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The association of mucinous histology with clinicopathological characteristics and long-term oncologi-
cal outcome in patients with colorectal cancer

BACKGROUND:  This study aimed to evaluate clinicopathological characteristics and long-term oncological outcome with
respect to mucinous histology of tumor in colorectal cancer (CRC) patients.

METHODS: A total of 372 patients who underwent resection surgery due to CRC between March 2006 and March
2019 were included in this retrospective study. Patients were divided into two groups according to degree of mucinous
component including mucinous carcinoma group (n=48, 250% mucinous component) and non-mucinous carcinoma
(n=324, <50% mucinous component) group. Data on patient demographics, tumor characteristics, treatment charac-
teristics, metastasis and recurrence rates, disease free survival (DFS), and overall survival (OS) times were recorded.
RESULTS: Mucinous vs. non-mucinous carcinoma was associated with higher rate of T4 stage (p=0.036) and high grade
tumors (p=0.001) with extranodal invasion (p=0.019) Both the OS time (75.9+13.1 vs. 110.8+5.6 months, p=0.019)
and DFS time (98.5+15.6 vs. 140.5+5.1 months, p=0.003) were significantly shorter in colon cancer patients with vs.
without mucinous carcinoma despite their higher likelihood of receiving chemotherapy (89.6 vs. 71.9%, p=0.009).
Multivariate analysis revealed presence of perineural invasion (HR 1.865, p=0.002), extranodal invasion (HR 1.869,
2=0.009), T4 stage (HR 1.617, p=0.019), and MI stage tumors (HR 3.643, p<0.001) but not mucinous carcinoma
to significantly predict poor survival in CRC patients.

CONCLUSION: I conclusion, our findings indicate colorectal tumors with mucinous carcinoma histology to have a more
aggressive tumor characteristics and advanced disease stage on admission in CRC patients as well as shorter OS time
and DEFS time specifically in colon cancer patients despite receiving chemotherapy.
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Introduction

Colorectal cancer (CRC) is the most common digestive
system malignancy and the fourth most common cause
of cancer-associated mortalities worldwide!”. In accor-
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dance with improved individualized treatments, histo-
logical and genetic subtype classification become impor-
tant for identification of potential candidates of adjuvant
systemic therapy along with better judgment of progno-
sis and survival®>.

The mucinous adenocarcinoma is a rare specific histo-
logical subtype of CRC defined by the World Health
Organization (WHO) as mucinous components that
comprise 250% of the tumor volume®. Considering
mucinous adenocarcinoma in the diagnostic work-up of
CRC patients seems important in terms of its associa-
tion with poorer survival and lower chemotherapy
response when compared to non-mucinous adenocarci-
noma as reported in some studies 7.
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However, the clinical relevance of mucinous carcinoma
in CRC patients remains uncertain and there is con-
siderable debate regarding its prognostic significance
due to conflicting data on its association with the onco-
logical outcome in terms of presence and nature of
such effect (independent or dependent on site, stage or
genetic features) and potential differences in colon and
rectal cancer patients as well as its relation to chemo-
radiotheraphy (CRT) response >!1-21.

This retrospective long-term follow up study was there-
fore designed to evaluate the association of mucinous
histology of tumor with clinicopathological characteris-
tics and oncological outcome in CRC patients.

Materials and methods
Stupy PoPULATION

A total of 372 patients (mean(SD) age: 61.6(14.0) years,
63.2% were males) who underwent resection surgery due
to CRC between March 2006 and March 2019 were
included in this retrospective study. Overall, 469 patients
were operated due to CRC within the study period in
our hospital, while the study population subjected to
final analysis was composed of 372 patients with exclu-
sion of 25 patients with synchronous disease due to non-
standardized treatment, 9 rectal cancer patients with
complete pathological response due to unknown histo-
logic features after neoadjuvant chemo-radiotherapy
(CRT) and 63 patients due to lost to follow up. Patients
were divided into two groups according to degree of
mucinous component including mucinous carcinoma
group (n=48, >50% mucinous component) and non-
mucinous carcinoma (n=324, <50% mucinous compo-
nent) group.

The study protocol was conducted in accordance with
the ethical principles stated in the “Declaration of
Helsinki” and approved by the institutional ethics com-
mittee (Date of Approval: 11/02/2020; Reference num-
ber/Protocol No: 2020-02/7). Due to the retrospective
non-experimental nature of the study, informed consent
was not required.

