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RAPID COMMUNICATION
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Abstract

AIM: To investigate the impact of mucin production
on prognosis in colorectal cancer, in terms of overall
survival (OS) and time to disease progression (TTP) in
patients with mucinous compared to those with non-
mucinous colorectal cancer (NMCRC), matched for age,
gender, and tumor stage.

METHODS: Thirty five patients with mucinous colorec-
tal cancer (MCRC) were matched for age, gender, and
tumor stage with 35 controls having NMCRC. OS and
TTP were compared among 4 groups divided according
to mucin content: group A (50%-75% mucin), group
B (75%-100% mucin), group C or controls (< 50%
mucin). Group D consisted of all patients with tumors
having < 75% mucin (controls and groups A together).
RESULTS: Median survival in MCRC and NMCRC groups
was 46.2 and 112.9 mo, respectively (P = 0.26). OS in
groups A and B was 70.1 and 32.8 mo (P = 0.46), and
in groups B and D was 32.8 and 70.1 mo, respectively
(P = 0.143). TTP in MCRC and NMCRC was 50.17 and
44.77 mo, respectively (P = 0.795). TTP in groups A,
B, and D was 70.1, 24.8, and 65.5 mo, respectively.
Twenty-eight percent of patients with MCRC had poorly
differentiated adenocarcinoma versus 8.6% in NMCRC
patients (P = 0.028).

CONCLUSION: MCRC is associated with a non-signif-
icant decrease in median survival and TTP, particularly

when mucin content is > 75% of tumor volume. How-
ever, it tends to be more poorly differentiated. A larger
study matching for stage and grade is needed.
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INTRODUCTION

Mucinous adenocarcinoma is a histological variant that
accounts for 5% to 15% of cases of primary colorectal
cancer!. Tt is defined as a tumor displaying extracellular
mucin in more than 50% of the tumor volume. There is
evidence that mucinous colorectal cancer (MCRC) may
be a distinct biological and genetic entity compared with
non-mucinous adenocarcinoma (NMCRC)™”. Thus pa-
tients with MCRC may be younger™, their tumors are
more likely to be right—sidedlﬁ’gj, and they present at a more
advanced stagem’()’gl. In addition, these tumors may have
distinct mutations and cytogenetic abnormalities™ and
may be less likely to respond to chemotherapy""'?. There
is, however, a lack of consensus in the published literature
on whether the presence of mucin in colorectal tumors
portends a poorer prognosis and worse survival or not.

Many studies suggest that MCRC is associated with
poorer outcome and lower survival rates""" ™" but oth-
ers deny this association™'*'”. The reasons for the con-
flicting reports are not clear. In many studies, there was
no control for, age, sex, tumor stage or location™*"'"". In
addition, the prognostic significance of having an extra-
cellular mucinous component that is much larger than
50% is not known.

The aim of our study was to compare time to dis-
ease progression and overall survival (OS) of patients
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with mucinous to those with NMCRC after matching all
patients for age, gender, and tumor stage. We also evalu-
ated the effect of increasing mucin percentage in tumor
body on survival.

MATERIALS AND METHODS

A retrospective review of patients with colorectal cancer
treated at the American University of Beirut-Medical
Center between 1986 and 2003 identified 35 patients
with MCRC and 750 patients with NMCRC.

For each patient with MCRC, a control with NMCRC
was matched for age, gender and tumor stage, resulting
in 70 cases and controls.

The patients’ gender, age, comorbid medical illnesses,
tumor location, stage, grade, organ metastasis, surgical
resection, chemotherapy regimen, radiological inter-
vention, and survival data were obtained from hospital
medical records and recorded for each patient.

Patients were classified as having MCRC if mucin
constituted more than 50% of the tumor volume by his-
tological examination.

An average of 4 slides per patient was reviewed to
determine mucin content.

To determine the correlation between the percent-
age of mucin component and tumor stage and survival,
histological slides from all patients (cases and controls)
initially reported as mucinous tumors were reviewed by
two pathologists from AUB-MC to determine the pet-
centage of mucin in the studied sections.

