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The utility of KRAS mutation analysis in
differentiating a lung primary mucinous carcinoma
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ABSTRACT

A 58-year-old male has a past medical history of a rectal low-grade mucinous adenocarcinoma with a KRAS codon 12/13
mutation (GGT>GAT), for which he received neoadjuvant chemotherapy and radiation. Five months after diagnosis, the patient
underwent a low anterior resection showing persistent tumor with the pathological staging being (ypT3, ypNO, ypMx). Six months
after surgery, follow-up PET scan showed two right upper lung nodules measuring 1.0 and 1.8 cm. Subsequent video-assisted
thoracic surgery with a lung wedge resection revealed two tumors: a mucinous adenocarcinoma and an acinar-predominant
adenocarcinoma. The mucinous adenocarcinoma showed similar cytologic features as the rectal tumor; however, it showed more
of a lepidic pattern. The immunohictochemical profile of the lung mucinous adenocarcinoma was positive CK7 (cytoplasmic),
negative CK20, TTF1, napsin-A, and CDX2. KRAS codon 12/13 analysis also showed a mutation in the lung, however it was
different compared to the previous rectal tumor and showed a GGT>AGT mutation. The acinar adenocarcinoma had a wild-type
KRAS. In this case, we favored a primary lung mucinous carcinoma over a metastasis from the rectum based on the lepidic
morphology, CK20 negativity and differing KRAS codon 12 mutations. A year after the resection of the lung adenocarcinomas,
the patient presented with dyspnea and abnormal liver functions. Abdominal US and MRI revealed multiple liver lesions (up
to 1.9 cm). Core liver biopsies showed a poorly-differentiated mucinous adenocarcinoma with positive CK7 (cytoplasmic) and
negative CK20, TTF-1, napsin-A, CDX2 and HSA. KRAS codon 12/13 analysis also showed a mutation GGT>AGT, similar to
that of the lung mucinous adenocarcinoma. The immunohistochemical profile and the KRAS mutation sequence of the hepatic
tumor suggests a metastasis from the lung primary and corroborates the earlier premise that the lung tumor is distinct from
the rectal one. In conclusion, in the unusual circumstance of a lung mucinous adenocarcinoma in a patient with established
gastrointestinal mucinous primary, KRAS mutation analysis sequencing could help distinguish whether the lung mucinous is a
primary tumor or metastasis from colorectal origin.
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1. CASE PRESENTION chief complaint of bright red blood per rectum. Colonoscopy

revealed an ulcerated, non-obstructing, partially circumfer-
A 58-year old male with a history of chronic obstructive ential mass involving 40% of the recto-sigmoid colon, as
pulmonary disease, smoking, hepatitis C, cirrhosis, hemor- well as an 8 mm flat polyp in the mid ascending colon and
rhoids, obesity, and cervical radiculopathy presented with a
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multiple diverticula. Histopathological examination of the ul-
cerated mass revealed an invasive moderately-differentiated
mucinous adenocarcinoma with the polyp being a tubu-
lar adenoma with high-grade dysplasia. Molecular analy-
sis revealed that this carcinoma carries a KRAS mutation:
¢.35G>A (p.G12D, codon 12 GGT>GAT) and wild-type
BRAF. Immunohistochemical studies showed intact expres-
sion of MLH1, MSH2, PMS2, and MSH6 indicating mis-
match repair proficiency and negative screening for Lynch
syndrome. The patient underwent neoadjuvant chemotherapy
for one month with capecitabine concomitant with one month
of daily radiation (prescribed dose of 5,000 cGy, prescribed
fraction of 25 and prescribed dose/fraction of 200). A follow-
up pelvic MRI showed a residual mass occluding 75% of the
rectum located 10-11 cm from the anal verge. The patient un-
derwent low anterior resection with diverting ileostomy four

; H)Napsin A
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months later. On gross pathologic examination, the tumor
appeared as an exophytic irregular mass measuring 4.5 cmx
3.0 cm X 0.8 cm that is located below the peritoneal reflec-
tion (see Figure 1A). Histologically, the tumor appeared to
be a low-grade (well to moderately-differentiated) mucinous
adenocarcinoma invading through the muscularis propria into
the perirectal adipose tissue (see Figures 1B & C). Minimal
treatment effect was noted. No perineural nor lymphvascular
invasion was seen. No metastasis was detected in twenty
lymph nodes and no discontinuous extramural extension was
seen. All margins were uninvolved by tumor. The tumor
was assigned an American Joint of Committee on Cancer
(AJCC) 7th edition pathologic stage yIIA (ypT3, ypNO). Af-
ter surgery, adjuvant chemotherapy involving eight cycles of
FOLFOX regimen was administered.

