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IN BLOOD SERUM OF PATIENTS WITH HEAD
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Background. The development of new approaches to modeling tumor radiosensitivity in patients with head and neck
squamous cell carcinoma (HNSCC) is an important problem for overcoming tumor radioresistance. New agents for ra-
diomodification are inhibitors of the enzyme cyclooxygenase-2 (COX-2). The study of markers of radioresistance in can-
cer patients undergoing radiotherapy (RT) in combination with COX-2 inhibitors and chemotherapy may contribute
to the effectiveness of RT. Aim. To determine the effect of conformal RT in combination with radiomodifiers (celecoxib,
cisplatin, or their combination) on the content of vascular endothelial growth factor (VEGF), COX-2, and prostaglandin
E-2 (PGE-2) in the serum of patients with HNSCC. Materials and Methods. 47 patients with HNSCC were divided into
4 groups: RT in combination with celecoxib and cisplatin, RT with cisplatin, RT with celecoxib, and RT. Patients received
radiation treatment on a Clinac 600C linear accelerator. The levels of VEGE, COX-2, and PGE-2 in the serum were deter-
mined by enzyme immunoassay. Results. Blocking COX-2 in patients with HNSCC leads to a decrease in VEGF levels.
The largest decrease in VEGF levels was observed in a group treated by RT in combination with celecoxib and cisplatin,
indicating a more effective antiangiogenic effect. The changes in the levels of VEGF, COX-2, and PGE-2, which are most
pronounced under the combined effect of RT and both radiomodifiers, coincided with an objective response to radiation
treatment. Conclusions. The data obtained indicate the effect of radiomodification on the suppression of angiogenesis,
which is most pronounced under the combined effect of RT and both radiomodifiers. The decrease in the levels of PGE-
2, COX-2, and VEGF coincides with the clinical efficacy of radiotherapy according to RECIST 1.1 criteria.

Keywords: head and neck squamous cell carcinoma, radiation therapy, COX-2 inhibitor, cisplatin, vascular endothelial
growth factor, cyclooxygenase-2, prostaglandin E-2.

For several decades, head and neck squamous cell | number of cases of neoplasms in the main localiza-
carcinoma (HNSCC) has been a leading cause of | tions reaching 54%—68% [1]. The combined HNSCC
morbidity in most countries of the world, with the | treatment is usually applied, i.e., radiotherapy (RT)
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and surgery. Often, taking into account the general
condition (according to the ECOG scale), in such
patients, RT is the only type of medical care. The
vast majority (97%—99%) of HNSCC requires
large total focal doses (TFD, 70 Gy or more), which
negatively affects surrounding healthy organs and
tissues. Increasing TFD increases the effectiveness
of treatment, but also leads to significant radiation-
dependent complications [2]. Accordingly, one of
the urgent problems in radiation oncology is to
overcome radioresistance without further dose in-
crease. Along with the improvement of the irradia-
tion modes, technologies, and technical means, se-
lective management of tumor radiosensitivity using
radiomodification with various radiosensitizing
agents is becoming increasingly important. There-
fore, it seems reasonable to develop new approach-
es for targeted modeling of tumor radiosensitivity
in cancer patients. Recently, the study of the main
mechanisms of tumor radiosensitization has made
it possible to identify areas for the use of new tar-
geted therapeutic agents to optimize RT methods:
blocking signaling pathways; inhibition of DNA re-
pair; cell cycle synchronization; induction of apop-
tosis; inhibition of tyrosine kinases; inhibition of
cyclooxygenase-2 (COX-2); effects on angiogene-
sis, etc. [3—5]. In this regard, the search for new RT
technologies for HNSCC is relevant and obvious.

Overexpression of COX-2, an enzyme that cata-
lyzes the conversion of arachidonic acid to prosta-
glandin E-2 (PGE-2), which plays an important
role at all stages of oncogenesis, is considered one
of the main causes of chemoradiotherapy resis-
tance. Tumors with COX-2 overexpression lose
their ability to apoptosis and activate neoangioge-
nesis, which leads to an unfavorable prognosis.
Currently, COX-2 is considered an important tar-
get for anticancer therapy [6—8]. COX-2 inhibitors
as radiomodifiers in combination with X-rays sup-
press the tumor cell proliferation more effectively
than each of them alone due to inhibition of angio-
genesis [9]. At the same time, the radiosensitizing
effect of COX-2 inhibitors on normal tissues was
not detected, which is important for expanding the
limits of the RT interval and their practical use
in radiation oncology [10—12].