To study the impact of increasing mucin content on
survival, two cut-off points (50% and 75% mucin) were
chosen. Accordingly, MCRC patients were further di-
vided into 2 subgroups: group A (50%-75% mucin) and
group B (75%-100% mucin). Furthermore, NMCRC
patients (controls) were designated as group C (< 50%
mucin). Moreover, all patients with less than 75% mucin
(including groups A and C) were combined into a new
group (group D).

Primary tumors were divided into four locations:
right-sided (if arising in the cecum, ascending colon or
hepatic flexure), transverse colon, left-sided (arising in
the splenic flexure, descending colon, or sigmoid colon),
and tumors arising in the rectum or rectosigmoid junc-
tion of the colon.

Patients with signet-ring colorectal cancer were ex-
cluded from the study.

Statistical analysis

The study design was a retrospective case-control study
and the case-to-control ratio was 1:1. The Kaplan-Meier
method was used to estimate survival. Univariate analysis
was performed using the chi-squared testing in SPSS 14.0
software. P < 0.05 was considered statistically significant.
Univariate analysis was performed to determine if increas-
ing mucin production had an effect on survival that is
independent of age, gender, and tumor stage. The median
follow-up time was 42 * 31 mo for non-mucinous (median:
27) and 38 * 23 (median: 32) for mucinous tumors.
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MCRC (%), n = 35 NMCRC (%), n = 35 P

Mean age 56.8 (22-83) 56.7 (28-81)
Gender (M:F) 20:15 20:15
Comorbid conditions
Heart disease 4 (11.4) 2 (5.7) 0.673
Diabetes mellitus 2(5.7) 2(5.7) 1.000
Hypertension 3(8.6) 9(25.7) 0.110
Other cancer 2(5.7) 1(29)
Family history
Colon cancer 4 (11.4) 2 (5.7) 0.673
Other cancer 8 (22.9) 11 (28.6) 0.785

MCRC (%), n = 35 NMCRC (%), n = 35

Location
Right colon 8 (22.8) 7 (20)
Transverse colon 2(5.7) 129
Left colon 14 (40) 16 (45.7)
Rectum/Rectosigmoid 10 (28.6) 10 (28.6)
Grade
Poor 10 (28.6) 3 (8.6)
Moderate 16 (45.7) 26 (74.3)
Well 6(17.1) 3(8.6)
Missing 3(8.6) 3(8.6)
Stage
I 2(5.7) 2(5.7)
I 12 (34.3) 12 (34.3)
mm 14 (40) 13 (37.1)
v 7 (20) 8(22.8)
RESULTS
Demographic data

Patients with MCRC in our study accounted for 4.7% of
all colorectal cancers. The study included 70 patients, 40
males and 30 females. The mean age at diagnosis for all
patients was 50.8 (22-83) years, 560.8 (28-81) years for the
MCRC group, and 56.7 (28-81) years for the NMCRC
group. Males constituted 57% of the patients in both
groups.

Patients in the two groups showed similar concomi-
tant medical problems, mostly heart disease, diabetes
mellitus type II, and hypertension (Table 1).

Clinical characteristics of the tumor

Both MCRC and NMCRC subgroups showed similar
distributions of tumor location; the majority of tumors
in both groups were located in the left colon and rectum
(Table 2). The location of the tumor was not available in
one patient.

Most tumors in both the MCRC and NMCRC groups
were moderately or poorly differentiated (Table 2). In-
terestingly, 28.6% of tumors in the MCRC group were
pootly differentiated versus 8.6% of those in the NMCRC
group. (P = 0.0028). Moreover, 40% of group B tumors
wete of poor grade as compared to 11% of group D tu-
mors (P = 0.001). Lymph nodes were involved in 37% of
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Table 3 Colorectal recurrence and patterns of metastasis in
patients with MCRC and controls

MCRC (%), n = 35 NMCRC (%), n = 35

Colorectal recurrence 6 (17) 7 (20)
Metastasis on presentation 5(14.3) 4(11.4)
Metastasis on follow up 7 (20) 14 (40)
Sites involved by metastasis
Liver 8 (22.8) 12 (34.3)
Lung 4 (11.4) 4 (11.4)
Bone 2(5.7) 1(29)
Brain 1(29) 2(5.7)
Other 7 (20) 6(17.1)
Lymph node involvement 13 (37.1) 13 (37.1)

