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Abstract

Introduction: Colon adenocarcinoma, the most common gastrointestinal cancer, has three distinct histological
types namely, non-mucinous, mucinous and signet cell type. To date, the clinical implication of mucinous histology is
not completely elucidated. Most studies discussing the impact of mucinous pathology in colon cancer are retrospectives
analyses from large tertiary centers and report non-concordant results. The aim of our study is to analyze the results of
management of non appendicular mucinous and signet colorectal cancer in a community setting.

Methods: Under IRB approval, a prospectively maintained database of patients treated for colorectal cancer
(1996-2013) at a university-affiliated community cancer center was accessed. Data was collected on excel documents
and reported demographic data (age at initial diagnosis, sex), pathological data (site, stage, histological type of cancer)
and management data (treatment modalities and survival). Two groups were created: Non mucinous, and mucinous
- signet cell colorectal cancer. Differences between groups were analyzed using chi-square, fisher test and Kaplan
Meier curves for survival analysis.

Results: 1595 patients were included. Ofthese, 91.7% were non-MSCA (non-mucinous signet celladenocarcinoma),
remaining 7.2% were MCA and 1.1% was SRCA (signet ring cell carcinoma). Mean age was 67 in the three groups and
there was no difference in age distribution. Right colon cancer represented 38% of non-mucinous colorectal cancer
(n=556), and 58% (n=77) of the mucinous signet cell type. 5 year survival was 92.8%, 89.9%, 72.3% and 19.8% for
stage I-IV; respectively for non-mucinous cancer. 5 year survival for mucinous-signet cell was 67.1%, 79%, 55.4% and
0%; respectively for stage I-IV; p<0.05.

Conclusion: Mucinous and signet cell histology is a clinicopathological distinct type of colorectal cancer that
carries a negative impact on patient survival. Despite multimodality management and advance in chemotherapy, stage
IV mucinous-signet cell colorectal cancer has a dismal prognosis. New treatment strategies for mucinous-signet cell

cancer are needed.
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Introduction

Colorectal cancer is the third most common cancer and second
cause of cancer related deaths in the United States. Mucinous
adenocarcinoma is a distinct histological subtype that comprises 6-20%
of all colon cancers. Mucinous adenocarcinoma is defined when >50%
of tumor volume is composed of extracellular mucin. Tumors that
have mucinous component that is more than 10% but less than 50%
are classified as adenocarcinoma with mucinous features. Signet ring
carcinoma indicates the presence of intracellular mucin defined by
presence of >50% signet rings in the pathological specimen and is a rare
histological variant accounting for <1% of all colorectal carcinomas.

Recent data indicates that mucinous adenocarcinoma and signet
cancer of the colon has a distinct genetic profile and clinical presentation
compared to non-mucinous histology indicating more aggressive
clinical course and poor outcomes with standard therapeutic approach.

Despite advances in the management of colorectal carcinoma,
optimal therapeutic approaches have yet to be developed in these
histological subtypes.

In an attempt to evaluate our outcomes of patients with advanced
colorectal carcinoma based on these histological subtypes, we initiated
a retrospective analysis in our community based cancer center to
evaluate the clinical characteristics and outcomes of mucinous and
signet ring adenocarcinoma (MSCA) as compared to non-mucinous
histology.

Materials and Methods

Using a prospective cancer registry database and with IRB approval,
we conducted a retrospective review of data at Tate Cancer Center. We

reviewed the data from 1996-2013, reviewing a total of 1595 cancer
patients with colorectal cancer that was treated by either surgery and/or
with systemic therapy. We identified and reviewed clincopathological
information, management, and survival data on patients with advanced
mucinous and signet ring adenocarcinoma. The patients with Mucinous
and Signet Ring Cell Carcinoma (MSCA) were compared with another
cohort of non-mucinous and signet ring adenocarcinoma.

