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Summary

Background: The aim of this research was to study PIK3CA mutation depending tumor response to concurrent chemoradiotherapy
among Azerbaijanian cervical cancer patients. Materials and Methods: The authors investigated treatment results of 136 Stage IB-IVA
cervical cancer patients. Treatment consisted of external beam radiotherapy, weekly cisplatin, and high-dose rate brachytherapy. PIK3CA
gene mutations were detected using PIK3CA mutation analysis kit. The association of genetic alterations with clinicopathological char-
acteristics and treatment response were analyzed. Results: The authors revealed activation of PIK3CA gene in 49 (36%) patients in
total. PIK3CA mutations were found in five (10.2%) cases of adenocarcinomas and in 44 (89.8%) patients with squamous cell cervical
cancer. Of the 136 patients retrieved in this study, 112 (82,3%) patients had complete response, 23 (18,7%) had partial response, and
only one had progression of the disease. The frequency of compete response was significantly lower in PIK3CA mutation positive pa-
tients (77.6% vs. 92%, p = 0,035). Conclusion: The authors revealed some association between PIK3CA gene alterations and tumor re-
sponse after chemoradiotherapy in patients with locally advanced cervical cancer. More than one-third of cervical cancer patients are
PIK3CA gene mutations carriers and in the future potentially could benefit from newly discovered therapeutic agents which directly tar-

get PIK3CA.
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Introduction

Uterine cervical cancer is one of the widespread gynecol-
ogical malignancies and the main cause of oncogynecolog-
ical mortality all over the world [1]. According to WHO data
500,000 patients are annually registered with cervical can-
cer in the world which constitutes 5% of all oncological dis-
eases and about 200,000 women die from this cancer [2].
During last decades mortality rate is declining as tumors are
diagnosed earlier, in part due to cervical screening programs
in developed countries [3]. According to official data in
Azerbaijan, cervical cancer is the second leading cancer
after breast cancer among women. In spite of high effec-
tiveness of screening and relatively easier diagnostics pro-
cedures vast majority of cervical cancer cases in this country
have locally advanced stages disease at presentation [4, 5].

Treatment is individualized according to dissemination
of the disease and comorbidities. Early disease can be cu-
ratively treated either by surgery or irradiation but patients
with locally advanced cervical cancer have a poor progno-
sis mainly due to failure of controlling local disease with ra-
diotherapy although treatment modalities have improved
over the last decade [6-8]. In spite of the various efforts to
enhance the efficacy of irradiation, local failure is still the
main problem in these cases. Radiotherapy remains an in-
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tegral component of the standard treatment for the major-
ity of cases, particularly those with bulky early tumors and
more advanced disease [8-12].

Epidemiological studies have suggested that multiple risk
factors are implicated in the tumorigenesis of cervical can-
cer, with human papillomavirus (HPV) considered the most
dominant risk factor [13-15]. However recent studies
showed the number of molecular-genetic processes which
also have some impact on carcinogenesis of cervical can-
cer. One of the most commonly revealing mutations is
PIK3CA [16, 17]. For example in the USA, 31% of cervi-
cal cancer patients have PIK3CA mutations [18]. PIK3CA
gene encodes an enzyme - phosphatidylinositol-4,5-
bisphosphate 3-kinase, catalytic subunit alpha converting
the signaling molecule phospho-inositol phosphate 2 (PIP2)
to PIP3. This pathway controls cell growth, proliferation,
motility, survival, differentiation, and intracellular traffick-
ing [19, 20].

The aim of this research was to study PIK3CA mutations
frequency and tumor response to concurrent chemoradio-
therapy among Azerbaijanian cervical cancer patients.

Materials and Methods

The authors investigated treatment and results of 136 patients
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Table 1. — Clinicopathological characteristics of patients.