STuDY PARAMETERS

Data on patient demographics (age, gender), American
Society of Anesthesiologists (ASA) status, diagnosis
(colon, rectum), family history for CRC, tumor charac-
teristics including localization, TNM stage, diameter,
grade, presence of micro satellite instability (MSI), signet-
ring cell component, extra-nodal, perineural or lympho-
vascular invasion, treatment characteristics (surgery,
CRT), metastasis (on admission or follow up), recur-
rence rate, disease free survival (DFS) time and overall
survival (OS) time were recorded in each patient and
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evaluated in mucinous carcinoma and non-mucinous car-
cinoma groups. Tumor stages were classified based on
clinical stage in rectal cancer patients initiated with
neoadjuvant therapy, while based on pathological find-
ings in other rectal and colon cancer patients 2. The
tumors extending up to the splenic flexure were con-
sidered as right-sided colon tumors and those extending
from splenic flexure to recto-sigmoid juncture were con-
sidered as left-sided colon tumors.

Histopathological evaluations

Tissue specimens, stained with hematoxylin and eosin,
were evaluated in terms of the predominant histological
type, the presence or absence of mucinous component
on the largest cross sections of tumors, and the ratio of
the area of mucinous component to that of the entire
tumor (mucinous component ratio). Based on WHO
definition, tumors with mucinous component account-
ing for > 50 % of the cancer tissue were classified as
mucinous carcinoma, while those with <50% mucinous
component were considered as non-mucinous carcino-
ma.® MSI status was assessed by immunohistochemical
stains for mismatch repair (MMR) proteins and MSI
was considered to be evident in cases of high instabili-
ty. Signet-ring cell components were evaluated and
defined as signet-ring cell carcinoma by the presence of
>50% of tumor cells. Histological grade was evaluated
based on two-tier grading scheme (low, high) 2.

Forrow Upr PEerioD

In accordance with National Comprehensive Cancer
Network (NCCN) guidelines, patients were followed up
in 3-month intervals in the first 2 years and in 6 months
intervals in the following 3 years®*?>. Biomarker levels
were analyzed at each visit, while thoraco-abdominopelvic
computerized tomography and colonoscopy were per-
formed once yearly. Positron emission tomography (PET-
CT) was optional. For the purpose of this study, patients
or relatives were contacted to confirm survival status.
Peritoneal seeding was diagnosed intraoperatively and
postoperative recurrence as peritoneal carcinomatosis was
diagnosed based on findings during reoperation or radi-
ologic imaging modalities indicating the presence of
abnormal intraperitoneal nodules or peritoneal thicken-
ing. Liver metastases were categorized as isolated hepat-
ic (only liver), extrahepatic (only non-liver) and mixed
(concomitant liver and non-liver) metastases.

CHEMOTHERAPY AND RADIOTHERAPY

Stage II high risk patients (high grade tumors, lympho-

vascular and perineural invasion, positive surgical mar-
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gin, perforation, < 12 lymph node yield) and stage III
patients received standard adjuvant chemotherapy (FOL-
FOX, XELOX regimes), while oxaliplatin- and irinote-
can —based palliative chemotherapy was applied in stage
IV patients. Patients with locally advanced (cT3, ¢T4
and /or node positive) rectal cancer with middle-distal
location received CRT, while short course neoadjuvant
radiotherapy was applied in ¢T3NO cases depending on
tumor location and magnetic resonance imaging (MRI)
findings. Patients who received CRT were categorized as
“chemotherapy-administered”  patients. Patients were
operated average 10 weeks after the neoadjuvant radio-
therapy.

STATISTICAL ANALYSIS

Statistical analysis was performed using IBM SPSS
Statistics for Windows, version 22.0 (IBM Corp.,
Armonk, NY). The normality of continuous variables was
investigated by Shapiro-Wilk’s test. For comparison of
two normally distributed groups Student t test was used.
Non-parametric statistical methods were used for values
with skewed distribution. For comparison of two non-
normally distributed groups Mann Whitney U test was
used. The primary outcome was OS, defined as the inter-
val between the date of surgical treatment and either the
date of death or the censoring date for follow-up (31
December 2019), whichever was earlier. Death from any
cause was regarded as an event and the subjects who
were still alive at the end of follow-up were censored.
Survival curves were generated according to the Kaplan—
Meier method and survival distributions were compared
with the use of the log-rank test. Hazard ratios (HRs)
and 95% confidence intervals (Cls) for multivariate
analyses were computed using the Cox proportional haz-
ards regression models. All tests of significance were two

TaBLE 1 - Patient demographics and clinicopathological characteristics

tailed; differences at p values of <0.05 were considered
to be significant. Data were expressed as mean + stan-
dard deviation (SD), median (minimum-maximum), and
percent (%) where appropriate.

