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ABSTRACT

BACKGROUND: Malignant tumors of the head and neck are a significant problem in modern oncology,
as they occupy an important place in the structure of morbidity and mortality of the population. According
to the Ministry of Health of the Russian Federation, 674,587 new cases of malignant neoplasms were
registered in 2023, of which 25,038 cases were tumors of the head and neck. AIM: of the study was to
evaluate the effect of induction drug therapy on the treatment outcomes of patients with locally advanced
tumors of the head and neck who received radiation treatment using proton therapy, IMPT technique
(intensity modulated proton therapy). METHODS: The retrospective study included an analysis of the
medical records of 103 patients with head and neck tumors, who were divided into two groups: patients
who received induction chemotherapy followed by proton chemoradiotherapy (n=50), and patients
who did not receive induction antitumor treatment before starting proton chemoradiotherapy (n=53).
T-tests for independent samples were used to assess differences between patient groups. The statistical
significance of the differences was considered at a level of p <0.05. RESULTS: The median follow-up
was 13.4 months (IQR: 11.6-21.6 months). The average follow-up time was 15.7+7.8 months. In the
group of monitored patients, none interrupted planned treatment, and therapy was completed on time.
In the induction chemotherapy followed by proton chemoradiation therapy group, the average OS was
27.65 months (95% CI: 24.46-30.85), while for the proton chemoradiation therapy groups it was 27.27 months
(95% CI: 22.15-31.72), which was a statistically insignificant difference (Chi-squared 0.776, p=0.378). The
median OS for both study groups was not reached. The progression-free survival assessment showed that the
average time to progression in the induction chemotherapy followed by proton chemoradiation therapy group
was 23.1 months (95% CI: 19.6-26.6), versus 21.2 months (95% CI: 16.7-25.7) in the proton chemoradiation
therapy group. The incidence of grade 1 leukopenia was 30% in the induction chemotherapy followed
by proton chemoradiation therapy group versus 20.8% in the proton chemoradiation therapy group, the
incidence of grade 3 disorders was 26% in the induction chemotherapy followed by proton chemoradiation
therapy group and 11.3% in the proton chemoradiation therapy group, and grade 3 complications were
noted only in the induction chemotherapy followed by proton chemoradiation therapy group (12%). These
differences are statistically significant (p <0.01). CONCLUSION: This study demonstrated that induction
chemotherapy does not improve overall survival and progression-free survival in patients with locally
advanced squamous cell carcinoma of the head and neck receiving proton chemoradiotherapy.
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BACKGROUND

Malignant tumors of the head and neck area
represent a significant problem in modern oncology,
for they take an important place within the structure
of the morbidity and mortality of the population.

© Eco-Vector, 2025

According to the data from the Ministry of Health of
the Russian Federation, in 2023, a total of 674,587
new cases of malignant neoplasms were registered,
of which 25,038 cases were the tumors of the head
and neck area [1].
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OPUTUHAJIbHOE NCC/TTIEAOBAHUE

O PeKTBHOCTb HEOAADIOBAHTHON XUMMOTEpanun
nepepa NpoOTOHHON Ny4YyeBON Tepanuen onyxosen
rosoBbl N LWen
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AHHOTALINA