Patients

Patients with colon carcinoma diagnosed at Tate Cancer Center
affiliated with UM BWMC who were diagnosed between 1996 and
2013 were included in analysis. The database of our cancer registry
was used to capture information about the age at diagnosis, gender
distribution, and stage at presentation, location of tumor, surgical
treatment and systemic chemotherapy. Patients with advanced and
recurrent MSCA were identified, and we reviewed the medical charts to
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assess the treatment provided in terms of systemic chemotherapy and
their outcomes.

Statistical analysis

Survival data was analyzed using the Kaplan-Meier. Statistical tests
that were performed were 2-sided, and P values less than 0.05 were
considered to be statistically significant. Survival rate was calculated
from the date of diagnosis for the primary tumor until death from any
cause.

Results

The cancer registry identified 1595 patients with colon cancer
diagnosed between 1996 and 2013. Of these, 91.7% were non-MSCA,
remaining 7.2% were MCA and 1.1% was SRCA. Median age of
diagnosis of MRCA and non-MRCA was the same at 67 years. The
gender distribution was similar between the MAC/signet and non-
mucinous histologies as summarized in Table 1. MSCA were more
likely to present with Right sided tumors compared to non-mucinous
counterparts (p<0.005)

The distribution of the tumor by Stage for MSCA/signet ring vs.
Non-mucinous histology is summarized in Table 2. A total of 32% of
patients with non-mucinous histology presented with stage III and
IV disease as opposed to 62% of patients with mucinous/signet ring
histology (p<0.05) (Figure 1).

Median survival for stage IV patients

1. 5 year survival rate for all stages and histological subtypes
is summarized in Table 3. 5 year survival for stage IV non-mucinous
histology is 19.8% compared to 0% for mucinous/signet cell histology.
Charts of all patients with advanced stage mucinous and signet ring
were reviewed to assess the chemotherapy regimens employed with
overall disease related outcomes. Regimens that were used to treat these
patients included a variety of contemporary regimens employing 5-FU,
oxaliplatin, irinotecan and biological agents including EGFR inhibitors
and VEGF inhibitors similar to non-mucinous counterparts (Figure 2).

Discussion

Mucinous adenocarcinoma of the colon 1is a distinct
clinicopathological entity. Molecular studies indicate upregulation
of genes involved in cell differentiation and mucin metabolism [1].
Clinically mucinous adenocarcinoma of the colon is more frequently
located in the proximal colon and is more frequently associated with
MSI phenotype [2].

Non-MSCA MCA (n=114) and Statistical
(n=1463) SRCA (n=18) Significance (p)
Median age (year) 67 67.5 NS
Right side (n=556; Right side (n=77,
38%) 58%) p<0.0001
Location of tumor | |eft side (n=907, Left side (n=54,
62%) 41.6%) p<0.0001
Colon Nos=4.2% N/A
Table 1: Age of Diagnosis and tumor location.
Non-MCA/non- Statistical
Stage SRCA MCA/SRCA Significance (p)
| 305 (20.8%) 12(9.1%) p=0.0011
Il 345 (23.6%) 50 (37.8%) p=0.0001
11l 279 (19.1%) 51 (38.6%) p< 0.0001
[\ 190 (13.0%) 19 (14.3%) p=0.2468

Table 2: Stage Distribution.

The data regarding adjuvant chemotherapy in mucinous
adenocarcinoma of the colon is conflicted. Two large retrospective
reviews comparing the benefit of adjuvant chemotherapy in stage III
colon cancer between mucinous and non-mucinous histologies found
comparable benefit between the two groups [3,4]. Another smaller
study from Korea found lower disease free survival in patients with
mucinous adenocarcinoma and adenocarcinoma with mucinous
histology compared to non-mucinous histology with FOLFOX
chemotherapy [5]. A recently published meta-analysis including 44
studies and 222,256 patients evaluating the prognostic significance
of mucinous histology in colon carcinoma concluded that mucinous
adenocarcinoma is associated with 2-8% increased hazard of death
which persisted after correction for stage [6].