Results

PATIENT DEMOGRAPHICS AND CLINICOPATHOLOGICAL
CHARACTERISTICS

A total of 372 patients (mean(SD) age: 61.6(14.0) years,
63.2% were males) were included in this study.
Mucinous adenocarcinoma was evident in 12.9% of
CRC patients. Colon cancer was the diagnosis in 58.8%
of patients. Family history for CRC was evident in
13.2% of patients. Right hemicolectomy (n=114; 30.6%)
and low anterior resection (n=112; 30.1%) were the most
common surgical operations. After a mean follow-up for
60.6 (SD 45.3) months, 63.7% of the patients were
alive. No significant difference was noted between muci-
nous and non-mucinous carcinoma groups in terms of
demographic and clinical characteristics (Table I).

TuMOR CHARACTERISTICS ON ADMISSION IN STUDY
GROUPS

In the mucinous carcinoma group as compared with
non-mucinous carcinoma group, the percentage of
patients with T4 stage tumors were significantly higher
(43.8 vs. 25.6%, p=0.036), tumor diameter was larger
(5.3 2.7 vs. 4.2+ 2.0 cm, p=0.002) and the presence
of Signet ring cell (8.3 vs. 2.8%, p=0.050), MSI (10.4
vs. 3.7%, p=0.038), high grade tumor (45.8 vs. 23.8%,
p=0.001) and extranodal invasion (50.0 vs. 32.7%,
p=0.019) were significantly more common (Table II)

Total Mucinous carcinoma  Non-mucinous carcinoma  p value
(n=372) (n=48) (n=324)
Gender (male), n(%) 235(63.2) 34(70.8) 201(62.0) 0.238!
Age (year), mean+SD 61.6+14.0 58.8+17.3 62.0+13.4 0.1352
ASA status, n(%) 1 195(52.4) 30(62.5) 165(50.9) 0.337!
2 111(29.8) 9(18.75) 102(31.5)
3 52(14.0) 7(14.6) 45(13.9)
4 14(3.8) 2(4.2) 12(3.7)
Tumor localization, n(%) right colon 114(30.6) 20(41.7) 94(29.0) 0.202!
left colon 105(28.2) 12(25.0) 93(28.7)
rectum 153(41.1) 16(33.3) 137(42.3)
Familial CRC history 49(13.2) 5(10.4) 44(13.6) 0.545!
Mucinous component (%), mean+SD 14.3+27.5 80.2+14.1 4.5+9.8 0.0002
Follow-up (month), mean+SD 60.6+45.3 60.2+45.7 57.5+48.2 0.6603
Survivors, n(%) 237(63.7) 26(54.2) 211(65.1) 0.141!
ASA: American Society of Anesthesiologists; CRC: colorectal cancer
Pearson Chi-Square test; 2 Mann-Whitney U test; 3Student t-test
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TasLe 11 - Tumor characteristics on admission in study groups

Total Mucinous carcinoma Non-mucinous carcinoma  p value!
(n=372) (n=48) (n=324)
T Stage, n(%) 0 4(1.1) 0(0) 4(1.2) 0.036
1 20(5.4) 0(0) 20(6.2)
2 35(9.4) 2(4.2) 33(10.2)
3 209(56.2) 25(52.1) 184(56.8)
4 104(28) 21(43.8) 83(25.6)
N Stage, , n(%) 0 170(45.7) 16(33.3) 154(47.5) 0.129
1 101(27.2) 14(29.2) 87(26.9)
2 101(27.2) 18(37.5) 83(25.6)
TNM Stage, , n(%) 1 44(11.8) 1(2.1) 43(13.3) 0.109
2 120(32.3) 17(35.4) 103(31.8)
3 129(34.7) 21(43.8) 108(33.3)
4 79(21.2) 9(18.8) 70(21.6)
Diameter (cm), mean+SD 4.3+ 2.1 5.3+ 2.7 4.2+ 2.0 0.0022
Signet ring cell, n(%) 13(3.5) 4(8.3) 9(2.8) 0.050
Micro satellite instability, n(%) 17(4.7) 5(10.4) 12(3.7) 0.038
Grade (high), n(%) 99(26.6) 22(45.8) 77(23.8) 0.001
Extranodal invasion, n(%) 130(34.9) 24(50.0) 106(32.7) 0.019
Perineural invasion, n(%) 192(51.6) 24(50.0) 168(51.9) 0.811
Lymphatic invasion, n(%) 115(30.9) 18(37.5) 97(29.9) 0.290
Venous invasion, n(%) extramural 30(8.1) 4(8.3) 26(8) 0.942
intramural 40(10.8) 6(12.5) 34(10.5) 0.675
ly2 test; 2Mann-Whitney U test
TasLe 1l - METASTASIS and recurrence in study groups
Total Mucinous carcinoma Non-mucinous carcinoma p value
(n=372) (n=48) (n=324)
Admission, n(%)
Isolated hepatic metastasis 59(15.9) 5(10.4) 54(16.7) 0.269
Isolated extrahepatic metastasis 10(2.7) 5(10.4) 5(1.5) <0.001
Mixed metastasis 13(3.5) 1(2.1) 12(3.7) 0.568
M1 Stage 82(22.0) 11(22.9) 71(21.9) 0.876
Follow-up, n(%)
Isolated hepatic metastasis 8(2.8) 3(8.1) 5(2.0) 0.033
Isolated extrahepatic metastasis 24(8.3) 3(8.1) 21(8.3) 0.300
Mixed metastasis 12(4.1) 3(8.1) 9(3.6) 0.639
Systemic recurrence 44(15.2) 9(24.3) 35(13.8) 0.097
Local recurrence 6(2.1) 2(5.4) 4(1.6) 0.120