O6ocHoBaHMe. 3/710Kka4eCTBEHHbIE OrTyXOJIV rOJ/I0BbI M LLIEV MPEACTaBIISIIOT COO0M 3Ha4YUMYHO rpobaemy
B COBPEMEHHOM OHKOJIOMW, Tak Kak 3aHNMaroT BaKHOE MECTO B CTPYKType 3ab0/1eBaeMOCTU 1 CMepT-
HocTtu HaceneHnus. o gaHHbIM MuH3sgpasa Poccun, B 2023 rogy 3apeructpupoBaHo 674 587 HoBbIx
CJ/lyHaeB 3/10Ka4eCTBEHHbIX HOBOOBpa3oBaHmii, n3 KOTopbix 25 038 cocTaBuim OryXosiv rosioBbl v LLUEW.
Llenb nccnepgoBaHnss — OLEHUTb B/INSIHUE MHAYKLUWOHHOV JIEKAPCTBEHHON Teparnuy Ha pe3y/bTaTtbl
JIeYEeHUS NayneHTOB C MECTHOPACMPOCTPaHEHHbIMY OMyXOJISIMU FO0BbI U LUEU, MOJTYYUBLUNX JTyHEBOE
JIeHeHne MeTo4OM MPOTOHHOM Tepanun, metogukon IMPT (mpoToHHasi Teparnusi ¢ MOAYJ/IMpPOBaHHOM
MHTEHCUBHOCTbI0). MeTogbl. PeTpOCMNEKTNBHOE NCCIe[0BaHNE BKIOYa/I0 aHa N3 MeguUuHCKUX KapT
103 nayneHToB C Oryx0JisiMy roJ/1I0BbI U LLIEU, KOTOPbIE Obl/V pasaesieHbl Ha 4Be rpynrbl: NayneHTsbl, ro-
JlyHaBLUnE UHAYKUYMOHHYIO XUMUOTEPANIO C MOCAEAYIOLMM MPOBEAEHNEM MPOTOHHOM XUMUOJTYHEBOM
Tepanum (n=50), n NnaymeHTbl, He MoJyYaBLUNEe VHAYKLUMOHHOIO MpPOTHUBOOMYX0/IEBOro Je4eHUs: 4O Ha-
Yyasia rnpoOTOHHOM XUMUOJTyHeBou Tepanuv (n=53). [151 o4eHKU pa3nnydmni Mexxay rpyrnnamy nalymeHToB
npUMeHsv t-TecT A1 He3aBUCUMbIX BbIOOPOK. CTaTncTnydeckasi 3Ha4MMOCTb Pa3/INymii CYATanach rnpu
ypoBHe p <0,05. Pe3ynbraTtbl. CpegHee BpeMsi HabiogeHnst 3a nayneHTamy coctaBuio 15,7+7,8 me-
csiya, megnaHa HabmrogeHns — 13,4 mecsiya (IQR 11,6-21,6). B rpynne OTC/Ie)XXeHHbIX NaLUneHTOB HU
Of4VH He rpepBaJl niaHoBOro Je4eHs, Tepanus 3aBepLUeHa B yCTaHOBJIEHHbIV CPOK. B rpynne nayvex-
TOB, MOJIYYNBLLNX VHOYKUMOHHYIO XUMUNOTEPANWIO C MOCAEAYIOLNM MPOBELEHNEM MPOTOHHON XUMUO-
Jly4eBOV Tepanuy, cpeaHsisi 0bLyasi BbKMBaeMoCTb cocTaBuna 27,65 mecsiya (95% AU 24,46-30,85),
Torga Kak 4715 rpynnbl naymeHTOB, He MoJyYaBLunX UHAYKUYMOHHOIO MPOTHUBOOMYX0/IEBOI0 JIeHEHUS
[0 Hayasia rnpOTOHHOM XUMWOJTyHeBow Tepanun, — 27,27 mecsiya (95% AN 22,15-31,72), uTo siBnisiiock
CTaTUCTUYECKU HE3HAYNTeIbHbIM pasanynem (Xu-kBagpat 0,776; p=0,378). OuyeHka Bb>XKMBAeEMOCTU
6e3 rnporpeccypoBaHns nokasasa, 4To CpegHee BPeMs 4O MPOrpeccupoBaHns B rpyrnne NHEYKLYMOH-
HOV XyiMmoTepanuy C rnocaeayroLWwyM rMpoOBEeaeHNeM MPOTOHHOM XUMUOJyHEeBOW Tepanuy COCTaBuIo
23,1 mecsya (95% AN 19,6-26,6) npotus 21,2 (95% AW 16,7-25,7) B rpyrnne npOTOHHOM XUMUOJTyHe-
Bovi Tepanun. Yactorta nevikoneHun | creneHn coctasuaa 30% B rpynne ¢ MHAYKLUNOHHBLIM XUMUoTepPa-
nesTu4eckumM seveHviem npotus 20,8% B rpyrnne 6e3 MHAYKLMOHHON XUMUoTepanum, 4actora passu-
Tus HapyLieHnii Ill cteneHn — 26% v 11,3% cOOTBETCTBEHHO, NPy 3TOM OC/I0XHEHWS Il cTeneHn bbiin
OTMeYeHbI TOJIbKO B rpyrnne naynmeHToB, MoJayYaBLUNX UHAYKLUNOHHY xumuoTeparnvio (12%). [daHHbie
pasnnyns SIBASIKOTCS CTaTUCTUYECKU 3HaYuMbiMu (P <0,01). 3aknrodeHune. VIHQyKUNOHHAasT XUMNOTe-
panusi He yay4qluaeT OOLYy BbIXKMBAEMOCTb U BbIKMBAEMOCTb 6e3 rporpeccmnpoBaHys y nayneHToB
C MeCTHOPAacrnpPOCTPaHEHHbIM M/IOCKOKIETOYHbIM PaKOM rOJ10Bbl U LUEU, MOJ1yHaroLmX MPOTOHHYHK XU-
MUOJTyHEBYIO Teparnumio.
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Among the modern therapeutic approaches,
induction chemotherapy is used as a stage before
the radical radiation therapy begins in cases when
the volume of the tumor masses or their spreading do
not allow providing the acceptable coverage by the
exposure dosage or significantly increase the risks of
serious complications in the normal tissues. The main
objective of induction chemotherapy in that case is
the decrease of the dimensions of the tumor masses
and following the dosage-volume limitations when
conducting the distant radiation therapy.

