHTepIonboBaHMX KpuBuX Beitbymna gna KCB 3a xpurepiem Kos-
moropoBa — CmipHoBa. Pesympraru. Bivknsanicts y rpyni CIIT y mopisHaHHI 3 rpynoro I'TIT nmepeBaxkana mnumire
B TPbOX HOCTIKEHNX KIacTepax (kmactep 10: 9omoBik BikoM <60 pokiB; kiacTep 21: xiHKa BikoM 260 pokiB; Kactep
22: 4onoBik BikoM 260 pOKiB) 3a YMOBM HasIBHOCTI Takux (aKkToOpiB K HepafuKaIbHA Pe3eKllis IMepBUHHOI MyX/INHI,
BificyTHICTDH XiMioTepamii Ta ctaryc KapHoBcbkoro < 70 6aniB. HaToMicTh y 61IbLUIOCTI JOCTIHKYBAHUX KITIHIYHNX
cueHapiis (45 i3 48 kacTepiB) He 6y/10 3adiKCOBAHO CTATUCTUYHO 3HAYYIIOL piSHMILI B IHTEPIIONbOBAHMX KPUBUX Beii-
6ymna KCB rpyn CIIT i I'TIT 3a kpurepiem Konmoroposa — CmipHoBa (p = 0,05). BucHOBOK. 3anporioHoBaHNWiI HAMMK
HOBUII MiJXifi MyTbTUK/IACTEPHOTO MOJeNI0OBaHHA 103BosA€ nocnignty JJEJI y 3Ha4HO TeTeporeHHMX Ta BiTHOCHO He-
BeJIMKUX Koroprax nanienTis 3 I'b B 3a/exxHOCTi Bif 3acTocoBaHOro pexxumy aj opanTHol 1T (rimodpakuiramii mpo-
TV CTAaHAAPTHOTO pesxxumy). Leit opuriHaIbHUIT aHAIITHIHNIT TiAXIT MOXKe 6y Ty BpaXxOBaHMII IpY PO3pOOLIi Au3aitHy
MaitOy THIX JOCTIIKeHb, CIPSIMOBAHNX Ha BU3HAYEHHs MIATPYyI malieHTiB 3 I'B, AKi oTpuMaioTh HalOiMbIITY KOPUCTD
BiJ] IEBHMX IIepPCOHA/II30BaHUX CTPATETiil JIIKyBaHHA.

KmrouoBi cmoBa: pudepeniioBannit edext miKyBaHHs, MiATPYymoBMil aHami3, rmio6nmacToMa, rimodpaxiuiiiHa
IIPOMEHEBA Tepallis.
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