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Abstract

It is rare that stage IV colon cancer is cured with chemotherapy. Here we report the long-term
survival of a patient who presented with highly advanced disease characterized by a papillary
architecture as well as porta hepatis lymph nodes but responded extremely well to
FOLFIRI/bevacizumab. His original tumor underwent comprehensive genomic testing that in-
cluded whole genome DNA sequencing, targeted sequencing, and RNA sequencing. These
genetic results suggest the patient’s tumor harbored mutations in APC, KRAS, and TP53 as well
as in PIK3CB. Moreover, the RNA-seq data suggested that the tumor belonged to the consen-
sus molecular subtype 4, the “inflamed, immune phenotype,” with increased angiogenesis.
Deep sequencing of highly responsive cancers may yield molecular insights into mechanisms

underpinning a remarkable response. © 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Colorectal cancer (CRC) is a deadly disease, particularly when patients present with stage
[V, metastatic disease [1]. Improved use of biologic agents, in combination with cytotoxic
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chemotherapies, has prolonged the survival with metastatic CRC [2-6]. The first-line therapy
is generally a combination therapy of FOLFOX (5-fluorouracil, leucovorin, oxaliplatin) /bevaci-
zumab versus FOLFIRI (5-fluorouracil, leucovorin, irinotecan) /bevacizumab; occasionally, ce-
tuximab/panitumumab is substituted in the first line. While cetuximab and panitumumab are
anti-EGFR monoclonal antibodies, bevacizumab is a monoclonal antibody targeting VEGF-A, a
vascular endothelial growth factor that mediates angiogenesis. Unfortunately, unlike anti-
EGFR therapies, there are no proven biomarkers that predict response to anti-VEGF therapies
[2-4].

Whereas many stage [V/metastatic patients respond to initial therapy, all generally recur
over time and succumb to their disease. Moreover, patients with porta hepatis lymph node
disease have long been considered incurable, and this has been a well-established contraindi-
cation to surgical resection [7-10]. For example, a meta-analysis including 9 studies on a total
of 926 CRC patients showed that the prevalence of nodal metastasis after hepatic lymphade-
nectomy was 16.3% [11]. The overall 3- and 5-year survival rates of node-negative patients
were 53.9% (424/787) and 32.1% (246/767), respectively [11]. By contrast, the overall 3-
and 5-year survival rates of node-positive patients were strikingly lower, namely, 11.3%
(9/151) and 1.5% (2/137), respectively [11]. Thus, understanding the molecular mechanism
underpinning the rare, complete pathologic responses may be useful to better treat this dis-
ease in the future, particularly as more therapeutic options emerge.

Case Report

This is the report on a 58-year-old male patient with no previous history of cancer who
presented with hematochezia. Whereas he had had a negative colonoscopy 4 years prior, a
repeat colonoscopy revealed a mid-transverse, infiltrative, and ulcerated, partially obstructive
mass involving 2/3 of the lumen’s circumference and measuring 4 cm in length. A biopsy
demonstrated an invasive, moderately differentiated adenocarcinoma. The patient was taking
daily enteric coated aspirin at the time of diagnosis to prevent colon cancer and heart disease.

The patient underwent a preoperative computed tomography (CT) scan of the chest, ab-
domen, and pelvis (Fig. 1a), as well as a preoperative positron emission tomography (PET)
scan (Fig. 2a). These scans identified focal thickening of the transverse colon as well as nu-
merous enlarged retroperitoneal and mesenteric lymph nodes. In addition, several hypodense
lesions were identified in the right lobe of the liver, the largest measuring 4.2 cm in diameter.
He elected to undergo surgical resection of the primary disease at this time. Resection of the
transverse colon cancer and numerous highly enlarged (>4 cm) and inflammatory lymph
nodes, periaortic in location, ensued. Due to the length of the procedure and extensive nodal
dissection, as well as encountering an aortic pseudoaneurysm, resection of the liver and porta
hepatis lymph node was delayed to a later date.