As of today, according to the MACH-NC meta-
analysis that included the data from 107 research
works with the participation of 19,805 patients,
the application of induction chemotherapy has not
demonstrated a significant improvement of the overall
survival in patients (HR = 0.96; 95% CI: 0.90-1.01). At
the same time, simultaneous chemoradiation therapy
(CRT) has shown a more significant effect, decreasing
the risk of mortality by 18% (HR = 0.82; 95% CI:
0.78-0.86). These results indicate the benefit of
simultaneous chemoradiation therapy before induction
chemotherapy in the improvement of the overall
survival of the patients [2]

In the treatment of locally spreading processes,
induction chemotherapy was repeatedly compared
to the combined mode of chemoradiation therapy.
No conclusive evidences were revealed in terms of
improving the results, and the majority of research
works devoted to the role of induction therapy
in the treatment of tumors of the head and neck
area, were evaluating specifically the photon beam
therapy, while the role of proton therapy remains
uninvestigated [3].

In the worldwide literature, there are data stating
that proton irradiation suppresses the expression of
factors, lympho-, angiogenesis and immune tolerance,
facilitating the survival of less aggressive clones
of tumor population, but their effects on the tumor
biology remains poorly investigated [4, 5]. Because
the efficiency of proton therapy is confirmed by our
own clinical observations, there remains an interest
to the improvement of long-term efficiency results
by means of intensifying the anti-tumor medication
therapy [6].

Research aim: The main aim of the research was
to conduct a comparative analysis of two groups by
key clinical outcomes, including the overall survival
(OS) and progression-free survival (PFS), as well as to
determine the effects of induction chemotherapy on
the hematological toxicity.

METHODS

Research design

This retrospective research included an analysis
of medical records from 103 patients with tumors in
the head and neck area, which were divided into two
groups: the patients receiving induction chemotherapy
with further conduction of proton chemoradiation
therapy (IPCRT) (n=50), and the patients not receiving
induction antitumor therapy before the initiation of
proton chemoradiation therapy (PCRT) (n=53).

For checking the conformity of the distribution of
the quantitative variables to the normal one in each of
the groups, the Shapiro-Wilk test was used. Despite the
deviation from the normal distribution when evaluating
the dosages of applied radiation therapy, taking into
consideration the range of clinically recommended
dosages, the analysis was carried out using the t-test
for independent samples. Statistical significance of
differences was considered in cases of p being < 0.05.

Conformity Criteria

The retrospective research was enlisting the
patients with morphologically confirmed squamous
cell cancer of the oropharynx or of the oral cavity, the
locally spreading stage of the disease (llI-IVb), the
absence of signs of remote metastatic activity (MO),
the absence of previously conducted radiation therapy
and the satisfactory functional status — ECOG 0-1.

