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Concurrent chemoradiotherapy (CRT) based on cisplatin is recognized as the current standard treatment for locally
advanced cervical cancer. The treatment of cervical cancer has reached a plateau in the last 20 years. Previous studies
have proven that the epidermal growth factor receptor is correlated with chemo- and radioresistance and treatment failure.
Hence, the purpose of this study was to investigate the efficacy and safety of icotinib combined with CRT in the treatment
of locally advanced cervical cancer. Eligibility criteria included patients treated in the radiotherapy department of Taizhou
Central Hospital of Zhejiang Province for stage IIB to IIIB cervical cancers who had not received anti-tumor treatment
before and a performance status of 0 to 2. Patients were given icotinib 125 mg three times a day for 6 weeks, which was one
week before the start of radiotherapy (500 centigrays in 28 fractions) and chemotherapy (40 mg/m? administered weekly
for 3-5 cycles). There were 29 patients who completed the I+CRT treatment, and it was tolerated well. The median follow-
up time was 50 months and 27 patients (93.10%) achieved complete responses. The 5-year cumulative overall survival rate
and disease-free survival rate were 58.4% and 60.9%, respectively. The treatment with I+CRT is safe and effective for locally
advanced cervical cancer. As far as we know, this is the first study to report the 5-year survival rate of locally advanced
cervical cancer with targeted therapy combined with chemoradiotherapy.
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Cervical cancer is one of the most common malignant
tumors among women in the world. As the third most
common cancer among females, it is the fourth leading cause
of cancer-related death among women [1]. Despite advances
in medical technology and the fact that many cervical cancers
can be cured in the early stages by surgery, the prognosis of
patients with locally advanced cervical cancer treated by
concurrent chemoradiotherapy is still poor [2, 3]. So far,
concurrent chemoradiotherapy is still the standard treat-
ment for locally advanced cervical cancer. Although chemo-
radiotherapy has improved the 5-year survival rate by 6%,
nearly one-third of patients still develop a local recurrence or
distant metastasis. Therefore, it is important to develop new
treatments to improve the cure rate of cervical cancer.

At the present, studies have shown infection with HPV
(human papillomavirus) plays an important role in 99.7%
of cervical cancers [4]. High-risk HPV infection is the most
predominant cause of cervical cancer. Although vaccines to
prevent infection with HPV are available, they have no thera-

peutic efficacy, and the number of HPV-related tumors is not
expected to decline significantly until 2040 [5]. Therefore,
it is still critical to develop novel therapeutic approaches to
treat cervical cancer. It has been proved that HPV can stimu-
late cell proliferation by binding its early protein E5 to a
variety of cell growth factor receptors including epidermal
growth factor receptor. HPV can stimulate cell proliferation
by binding its early protein E5 to a variety of cell growth
factor receptors including epidermal growth factor receptor
(EGFR) [6].

EGEFR is the expression product of the proto-oncogene
c-erbB1, one of the major family members of the receptor
HER [6]. In normal cells, the EGFR signaling pathways play
a very important role in maintaining function. However, its
improper activation or overexpression may also cause or
promote the occurrence and development of tumors [7].
Therefore, EGFR has become a target for therapeutic drug
research and a target in a variety of malignancies [8, 9].
Erlotinib combined with cisplatin-based concurrent chemo-
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radiotherapy has been tested previously in patients who
suffered from locally advanced cervical cancer and toler-
able toxicity and significant antitumor activity were reported
[10]. Icotinib is a specific epidermal growth factor receptor
tyrosine kinase inhibitor (TKI). It is the first small molecule
anticancer drug with independent intellectual property
rights in China. In its chemical structure, molecular mecha-
nism and efficacy, it is similar to erlotinib, but it has better
safety [11]. It has been widely used in advanced non-small-
cell lung cancer with a certain effect [12].

In summary, according to the actual situation in China,
we developed a regimen comprised of icotinib combined
with cisplatin and pelvic radiotherapy (CRT) and evaluated
its safety and antitumor activity. According to the previous
studies, we referred to the application of icotinib in lung
cancer where the recommended dosage of icotinib is 125 mg,
three times a day.