%2 test

METASTASIS AND RECURRENCE IN STUDY GROUPS

In patients with mucinous carcinoma as compared to
those with non-mucinous carcinoma, presence of isolat-
ed extrahepatic metastasis (10.4 vs. 1.5%, p<0.001) on
admission and presence of isolated hepatic metastasis on
follow up (8.1 vs. 2.0%, p=0.033) were significantly
more common (Table III).

Systemic and local recurrence rates were 15.2% and
2.1% in the overall study population, with no signifi-
cant difference between mucinous carcinoma and non-
mucinous carcinoma groups (Table III).
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CHEMOTHERAPY AND RADIOTHERAPY IN STUDY (GROUPS

Patients with mucinous carcinoma as compared to those
with non-mucinous carcinoma had higher likelihood of
receiving chemotherapy overall (89.6 vs. 71.9%,
p=0.009), particularly for colon cancer (84.4 vs. 64.7%,
p=0.028), while no significant difference was noted
between study groups in terms of radiotherapy admin-

istration (Table V).
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TaBLE IV - Chemotherapy and radiotherapy in study groups

Chemotherapy Total Mucinous carcinoma Non-mucinous carcinoma p value
Overall n 372 48 324
Received CT 276(74.2) 43(89.6) 233(71.9) 0.009
No CT 96(25.8) 5(10.4) 91(28.1)
Colon cancer patients n 219 32 187
Received CT 148(67.6) 27(84.4) 121(64.7) 0.028
No CT 71(32.4) 5(15.6) 66(35.3)
Rectal cancer patients n 153 16 137
Received CT 128(83.7) 16(100) 112(81.8) 0.062
No CT 25(16.3) 0(0) 25(18.2)
Radiotherapy Total Mucinous carcinoma Non-mucinous carcinoma p value
(n=153) (n=16) (n=137)
Short neoadjuvant 18 (11.8) 2 (12.5) 16 (11.7) 0.974
Long neoadjuvant 45 (29.4) 4 (25) 41 (29.9)
Adjuvant 39 (25.5) 4 (25) 35 (25.5)
None 51 (33.3) 6 (37.5) 45 (32.8)
CT: chemotherapy, 2 test
TaBLE V - OS and DFES times in study groups
Mean+SD (95% CI LB-UB) Total Mucinous carcinoma Non-mucinous carcinoma p value
(n=372) (n=48) (n=324)
OS time (month)
Total 106.6£3.9 (99-114.2) 90+10.1 (70.2-109.7) 108.7+4.2 (100.6-116.9) 0.152
Colon cancer 106.2+5.2 (96-116.5) 75.9+13.1 (50.3-101.6) 110.8+5.6 (99.9-121.6) 0.019
Rectal cancer 105+5.6 (94.1-116) 113.6+13.6 (86.8-140.3) 104+6 (92.2-115.8) 0.566
DFS time (month)
Total 136.5+3.8(129.1-143.9) 112+11.6(89.4-134.7) 139.2+3.9 (131.6-146.9) 0.025
Colon cancer 135£5.1 (125-145) 98.5£15.6 (67.9-129.1) 140.5+5.1 (130.5-150.5) 0.003
Rectal cancer 135.11£5.3 (124.7-145.5) 133.1£14.2 (105.3-160.9) 134.2+5.8 (122.9-145.5) 0.696

CI: confidence interval; LB: lower bound; UB: upper bound; OS: Overall survival; DFS: Disease-free survival Log rank mantel test

Os aND Drs TiMES IN STUDY GROUPS

The mean+SD OS time was 106.6+3.9 months and DFS
time was 136.5t£3.8 months in the overall study popu-
lation, with no significant difference in OS time between
mucinous carcinoma and non-mucinous carcinoma
groups, whereas DFS time was significantly shorter
(112+11.6 vs. 139.2+3.9 months, p=0.025) in the muci-
nous carcinoma group (Table V).

