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Emergence of KRAS p.G13D mutation and
acquired resistance to cetuximab in colorectal
cancer with vulvar metastasis

A case report
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Abstract \\
Rationale: Vulvar metastasis of colorectal cancer (CRC) and acquired resistance to cetuximab is a very rare phenomenon. To our |

knowledge, few cases have been reported in the English literatures.

Patient concerns: A 55-year-old woman was diagnosed as adenocarcinoma of the rectum and the primary tumor was detected
to be Kirsten-RAS (KRAS) wild type.

Diagnoses: The patient was diagnosed with rectal adenocarcinoma by colonoscopy. Positron emission tomography/computed
tomography (PET-CT) revealed multiple lymph node and bone metastases.

Interventions: The patient received a first-line course of palliative chemotherapy with FOLFOX combined with cetuximab.
Outcomes: After an initial response, acquired resistance to cetuximab occurred and vulvar metastasis was established by a
second biopsy. Further molecular analysis showed that the KRAS mutation was detected in plasma samples and tumor tissues.

Lessons: Vulvar metastasis from CRC is relatively rare and indicates a poor prognosis. Routine physical examinations of cutaneous
and subcutaneous may facilitate early detection of metastases and timely intervention of medical technology. Moreover, combining
serial tumor biopsy, liquid biopsy, and radiologic imaging could help to define mechanisms of drug resistance and to guide selection
of therapeutic strategies.

Abbreviations: CRC = colorectal cancer, KRAS = Kirsten-RAS, mCRC = metastatic colorectal cancer, MSS = microsatellite
stable, OS = overall survival, p.G13D = KRAS codon 13 mutations, PET-CT = positron emission tomography/computed

tomography, PFS = progression-free survival, PR = partial response.
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1. Introduction

Colorectal cancer (CRC) is one of the most commonly cancer
worldwide.™ The most frequent site of CRC metastasis is the liver,
followed by the lung, peritoneum and bone. However, cutaneous
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metastases from CRC are relatively uncommon in clinical practice,
with a reported frequency of about 4%.*! They usually occur in the
surgical region. Invasion of vulvar skin is exceptional, which
represents a major barrier to patient treatment and a poor
prognosis.”! A majority of patients with metastatic colorectal
cancer (mCRC) are treated with standard cytotoxic chemotherapy
combined with targeted therapies, such as anti-EGFR or anti-
VEGEF therapies, all of which greatly extend the overall survival
time of patients.!*! However, after an initial response, secondary
resistance to anti-EGFR therapies invariably ensues, thereby
limiting the clinical benefit of this drug.”! Drug resistance resulting
from alterations in Kirsten-RAS (KRAS) can be attributed not only
to the selection of pre-existent KRAS mutant and amplified clones,
but also to new mutations that arise as the result of continuing
mutagenesis.®! Here, we present a CRC patient with a vulvar
metastasis, who acquired KRAS mutation that appears to have
conferred drug resistance following the administration of
cetuximab and discuss it in light of the recent literature.

2. Case report

A 55-year-old woman who presented with hematochezia was
diagnosed with adenocarcinoma of the rectum in October 2015.
Imaging examination suggested multiple lymph node and bone
metastases. Primary tumor tissue obtained from colonoscopy was
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Figure 1. A. Nodules of the vulva were initially found. B. CT scan image for the tumor of the left vulva.

detected to be KRAS, NRAS, and BRAF wild type. Besides,
HER2 was not amplified and microsatellite stable (MSS) was
identified. Then the patient received a first-line course of palliative
chemotherapy with FOLFOX (Oxaliplatin 85 mg/m? IV day 1,
Leucovorin 400 mg/m? IV day 1, 5-FU 400 mg/m?> IV bolus on
day 1, then 1200 mg/m?*/dx2 days IV continuous infusion, every
2 weeks) combined with cetuximab (500 mg/m? IV day 1, every 2
weeks). After 4 cycles, radiologic evaluation demonstrated a
partial response (PR) to treatment according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1,
followed by maintenance therapy with cetuximab (500 mg/m? IV
day 1, every 2 weeks) for 4 cycles. During the period, the patient
received a short course of palliative radiation (3027 c¢Gy over 10
fractions) and a bisphosphonate (zoledronic acid) due to the
cervical and thoracic spine metastasis.

