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Abstract: Currently, women with metastatic or recurrent cervical cancer still have very

limited treatment options. Despite the rapid advancements in targeted therapies, no targeted

therapy was approved for cervical cancer, except for bevacizumab. In the present study, we

reported a 52-year-old heavily pre-treated EGFR amplified patient with metastatic cervical

squamous cancer who benefited from afatinib with a progression-free survival (PFS) of 5.5

months. The patient was administered with a first-line treatment of chemotherapy and

bevacizumab with a PFS of 4.3 months. Subsequently the patient was treated with a second-

line regimen of angiogenesis inhibitor apatinib plus chemotherapy and a third-line treatment

of pembrolizumab. Genomic profiling revealed significant EGFR amplification in both

primary (copy number [CN] =15.9) and metastatic lesions (CN =18). Afatinib monotherapy

was then administered as the fourth-line regimen. She achieved partial response (PR) with

a PFS of 5.5 months. At disease progression, the CN of EGFR was elevated to 39.9

accompanied by the emergence of PIK3CA amplification (CN =4.2). The patient was treated

with everolimus and afatinib and achieved stable disease (SD) after 3 months. To the best of

our knowledge, this is the first clinical evidence of an EGFR-amplified metastatic cervical

cancer patient benefiting from afatinib as a single agent.
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Introduction
It has been reported that 15% to 61% of women with cervical cancers develop

metastatic disease.1 Although early-stage and locally advanced disease can be cured

by radical surgery and chemo-radiotherapy, respectively, women with metastatic or

non-operable recurrent disease have very limited treatment options. Currently, most

metastatic or recurrent cervical cancer patients were treated with palliative che-

motherapy with a median survival of 8 to 13 months.2 Despite the rapid advance-

ments in targeted therapies, which revolutionized the treatment of many cancers, no

targeted therapy was approved for cervical cancer except for bevacizumab.

Epidermal growth factor receptor (EGFR) has been an attractive target for

anticancer therapy due to its involvement in multiple cellular processes thus con-

tributing to the initiation and the development of cancer. Abnormal activation of

EGFR (mutation or amplification/overexpression) has been identified in a variety of

human tumors,3 including cervical cancer. Although, EGFR mutations are less

commonly seen in cervical cancer, EGFR overexpression has been identified in
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approximately 70% cervical squamous carcinoma but its

prognostic and predictive value remain elusive. However,

numerous Phase II studies of EGFR inhibitors conducted

on metastatic and/or recurrent cervical cancer patients

revealed lacked of clinical efficacy. Gefitinib4 and

erlotinib5 as single agents as well as cetuximab with or

without cytotoxic chemotherapy6,7 showed either minimal

activity or no meaningful benefit at all. Afatinib, a second-

generation selective and irreversible EGFR-Tyrosine

kinase inhibitor (TKI), has demonstrated substantial clin-

ical activity as single agent in non-small cell lung cancer

(NSCLC) and head and neck squamous cell carcinoma.8,9

Here we present a metastatic EGFR-amplified cervical

cancer patient benefited afatinib as the fourth-line treat-

ment with a PFS of 5.5 months.

Case Report
A 52-year-old woman presented with irregular vaginal

bleeding and was diagnosed with cervical squamous carci-

noma with lymph node metastases (LNM) in August 2016.

Initial treatment consisted of radical hysterectomy plus

pelvic lymph node (LN) dissection and was followed by

chemoradiotherapy for 2 months. A chest computed tomo-

graphy (CT) scan performed 10 months after the comple-

tion of the initial chemoradiotherapy revealed multiple

metastases in both lungs and the histopathology of the

lesion revealed cervical metastatic squamous cell carci-

noma. A first-line treatment of chemotherapy (docetaxel

and cyclophosphamide) combined with bevacizumab was

administered beginning September 20, 2017. After 3 cycles,

a repeat chest CT scan indicated stable disease (SD) for

pulmonary lesions and LNs on mediastinum, bilateral axil-

las and right clavicle. The squamous cell carcinoma-related

antigen (SCC-Ag) was 0.7ng/mL. The patient remained on

the same regiment for another 3 cycles and developed dis-

ease progression (PD) according to Response Evaluation

Criteria in Solid Tumors 1.1, evident by the enlargement of

her lung lesions on January 29, 2018. At PD, her SCC-Ag

was elevated to 8.5ng/mL. Subsequently, her treatment was

switched to apatinib in combination with chemotherapy

(capecitabine+ tegafur) with a PFS of 6.6 months. On

August 31 2018, a chest CT revealed enlarged lesions on

both lungs, with the largest lesion measuring 47mmx43mm

on the left lobe (Figure 1A). The SCC-Ag also increased

remarkably to 85ng/mL. The patient was subsequently trea-

ted with pembrolizumab and failed to show any response by

the end of second cycle.

Both primary cervical lesion and metastatic lung lesion

were sent for genomic profiling using a next generation

sequencing (NGS) panel consisting of 520 genes in

October 2018. The results showed EGFR amplification in

both primary (CN=15.9, Figure 2A) and metastatic lesions

(CN=18). Additionally, two missense mutations (p.