Research facilities and duration

From January 2019 until December 2024, proton
beam therapy sessions were arranged with the use of
ProteusPlus235 proton-cyclotron complex within the
premises of the Federal State Budgetary Institution
“Federal Scientific and Clinical Center of Medical
Radiology and Oncology” under the Russian Federal
Medical-Biological Agency in a total of 4,049 patients.
The selection of patients was carried out using the
“Protoregistr-2021” database, developed and registered
within the framework of the state assignment from the
Russian Federal Medical-Biological Agency [7].

Ethical review

All the research participants have signed the
voluntary informed consent for treatment. The authors
claim that the approval from the Ethics committee was
not required, for the retrospectively analyzed data
were based on the anonymized data and the treatment
was conducted in accordance with the clinical
recommendations from the Ministry of Health of the
Russian Federation.
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Medical procedure description

The patients were receiving a cycle of proton
therapy following the mode of five-days fractioning
with a single dosage (SD) of 2Gr to the total dosages
(TD) of 50-60Gr applied to the zones of local-regional
lymphatic collector and with the total dosage of
66-70Gr applied to the area of the primary tumor
focus and the high risk zones. As an induction
medication therapy, the patients were receiving the
DCF scheme of not less than 2 cycles (Docetaxel-
Cisplatin-Fluorouracil with a 21 days cycle) with
further evaluation of the dynamic changes and, in the
absence of signs of progression, with the conduction
of proton chemoradiation therapy.

The dosimetric planning of proton therapy was
carried out using the Phillips Pinnacle 3 planning system
for the treatment conducted using the ProteusPlus235
apparatus with the Pencil Beam Scanning methods.

All the patient cases were discussed during the
multi-disciplinary consilium, where decisions were
made on the management tactics. The detailed
characteristics are summarized in table 1. The
test groups were comparable by the key clinical
characteristics. A demonstration of the differences
between proton and photon therapy plans in the
dosimetric distribution is shown in Fig.1.

Statistical analysis

The median of follow-up was 13.4 months
(IQR: 11.6-21.6 months). The mean follow-up time
for the patients was 15.7£7.8 months. In the group
of tracked patients, no one has interrupted the
scheduled treatment, the therapy was completed at the
pre-defined time. For the evaluation of the differences
between the groups of patients, t-tests were used for
independent samples. The statistical significance of
differences was the p level being < 0.05.

ORIGINAL STUDY ARTICLE

Table 1

Comparative and quantitative characteristics
of the test groups of patients

Parametor  'FCT  PORT UL
(p-value)

Gender, n (%)
e M 36 (72) 35 (66)
e F 14 (28) 18 (34) 0513
Age (mean + SD) 55.9+10.2 = 55.3+11.9 0.804
Tumor stage
o 2 12 16
e 3 16 15 0.772
o 4 22 22
N-stage
e 1 38 33
) 7 16 0.142
e 3 5 4
AJCC stage (TNM)
e 1l 27 (54) 25 (52.1)
o IV 23 (46) 23 (47.9) 0649
Total focal dosage
e High risk 66.2+2.1 65.8+2.4 0.761
e Mid risk 54.0+3.4 53.7+3.2 0.638
e Low risk 50.5+2.9 50.2+2.7 0.078
CRT type
e Cisplatin 25 (50) 28 (52.8)
e Carboplatin 25 (50) 25 (47.2) 0928
Topographic group
e The oropharynx 30 (60) 28 (52.8) 0.593
o The oral cavity 20 (40) 25 (47.2)

Note. IPCRT — induction chemotherapy with further
conduction of proton chemoradiation therapy, PCRT — proton
chemoradiation therapy.

Fig. 1. Dosimetry differences in the plans of proton (on the left side) and photon (on the right side) radiation therapy.
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RESULTS

Research sample (participants)

and primary findings

The first stage included the analysis of the
parameters of overall survival in the test groups
of patients using the Kaplan-Meier curves (Fig. 2).
In the group of patients receiving induction
chemotherapy, the mean OS was 27.65 months (95%
Cl: 24.46 - 30.85), while in the group without induction
chemotherapy — 27.27 months (95% Cl: 22.15-31.72),
which was a statistically insignificant difference
(Chi-square = 0.776, p=0.378). The median OS for
both test groups was not achieved due to the limited
duration of following-up the patients.