Figure 1. A) Gross picture of the rectal mass, B & C) H&E stain at 40x and 100x respectively, showing mucinous
adenocarcinoma. D) through H) 100x, the immunohistochemical profile of the rectal mucinous adenocarcinoma shows
negative staining for CK7, positive cytoplasmic CK20 staining, diffuse and strong nuclear staining for CDX2, and negative

staining for TTF-1 and napsin-A.

After the completion of the adjuvant chemotherapy, a restag-
ing CT and PET scans showed an enlarging right upper lobe
lung nodule measuring 1.0 cm x 1.0 cm concerning for
metastasis. Video-assisted thoracoscopic surgery-mediated
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right upper lobe wedge resection was performed. Histopatho-
logical examination revealed two different adenocarcinomas
measuring 1.6 cm x 0.4 cm and 1.3 cm x 0.8 cm which were
3.0 cm apart from one another. The larger adenocarcinoma
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showed acinar histology (see Figure 2A) with the following
immunohistochemical profile: CK7+, CK20-/+, TTF-1-/+,
Napsin A+/- and CDX2- (see Figures 2B through F). CK7
diffusely positive (cytoplasmic), CK20 minor subset faintly
positive (cytoplasmic), CDX2 negative, TTF-1 minor subset
positive (nuclear), and napsin-A mostly strongly positive (cy-
toplasmic). The smaller adenocarcinoma showed mucinous
histology (see Figure 3A) with a lepidic pattern and the fol-
lowing immunohistochemical profile: CK7+, CK20-, TTF-1-
/+, Napsin A-/+, CDX2-/+ (see Figures 3B through F). CK7
diffusely and strongly positive (cytoplasmic), CK20 nega-
tive, CDX2 negative, TTF-1 mostly negative with a minor
subset positive (nuclear), and napsin-A mostly negative. No

visceral pleural or lymphvascular invasion was noted. The
resection margin was uninvolved by tumor. Molecular analy-
sis revealed a different KRAS codon 12 mutation: ¢.34G>A
(p-G12S, codon 12 GGT>AGT) in the mucinous lung ade-
nocarcinoma, with the acinar-predominant adenocarcinoma
being KRAS wildtype. The AJCC 7th Edition Pathologic
Staging for the lung cancers was IA (pT1a, pNO, pMX). This
clinical scenario posed the question as to whether the mu-
cinous adenocarcinoma in the lung is a metastasis from the
rectum or an unrelated lung primary. Of note, surgical resec-
tion was followed by 45 days of chest radiation (prescribed
dose of 4,600 cGy, prescribed fraction of 23 and prescribed
dose/fraction of 200 cGy).

D) CDX2

~ C) CK20

Figure 2. A) H&E at 100x showing adenocarcinoma of the lung (acinar pattern). B) through F) The immunohistochemical
profile: CK7 diffusely positive (cytoplasmic), CK20 minor subset faintly positive (cytoplasmic), CDX2 negative, TTF-1

minor subset positive (nuclear), and napsin-A mostly strongly

positive (cytoplasmic)
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Figure 3. A) H&E stain 100x showing adenocarcinoma of the

lung (mucinous). B) through F) The immunohistochemical

profile: CK7 diffusely and strongly positive (cytoplasmic), CK20 negative, CDX2 negative, TTF-1 mostly negative with a

minor subset positive (nuclear), and napsin-A mostly negative.
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A year later the patient presented with a complaint of short-
ness of breath. Hepatic and biliary laboratory abnormal-
ities and the history of rectal and lung tumors insitigated
abdominal US and subsequent MRI revealing multiple liver
metastases with the largest in segment VIII measuring 1.9 cm
x 1.9 cm. Histopathological examination of two liver core
biopsies showed a poorly-differentiated adenocarcinoma (see
Figure 4A) with the following immunohistochemical profile:
CK7+, CK20-, CDX-2-/+, TTF-1-/+, Napsin A-/+ and HAS-

(see Figures 4B through G) compatible with metastasis from
a lung primary. CK7 strongly and diffusely positive (cyto-
plasmic), CK20 negative, CDX2 negative, TTF-1 negative,
napsin A negative, and HAS negative. Chemotherapy with
carboplatin/pemetrexed was initiated but had to be stopped
and switched to nivolumab due to thrombocytopenia. The
patient died shortly after from complications of acute liver
failure and lactic acidosis.