Patients and methods

Patients. All cervical cancer patients were selected from
the radiotherapy department of Taizhou Central Hospital
from January 2010 to December 2015. Patients of the Inter-
national Federation of Gynecology and Obstetrics (FIGO)
stage IIB to IIIB, age from 31 to 73 years, a bidimensional

Table 1. Baseline patient characteristics.

Characteristic No. of patients (%)
Age (y)
Median 56
Range 31-72
ECOG
1 72.41
2 27.59
Cycle of chemotherapy
3 27.58
4 24.14
5 48.28
FIGO stage
1IB 58.62
IITA 3.44
II1B 37.93
Pathology
adenocarcinoma 10.34
squamous 89.66
Tumor grade
1 20.69
2 48.28
3 31.03
Lymph node metastasis
yes 34.48
no 65.52

Abbreviations: ECOG PS - Eastern Cooperative Oncology Group perfor-
mance

measurable lesion, and an Eastern Cooperative Oncology
Group performance status (ECOG) of 0 to 2 were considered
eligible. Serum negativity for b-human chorionic gonado-
tropin was essential for patients of reproductive age. All
patients were confirmed pathologically and had not received
radiotherapy or chemotherapy before. After a detailed under-
standing of the procedure and the advantages and disad-
vantages of the experiment, all the enrolled patients signed
informed consent before the treatment began. This study
was approved by the Ethics Committee of Taizhou Central
Hospital before it was started.

Exclusion criteria: leukocyte <3,500 cells/mm® or neutro-
phil count <1,500 cells/mm?®, hemoglobin <8 mg/l, platelet
count <100,000/mm?*, creatinine >150 pumol/l, or estimated
creatinine clearance <60 ml/min, alanine aminotransferase
(AST) >75 U/l, aspartic acid amino transferase (ALT) >60 U/I,
human albumin <30 g/I. In addition, patients diagnosed with
another malignancy in the past five years, and those with
mental illness, heart disease or human immunodeficiency
disease, which are suitable for concurrent chemoradio-
therapy, were also excluded.

Endpoints and assessments. The main endpoint of the
study was the objective response rate, which refers to the
proportion of patients with tumor shrinkage reaching a
certain amount and maintaining a certain time, including
cases with complete response (CR) and partial response
(PR). The secondary endpoint was disease-free survival
(DES), which was defined as the time from the beginning of
treatment to the first recurrence or metastasis of the tumor
or death of the subject for any reason, and the overall survival
rate (OS) was the time from the beginning of treatment to the
death due to any cause, and the safety and tolerance of the
combined treatment.

All patients need to provide complete medical history
before joining the group, and those who meet the require-
ments need to undergo a comprehensive physical exami-
nation, including blood routine, liver and kidney function,
myocardial enzyme spectrum, chest and abdomen CT,
electrocardiogram, pelvic magnetic resonance imaging and
bone ECT, etc.

In addition, during treatment, a gynecological examina-
tion and laboratory assessments were given once a week to
monitor any side effects. Adverse reactions were classified
according to the National Cancer Institute general toxicity
Standard Version 3.0. Pelvic magnetic resonance imaging
(MRI) was performed after 4 times of brachytherapy to
determine the efficacy. If the tumor has achieved complete
response, one more brachytherapy will be given; other-
wise, another three times should be given. The patients
were followed up 1 month after the end of treatment, every
3 months for the first 2 years, and every 6 months in the
following 3 years. Clinical and gynecological examinations,
pelvic magnetic resonance imaging, and abdominal pelvic
CT examinations were performed at each visit to evaluate
the efficacy and late toxicity. The next follow-up plan was
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determined according to the examination results. At 90 days
after completion of the treatment, the response was assessed
according to the RECIST and positron emission tomog-
raphy/CT results.

