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A B S T R A C T

Cervical cancer is the fourth most common malignant disease among women, with metastatic disease having a
dismal survival rate compared to localized disease when using standard combination chemotherapy. Next-
generation sequencing (NGS) of tumors has allowed for targeted treatments of cancers in patients who have
progressed on first-line therapy. We present a case of a 46 year-old female with advanced cervical adeno-
carcinoma and metastatic recurrence in the lungs found to have HER2 mutation who underwent first and second-
line HER2-targeted therapy with sustained disease response. We review the standard of care for advanced
cervical cancer, toxicity profiles of chemotherapy and immunotherapy that were employed, the economics of
NGS and targeted treatment, and future directions for HER2-targeted therapy. This case report highlights a
patient with metastatic cervical cancer responsive to first and second-line HER2-targeted therapy.

1. Background

Cervical cancer is the fourth most common malignant disease
among women, with advanced stages being found in 13% of cases
(Boussios et al., 2016; Li et al., 2016). Metastatic cervical cancer has
been shown to have a 5-year survival rate of 16.5% compared to 91.5%
in localized disease with the use of standard cisplatin-based combina-
tion chemotherapy; therefore, there is increasing need for targeted,
novel therapies to serve as monotherapy or adjuvant therapy for these
cases (Li et al., 2016; Oh et al., 2015). With the advent of genetic
profiling of a patient’s tumor, clinicians can enroll patients into clinical
trials using precision-based medicine. For example, HER2 gene ampli-
fication and the use of trastuzumab has been well-documented to be
active in metastatic breast cancers that had received extensive prior
therapy; more recently, the approval of other HER2-active agents in-
cluding the combinations of trastuzumab-pertuzumab and ado-trastu-
zumab-emtansine (T-DM1) have demonstrated efficacy in metastatic
breast cancer (Hernández-Blanquisett et al., 2016). Overexpression of
HER2 has also been identified in gastric and esophageal carcinomas,
with the addition of trastuzumab to other cytotoxic agents being the
standard of care in treatment (El Dika and Ilson, 2018). Here we present
a patient with HER2-positive cervical cancer with distant metastasis to
the lungs whom responded to first and second-line HER2 therapy.

2. Patient presentation

A 46 year-old female patient presented to an University of Toledo
Gynecologist for a routine pap smear with complaints of persistent
postmenopausal spotting on 8/3/2011. Physical examination revealed
no abnormal cervical or axillary lymph nodes, and a pelvic exam was
notable for slight expansion of the lower uterine segment; subsequent
colposcopic examination was unremarkable. A thin prep pap smear
demonstrated adenocarcinoma, favoring endocervical origin, with a
subsequent pelvic ultrasound demonstrating a thickened stripe at
8 mm. Cervical biopsies demonstrated endocervical type adenocarci-
noma and features concerning for possible invasion. The patient’s pre-
operative diagnosis was determined to be stage IA cervical cancer, and
she underwent radical hysterectomy, bilateral salpingo-oophorectomy,
pelvic and paraaortic lymphadenectomy, and a partial vaginectomy on
8/19/2011. The specimen showed endocervical adenocarcinoma with
extensive involvement of the cervix and uterus, including deep myo-
metrial and stromal invasion. Regional lymph node biopsies revealed
metastatic adenocarcinoma in one of four left pelvic lymph nodes and
in one of five right pelvic lymph nodes; however, there was no tumor
seen in the sole paraaortic lymph node sampled. Histologically, it was
deemed as grade 2 endocervical mucinous adenocarcinoma, stage IIIB,
pT3, pN1, M0. The patient underwent computed tomography (CT)
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imaging of her chest, abdomen, and pelvis which showed no evidence
of metastatic disease but did reveal an atrophic right kidney. The pa-
tient subsequently began adjuvant chemoradiation therapy post-
operatively. The radiation dose was 4660 cGy to the pelvis with
1200 cGy to the vaginal cuff with high-dose rate brachytherapy which
was completed in 11/2011 with concurrent chemotherapy treatment of
cisplatin completed in 1/2012. She tolerated this course of treatment
reasonably well despite its high toxicity, although she remained con-
cerned for her functional left kidney and the associated nephrotoxicity
of cisplatin.