Table 4 Treatment offered to patients with MCRC and
controls

MCRC (%), n = 35

NMCRC (%), n = 35

Treatment

Surgery 35 (100) 35 (100)
Chemotherapy 20 (57.1) 19 (54.3)
Neoadjuvant 5(14.3) 3(8.6)
Adjuvant 15 (42.9) 16 (45.7)

Type 5-Fu + leucovorin + oxaliplatin  5-Fu + leucovorin * oxaliplatin
Radiotherapy 11 (31.4) 8(22.9)

patients in both subgroups (Table 3).

The liver was the most common organ affected by
distant metastasis (22% vs 34%) followed by the lungs
(11%) in cases and controls, respectively.

The two groups were similar in terms of local dis-
ease recurrence: 17% of MCRC patients versus 20% of
NMCRC patients (P> 0.05).

Therapy

Patients in both groups were treated similarly. All patients
were treated with surgical resection. Twenty patients from
the mucinous group (57%) and 19 patients (54%) from
the control group received neoadjuvant or adjuvant che-
motherapy. Chemotherapy regimens were all 5-FU based,
as a monotherapy or in combination. Radiotherapy was
mainly given to patients with rectal cancer (Table 4).

Characteristics of mucinous subgroups
The exact mucin percentage was obtained on all 35
patients with MCRC.

Eleven patients had 50%-75% of tumor volume dis-
playing mucin and were classified as group A. Mean age
at presentation was 55 (36-73) years.

Twenty-Four patients had more than 75% of tumor
volume displaying mucin and were classified as group B.
Mean age at diagnosis was 59.5 (24-81) yeats.

Subgroup analysis shows that more than half of the
patients in groups A, B, and controls (group C) present-
ed at advanced disease stages (stages Il and IV): 54.5%,
66.7%, and 60%, respectively.

Survival analysis
Compared to patients with NMCRC, there was a non-
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Figure 1 String diagram analyzed. A: Median survival of MCRC group: 46.2
mo compared to NMCRC group: 112.9 mo; B: Time to disease progression
in MCRC and NMCRC patients; C: Survival of both MCRC and NMCRC as a
function of tumor grade (well, moderate, and poor differentiation).

significant decrease in survival in patients with MCRC.
Median survival of patients in the MCRC subgroup was
46.2 mo compared to 112.9 mo in the NMCRC sub-
group (P = 0.26) (Figure 1A). Mucinous subgroups A
and B had median OS of 70.1 and 32.8 mo, respectively
(P = 0.46). Median OS was 32.8 and 70.1 mo in groups
B and D, respectively (P = 0.143). TTP in MCRC and
NMCRC was 50.17 ps 44.77 mo, respectively (P = 0.795)
(Figure 1B). TTP in groups A, B, and D was 70.1, 24.8,
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Case: Matched Survival in P
control  for MCRC vs
NMCRC
Symonds et al™  120/120  Age, sex, stage Decreased Significant
Connelly et al™  60/60 Stage Same NS
Green et al™ 52/343 Stage Same NS

Consorti et al® 29/54 Age, sex, Decreased NS

location, stage

Kang et al®¥ 16991/  Age, grade, Same NS
146115 stage, location
Farhat 185//85) Age, sex, stage Decreased NS

NS: Not significant.

and 65.5 mo (P > 0.05), respectively.

When survival of all patients was analyzed in relation
with tumor grade, no difference in survival was noted
among the various degrees of differentiation (Figure 1C).

DISCUSSION

Our results show that MCRC is associated with a non-
significant decrease in median OS and TTP, compared
to NMCRC. Similar results were obtained when OS and
TTP were compared in patients with more than 75%
mucin to those with less than 75% mucin.