Icotinib. To achieve a stable blood concentration, patients
were given oral icotinib 125 mg three times a day for a total
of 6 weeks before the start of concurrent chemoradiotherapy.
Icotinib was provided by Zhejiang Beta Pharmaceutical Co.
Ltd. (Hangzhou, China).

Radiotherapy. Radiotherapy was conducted in two stages:
pelvic treatment at 5040 centigrays (cGy) 28 fractions, 5 days
a week, followed by 5 cycles of brachytherapy, twice a week,
600 centigrays prescribed at point A (International Commis-
sion on radiation units report 38) [13]. If the pelvic MRI
reexamination at the end of treatment indicated that there
was still residual tumor, two more brachytherapy treatments
were administered. All treatments were completed within
7-8 weeks.

Chemotherapy. Chemotherapy was given concurrently
with radiotherapy once a week, comprised of intravenous
cisplatin doses of 30-40 mg/m* (maximum dose, 60 mg)
3-5 times. None of the patients were given adjuvant chemo-
therapy after treatment.

Statistical analysis. The SPSS 23.0 statistical software was
used for statistical analysis. DFS and OS distributions in this
study were described by Kaplan-Meier plots and median
estimates.

Results

Patient characteristics. The toxicity and reactivity were
evaluated in 29 patients. Their characteristics are shown in
Table 1. The median age of the patients was 56 years (range,
31to 72 years). In all patients, stage IIB accounted for 58.62%,
stage IIIA in 3.44%, and stage IIIB in 37.93%. All patients
were treated with concurrent cisplatin chemotherapy, among
which 8 (27.58%) patients completed three cycles, 7 (24.14%)
finished four cycles, and 14 (48.28%) five cycles.

Patient response. The median follow-up time was 50
months (range 10-80 months). The activity of the therapy
was analyzed in 29 patients, all of whom achieved an objec-
tive response after the combination treatment. Twenty-one
patients (72.41%) achieved a CR, whereas 8 patients (27.59%)
achieved a PR, and 4 (13.79%) patients achieved a CR one
month later. Two of the remaining four patients achieved a
CR after 2 rounds of brachytherapy.

At the cut-oft date of June 30, 2019, the 5-year DES and OS
rates were 58.4% and 60.9%, respectively. Figure 1 presents
the Kaplan-Meier estimates of DFS and OS for the popula-
tion. The 5-year DFS and OS were both 76.5% for FIGO 11,
and 34.1% and 36.4% for FIGO III, and there was a statistical
difference in DFS between stage II and stage III (p=0.049),
but no statistical difference in OS (p=0.055) (Figures 2A, 2B).
The 5-year DFS and OS were both 77.8% for patients without
lymph node metastasis, and 48.2% and 52.6% for lymph node
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Figure 1. Kaplan-Meier plots for disease-free survival (DFS) and overall
survival (OS).

Table 2. Failure patterns of cervical cancer.

Recurrence pattern Cases %
Overall 11 37.93
Cervical 1 3.45
Pelvic lymph node 2 6.90
Paraaortic lymph nodes 2 6.90
Lung 4 13.79
Abdominal organs 1 3.45
Other 1 3.45

metastasis, respectively, the statistical difference was not
found in OS (p=0.220) and DEFS (p=0.234) (Figures 3A, 3B).

At the end of the follow-up, 11 (37.93%) patients had a
disease recurrence or progression, and all of them died.
Table 2 shows the number of patients with different types
of recurrences. The median recurrence time was 20 months
(range 6-40 months). A total of 11 patients recurred,
including 5 (17.24%) cases of pelvic recurrence, 4 (13.79)
cases of lung metastasis, 1 (3.45%) case of duodenal metas-
tasis, and 1 (3.45%) case of heart disease. Nine (31.03%)
patients had recurrence or metastasis by 2 years.