Glu542Lys and p.Glu545Lys) in PIK3CAwere also detected.

Fluorescence in situ hybridization (FISH) was performed on

the metastatic pulmonary specimen to confirm EGFR ampli-

fication (Figure 2B). The patient was administered with

afatinib starting from October 16, 2018 and achieved partial

response (PR) on November 12, 2018 based on the signifi-

cant shrinkage of the left pulmonary lesion (Figure 1B).

Another CT scan was performed in January 2018 and the

patient remained as PR (Figure 1C). The patient developed

PDwith enlarged pulmonary lesions (Figure 1D) and LNs on

mediastinum and left pulmonary hulim on April 1, 2019 with

a PFS of 5.5 months. A biopsy of the left lung lesion was

performed and revealed the retention of EGFR amplification

with a very high copy number (CN=39.9) and the emergence

of PIK3CA amplification (CN=4.2). Everolimus was added

to the regimen of afatinib and the patient achieved SD after 3

months of treatment.

Discussion
This study presented the first clinical evidence of EGFR-

amplified metastatic cervical squamous carcinoma patient

benefited from afatinib as a single agent. Over-expression

of EGFR has been frequently seen in cervical squamous

carcinoma,5,10 whereas the EGFR amplification is identi-

fied only in 10–20% of cervical squamous cancers.10–12

Several studies have evaluated the efficacies of EGFR

inhibitors in advanced cervical cancer but yielded unfavor-

able results. A single arm phase II trial of erlotinib in

recurrent cervical squamous carcinomas showed zero

objective response rate (ORR) with 16% of patients

achieving SD.5 The median PFS and OS were 1.87 months

and 4.96 months, respectively. The degree of EGFR

expression was not taken into consideration in this.

Similar results were observed in another study evaluating

gefitinib as second- or third-line treatment in recurrent or

metastatic cervical carcinomas. A median PFS of 37 days

and a median OS of 107 days with zero objective

responses were observed. Six (20%) patients experienced

SD.4 EGFR expression was determined by immunohisto-

chemistry (IHC) in this study. All the patients with SD had

staining intensity of 2+ or 3+. In contrast, patients with PD

had ranged from 0 to 3+, indicating a potential correlation
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A B

C D

Figure 1 Clinical responses to afatinib treatment. (A) Prior to afatinib treatment; (B) The patient achieved partial response (PR) after one month of afatinib treatment. (C)

The PR was confirmed 3 months after afatinib treatment. (D) Progressive disease (PD) was detected 5.5 months after the afatinib treatment. The red circles indicate the lung

lesion.

A B

Figure 2 Demonstration of EGFR amplification detected in primary and metastatic lesions. (A) NGS detected an EGFR copy number (CN) of 15.9 in primary cervical lesion.

The 520 oncogenic genes of the panel are displayed according to their positions on chromosomes (horizontal axis). Capture domains of each gene are divided into several

continuous bins. The CN (vertical axis) of each bin is calculated and represented by each spot in the diagram. The CNs of key genes are highlighted in color. The final CN of

each gene is calculated as the average of CNs of all its bins. (B) Fluorescence in situ hybridization (FISH) confirmation of the EGFR amplification in metastatic lung lesion.
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between EGFR expression level and clinical response.

Another single arm study conducted in Asian advanced

cervical cancer patients showed an ORR of 10% with one

patient achieving complete response (CR) and another one

achieving PR (2/20). The observed PFS and OS were 4

months and 5 months, respectively.13 The EGFR status

was not evaluated in the study. A potential factor contri-

buting to the failure of above studies might be the lack of

biomarker to stratify patients.

EGFR mutation status which is widely used as the

biomarker to predict response to anti-EGFR therapies in

a variety of cancers, controversies exist regarding whether

EGFR amplification/overexpression or the degree of

amplification/overexpression serve as reliable predictive

markers for anti-EGFR agents.3 One of the explanations

for these inconsistent results is the lack of unified testing

method for EGFR amplification or expression,14,15 thus

making it difficult to compare among studies. In our

case, EGFR was significantly amplified in both the pri-

mary (CN=15.9) and the metastatic lesion (CN=18),

potentially responsible for the observed clinical benefits.

The EGFR amplification was assessed by NGS and the

reported high copy number was calculated and normalized

by the tumor cell proportion, which more reliably repre-

sents of overall genomic condition in tumor lesion.

We also observed PIK3CA mutations concomitant with

the EGFR amplification in our case which is consistent

with the finding that PIK3CA mutation acquisition is

related to EGFR expression in cervical squamous cell

carcinoma.16 The addition of everolimus, an inhibitor of

the PI3K-AKT-mTOR pathway, to afatinib resulted in SD.

Our observation supports the suggestion that patients with

EGFR overexpression and PIK3CA alterations might ben-

efit from combination treatment.16

Collectively, our case highlights the clinical benefit of

afatinib in cervical squamous carcinoma harboring a high

copy number of EGFR. Further studies on efficacies of

anti-EGFR-based regimens in larger cohorts of advanced

cervical cancer patients are necessary to evaluate the

degree of EGFR amplification and clinical outcomes.
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