At the beginning of August 2016, the patient had hard nodules
in the vulvar, which gradually increased and aggregated into
masses (see Fig. 1). Pathological examination of skin nodules
took into account metastatic cancer and was derived from the
intestine. Molecular analysis showed that the KRAS p.G13D

mutation was detected in plasma samples and tumor tissues.
Further examination of positron emission tomography/computed
tomography (PET-CT) showed widespread metastases, including
lung, vertebrae, lymph nodes, and vulvar skin metastases. As the
disease progressed, a second-line of chemotherapy with FOLFIRI
+bevacizumab (Irinotecan 180 mg/m? IV, day 1, Leucovorin 400
mg/m” IV day1, 5-FU 400 mg/m* IV bolus on day 1, then 1200
mg/m?*/dx2 days IV continuous infusion, Bevacizumab 5 mg/kg
IV day 1, every 2 weeks) were followed. During the couse of
chemotherapy, hepatic dysfunction (grade 3) was observed
according to NCI Common Terminology Criteria For Adverse
Events (v 3.0) and improved after administration of the drugs.
Unfortunately, the patient’s vulvar lesions continued to enlarge
and caused unbearable pain, forcing the patient to take
painkillers (see Fig. 2). After communication with us, the patient
tried to receive bevacizumab combined with paclitaxel, gemci-
tabine, vinorelbine, etc. successively. But the vulvar tumor
continued to progress and ulcerate. Since September 2017, the
apatinib (850 mg PO once daily) was taken orally and the patient
found that the tumor in the vulva was slow to progress. In March

Figure 2. A. Vulva nodules was larger than before. B. CT scan revealed that vulvar tumor was significantly larger after multiple lines of conventional therapies and

calcification was visible inside.
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2018, the patient died of multiple organ failure in the terminal
stage of the tumor and progression-free survival (PFS) was 9.8
months.

3. Discussion

Cutaneous metastases from internal malignancies are viewed as
uncommon. In previous reports, the frequency of cutaneous
metastases ranged approximately from 0.7% to 10%.%78 The
vulva is considered as a rare site of cutaneous metastases, and
primary tumors of the cervix, ovary, and endometrium frequently
metastasize to the vulua.””! In contrast, the incidence of vulvar
metastases in CRC is extremely low, with only a single known
study reported. In the retrospective study of 4020 patients with
metastatic disease, 18 of 413 patients with mCRC had cutaneous
metastases, and most of them located on the trunk, but one was
on the perineum.*!

In most cases, cutaneous metastases of visceral tumors indicate
distant metastasis and a negative prognosis. Once diagnosed as
cutaneous metastases, the time to survival drops to less than one
year.'%!! However, the patient we reported had survived for 18
months after cutaneous metastases, which might benefit from the
patient’s very aggressive treatment. In addition, RAS and other
genetic tests were not performed in early reports, and patients did
not receive targeted drug therapy. Finally, many patients
presented with synchronous skin metastasis at the time of
diagnosis. For the reasons, their survival time was shorter.

In our case, no mutation in KRAS was detected in the primary
tumor and plasma samples of rectal cancer. In contrast, in the
metachronous vulvar metastasis, mutations at codon 13 (exon 2)
were detected in the nodules. Mutations of the KRAS are reported
to occur in about 40% of mCRC, Of which, 90% are located in
exon 2 (codons 12 and 13) and 10% in others.""?! A large number
of clinical trials have strongly suggested that cetuximab do not
provide any benefit for mCRC patients harbouring KRAS
mutations.> 3! Indeed, KRAS mutations are by far the most
common predictor of resistance to the anti-EGFR drugs
cetuximab,!"*! and thus KRAS testing is used to select patients
with KRAS wild-type mCRC for anti-EGFR treatment in clinical
practice.

However, long-term clinical experience has shown that some
of CRC patients with mutant KRAS can respond to cetuximab.
Further studies revealed that KRAS codon 13 mutations (p.
G13D) might be associated with a better outcome after
cetuximab treatment than other KRAS mutations. A retrospec-
tive study including 579 chemotherapy-refractory mCRC
patients treated with cetuximab indicated that patients with
the KRAS p.G13D mutant tumors gained a longer overall
survival (OS) and progression-free survival (PFS) in comparison
with patients with tumors harboring other KRAS mutations.''®!
In addition, some retrospective pooled analyses suggested that
cetuximab-based first-line therapy in KRAS p.G13D mutant
mCRC might represent an active treatment compared with other
KRAS mutations. Regarding chemotherapy, the combination
with capecitabine and irinotecan was associated with a more
favorable outcome.'”"! A meta-analysis of 1487 mCRC
patients treated with cetuximab for any line of treatment,
combining the data from ten studies, reached a conclusion similar
to the above studies.”?’! These results were concordant with not a
few in vitro studies and mouse models revealing that KRAS p.
G13D mutated cell lines were more sensitive to cetuximab than
other KRAS mutations cell lines.['¢:21-23!
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Surprisingly, a retrospective analysis of 110 patients was
conducted to compare the therapeutic effect of cetuximab
according to KRAS mutation status and showed that the patients
with mutations at codon 13 of KRAS were unlikely to respond to
cetuximab.?*l Moreover, a phase II single-arm trial was
conducted to provide prospective proof of the clinical benefit
of cetuximab in KRAS p.G13D mutant mCRC patients in
advanced lines of treatment. It is disappointing that no responses
have been observed among 12 treated patients.!**! Similar results
were seen for ICECREAM study. In this randomized phase II
trial, cetuximab has no activity in patients with G13D-mutated
chemotherapy-refractory mCRC.1**! Consistent with the above
analysis, a recently published meta-analysis of eight studies found
that there was not any significant difference in PFS and OS
between KRAS p.G13D mutation and other KRAS mutations in
terms of treatment benefit from anti-EGFR monoclonal antibody
for mCRC.?”!