Many researchers have proven the feasibility of
using cytostatics to radiomodify malignant tumors.
In particular, the cytostatic agent cisplatin is the
“gold standard” for the treatment of head and neck
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cancer [13]. Cisplatin, as a radiosensitizer, is re-
commended by the National Cancer Institute (NCI,
USA), the National Comprehensive Cancer Net-
work (NCCN, USA), and the European Society for
Medical Oncology (ESMO) [14]. As a radiosensi-
tizer, it shows a synergistic effect with radiation on
tumor cells. When it is used simultaneously with
radiation, the number of dead cells increases, and
tumor growth is more effectively controlled [15].
Thus, the combined use of non-steroidal anti-
inflammatory drugs (COX-2 inhibitors) and cyto-
statics is a new opportunity to improve the results
of RT of malignant tumors, in particular, HNSCC,
by enhancing the antitumor effect through synergy,
or additivity, or potentiation of effects [16]. In this
regard, it is relevant and important to study the role
of COX-2 inhibitors in combination with cyto-
statics in radiomodification to develop new tech-
nologies for individualizing RT of patients with
COX-2-positive HNSCC.

The mechanisms of radiosensitization via the
combined action of selective COX-2 inhibitors and
cytostatics remain virtually unexplored. The radia-
tion regimens under which the combined effect is
most effective have not been determined. The effect
of RT in combination with various radiomodifiers
on the content of vascular endothelial growth fac-
tor (VEGF), COX-2, and PGE-2 in the blood se-
rum of cancer patients is not sufficiently under-
stood. This delays the development of new methods
to optimize RT for head and neck cancer [17].

The aim of the study was to determine the effect
of conformal RT in combination with various ra-
diomodifiers (celecoxib, cisplatin, or their com-
bination) on the content of VEGF, COX-2, and
PGE-2 in the serum of HNSCC patients.

Materials and Methods

In 2019—2023, 47 patients with HNSCC aged 50
to 79 years (median age 61 years) were examined
and treated at the State Institution “Grigoriev Insti-
tute of Medical Radiology and Oncology of the Na-
tional Academy of Medical Sciences of Ukraine”
Patients were informed about the study and agreed
to participate in it. The Committee on Bioethics
and Deontology of the State Institution “IMRO
NAMS of Ukraine” (Protocol No. 10 of 03.11.2022)
approved that the study was conducted in accor-
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dance with the relevant laws and regulations, and
therefore the results are ethically valid.

Patients were divided into groups depending on
different treatment regimens. 10 patients received
a course of RT on the Clinac 600C linear accelera-
tor (classical fractionation mode was used, the total
focal doses were 60—70 Gy) in combination with
celecoxib 100 mg per day and cisplatin (EBEWE,
Austria) 30 mg/m? per week up to a total dose (TD)
of 200 mg (group 1), 11 patients received a course
of RT in combination with cisplatin (group 2),
7 patients received a course of RT in combination
with celecoxib (group 3), and 19 patients received
a course of RT- retrospective analysis (group 4) [4].

The general condition of the patients before the
start of RT was 0—1 points on the ECOG scale. In
most patients of all groups (64.3%), the general con-
dition, according to the ECOG scale, was estimated
at point 1. All patients with HNSCC received mor-
phologic confirmation of the diagnosis after a biop-
sy of the tumors, as well as an X-ray examination of
the chest, abdomen, pelvis, and brain using a Toshi-
ba Aquilon 64 computed tomography scanner to de-
tect the extent of the process, regional lymph node
involvement, and distant metastatic process.

When analyzing the extent of the tumor process,
it was found that the prevailing number of HNSCC
patients (56.0%) had a locally advanced stage of the
disease (stage III—IV). It should be noted that
there were no patients with distant metastases (M1)
among patients with stage IV. Patients with stage
I—II disease were in all groups with the same per-
centage. Among the localizations, laryngeal cancer
prevailed (42.9%, 12 out of 28 patients), oropha-
ryngeal tumors were in second place (28.6%, 8 out
of 28 patients), and oral tumors were diagnosed in
21.4% of cases (6 patients). The group 2 included
two patients (7.1%) with sinus cancer.