The patient was seen by radiation oncology on 10/8/2014 and was
noted to have worsening fatigue, skin pallor, and shortness of breath
requiring more frequent use of her inhaler. In addition, there was
concern for the patient’s 20-pack-year smoking history. She underwent
a screening chest CT at that time (Fig. 1A) which revealed an interval
development of bilateral spiculated pulmonary masses, the largest
measuring 2.8 cm × 3.4 cm within the right upper lobe (RUL), con-
cerning for primary lung malignancy versus metastatic cervical cancer.
Biopsies and pathology of this mass confirmed cervical adenocarci-
noma. The patient preferred to avoid further use of agents associated
with a high risk of nephrotoxicity; thus, she was placed on topotecan,
paclitaxel, and bevacizumab, and she received 7 cycles of che-
motherapy from 10/10/2014 to 2/3/2015. Repeat chest CT performed
on 2/18/2015 (Fig. 1B) demonstrated that the pulmonary masses were
increasing in size, with the previously mentioned RUL mass measuring
approximately 3.7 cm × 3.9 cm. On 3/5/2015, the decision was made
to re-biopsy this lesion in the RUL to send for HPV and next-generation
sequencing (NGS) and perform radiofrequency ablation before this le-
sion grew too large for adequate, successful future ablation; this re-
biopsied tissue ultimately exhibited an ERBB2 (HER2) amplification.
Treatment with topotecan, paclitaxel, and bevacizumab ceased and the
patient began a clinical trial with trastuzumab-pertuzumab. Scans
performed on 5/26/2015 indicated that the patient had disease pro-
gression with an increase in size of the RUL lesion, and the patient was
removed from the study. However, a positron emission tomography
(PET) scan was performed which showed no abnormal tracer uptake
(SUV 1.2) in the RUL lesion. Although the PET scan suggested SUV
below cancer level activity, study guidelines did not allow for con-
tinuation of treatment. Following approval with the insurer, the patient
started back on trastuzumab-pertuzumab, outside of the clinical study,
on 7/8/2015.

On 12/14/2015, the patient underwent a PET-CT which revealed an
elongated soft-tissue mass off the anterior aspect of the cavitary RUL
lesion (Fig. 2). The decision was made to continue on trastuzumab-
pertuzumab, and follow-up CT scans were continued which

demonstrated a decrease in size of the RUL nodule and anterior mass
with residual opacity thought to be linear scarring from radiofrequency
ablation. In addition, concerning satellite pulmonary lesions inferior to
the RUL lesion (Fig. 3) had resolved with continued therapy. There was
no evidence for other new masses or other sites of disease. An interval
decrease in the RUL lesion size to 1.4 cm × 0.7 cm was seen on 6/7/
2017, until progression was noted on 9/25/2017. CT of the chest/ab-
domen/pelvis performed in 11/14/2017 (Fig. 1C) showed the pre-
viously seen RUL mass increased to 3.7xm × 2 cm from
3.4 cm × 1.4 cm on 09/25/2017. The patient underwent CT-guided
biopsy, confirming metastatic endocervical carcinoma. At that point she
had completed 40 cycles of trastuzumab-pertuzumab, and this treat-
ment was discontinued.

The patient’s treatment course was then changed again, subse-
quently receiving stereotactic radiation therapy (SBRT) to the RUL le-
sion in 1/18/2018 and starting on TDM-1 in 1/29/2018. A repeat chest
CT scan on 3/1/2018 (Fig. 1D) demonstrated a decrease in size of the
RUL pulmonary mass to 1.9 cm × 0.7 cm, and there was no other
measurable disease. However, it is important to note that this interval
decrease in the RUL lung mass cannot be solely explained by TDM-1
and/or SBRT. Since that time, a CT of the chest on 1/2/2019 (Fig. 4)
showed no evidence of residual or recurrent disease. Post-radiation
changes in the right upper lung have shown improvement since 9/2018.
She continues on TDM-1, having completed 27 cycles.