Opverall, these discrepant results exist regarding KRAS p.G13D
mutation, probably due to the low number of patients with such
specific mutations and the heterogeneity of the sample,
containing patients who were treated in multi-line chemotherapy
and on different schedules. Therefore, a randomized phase III
trial is warranted to further clarify the role of KRAS p.G13D.

Although a significant proportion of patients with KRAS wild
type mCRC is sensitive to cetuximab treatment, acquired
resistance invariably ensues in approximately 3 to 18 months.!**!
In our case, emergence of KRAS p.G13D mutations and acquired
resistance occurred after 9 months of treatment with cetuximab.
Genetic alterations of the KRAS gene (both point mutations and
gene amplification) play a vital role in acquired resistance to anti-
EGEFR therapy in CRC. However, the question is whether these
alterations are novel spontaneous mutations or the expansion of
pre-existing resistant subclones during the anti-EGFR treatment.
Some studies have shown a high but not complete agreement
between the KRAS status in the primary tumor compared to
metastatic tissue.?”3! Furthermore, the intratumoral heteroge-
neity of K-RAS mutations was also observed in primary tumors
of mCRC.PY Diaz et al performed a study with serial samples
from 28 patients followed by a mathematical modeling and
concluded that KRAS mutations were most highly likely to be
pre-existing in a clonal subpopulation within the WT KRAS
primary tumor.®?! But Misale et al conducted an in vitro
experiment and declared that emergence of a cetuximab-resistant
population may derive from selection of a pre-existing KRAS
mutant or amplified clone or as a result of continuing mutagenesis
under the pressure of cetuximab treatment.'” The mechanisms of
acquired resistance to cetuximab in mCRC are far from being
exhaustive due to invasiveness of the tumor biopsy and ethical
issues that limit the number of feasible biopsies at progression.

Given inter- and intratumor heterogeneity genomic results
from single-tumor biopsies should be interpreted with caution. By
contrast, liquid biopsy approaches have the potential to detect the
emergence of drug resistance during the course of treatment. In
addition, KRAS variants were detectable in plasma as early as 10
months before progression was assessed by radiological
methods.!! Therefore, combining serial tumor biopsy, liquid
biopsy, and radiologic imaging could help to define mechanisms
of drug resistance and to guide selection of therapeutic strategies.
Moreover, on the basis of intratumoral heterogeneity, a phase II
prospective trial was conducted and discovered that the KRAS
WT CRC patients who responded and then progressed during a
cetuximab-based therapy received a further line of therapy
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without cetuximab could restore KRAS WT clones, which could
constitute the major part of the tumor mass again. Then, a
rechallenge with the same cetuximab-based therapy can achieve a
new clinical benefit.*3! According to this study, our patient who
responded initially to the cetuximab-based therapy and then
progressed can try to receive, after refractory to multiple lines of
chemotherapy, a further line containing the same cetuximab-
based therapy gaining a clinical benefit.

Currently, management of cutaneous metastasis or recurrence of
CRC is often difficult and almost exclusively pursues palliative
goals. Just like our patient, visible, function impairing, unresect-
able cutaneous metastases always impose a burden upon the
patient, associated with psychological and physiological strain. So,
the majority of patients with cutaneous metastases often require
systemic treatment combined with local treatment, which includes
surgery and radiotherapy. Further therapeutic options include
electrocoagulation and electrovaporization.** Unfortunately, the
effect is often not satisfactory. Currently, there is no evidence
whether prognosis can be improved by an early detection of
cutaneous metastases. But at least some cases have been offered a
better local treatment result by an early detection, improving their
quality of life.®> Hence routine physical examinations of
cutaneous and subcutaneous may facilitate early detection of
metastases and timely intervention of medical technology.

In conclusion, vulvar metastasis from CRC is relatively rare.
Treatment is most often palliative due to the widespread and
aggressive nature of the disease. However, there are no proposed
standard therapeutic methods for mCRC of the vulva. Because of
the rare frequency of this disease, large-scale prospective clinical
studies are difficult to be performed. Therefore, multidisciplinary
discussion is requested to bring ahead diagnostic endeavors and
improved therapeutic regimen. Besides, it is certainly worth the
effort of calling for self-examinations in order to attain an early
detection and recognition of metastatic disease, which can
dramatically change the treatment and prognosis.
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