Variable All patients (n=136) PIK3CA mutation PIK3CA mutation p value
positive n=49 (36%) negative n=87 (64%)

Median age (years) 52 (32-81) 53 (32-76) 56 (35-81) 0.26

Histology, n (%) Squamous cell 119 (87.5%) 44 (89.8%) 75 (86.2%) 0.38
Adenocarcinoma 17 (12.5%) 5(10.2%) 12 (13.8%)

FIGO Stage, n (%) IIA 21 (15.4%) 8 (16.3%) 13 (14.9%) 0.85
1B 65 (47.8%) 21 (42.9%) 44 (50.6%)
1A 5(3.7%) 2 (4.1%) 3 (3.5%)
1B 45 (33.1%) 18 (36.7%) 27 (31%)

Lymph nodes, n (%) Ny 33 (24.3%) 11 (22.5%) 22 (25.3%) 0.44
Ng 103 (75.7%) 38 (77.5%) 65 (74.7%)

Tumor size, n (%) <5cm 55 (40.4%) 19 (38.8%) 36 (41.4%) 0.46
>5cm 81 (59.6%) 30 (61.2%) 51 (58.6%)

Mean tumor size, (mm) 52.3 54.2 51.6 0.63

with biopsy proven cervical cancer of Stages IB-IVA who applied
to the Department of Radiotherapy of National Center of Oncol-
ogy between 2015 and 2017. All patients were clinically staged
according to the International Federation of Gynaecology and Ob-
stetrics (FIGO) criteria. Evaluation for distant metastases con-
sisted of chest X-ray or CT, abdominal US or MRI and PET-CT
for high risk patients. An initial tumour size was defined on MRI
images in T2-weighted sequences. Pathological lymph nodes were
defined as lymph nodes > 1 c¢m in size, loss of oval shape on im-
aging, or positive on PET-CT imaging. All patients had provided
written informed consent. The median age of the patients was 55
years (range 34 — 81).

External beam radiotherapy (EBRT) consisted of 25 fractions
by 1.8 Gy to the total dose of 45 Gy. EBRT was performed on
Linacs by using of volumetric arc-therapy (VMAT) method with
6 MV and MV photon beams delivered both to the primary tumor
and pelvic lymph nodes. Concurrently, a weekly injections of cis-
platin was administered in dose of 40 mg/m? (maximally 70 mg)
up to five times. Just in three (2.2%) patients chemotherapy was
not given due to poor renal function and age. Metastatic lymph
nodes were simultaneously boosted by 2.3 Gy to a dose of 57.5 Gy
(equivalent dose 60 Gy). After at least 40 Gy of EBRT, all patients
proceeded to high-dose rate brachytherapy (HDRBt). Prior
brachytherapy patients underwent clinical examination and MRI
to reassess the tumor condition and pelvic anatomy. HDRBt ap-
plication was performed under spinal or general anesthesia. In-
sertion of ring/tandem applicator set was followed by vaginal
packing with gauze to increase the distance between applicator
and surrounding organs at risk (bladder and rectum). In patients
with large tumors and/or poor response to EBRT, interstitial tita-
nium needles were inserted in addition. Targets and organs at risk
delineation and brachytherapy planning were based on CT and
MRI images according to the recommendations of the GYN GEC-
ESTRO working group [21]. Dose prescribed to high risk clinical
target volume (HRCT) was four times at 7 Gy. The aimed total
dose to the HRCTV delivered both by EBRT and HDRBt was 80
—85 Gy (equivalent dose to classical 2 Gy fractionation, /3 — 10
Gy). More detailed patient characteristics by groups is given in
Table 1.

For PIK3CA mutations analyzing DNA was extracted using a
tissue kit. DNA concentration and quality were measured by a
spectrophotometer: the ratio of ~1.8 is generally was accepted as
“pure” for DNA. PIK3CA gene mutations were detected using
PIK3CA mutation analysis kit. Real-time polymerase chain re-
action (RT-PCR) was performed in accordance to the manufac-
turer’s protocol.

The primary objective of this research was to determine if

PIK3CA mutations were predictive for tumor response to con-
current chemoradiotherapy in cervical cancer. Associations be-
tween clinical characteristics and mutational status were evaluated
by chi-square or Fisher’s exact tests. Logistic regression models
were employed to identify independent predictive factors for treat-
ment response. A two-sided p < 0.05 was considered statistically
significant. All statistical tests were performed using Statistical
Package for SPSS 17.0. Registration in a public trials registry:
ClinicalTrials.gov Identifier: NCT02957266.