When the diagnosis was considered, both the OS time
(75.9£13.1 vs. 110.8+5.6 months, p=0.019) and DES
time (98.5+15.6 vs. 140.5+5.1 months, p=0.003) were
significantly shorter in colon cancer patients with muci-
nous carcinoma as compared to those with non-muci-
nous carcinoma, whereas in rectal cancer patients the
amount of mucinous component had no significant
impact on survival times (Table V).

UNIVARIATE ANALYSIS FOR Risk FACTORS FOR POOR
SURVIVAL

Univariate analysis revealed larger tumor diameter
(>4 cm, HR 1.471, p=0.025), high grade tumors (HR
1.911, p<0.001), presence of lymphatic invasion (HR
2.361, p<0.001), perineural invasion (HR 2.992,
p<0.001), extranodal invasion (HR 3.416, p<0.001),
intramural venous invasion (HR 2.671, p<0.001), signet-
ring cell carcinoma (HR 3.489, p<0.001), T4 stage (HR
2.691, p<0.001), N 1-2 stage (HR 3.516, p<0.001) and
M1 stage on admission (HR 5.196, p<0.001) to be sig-
nificantly associated with poor survival in overall study
population (Table VI).

Presence of mucinous carcinoma was associated with
poor survival (HR 1.919, p=0.021) only in the colon
cancer patients, while higher tumor grade (HR 2.140,
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TasLE VI - Univariate analysis for risk factors for poor survival

Total (n=372)

Colon cancer (n=219)

Rectal cancer (n=153)

Variables HR 95% P HR 95% P HR 95% P
CI(LB-UB) CI(LB-UB) CI(LB-UB)

Age (>60 years vs. 60 years) 1.040  0.740-1.461 0.823 0.744 0.470-1.178 0.208 1.548 0.924-2.594 0.097
Gender (male vs. female) 1.425 0.992-2.048 0.055 1.408 0.885-2.241 0.149 1.498 0.831-2.698 0.179
Diagnosis (colon vs. rectum) 1.041  0.740-1.464 0.818 N/A N/A N/A  N/A N/A N/A
Diameter (>4 cm vs. 4 cm) 1.471 1.049-2.064 0.025 1.366 0.868-2.150 0.177 1.616 0.960-2.720 0.071
MSI (present vs. absent) 0.578  0.142-2.355 0.445 0.562 0.136-2.315 0.425 0.049 0.136-2.315 0.818
Grade (high vs. low) 1.911 1.347-2.711 <0.001 2.140 1.347-3.400 0.001 1.660 0.971-2.836 0.064
Lymphatic invasion (present vs. absent) 2.361  1.658-3.364 <0.001 3.040 1.923-4.805 <0.001 1.578 0.854-2.915 0.145
Perineural invasion (present vs. absent) 2,992 2.084-4.296 <0.001 3.520 2.185-5.672 <0.001 2.440 1.397-4.263 0.002
Extranodal invasion (present vs. absent) 3416  2.425-4.814 <0.001 4.190 2.647-6.634 <0.001 2.652 1.578-4.458 <0.001
Venous invasion (present vs. absent) 2.671 1.816-3.929 <0.001 3.370 2.052-5.537  <0.001 1.915 1.024-3.581 0.042
Histology (mucinous vs. non-mucinous) 1.394  0.883-2.202 0.154 1.919 1.103-3.337 0.021 0.781 0.334-1.822 0.567
Signet-ring cell (present vs. absent) 3.489 1.761-6.915 <0.001 3.631 1.308-10.083 0.013 3.646 1.431-9.293 0.007
T Stage (T4 vs. other T stages) 2.691 1.904-3.803 <0.001 2.858 1.814-4.504 <0.001 3.061 1.644-5.699 <0.001
N Stage (N(+) vs. NO) 3.516 2.379-5.197 <0.001 4.237  2.462-7.290 <0.001 2.809 1.592-4.956 <0.001
M Stage admission (M1 vs. MO0) 5.196  3.656-7.385 <0.001 5.583 3.511-8.876 <0.001 4.569 2.652-7.870 <0.001

Cox proportional hazards model. Univariate analysis; HR: hazard ratio; CI: Confidence interval; LB: Lower bound; UB: Upper
bound; MSI: Micro satellite instability; N/A: Not applicable

TasLe VII - Cox regression multivariate analysis for determinants

of poor survival

Total (n=372)

Colon cancer (n=219)

Rectal cancer (n=153)