Data regarding the responsiveness of advanced colon cancer to
systemic chemotherapy is summarized below. A study of 135 patients
compared the responsiveness of infusional 5-FU as first line treatment
of advanced colon cancer between mucinous and non-mucinous colon
adenocarcinoma. Inferior response rate and reduced survival was noted
for the mucinous adenocarcinoma group [7]. Another study indicated
poor responsiveness of mucinous adenocarcinoma to FOLFOX type
chemotherapy regimen [8].

A retrospective review of 255 patients of whom 19% were MAC
and 81% were non-mucinous histology indicated that overall response
rates were significantly higher with non-mucinous vs. mucinous
histology (19% vs. 49%). After median follow up of 45 months, median
overall survival was significantly longer in non-mucinous vs. mucinous
histology (23.4 vs.14 mths). In multivariate analysis, mucinous
histology was associated with overall poor survival with HR=1.59. The
chemotherapy regimen employed in this patient population included
variety of oxaliplatin, irinotecan and 5-FU based modern chemotherapy
programs [4].

Some of the other studies however have concluded fairly similar 5
year survivals between adenocarcinoma and mucinous adenocarcinoma
[9]. One study concluded that mucinous adenocarcinomas of the
rectum were associated with increased risk of death as opposed to non-
mucinous adenocarcinomas [10].

Signet ring histology appears to be uniformly associated with poor
clinical outcome based on review of literature with association with
high grade, advanced stage at presentation and poor overall survival
[9-11]. Our retrospective review of patients with colon cancer indicates
that mucinous and signet ring carcinomas tend to present with higher
stage compared to non-mucinous carcinomas. Also amongst patients
with stage IV disease, patients with mucinous and signet ring histology
have significantly worse median survival and dismal 5 year survival rate
compared to their non-mucinous counterpart despite being treated
at the same facility. We propose that this histological subset should
be one of the stratifying factors in randomized clinical trials of colon
cancer. Further novel treatment strategies should be employed in the
management approach of this disease category.

There are certain drawbacks of this cancer registry based review
that are summarized below. The review is retrospective in nature and
spans a fairly long time period where therapy for colon cancer has
evolved significantly. We also are missing stage information in 23.5%
patients in non-mucinous colon cancer category. We are in the process
of improvising and updating our data base. We have also moved to
electronic medical records over the last few years and feel that will
facilitate data collection process as well.

Review of recent data indicates that mucinous adenocarcinoma
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Figure 1: Overall Survival of stage Ill colorectal adenocarcinoma stratified by tumor mucinous production
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Figure 2: Overall Survival of stage IV colorectal adenocarcinoma stratified by tumor mucinous production
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Non-MCA/non- Statistical
Stage MCA/SRCA
SRCA Significance (p)
| 92.8% 67.1% NS
Il 89.9% 79% NS
11l 72.3% 55.4% NS
\Y 19.8% 0.0% 0.0069

Table 3: 5-Year survival rate

of the colon is associated with poor outcomes when they present
with advanced disease and are associated with poor response to
systemic chemotherapy. Review of our data from community based
cancer center revealed that in in our patient population, advanced
colorectal adenocarcinoma had a 5 year survival of 19.8% with
modern chemotherapy programs and multidisciplinary approach.
None of the patients with advanced mucinous adenocarcinoma or
signet ring cancers survived at 5 years within the same patient cohort.
Furthermore, all patients in our data base with signet ring carcinoma
presented with advanced disease and with poor outcome making
this the worst histological category. This is concordant with several
recent publications concluding that signet ring histology presents with
advanced stage at diagnosis and have poor clinical outcome [9-11]. We
conclude that patients with mucinous adenocarcinoma and signet ring
histology should be considered for enrollment in clinical trials with
novel agents as they have worse clinical outcome with conventional
therapy. One of the pathways that may be targeted in this histological
subgroup would be the mucin pathway especially MUC2 and MUC5
proteins using targeted therapy or immunotherapy in combination
with chemotherapy and biological agents.