Final pathology identified a flat, ulcerated, 4.0 x 3.8 cm primary lesion in the transverse
colon that had perforated the serosa (T4a). Histology showed a moderately differentiated ad-
enocarcinoma. Many lymph nodes contained metastatic disease: 10/22 pericolonic, 1/1
omental, and 9/9 periaortic, with the final stage T4aN2M1. The periaortic lymph nodes were
markedly enlarged, desmoplastic, and very adherent to the aorta. Histology was further nota-
ble for a papillary architecture in the primary tumor and lymph nodes (Fig. 3); extensive ex-
tranodal extension was also observed (Fig. 3b).
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A postoperative PET scan that was performed 2 months after the surgery identified a
dominant right hepatic lobe mass as well as porta hepatis adenopathy. All the rest of the
retroperitoneal disease had been significantly cleared.

Postoperative therapy was initiated with FOLFIRI/bevacizumab for 4 months. Subse-
quent scans suggested the patient’s disease had disappeared, consistent with a complete clin-
ical response. Subsequent follow-up 4 months later, however, identified recurrence of the
same disease. The patient was subsequently retreated once again with FOLFIRI/bevacizumab
for 4 months, with a second complete clinical response on PET scan (Fig. 2b). CT scans of the
liver also demonstrated calcification of the previous liver metastasis (Fig. 1b). The patient was
followed up carefully for >10 years with serial CT and PET scans and colonoscopy, and has
remained disease free.

Due to the unusual nature of this patient’s disease progression and response, he under-
went very comprehensive genomic testing. His primary tumor and blood were submitted for
whole genome DNA-seq (35x) as well as whole exome RNA-seq (GPS testing; NantHealth, Cul-
ver City, CA, USA). This test provides not only identified somatic and germline variants (famil-
ial, inherited), but also assesses the gene expression of any called variants. The patient sample
also underwent targeted exome sequencing analysis with a panel of 600+ genes (1,000x) (Mo-
lecular Health, Houston, TX, USA). Interestingly, despite a different tissue origin for the two
genetic tests, there was 100% concordance among 7 known tumor suppressor and oncogenes
in this MSS tumor. In particular, the patient demonstrated concordant mutations in APC
(E658*), KRAS (Q61H), and TP53 (Q136*). Other fully concordant mutations included those
in EPHAS5, KDR, MAP2K4, and PIK3CB. Numerous discordant mutations were identified in both
the whole genome sequencing and in the targeted sequencing, consistent with the nonover-
lapping data derived from two different tests measuring substantially different numbers of
genes. These included JMJD1C, ZNF117, and BRSK1. No germline predisposing variants or fu-
sions were detected. The tumor exonic mutation burden was measured at 113 nonsynony-
mous mutations or 2.8 variants/Mb. Finally, RNA-seq analysis (gene expression) was used to
generate the consensus molecular phenotype assessed to be CMS4 [12].

Discussion

In the past few years, the introduction of more effective chemotherapeutic agents and
biological agents with their promising activities and mild toxicity profiles has pushed the me-
dian overall survival time from 12 months to 2 years [2-6]. Currently, bevacizumab, cetuxi-
mab, and panitumumab are three biological agents for targeted therapies approved by the
FDA for first-line treatment of metastatic CRC [2]. For patients harboring KRAS/NRAS muta-
tions or BRAF (V600E), bevacizumab is the only targeted agent that is used in combination
with chemotherapeutic agents. While >60% of patients may respond to FOLFOX/FOLFIRI reg-
imens with bevacizumab, no patients are generally cured [2-4]. In addition, no patients with
porta hepatis lymphadenopathy survive [7-10]. Here we report an unusual case of a stage IV
CRC patient with porta hepatis lymph nodes who responded extremely well to
FOLFIRI/bevacizumab with >10 years of disease-free survival.