Figure 4. A) H&E stain 40x showing adenocarcinoma of the liver. B) through G) The immunohistochemical profile: CK7
strongly and diffusely positive (cytoplasmic), CK20 negative, CDX2 negative, TTF-1 negative, napsin A negative, and HAS

negative.

2. DISCUSSION

We present a unique case of a patient with a KRAS-mutant
rectal mucinous adenocarcinoma who subsequently devel-
oped two lung adenocarcinomas. One of the lung adeno-
carcinomas was also KRAS-mutated and showed mucinous
morphology whereas the second was KRAS-wildtype and
showed acinar-predominant morphology. Afterwards, the
patient developed KRAS-mutated hepatic adenocarcioma
before dying of acute liver failure. We initially suspected
that the mucinous adenocarcinoma found in the lung was a
metastasis from the rectal primary based on the shared mu-
cinous morphology. However, the KRAS-mutant mucinous
adenocarcinoma in the lung (AGT) had a different genotypic
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mutation from that of the rectal mucinous adenocarcinoma
(GAT), and it was favored that the mucinous adenocarcinoma
of the rectum and lung were unrelated.

Certain genetic mutations are correlated with colorectal can-
cers such as KRAS, BRAF, p53, APC and PIK3CA, among
which mutational activation of KRAS codons 12 and 13 is
particularly common.''! KRAS mutations, which occur in
approximately 40% of colorectal adenocarcinomas, correlate
with response to therapy, clinical outcome and the pattern of
metastatic spread. In this regard, KRAS-mutated colorectal
cancers are resistant to targeted anti-epidermal growth factor
receptor (EGFR) therapies cetuximab and panitumumab. !
The clinical course is also shaped by the KRAS mutational
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status. For example, KRAS-mutated colorectal tumors that
metastasize to the liver are associated with higher recurrence,
decreased recurrence-free survival and overall survival after
resection of hepatic metastasis.!*>! In addition, the presence
of KRAS mutation seems to influence site-specific metastasis,
whereby KRAS-mutated colorectal tumors tend to metasta-
size more to the lung and brain and less commonly to the
liver.!) KRAS mutations also occur in 30% of lung adeno-
carcinomas. However, contrary to other common mutations
such as EGFR and ALK, which occur in 14% and 7% of
lung adenocarcinomas respectively, there is no therapy target-
ing KRAS mutations.!?! Compared to EGFR-mutated lung
cancers, KRAS mutations correlate with lower frequency of
brain metastasis, lower recurrence after surgical resection
and yet shorter survival.®® Overall, KRAS mutations in non-
small cell lung cancers are associated with poor prognosis.[”!

The different mutated KRAS sequences in the rectal and
lung mucinous adenocarcinomas raises the question as to
whether a metastatic tumor can display a different genotype
from that of the primary. In this regard, studies show that
while the majority (> 90%) of primary colorectal cancers
and their metastatic derivatives are mutationally concordant
i.e. share the same mutation status, a minority of cases were
discordant which may have contributed to the discrepancy of
the treatment response between the primary and metastatic
lesions.> 1% For example, in a study of 43 cases of colorectal
tumors matched to their liver metastases, 9 cases had KRAS
mutation both in primary and metastatic tumors, 3 cases
showed KRAS mutation in the primary colorectal tumors

only, and 5 showed KRAS mutation in the liver metastasis

only.[1!]

The afore-mentioned mutational discordance between the pri-
mary and metastatic lesions may be reasonably explained by
the premise of tumor heterogeneity whereby the tumor con-
sists of several coexistent intra-tumor clones, each with its
distinct mutational profile.['?! It is possible that the colonic
KRAS mutation reflects that of the preponderant clone in the
sampled specimen whereas the cells analyzed in the KRAS-
mutated lung adenocarcinoma belong to a different clone
with a different mutation. Another explanation is the genetic
instability of tumor cells leading to continual mutational pro-
gression with the consequent considerable phenotypic and

genotypic evolution.!!?!

In conclusion, while the tumor heterogeneity hypothesis can
explain the discordant KRAS mutation in the lung mucinous
adenocarcinoma compared to the previous rectal mucinous
adenocarcinoma and hence support a diagnosis of metastasis,
the low frequency of intratumoral heterogeneity, the con-
vincing CK20 negativity, and overall lepidic pattern seen in
the mucinous adenocarcinoma found in the lung, led us to
favor a lung primary over a metastasis from the rectal muci-
nous adenocarcinoma. In rare circumstances of two tumors
showing the same morphology, sometimes checking for gene
mutations, and even specific mutation sequence can help
differentiate between two different primaries versus a metas-
tasis. Making such a distinction is important for prognosis
and treatment approach in these rare circumstances.
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