Variables HR 95,0% CI P HR 95,0% CI P HR 95,0% CI P

Diameter (>4 cm vs. 4 cm) 1.116  (0.767-1.623) 0.567 0.922 (0.541-1.569) 0.764 1.544 (0.855-2.791) 0.150
Grade (high vs. low) 1330 (0.882-2.007) 0.174 1.528 (0.848-2.755) 0.158 1.035 (0.544-1.970) 0.916
Lymphatic invasion (present vs. absent) 0.983  (0.642-1.507) 0.938 1.051 (0.570-1.936) 0.874 0.705 (0.343-1.448) 0.341
Perineural invasion (present vs. absent) 1.865 (1.248-2.786) 0.002 2.191 (1.263-3.802) 0.005 1.273 (0.654-2.477) 0.477
Extranodal invasion (present vs. absent) 1.869  (1.172-2.981) 0.009 2.254 (1.355-3.747) <0.001 2.622 (1.190-5.780) 0.017
Venous invasion (present vs. absent) 1.031  (0.635-1.674) 0.902 1.880 (0.987-3.581) 0.055 1.393 (0.660-2.940) 0.384
Histology (mucinous vs. non-mucinous) 1.020  (0.627-1.659) 0.936 1.552 (0.830-2.902) 0.168 0.474 (0.181-1.241) 0.128
Signet-ring cell carcinoma (present vs. absent) 2.041  (0.968-4.303) 0.061 1.306 (0.433-3.941) 0.636 3.229 (1.028-10.144) 0.045
T Stage (T4 vs. other T stages) 1.617 (1.084-2.413) 0.019 1.276 (0.709-2.295) 0.416 2.922 (1.405-6.078) 0.004
N Stage (N(+) vs. NO) 1.083  (0.610-1.922) 0.786 1.169 (0.526-2.601) 0.701 0.930 (0.389-2.219) 0.869
M Stage admission (M1 vs. M0) 3.643 (2.476-5.361) <0.001 3.191 (1.858-5.479) <0.001 5.295 (2.841-9.868) <0.001

Cox regression multivariate analysis. HR: hazard ratio; CI: Confidence interval; LB: Lower bound; UB: Upper bound

p=0.001) and presence of lymphatic invasion (HR 3.040,
p<0.001) were also associated with poor survival only in
colon cancer patients (Table VI).

COX-REGRESSION MULTIVARIATE ANALYSIS FOR RISk
FAacToORs FOR POOR SURVIVAL

Multivariate analysis revealed presence of perineural inva-
sion (HR 1.865, 95% CI 1.248 to 2.786, p=0.002),
extranodal invasion (HR 1.869, 95% CI 1.172 to 2.981,
p=0.009), T4 stage (HR 1.617, 95% CI 1.084 to 2.413,
p=0.019), and M1 stage tumors (HR 3.643, 95% CI
2.476 to 5.631, p<0.001) on admission to significantly
predict poorer survival in the overall study population

(Table VII).
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Presence of perineural invasion (HR 2.191, 95% CI
1.263 to 3.802, p=0.005) significantly predicted the
poor survival only in colon cancer patients, while pres-
ence of signet-ring cell carcinoma (HR3.229, 95% CI
1.028 to 10.144, p=0.045) and T4 stage tumors (HR
2.922, 95% CI 1.405 to 6.078, p=0.004) significantly
predicted the poor survival only in rectal cancer
patients. In colon cancer and rectal cancer patients,
extranodal invasion (HR 2.254, p<0.001 and HR
2.622, p=0.017, respectively) and M1 stage tumor on
admission (HR 2.254, p<0.001 and HR 2.622,
p=0.017, respectively) significantly predicted the poor
survival (Table VII).

No significant impact of mucinous histology was not-
ed on survival in the multivariate analysis, regardless of

the diagnosis (Table VII).
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Discussion

Our findings revealed significant association of mucinous
carcinoma with aggressive tumor characteristics (large
tumor diameter, T4 stage, high grade tumor, extranodal
invasion and signet ring cell component) in CRC
patients along with higher likelihood of MSI and iso-
lated extrahepatic (on admission) or hepatic (on follow
up) metastases. Presence of mucinous carcinoma was also
associated with lower OS and DES times in colon can-
cer patients, despite higher likelihood of receiving
chemotherapy. However, while mucinous carcinoma was
associated with poor survival in colon cancer patients in
the univariate analysis, multivariate analysis did not
reveal a significant impact of mucinous histology on sur-
vival in CRC patients. The predictors of poor survival
in multivariate analysis were perineural invasion in colon
cancer patients, signet-ring cell carcinoma and T4 stage
tumors in rectal cancer patients, while extranodal inva-
sion and M1 stage tumor in both colon cancer and rec-
tal cancer patients.

Our findings revealed the mucinous carcinoma in 12.9%
of patients with CRC, supporting the consideration of
1.6-25.4% of all CRC cases to have mucinous carcino-
ma 326, Albeit not significant, there was a tendency for
higher likelihood of right-sided vs. left-sided colon
tumors to have mucinous component >50% in our
cohort. Being consistent with past reports indicated
mucinous carcinoma to develop more often in the right
side of the colon 13?7, this finding seems also important
given the likelihood of right-sided colon cancer not only
to have a more mucinous type cancer but also a high
grade tumor and advanced TNM stage 8.