The evaluation of the progression-free survival rate
has shown that the mean time to progression in the
group of induction chemotherapy was 23.1 months
(95% CI: 19.6-26.6), versus 21.2 months (95% ClI:
16.7-25.7) in the group where the treatment did not
include the induction. The median time to progression
was the following: the group with the induction type
of chemotherapy — 26.3 months (95% ClI: 18.7- 33.8),
the group without the induction mode — 18.8 months
(95% CI: 8.0-29.6). Despite the fact that the
median PFS was higher in the group with induction

chemotherapy, no statistically significant differences
were detected between the groups (Chi-square = 0.293,
p=0.589) (Fig. 3).

None of the analyzed factors (stage of the disease,
test group, HPV-status, age, type of the used antitumor
medication) had a significant statistical effect on our
patient sample.

Evaluations were also carried out for the rate and
the degree of developing leucopenia: as expected, the
group of induction medication therapy demonstrates
the higher rate and degree of hematological
abnormalities (table 2).

The rate of grade 1 leucopenia was 30% in a group
of patients, receiving induction chemotherapy with
further proton chemoradiation therapy, versus 20.8%
in a group of patients not receiving induction antitumor
therapy before the initiation of proton chemoradiation
therapy, the rate of developing grade 3 disorders
was 26% in the group of induction chemotherapy
and 11.3% in the group without the induction, while
grade 3 complications were reported only in the group
of patients receiving induction chemotherapy (12%).
These differences are statistically significant (p <0.01)
and confirm that induction chemotherapy increases
the rate and the degree of leucopenia severity.

1.0
Test group

—I11—IPCRT
—I12—PCRT

0.8 ~}— 1 —censored
—— 2 —censored

0.6 _I:

0.4

0.2

0.0

0 month 5 month 10 month 15 month 20 month 25 month

Fig. 2. Overall survival graph for the patients of the test groups using the Kaplan-Meier method. IPCRT — induction
chemotherapy with further proton chemoradiation therapy; PCRT — proton chemoradiation therapy.
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1.0
Test group

I 1—IPCRT
I 2—PCRT

08 —}— 1 — censored
—— 2 — censored

0.6

0.4

0.2

0.0

0 month 5 month 10 month 15 month 20 month 25 month

Fig. 3. Progression-free survival rate graph for the test groups — Kaplan-Meier’s method. IPCRT — induction chemotherapy
with further proton chemoradiation therapy; PCRT — proton chemoradiation therapy.

Table 2
Assessment of the degree of leucopenia development
Leucopenia degree Total
Group !
0 % 1 % 2 % 3 % n

IPCRT 16 32.0 15 30.0 13 26.0 6 12.0 50
PCRT 36 67.9 11 20.8 6 11.3 0 0.0 53
Total 52 - 26 - 19 - 6 - 103

Note. IPCRT — induction chemotherapy with further proton chemoradiation therapy; PCRT — proton chemoradiation therapy.

DISCUSSION

Our research has demonstrated that induction
chemotherapy does not improve overall survival
and progression-free survival in patients with
locally spreading squamous cell cancer of the head
and neck area, receiving proton chemoradiation
therapy. However, the presence of induction
therapy is associated with the higher rate of
hematological disorders, which evidently leads to
interrupting the treatment, to the usage of additional
resources, as well as to the elevation on the risks
of complications. Thus, such an approach should
not be used in the routine practice. These data
confirm the tendency observed in the publications
worldwide, now transferred to the group of proton
therapy.

20

The research had a number of limitations,
primarily, due to its relatively small sample size (n=103),
which may limit the statistical power of analysis.
Also, the follow-up period was lasting at an average
of 15.7 months, which may be insufficient for the
evaluation of long-term treatment effects.

CONCLUSION

The routine usage of induction chemotherapy
before proton chemoradiation therapy does not
provide significant benefits in terms of overall survival
and progression-free survival rates. Additional factors,
having a potential effect on the patients’ survival rate
and treatment tolerability, include the local toxicity, the
volume of the tumor masses and the fractioning modes,
which represent a subject for our further research.
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