Results

Tumor response was assessed by clinical examination
and MRI imaging taken three times for each patient: at di-
agnosis, at the fifth week of treatment and in two months
after treatment completion. The tumor shrinkage rate was
evaluated according to RECIST criteria [22].

The authors revealed activation of PIK3CA gene in 49 (36%)
patients in total. PIK3CA mutations were found in five (10.2%)
cases of adenocarcinomas and in 44 (89.8%) patients with
squamous cell cervical cancer. The predominant mutation sites
were E542K and E545K in the helical domain of the PIK3CA
gene.

According to in-house protocols the authors perform
MRI examination at the fifth week of treatment (after at
least 40 Gy of EBRT and five cycles of weekly cisplatin) in
frame of brachytherapy planning to see the changes in
pelvic anatomy (like uterus size, deviation, angle, sur-
rounding organs’ positions, etc.) and the tumor’s status
(residual size, parametrial invasion, extension to vaginal
wall, etc.). Due to this MRI imaging they can analyze ini-
tial tumor response, so called mid-treatment tumor shrink-
age rate, which was non significantly higher in PIK3CA
mutation negative group of patients (82.6% vs. 67.4%, p =
0.054).

Of the 136 patients retrieved in this study, 112 (82.3%)
had complete response, 23 (18.7%) had partial response
and only one had progression of the disease (she developed
lung metastases in two months after treatment completion).
The frequency of compete response was significantly lower
in PIK3CA mutation positive patients (77.6% vs. 92%, p =
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Table 2. — Tumor response rate depending on PIK3CA mutational status.

Variable All patients (n=136) PIK3CA mutation PIK3CA mutation p value
positive n=49 (36%) negative n=87 (64%)

Mean mid-treatment tumor 72.8% 67.4% 82.6% 0.054

shrinkage rate (%)

Complete response n (%) 112 (82.3%) 38 (77.6%) 80 (92%) 0.035

0.035) (Table 2).

Discussion

In this study, the authors evaluated the clinical significance
of PIK3CA pathway gene mutational status, which is one of
the most common genetic alterations in cervical cancer. The
present data showed that PIK3CA genetic alteration was as-
sociated with tumor response and represented as an inde-
pendent predictive factor to concurrent chemoradiotherapy
for cervical cancer. Today it is well known that PIK3CA sig-
naling pathway has a great impact on such important car-
cinogenesis processes, like cell proliferation, survival,
apoptosis, and metastasis. In their research Mclntyre et al.
showed that increased cell survival and inhibition of apop-
tosis could provide negative influence to efficacy of
chemoradiotherapy for cervical cancer [23]. On the other
hand Schwarz et al. conducted a study for gene expression
profiling of 62 pretreatment biopsies from patients with ad-
vanced cervical cancer and found that activation of the
PI3K/Akt pathway was associated with incomplete meta-
bolic response to chemoradiotherapy in cervical cancer [24].
Recently Wang et al. published results of study with objec-
tive to investigate the predictive value of common genetic
alterations of PI3K/AKT/mTOR and Ras/Raf/MAPK path-
ways in patients with locally advanced cervical squamous
cell carcinoma treated with cisplatin-based concurrent
chemoradiotherapy. Patients without genetic alterations (mu-
tations or amplification) of PIK3CA had a significantly
higher response rate than patients with these alterations.
PIK3CA genetic alterations retained an independent factor
in predicting response to the treatment [25]. The present data
with higher patient number and inclusion of adenocarcino-
mas of cervix well supports the previous findings. All the
aforementioned makes defective PIK3CA pathway an at-
tractive target for inhibition to improve chemoradiotherapy
results of cervical cancer.

Conclusions

The present results suggest that PIK3CA pathway acti-
vation is essential to cervical carcinogenesis in Azerbaijan
and PIK3CA gene mutations may be an important param-
eter in predicting treatment response. The authors revealed
some association between PIK3CA gene alterations and
tumor response after chemoradiotherapy in patients with
locally advanced cervical cancer. More than one-third of

cervical cancer patients are PIK3CA gene mutations carri-
ers and in the future potentially could benefit from newly
discovered therapeutic agents which directly target
PIK3CA.
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