Toxicity. The toxicity of the 29 patients is shown in Table 3.
The most common AEs were diarrhea, nausea, myelosup-
pression, and radiodermatitis, which were grade 1 or 2 in the
majority of patients. Overall, grade 3 toxicities included rash
in 1 patient, diarrhea in 8 patients, nausea in 2 patients, radio-
dermatitis in 1 patient, and myelosuppression in 9 patients.
It was found that I-CRT did not aggravate the toxicity, and
there were not any therapy-related deaths reported. It is
exciting that all patients completed the planned schedule and
any side effects of the treatment resolved quickly.
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Figure 2. A) Kaplan-Meier plots for disease-free survival of FIGO II and

Figure 3. A) Kaplan-Meier plots for disease-free survival of LNM, B)
111, B) Kaplan-Meier plots for overall survival of FIGO II and III.

Kaplan-Meier plots for overall survival of LNM.

Table 3. Acute adverse events happened in therapy.

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
Rash 20 (68.97%) 3(10.34%) 6 (20.69%) 1(3.4%) 0
Diarrhea 0 1(3.4%) 20 (68.97%) 8 (27.59%) 0
Abnormal liver function 14 (48.28%) 12 (41.38%) 3(10.34%) 0 0
Nausea 1(3.4%) 22 (75.86%) 5(17.24%) 2 (6.90%) 0
Myelosuppression 0 0 19 (65.52%) 9 (31.03%) 1(3.4%)
Radiodermatitis 15 (51.72%) 13 (44.83%) 1(3.4%) 0

Discussion

of cervical cancer is still very high. Nearly 130,000 cervical
cancer patients are diagnosed every year, which accounts for

Cervical cancer is a common gynecological tumor, being  one-third of the world’s total, and 60,000 people die of cervical

the second most common malignant tumor of the female
reproductive system. There are more than 500,000 new
cases every year in the world while developing countries
account for approximately 85% [14]. In China, the incidence

cancer [15]. As in other malignant tumors, the development
of cervical cancer is a complex multistep process involving
multigene regulation. At present, the incidence of cervical
cancer has decreased and mortality has been improved with
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the improvement of sanitary conditions and the extensive
screening for cervical cancer. However, nearly one-third of
patients will have a local recurrence or distant metastasis,
and especially in developing countries, cervical cancer is still
a common cause of death among women [16]. Therefore,
the current work has focused on further improvement of the
cure rate and survival of cervical cancer and to find the best
treatment plan for cervical cancer.

At present, it is recognized that the main cause of cervical
cancer is human papillomavirus (HPV) infection. Most
cervical cancer patients with HPV infection are caused by
persistent HPV infection, and the human immune system
cannot clear HPV. It has been proved that HPV E6 and E7
protein expression is the key immune regulator of host signal
transduction and cell transport. When HPV invades the
human body, the body responds to the virus. This process
involves a variety of signal pathways, such as phosphati-
dylinositol-3-kinase/protein kinase B (PI3K/AKT) signal
pathway, transforming growth factor-p (TGF-p) signal
pathway, cell death tumor necrosis factor (cell death TNF)
signal pathway, cell death Extracellular matrix receptor inter-
action (ECM receptor interaction) signal pathway. Although
the cervical cancer vaccine has been used in clinical practice,
the number of HPV-related tumors is not expected to decline
significantly until 2040 [5]. Moreover, there are still some
HPV-negative cervical cancer patients who need to explore
new treatment directions.

In recent years, molecular targeted therapy has become
an important part of cancer treatment. At present, clinical
research on epidermal growth factor (EGFR) and vascular
endothelial growth factor (VEGF) is in full swing. Previous
studies [17] have confirmed EGFR is frequently overex-
pressed in cervical cancer, and so far, the research data has
been extremely inspiring [19]. Horowitz et al. [10] suggested
that E+CRT therapy is not only safe but also has a signifi-
cant therapeutic effect on locally advanced cervical cancer.
Icotinib is a specific TKI that is the first small molecule
anticancer drug with independent intellectual property
rights in China. It is similar to erlotinib in chemical struc-
ture, molecular mechanism, and efficacy, but better in terms
of safety. In addition, a study [2] suggested that icotinib is
a potential sensitizer for radiotherapy and cisplatin-based
chemotherapy for cervical cancer, which provided the exper-
imental basis for our research.