The content of VEGF, COX-2, and PGE-2 in the
blood serum of patients with HNSCC was deter-
mined by enzyme-linked immunosorbent assay
(ELISA) using standard reagent kits “VEGF ELISA
Kit, Elabscience Biotechnology Inc” (USA); “Invi-
trogen COX-2 ELISA Kit, Elabscience Biotechno-
logy Inc” (USA); “Prostaglandin D2 ELISA Kit,
Elabscience Biotechnology Inc.” (USA). The stan-
dardized methods for determining VEGE, COX-2,
and PGE-2 are based on the use of a “sandwich”
version of a solid-phase enzyme-linked immuno-
sorbent assay. Blood samples were taken from pa-
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tients before and after RT. 5 mL of blood was cen-
trifuged at 3,000 rpm for 15 min, then the serum
was frozen and stored at -20 °C. Measurements
were performed on a semi-automatic enzyme-
linked immunosorbent assay analyzer «Immuno-
chem-2100, HTT” (USA). Tumor regression was as-
sessed according to RECIST 1.1 criteria based on
the control computed tomography performed
6—38 weeks after the end of treatment.

Statistical analysis of the data was performed
using the statistical software package Statistica for
SCCN and parametric (Student-Fisher) and non-
parametric methods for small samples. The data
were presented as the median and compared be-
tween the groups using the Wilcoxon test when
comparing paired samples. The difference was con-
sidered statistically significant at p < 0.05.

Results and Discussion

The content of VEGFE, COX-2, and PGE-2 in the
blood serum was studied in 47 patients with
HNSCC in the dynamics of RT under different
treatment regimens.

Table 1 shows the levels of VEGE, COX-2, and
PGE-2 in the blood serum of patients with HNSCC
in the dynamics of radiation therapy under differ-
ent treatment regimens, before and after treatment.
We revealed that after treatment, the level of VEGF
in group 1 decreased by 2.6 times, in group 2 —
1.1 times, in group 3 — 1.9 times, and in group 4 —
1.2 times. That is, the greatest decrease in VEGF
levels was observed when RT was combined with
celecoxib and cisplatin. After treatment, the level of
COX-2 in group 1 decreased by 2.2 times, in group
2 — 1.1 times, in group 3 — 2.2 times, and in group
4 — 1.1 times, and the level of PGE-2 in group 1
decreased by 2.5 times, in group 2 — 1.1 times,
in group 3 — 1.8 times, and in group 4 — 1.1 times.

In our previous studies, we determined the dy-
namic changes in VEGE, COX-2, and PGE-2 levels
in the serum of HNSCC patients during RT against
the background of an objective response to treat-
ment [18]. In the present research, we aim to study
the content of these molecules after the application
of conformal RT in combination with various ra-
diomodifiers.

The analysis of the data on different radiotherapy
regimens using radiomodifiers in patients with
HNSCC showed that changes in the level of VEGF
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are more pronounced under the combined effect of
radiation, cisplatin, and celecoxib, which indicates
a slowdown of angiogenesis. Taking into account
the literature data, this can be explained by the
combined effect of celecoxib and cisplatin. It is
known that the COX-2 inhibitor (celecoxib) cata-
lyzes the conversion of arachidonic acid to PGE-2,

II group
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83.4% 16.7%

83.3%

M Regression @ Stabilization [ Progression

Fig. 1. Objective response to treatment in patients with HNSCC under diffe-
rent treatment regimens

which plays an important role at all stages of carci-
nogenesis, in particular, it activates angiogenesis
and inhibits apoptosis. Blocking COX-2 leads to
a decrease in the level of prostaglandins and the
proangiogenic factor VEGEF, and enhances anti-an-
giogenic effects. The action of cisplatin results in
the cross-linking of DNA strands and disruption

Table 1. Levels of VEGF, COX-2, and PGE-2 in the blood serum of patients
with HNSCC in the dynamics of different schemes of radiotherapy