In the current study, presence vs. absence of mucinous
carcinoma was associated with larger tumor diameter,
more aggressive tumor pathology (signet ring cell com-
ponent, extranodal invasion and high grade tumors) and
advanced disease stage (T4 stage and extrahepatic metas-
tasis) and higher incidence of MSI in CRC patients.
This supports the published data on association of col-
orectal tumors with vs. without mucinous component
(over 50%) with a larger tumor size 1?7, higher tumor
grade and advanced T-stage '©, higher likelihood of
MSI? and higher rate of perineural infiltration and more
advanced cancer®® in recent studies with CRC patients.
Notably, absence of signet ring cells and mucinous com-
ponent but the presence of MSI is considered to be
favorable prognostic factors in CRC patients with peri-
toneal carcinomatosis *!, while even a minor signet ring
cell component in CRCs was associated with higher can-
cer-specific mortality 2. In our cohort, while presence
of signet ring cell component was associated with poor
survival in CRC patients regardless of the diagnosis, mul-
tivariate analysis revealed its predictive role only in rec-
tal cancer patients.

Albeit not confirmed in multivariate analysis, OS time
and DFS time were significantly shorter in colon can-

cer patients with vs. without mucinous carcinoma in our
study, despite their higher likelihood of receiving
chemotherapy. Similar to our findings, in a past study
among CRC patients, authors reported poorer OS in
CRC patients with mucinous vs. non-mucinous carci-
noma in the combined analysis but no impact of muci-
nous histology on survival in the multivariable Cox
regression analysis 3°. Indeed, our findings indicated that
presence of mucinous carcinoma was significantly asso-
ciated with all factors determined to be significant pre-
dictors of poor survival in the multivariate analysis,
including perineural invasion (in colon cancer patients),
signet-ring cell carcinoma and T4 stage tumors (in rec-
tal cancer patients) and extranodal invasion and M1 stage
tumor on admission (in both colon cancer and rectal
cancer patients). Accordingly, our findings seem to sup-
port the role of mucinous carcinoma in survival out-
come among CRC patients due to its association with
an advanced disease stage and high grade tumor, subse-
quently resulting in poorer survival, rather than as an
independent poor prognostic factor per se 3°. Higher
likelihood of having T4 stage disease on admission by
our CRC patients with mucinous carcinoma seems also
notable in this regard, given that the poor prognostic
impact of mucinous histology is considered to emerge
with increasing stage of disease and to turn into sig-
nificantly poorer survival in stage IV colon cancer 3.
Nonetheless, it should be noted that mucinous vs. non-
mucinous histology was also reported to be associated
with a shorter long-term OS, regardless of the
chemotherapy regimen, metastasis or tumor site sub-
groups 710 3438 However, the published data remain
inconsistent regarding the consideration of the histolog-
ical subtype of the tumor as a negative prognostic fac-
tor 3%, as some studies reported no association of muci-
nous carcinoma with an increased risk of advanced stage
disease’> 27 or high grade tumor “ as well as similar
oncological outcomes in colon cancer patients with muci-
nous vs. other histological tumor types 1315,
Although the likelihood of mucinous carcinoma to exhib-
it a different outcome depending on tumor position was
reported in a past study with CRC patients 4!, authors
noted the association of mucinous carcinoma with no
survival impact, improved survival and poor survival in
patients with left-sided colon tumors, right-sided colon
tumors and rectal tumors, respectively 4. In contrast,
our findings revealed association of mucinous carcinoma
with poor survival only in colon cancer patients. In
another study, mucinous histology was reported to be
associated with poor survival in left-sided CRCs and with
improved survival in right-sided tumors®. Likewise,
mucinous component was reported to be a strong inde-
pendent poor prognostic factor for survival in a recent
study among 301 patients with stage I-III colorectal can-
cer.® In a recent meta-analysis of eight studies in 1724
rectal cancer patients, mucinous rectal carcinoma was
concluded to be a biomarker for poor response to pre-
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operative. CRT and an adverse prognostic indicator,?!

while rectal mucinous carcinoma was also reported to be
not an independent prognostic factor in another study
following the adjustment by pT category .