Based on previous studies and our actual situation, we
designed this study. We reported the outcomes of I+CRT
in the treatment of locally advanced cervical cancer. Their
combination presented a tolerable toxicity profile and favor-
able outcomes.

We were pleased to find that 21 of 29 (72.41%) patients in
our study achieved a CR, and 6 (13.79%) patients achieved
a CR two months later, which is 27/29 (93.10%) achieving
a CR. This result is similar to a previous report [10]. After
a median follow-up of 60 months, the 5-year DFS and OS
rates were 58.4% and 60.9%, respectively. According to the

data presented in the majority of trials, there are four studies
reporting the 5-year OS, three of which were similar to ours
[19-21]. Wong et al. [22] enrolled 220 cervical cancer patients
and 79% of patients with locally advanced cervical cancer
were alive after a median follow-up of 60 months. However,
the reason why their study achieved such a high survival rate
is that all patients in their study received adjuvant chemo-
therapy. There is no definite evidence of a clinical benefit for
consolidation chemotherapy after concurrent chemoradio-
therapy for cervical cancer [23].

According to the previous studies, both staging and lymph
involvement are factors affecting the prognosis of cervical
cancer [24-26]. As we all know, the FIGO 2018 guidelines
include lymph node metastasis in the staging. Matsuo et al.
[27] conducted a retrospective study on the SEER research
database on data collected in the United States from 1988 to
2014. They found that the prognosis of patients in stage IIIC1
and T3b stage was significantly worse than that of patients
without lymph node metastasis. However, the 5-year DES
and OS rates of the current study were 48.2% and 52.6%,
respectively, which seems to be better than theirs. This shows
that icotinib combined with concurrent radiotherapy may
have a greater survival benefit for patients with lymph node
metastasis, although this needs to be confirmed by a further
phase III clinical study. Hyo [28] retrospectively analyzed 392
patients and found that the local recurrence rate of advanced
cervical cancer (stage III-IV) was significantly higher than
that of early cervical cancer (21.5% vs. 10.7%, p<0.05). The
current study found that the 5-year OS of stage III was 36.4%,
significantly lower than that of stage II (75.5%), which is
consistent with previous studies.

The safety of patients is a problem we cannot ignore forever.
Diarrhea and myelosuppression are the most common
complications of pelvic radiotherapy [29-31], and diarrhea
is also one of the common adverse effects of icotinib [32]. In
the current study, the incidence of diarrhea and myelosup-
pression above grade 3 was 27.59% and 31.03%, respectively,
which is similar to the previous results. And all the patients
recovered after symptomatic treatment. So, it can be inferred
that I+CRT will not cause serious additional adverse effects,
their combination is safe and controllable.

As a phase II study, this study has some limitations,
including a single institution, a small sample size, no control
group, and the possibility of researchers’ selection bias.
However, it is precisely because it is a single-center study
that all of the patients involved were treated by the same
team, which avoided the treatment differences caused by the
subjective reasoning of medical practitioners. In addition,
the follow-up and review of all patients were completed by
the same doctor, and the results of that were discussed and
decided by the same group, so as to avoid the deviation of
follow-up results due to the subjective differences of the
follow-up. Finally, because all the patients came from the
same area, it was convenient for follow-up. Therefore, none
of the patients lost follow-up in our study.
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In conclusion, in the current study of erlotinib combined
with cisplatin and radiotherapy as first-line therapy for
patients with locally advanced cervical cancer, the treatment
combination appears to be safe and shows similar outcomes
with previous studies. Additional studies with a larger sample
size and randomized controlled studies of this combination
are necessary, and they will require a comprehensive evalua-
tion of biomarkers, such as EGFR mutation type. Neverthe-
less, additional studies need to consider the molecular biolog-
ical characteristics of cervical cancer to further determine the
benefits of combined treatment for patient subgroups and to
achieve individualized treatment for this disease.
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