Kang et al. [2] conducted a SEER data base study of colon cancer
(1992-2000) and reported that only 10% of colon adenocarcinoma had
mucinous histology and shared similar clinical pictures of the non
mucinous colon adenocarcinoma. Globally mucinous adenocarcinoma
patient did have worse 5 year overall survival compared to non
mucinous adenocarcinoma, however, this was not significant when
compared stage for stage. On the other hand the signet cell subtype
had clearly the worst prognosis with statistically significant difference
than mucinous and non mucinous group of patients. HR of non
mucinous adenocarcinoma, mucinous and signet was 1, 1.01, 1.372;
respectively. Other important findings from this SEER database study
is that mucinous tumors presented more often as advanced stage cancer
of the right side of the colon with higher incidence of LN and peritoneal
metastasis.

In a retrospective Asian study including 2006 patients, Song et al.
[12] reported close incidence of Mucinous colon adenocarcinoma rate
to the western SEER data base study (7.2% and 1.2 % Signet cell) The
study was also concordant to the western report that mucinous and
signet cell adenocarcinoma were associated with high incidence of
lymph nodes and peritoneal metastasis. On the other hand, the study
did find a statistically significance difference in overall and 5-year
survival between non Mucinous, mucinous and signet cell (151 months
vs. 67.7 vs. 32.6; and 69% vs., 51% vs. 27%; respectively)

The relationship of mucinous histology of colon cancer and
peritoneal carcinomatosis was also revealed by a large retrospective
European study [13]. In this study mucinous histology was found to be
an independent factor for synchronous peritoneal carcinomatosis OR
2.0 (1.6-2.4). In this study median survival of patients with synchronous
peritoneal carcinomatosis was only 5 months, much worse than other
solid organ metastasis including liver and lung.

Contemporary management of advanced stage colon cancer shows

a dramatic improvement in systemic therapy with combination of
cytotoxic and biologic agents. This improvement is responsible of a
substantial tumor response rate that allows more patients to undergo
surgical resection. At the same time multiple non resectional approaches
are now available including ablation therapy (RFA, microwave, IRE)
and regional therapy (TACE, Y90).

Nozoe et al. [11] previously reported that Mucinous and signet cell
histology have difficult clinical behavior. MCs were significantly larger,
occurred more frequently in the right and metastasize more often to
lymph nodes and to the peritoneal membrane. The 1-, 3-, and 5-year
survival rates of patients with MCs were 77. 8%, 45.4%, and 30.3%,
respectively, and were significantly lower than those in patients with
NMCs, that were 88.9 %, 65.6%, and 60.8%, respectively (P<0.05).

Peritoneal carcinomatiosis of mucinous colon cancer has
traditionally being considered an aggressive disease with dismal
outcome. Two main factors contribute to this knowledge, poor
tumor response to chemotherapy and poor delivery of the systemic
chemotherapy to the peritoneal surface. Today, cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy has emerged as safe
and effective modality of treatment of peritoneal carcinomatosis of
colon cancer. The success of this approach in mucinous appendiceal
cancer is clear and has been reported in multiple studies making CRS
and HIPEC the gold standard for this disease. On the other hand, there
is a paucity of reports of results of CRS and HIPEC in colon mucinous
and signet cell adenocarcinoma. Studies with relative small number of
patients clearly showed that mucinous histology negatively impact the
OS of patient undergoing CRS-HIPEC for peritoneal carcinomatosis
for metastatic colon cancer [14].

Conclusion

It is crucial, that contemporary management of advanced stage
mucinous and signet cell colon adenocarcinoma is conducted in
multidisciplinary approach. While surgery remain an essential
component in the management for selected patient, new chemotherapy
molecules are needed to increase resectability and to improve survival
specially in advanced stages of mucin producing colorectal cancer.
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