In our report, we matched patients for age, gender,
and stage of disease at presentation. Moreover, we
found that patients in the two subgroups were similar
in terms of tumor location. Furthermore, there was no
difference in both arms with respect to presence of co-
morbid illnesses, chemotherapy regimens received or ra-
diotherapy administration. However, we noted that more
MCRC patients presented with a higher tumor grade
than NMCRC patients (P = 0.028).

The prognostic significance of mucin content in
colorectal cancer remains a controversial issue. While
some authors reported that patients with MCRC show
no difference in survival outcome compared to patients
with NMCRCP*'“* others found that MCRC is associ-
ated with worse survival*™'"*',

The difference in survival was attributed to the ad-
vanced stage at which these tumors present[3’4’6’8’13], motre
invasion of adjacent viscera and more extensive lymph
node involvement”"™'% increased incidence of distant
17 and decreased response to chemotherapy"”.

Most of the published series compared mucinous to
nonmucinous subgroups of colorectal cancer without
matching for age, stage, grade and location. Comparing
non-matched groups may confound survival data since
the difference in survival could be related to differences
in tumor location, grade or stage, and not due to the
presence of mucin in the tumor.

Five studies compared matched groups of pa-
tients™™ > (Table 5). One study reported a statistically
significant decrease in survival in MCRC" while the other
four showed no difference in survival outcome™*">'%.

The importance of matching for stage is reflected

metastasis
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in the large population-based study done by Kang ez a/”
where MCRC did show worse OS but similar stage-to-
stage survival as the other non-mucinous subtypes of
colorectal cancer. The difference in OS between MCRC
and NMCRC was attributed to the difference in stage at
presentation, with more mucinous tumors presenting at
advanced disease stages. That study did not, however,
examine the impact of high mucin content (> 75%) on
survival, a factor that may be associated with an adverse
prognosis.

In patients with mucin producing colon cancer, few
studies have examined the clinical impact of increas-
ing mucin content in colorectal cancer on progression
free and OS. Tumors with high mucin content (80%)
were associated with worse clinicopathological behavior,
more aggtessive phenotype, and poorer prognosis™”*".
By contrast, tumors with moderate mucin content
(60%-80%) were found to be indistinguishable from
non-mucinous tumors. However, the different subgroups
were not matched for age, stage, grade, or location.

The prognostic value of tumor grade in MCRCs has
not been adequately investigated in matched studies. In a
non-matched study by Enriquez ez alm, MCRC showed
higher tumor grade that did not affect survival, which is
in agreement with our data. Moreover, Connelly ez a/"”
excluded the poorly differentiated histology from their
MCRC study because tumors with high grade tend to ex-
hibit a distinct biological behavior and a worse progno-
sis™*. However, Kang e# a/* controlled for tumor grade
and concluded that MCRC and NMCRC patients show
similar risks of dying;

Although our patients with MCRC had more poorly
differentiated tumors (P = 0.0028), there was no appat-
ent significant effect of grade on prognosis. Due to the
small number of patients in our study, matching for tu-
mor grade was not possible.

There are several limitations in our study. First, this
was a case-control study with a relatively small number
of subjects. The inability to adequately perform more
subgroup analyses or to control for additional confound-
ers because of small sample size is to be noted.

Second, this is a retrospective assessment with all
the attendant limitations of this approach including the
missing data, which leads to fewer patients included in
multivariable models, generally increasing the risk for
both type one and type two errors. Third, the cases seen
represent a single tertiary center experience which might
reduce the prevalence rate of MCRC reported here as
compared to the higher prevalence rates in some studies
that used data from national registries. Fourth, some of
the trends observed in the study might have reached sta-
tistical significance if the study sample had been larger.
However, despite the limitations of our study, very few
studies have examined the effect of increasing mucin
content on survival in colorectal patients which adds
more value to the results of our study and others’.

In conclusion, high mucin content in colorectal cancer
is associated with a nonsignificant decrease in OS and
TTP. However, the presence of mucin in more than 75%
of tumor volume may indicate a more aggressive pheno-
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type that presents with a higher tumor grade and a pos-
sible subsequent decrease in OS and TTP. Larger studies
in patients with MCRC with matching for stage and grade
are warranted to examine the impact of mucin content
on survival, especially those with more than 75% mucin
content.
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