3. Discussion

In recent years, the use of NGS to identify targetable mutations has
been valuable for patients with progression on first-line treatment. A
benefit of targeted therapies is that they often result in improved
overall survival, improved response rate, and improved time to pro-
gression (Chawla et al., 2018). In regards to toxicity, platinum agents
have been known to have many adverse side effects, including ne-
phrotoxicity, neurotoxicity, and ototoxicity (Astolfi et al., 2013).
Comparatively, the predominant side effects of trastuzumab include
gastrointestinal disturbances, hematologic deficiencies, pulmonary
symptoms, and cardiotoxicity (Ross et al., 2009).

The overall positive side-effect profile of utilizing targeted treat-
ment, however, leaves room for a potential increase in financial burden.
The cost of receiving cancer treatment, maintenance lab testing, and
diagnostic imaging is arguably one of the biggest economic challenges
for patients. However, if FoundationOne CDx testing is performed in
metastatic non-small cell lung cancer one time prior to initial treatment,
the number of patients needed to screen to prevent one death is only
five patients; in addition, the cost is low at $0.018 per member per

Fig. 1. A–D. Patient’s CT scan of the chest with
contrast depicting the right upper lung (RUL)
nodule at its largest size in different levels of the
thoracic cavity throughout the course of treat-
ment. A. CT scan on 10/8/2014 depicting initial
RUL nodule measuring 2.8 cm × 3.4 cm. B.
Repeat scan on 2/18/2015 during topotecan
chemotherapy demonstrating enlargement of
RUL nodule, measuring 3.7 cm × 3.9 cm. C.
Repeat scan on 11/14/2017 during trastuzumab-
pertuzumab immunotherapy demonstrating
progression of RUL nodule, measuring
3.7 cm × 2 cm. D. Repeat scan on 3/1/2018
during TDM-1 immunotherapy demonstrating
decrease in size of RUL nodule, measuring
1.9 cm × 0.7 cm.
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month (PMPM) and $0.216 per member per year (PMPY) (Signorovitch
et al., 2019). Comprehensive genomic profiling is performed far less
frequently, has a lower number of patients needed to treat, and has a
low cost to the payer.

In this case, a HER2 mutation was found through NGS. The HER2
gene is a growth-factor receptor that is overexpressed in nearly 10–34%
of breast cancer cases (Signorovitch et al., 2019). In contrast, HER2
gene amplification or protein expression in cervical cancer ranges from
1 to 2%, and its expression has been shown to have a poor prognosis for
locally advanced, recurrent tumors (Oh et al., 2015). Although HER2-
directed therapy in combination with chemotherapy is a standard of
care for advanced breast and upper gastrointestinal cancers, its success
has not been demonstrated in all HER2-amplified cancer types. How-
ever, there has been recent data supporting the use of HER2-directed
therapy in patients with somatic HER2-mutant cervical cancer as part of
the ongoing phase II SUMMIT ‘basket’ trial; one group has demon-
strated that treatment with neratinib led to a clinical benefit rate of
54.5% in these types of patients and a durable response and disease

control in patients with metastatic HER2-mutant cervical cancer
(D’Souza et al., 2019).

In summary, this case demonstrates the combination of trastu-
zumab-pertuzumab, and the single-agent TDM-1, being effective in
treatment of cervical cancer with HER2 amplification; in our patient,
the total duration of treatment with these two agents has been four
years, and she continues to respond despite her advanced illness. This
case also highlights the importance of continued research of targeted
therapy, as it allows an avenue for patients with disease progression on
first-line therapy to receive other treatment options within clinical
trials.
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Fig. 3. A–C. Patient’s CT scan of the chest with contrast depicting satellite, interstitial lung nodules inferior to the right upper lung (RUL) nodule concerning for
malignancy and the progressive resolution of these lesions while on trastuzumab-pertuzumab. A (top, bottom). CT scan on 4/4/2016 depicting satellite lung lesions
(arrows) inferior to the RUL lesion. B (top, bottom). CT scan on 7/7/2016 depicting improvement of satellite lung lesions previously seen. C (top, bottom). CT scan on
12/30/2016 demonstrating resolution of satellite lung lesions.
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