Notably, the difference in molecular subtypes between
proximal and distal mucinous carcinomas has been sug-
gested to variably affect the oncological outcome with
better outcome in hyper-mutated tumors with MSI pre-
vail in the right colon mucinous carcinomas than
microsatellite-stable, BRAF-mutated left-sided mucinous
carcinomas 2%,

Patients with mucinous adenocarcinoma continue to
receive both neo-adjuvant and adjuvant therapy, despite
the likelihood of poor response to neoadjuvant chemo-
radiotherapy (CRT) in terms of down-staging and tumor
regression grade * and a limited response to adjuvant
treatment and a reduced survival benefit as compared
with non-mucinous tumors #343546 This resistance to
treatment is suggested to be related to differences in mol-
ecular signature and physical properties of mucin-con-
taining tumors resulting in unique patterns of spread,
and substantially different patterns of vascularity and
tumor cellularity 7. Indeed, adjuvant trials on the impact
of mucinous histology as a negative prognostic variable
revealed different results 3. Two studies reported no sta-
tistically significant 5-year overall survival differences for
patients with mucinous and non-mucinous colon cancer
when treated with adjuvant chemotherapy #%, while
association of mucinous adenocarcinoma with a more
unfavorable prognosis was confirmed by two large stud-
ies in colon cancer patients receiving post-resection adju-
vant chemotherapy *!°. Moreover, some authors recom-
mended administration of adjuvant chemotherapy in
mucinous rectal carcinoma patients even in the absence
of other high-risk features for poor outcomes, given its
independent association with improved sutvival .
Moreover, mucinous subtype is considered to have a par-
ticular prognostic impact in the subpopulation of patients
with stage II poorly differentiated colon cancer by caus-
ing a higher prevalence of peritoneal and local recur-
rence and poorer long-term survival®®. Hence, authors
concluded mucinous adenocarcinoma to be a high-risk
factor for stage II CRC and considered adjuvant
chemotherapy to be routinely recommended for these
patients *. In addition, improved survival rates were also
reported in patients with stage II or stage III mucinous
adenocarcinoma of the colon who are given adjuvant
chemotherapy ~compared to patients not given
chemotherapy #°. In a recent study with high risk stage
IT grade 3 CRC patients, no associations were detected
between mucinous histology and tumor characteristics,
except for a higher proportion of patients with right-
sided tumor in the subgroup of subjects with mucinous
carcinoma, while authors suggested that patients with
mucinous carcinoma histology to need adjuvant
chemotherapy for a duration of 6 months rather than 3
months . Our findings emphasize a change towards an

646 Ann. Ital. Chir., 91, 6, 2020

advanced disease pattern in relation to mucinous com-
ponent in CRC patients along with lower OS and DFS
times in colon cancer patients with mucinous carcino-
ma despite their higher likelihood of receiving
chemotherapy. Hence, the role of considering mucinous
histology as a relevant factor for identifying candidate
patients to be treated with chemotherapy should be fur-
ther justified in larger scale prospective studies .
Notably, our findings revealed no significant impact of
mucinous cancer histology on local or systemic recur-
rence rates. In fact, in a past study among rectal can-
cer patients, authors also reported the association of
mucinous rectal cancer with shorter survival time despite
no significant differences in local recurrence between
mucinous and non-mucinous cancers *4. The authors sug-
gested the potential role of bias due to the pattern of
metastatic disease in mucinous rectal cancer recurrence
(predominantly peritoneal disease and distant lymph
node spread) which is often not treated as aggressively
with as metastases in the liver or lung . Patterns of
metastasis in mucinous CRC in our study seem notable
in this regard, with higher rate of isolated extrahepatic
metastasis on admission and that of isolated hepatic
metastasis on follow up.

Certain limitations to this study should be considered.
First, due to retrospective single center design, estab-
lishing the temporality between cause and effect as well
as generalizing our findings to overall CRC population
seem not possible. Second, the imbalance in the num-
ber of patients between the two groups of mucinous his-
tology as well as the low sample size may have resulted
in a limited statistical power and possible random con-
clusion. Nevertheless, despite these certain limitations,
given the inconsistency of data available on prognostic
role of mucinous histology in CRC patients, our find-
ings represent a valuable contribution to the literature.

Conclusions

In conclusion, our findings indicate colorectal tumors
with mucinous carcinoma histology to have a more
aggressive tumor characteristics and advanced disease
stage on admission and to be associated with shorter OS
and DFS times specifically in colon cancer patients
despite chemotherapy. However, multivariate analysis
revealed that perineural invasion, extranodal invasion,
signet-ring cell component, T4 stage and M1 stage
tumors rather than mucinous carcinoma histology as the
factors that significant predict poor survival in CRC
patients. However, given the association of all these fac-
tors also with presence of mucinous carcinoma, our find-
ings seem to indicate the association of mucinous carci-
noma with poor oncological outcome in CRC patients
primarily due to its relation with aggressive tumor
pathology and advance disease rather than as an inde-
pendent poor prognostic factor. Nonetheless, the clini-
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cal relevance of mucinous histology in prognosis of CRC
should be further addressed by larger scale prospective
studies in the context of both early and advanced stage
disease, specific patterns of metastasis, colon cancer lat-
erality and provision of postoperative adjuvant
chemotherapy.
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