RT tics;llz i?;:ib * RT + cisplatin RT + celecoxib RT
Parameter Exam1f1at10n (Group 1, n = 10) (Group 2,n=11) (Group 3,n=7) (Group 4,n=19)
period
n median n median n median n median
VEGE pg/mL  |before treatment 10 439.3 11 447.5 7 4324 19 430
after treatment 10 170.2% 11 398.4 7 226.8% 19 369
COX-2,ng/mL | before treatment 10 68.2 11 67.7 7 71.2 19 70.8
after treatment 10 31.0* 11 61.6 7 32.1* 19 63.0
PGE-2, pg/mL | before treatment 10 569.8 11 506.4 7 612.2 19 668.0
after treatment 10 228.5* 11 449.7 7 347.5 19 621.0

Notes: * The difference between pre- and post-treatment values is significant, p < 0.05 (Wilcoxon test).
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of its structure, inhibition of DNA synthesis, the
arrest of mitosis, and ultimately apoptosis of tumor
cells [19]. On the other hand, cisplatin affects the
metabolism of arachidonic acid, which affects the
activity of COX-2, a key enzyme in the synthesis
of PGE-2 [20]. Therefore, the use of cisplatin in
combination with a COX-2 inhibitor can enhance
the anticarcinogenic effect.

In patients with HNSCC, we analyzed the changes
in serum levels of VEGF, PGE-2, and COX-2 de-
pending on the objective response to treatment,
which was used to assess the direct effect of RT one
month after treatment.

Fig. 1 shows the frequency of objective response
to treatment (regression, stabilization, progression)

ISSN 1812-9269. Experimental Oncology 46 (3). 2024
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in patients with HNSCC. As seen, the regression of
the tumor process is observed in 90% of patients in
group 1, 83.4% — in group 2, 83.3% — in group 3,
and 73.7% — in group 4.

Therefore, we further analyzed the content of
VEGE COX-2, and PGE-2 in different RE regimens
in patients with HNSCC depending on the tumor
regression. Changes in serum VEGF levels (Fig. 2)
showed that with complete or partial regression,
the level of VEGF in group 1 decreased by 2.9 times,
in group 2 — by 1.3 times, in group 3 — by 1.9 times,
and in group 4 — by 1.4 times. The changes in the
levels of COX-2 and PGE-2 in the blood serum
depending on the regression of the tumor process
are shown in Figs. 3 and 4. As shown, in group 1,
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the levels of COX-2 decreased by 2.4 times, and
PGE-2 — by 2.8 times compared to the pretreat-
ment levels. In group 2, these indicators decreased
slightly, in group 3, COX-2 — by 2.3 times, and
PGE-2 — by 1.8 times, and in group 4, these indi-
cators remained practically unchanged. So, in pa-
tients with HNSCC who received RT in combina-
tion with celecoxib and cisplatin, the greatest de-
crease in the levels of VEGF, COX-2, and PGE-2
was determined compared with the other treatment
regimens in the regression of the tumor process.
Analysis of the results showed that changes in
the levels of VEGE, COX-2, and PGE-2 coincided
with an objective response to RT. Thus, in the case
of tumor regression, a significant decrease in these
parameters is observed, more significant with RT
in combination with celecoxib and cisplatin, which
indicates the effectiveness of this treatment re-

The data presented suggest that most patients
with HNSCC have increased COX-2 activity and
increased PGE-2 synthesis before RT. The results
of this study are confirmed by other authors who
have shown that transformed cells possess in-
creased levels of COX-2 [10] that do not decrease
significantly under the influence of RT [21].

In conclusion, our results indicate that the most
effective treatment for patients with HNSCC is RT
in combination with celecoxib and cisplatin and
therefore open up a new opportunity to optimize
radiation treatment of HNSCC.
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Jep>xaBHa ycTaHOBA «|HCTUTYT MEAMYHOI PaJliofnorii Ta OHKOMOTi1
im. C.IL Ipurop’eBa HAMH Vkpainu», Xapkis, Ykpaina

BIUIVIB KOHO®OPMHOT [TIPOMEHEBOI TEPATIIIT B TIOEAHAHHI
3 PISBHUMUM PAOIOMOAVI®IKATOPAMIM HA BMICT VEGE IJOT-2 TA IIT'E-2
Y CUPOBATIII KPOBI XBOPMX HA IIJIOCKOKJIITMHHMI PAK T'OJTOBU TA T