The patient had an APC/KRAS/TP53 (AKP) “triple mutant” genotype. Of note, our recent
gene mutation classification of 468 CRCs revealed a prognostic role for APC that is related to
the number of alleles mutated and to the association with other mutant genes such as KRAS
and TP53[13]. The AKP triple mutant was strongly associated with MSS (microsatellite stable)
tumors and distant metastasis, and generally conferred a poor prognosis [13]. The patient’s
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tumor was found to be also associated with the CMS4 phenotype [12]. Recently, an interna-
tional consortium has coalesced 6 independent (gene expression) classification systems of
CRCs into 4 consensus molecular subtypes: CMS1 (MSI immune), CMS2 (canonical, with
strong WNT and MYC activation), CMS3 (metabolic), and CMS4 (mesenchymal), as well as a
5th unclassified group [12]. CMS4 featured stromal infiltration, TGF-f3 activation, and angio-
genesis [12]. A survival analysis indicated that while CMS1 was associated with worse survival
after relapse, CMS4 conferred worse overall survival and relapse-free survival [12]. Although
CMS4 tumors were associated with increased angiogenesis, treatment of metastatic CRC of
this subtype with combination therapies including bevacizumab (an antiangiogenic agent)
was reported to show worse outcome [14, 15]. Thus, neither the AKP genotype nor the CMS4
subtype appears to explain the unusually good response of this particular patient to
FOLFIRI/bevacizumab therapies as far as bevacizumab is concerned. On the other hand, the
patient’s tumors were shown to have a papillary architecture (Fig. 3). It was previously re-
ported that VEGF-A was overexpressed in invasive micropapillary colorectal carcinoma [16].
This might contribute to a response to bevacizumab, which is a monoclonal antibody against
VEGA-A. In addition, it was recently reported that in first-line chemotherapies, irinotecan-
based chemotherapy was significantly superior to oxaliplatin-based chemotherapy for both
the progression-free survival and overall survival of patients with CMS4 [17]. This might also
partially have contributed to our patient’s response, since FOLFIRI/bevacizumab includes iri-
notecan as a component.

In conclusion, complete, durable, pathologic responses to chemotherapy for metastatic
CRC are extremely rare. Here we reported the case of a patient with advanced metastatic dis-
ease who has enjoyed a long-term cure with a combination of noncurative surgery and sys-
temic chemotherapy (FOLFIRI)/bevacizumab. The retrospective genetic analysis of the pa-
tient’s tumor revealed poor-prognosis AKP triple mutant disease. The gene expression analy-
sis suggested that the patient suffered from the CMS4 “immune/angiogenic” class, which was,
intriguingly, negatively associated with bevacizumab therapy but positively with irinotecan-
based chemotherapy. The histological data suggest the papillary phenotype may be amenable
to bevacizumab therapy. Finally, the enlarged lymph nodes suggest a strong immune response
despite a low measured tumor mutation burden, which may have ultimately led to the pa-
tient’s long-term vitality. The deep sequencing analysis has provided some “hints” regarding
the molecular mechanisms underpinning this case, and its favorable outcome.
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Pre-operative CT scan Post-FOLFIRI/Bevacizumab CT scan

Liver metastasis Regression _—

Fig. 1. Computed tomography (CT) scans of the patient. a Preoperative CT scan. b Post-FOLFIRI/bevaci-
zumab CT scan. The CT scans of the liver demonstrated calcification of the previous liver metastasis (ar-
row) after the therapies.

Pre-operative PET scan Post-FOLFIRI/Bevacizumab PET scan
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Fig. 2. Positron emission tomography (PET) scans of the patient. a Preoperative PET scan. b Post-
FOLFIRI/bevacizumab PET scan. Arrows indicate liver metastasis (right lobe), the porta hepatis LN, the
primary tumor, periaortic LNs, and the bladder, respectively. The post-therapy PET scan showed that the
patient was disease free. LN, lymph node.
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Fig. 3. Histology of the patient. a Primary transverse colon tumor with a papillary architecture. H&E stain.
x200. b Superior periaortic node with extensive extranodal extension (top panel; H&E stain; x25) and ex-
tensive necrosis and papillary architecture (bottom panel; H&E stain; x200).
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