Cran nuTaHH:A. Pospo6ka HOBMX MifIXO/[iB MOJIE/IIOBAHHSA PaJiioqyTIMBOCTI ITyX/IMH Y XBOPMX Ha IVTOCKOKIIITMHHUI paK
ronosy ta i ([TPT'TII) € Ba>kuB oo Tpo6/1eMOI0 A1 ITOTOMAaHHA PafiiopesrcTeHTHOCTI myx/mH. HoBumu arenTamu s
paniomonudikanii mnpomenesoi repamii (I1T) e inribitopu pepmenty umxnooxcurenasu-2 (IJOI-2). BuBuenns Mmapkepis
Pafiope3anCTeHTHOCTI B OHKOJIOTIYHNX XBOPUX IIifi BIUIMBOM IIpOMeHeBol Tepallil B HoeqHaHHi 3 iHribitopamu 11OI-2
Ta XiMiompemapaTaMyu € CbOTOJHI aKTya/JIbHUM i MO)Ke CIIPVMATHU Iif[BUINEHHIO eeKTUBHOCTI IpOMeHeBOl Teparrii.
Mera po6oTn. BusHaunty BriuB KOHGOPMHOI IPOMEHEBOI Teparil B MOEfHAHHI 3 pisHnMu pagiomopudikaTopamm
(emexoxcu6, mycaTuH ab6o ix KombiHanisa) Ha BMicT dakropa pocty enporenito cyans (VEGE), IOT Ta mpocra-
rmaupuny E-2 (IIT'E-2) y cupoBartiii KpoBi XBOpUX Ha IVIOCKOKTITMHHMIL paK TONOBM Ta Lini. Marepianyu Ta MeTOR.
O6crexeno Ta nporikosaHo 47 xpopux Ha IIPTIII, sAxux 3a cxeMaMu iKyBaHH:A 6y/I0 HOJi€HO Ha YOTUPYU TPYIIN:
I1T y noenHaHHi 3 le/IeKOKCMO0M Ta ycImraTuHoM, [1T 3 ucmatnHoM, ITT 3 enexokcn6om ta ITT. XBopi orpumysamm
KypC IIPOMEHEBOro JIiKyBaHH: Ha JiHiiHoMy npuckoproBadi Clinac 600C. BukopucToByBaBcs pe>XuM KJIACMYHOTO
¢dpaxuionyBans:. lucioraTva npusHadamu y fo3i 30 MT/M? Ha TYDKJEHb, I[eTIeKOKCUO — y no3i 100 mMr Ha fo6y. PiBHi
VEGE LIOI-2 ra IITE-2 y cnpoBaryi kposi xBopux Ha IIPI'Tl BusHava/mu MeTomoM iMyHOQepMEeHTHOro aHayi3y
o Ta micnA mikyBaHHA. PesynbraTn. JlikyBanna xsopux Ha ITPTTI 3 6nokysannam IJOT-2 Beze 10 3HVOKeHHA piBHA
VEGE Haii6inbie sumkenss piBas VEGF cniocrepiraerscs npu [T y moefHaHHi 3 1[e7IeKOKCO0M Ta UCIUIATIHHOM,
1110 BKa3ye Ha 0i1b1i1 e(eKTUBHIIT aHTMAHTIOT€HHMI BIUIMB Ha 370sIKicHY myxnHy. 3minu piBaiB VEGE [IOT-2 ta IITE-
2, AKi Hat6inbLI BupakeHi 3a moexgHanoi aii IIT ta 060x pagiomonndikatopis, 36irammcs 3 06’eKTUBHOIO BifIOBiA0
Ha IpoMeHeBe JIiKyBaHHsA. BucHoBKku. IlokasaHo BB pagioMmopmdikanii Ha IPUTHiYEeHHS IpoOLieCy aHrioreHesy,
SIKUI Hailbinbln BupakeHuit 3a noegHaHoi ail I[1T ta 060x pagiomopndikatopis. 3umxenus pisuis IITE-2 , IIOT-2 ta
VEGEF 36iraeTbcs 3 KIiHIYHOIO e eKTUBHICTIO TpoMeHeBol Tepamil 3a kpurepiamu RECIST 1.1.

Kitro4oBi coBa: I0CKOKIITHHHNIT PaK TOMOBU Ta 1K, IIpoMeHeBa Teparmis, inri6irop LIOI-2, uncrmatus, pakrop
POCTY €HIOTENi0 CYAUH, IMKIOOKCUT€Ha3a-2, MpocTarmanjuH E-2.
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