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KEYWORDS Abstract  Purpose: Mucinous histology of metastatic colorectal cancer (CRC) has been asso-
Chemotherapy ciated with poor prognosis, however this has never been assessed in large well-defined study
Metastatic colorectal populations treated with the current used systemic agents. We investigated the prognostic
cancer value of mucinous histology in two large phase III studies in metastatic CRC.

Mucinous adenocarcino- Patients and methods: The study population included 1010 metastatic CRC patients who were
mas treated with chemotherapy and targeted therapies in two phase III studies. Patients were clas-
Prognostic marker sified according to the histology of the primary tumour in mucinous adenocarcinomas (MC)
Targeted therapy and non-mucinous adenocarcinomas (AC).

Results: Patients with MC (n = 99) were older, had more often a normal serum lactate dehy-
drogenase (LDH), extrahepatic localisation of metastases, larger primary tumour diameter
and a higher T classification compared to patients with AC (n =911). A deficient mismatch
repair system and BRAF mutations were observed in 17% and 22% of patients with MC, com-
pared to 3% and 7% in patients with AC, respectively. Clinical outcome was investigated in
both studies separately, showing a worse overall survival (OS), progression free survival
and overall response rate in patients with MC compared to patients with AC. Patients with
MC received less cycles of treatment compared to AC, but did not suffer from a higher inci-
dence of grade 3/4 toxicity. In multivariate analysis, mucinous histology was as an indepen-
dent negative prognostic factor for OS, resulting in a combined hazard ratio of 1.78
(95% confidence interval (CI) 1.35-2.35).
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Conclusions: Patients with metastatic mucinous CRC have distinct clinicopathological fea-
tures and poor response to chemotherapy and targeted agents. The strong negative prognostic
value of MC warrants the use of this pathological feature as a stratification factor for clinical

trials in metastatic CRC.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Mucinous adenocarcinomas (MC) are a histological
subtype of colorectal cancer (CRC), in which the tumour
cells secrete abundant extracellular mucin involving
more than 50% of the tumour volume. They account
for 5-15% of all primary colorectal carcinomas,' and
MC are clinically, morphologically and molecularly dif-
ferent from adenocarcinomas (AC). MC are more often
correlated with an advanced stage at presentation,> a
larger diameter,* localisation in the proximal colon,**
and peritoneal dissemination.”’ Furthermore, MC affect
younger patients and are associated with the Lynch
syndrome.®? Mucinous tumours exhibit a distinct molec-
ular profile compared to AC, involving a higher inci-
dence of KRAS and BRAF mutations,'™!'! diploidy,'?
deficient mismatch repair system (AMMR),'* and CpG
island hypermethylation.'*

Approximately 50% of CRC patients develop meta-
static disease and in case of irresectable metastases there
1S no curative treatment available. However, survival can
be improved by using cytotoxic regimens (fluoropyrimi-
dines, oxaliplatin, irinotecan) in combination with targeted
therapy (vascular endothelial growth factor (VEGF)- and
epidermal growth factor receptor (EGFR) antibodies).
Two studies investigated the response to chemotherapy
in advanced CRC patients with MC versus AC. Mucinous
tumours appeared to be less responsive to fluoropyrimi-
dines,® irinotecan and oxaliplatin-based chemotherapy.’
The response of tumours with mucinous histology to
chemotherapy plus targeted agents has not been reported.

The prognostic value of mucinous histology remains
controversial. Several studies report that MC are associ-
ated with poor prognosis,®’*'*> which however is not con-
firmed by others.>'® This may be attributed to the small
number of patients with MC in these studies. It should be
noted that several known prognostic factors, like tumour
node metastasis (TNM) classification and BRAF muta-
tion status,!” were not included in most of these studies.

Therefore, the aim of this retrospective analysis was
to assess the prognostic value of MC in metastatic
CRC in more detail.

2. Patients and methods
2.1. Study population
All patients included in our analysis participated in

two phase III randomised clinical trials from the
Dutch Colorectal Cancer Group (DCCG). In the CAIRO

study!®  (CKTO  2002-07,  ClinicalTrials.gov;
NCT00312000) 820 metastatic CRC patients were ran-
domised between first-line sequential or combination
treatment with capecitabine, irinotecan and oxaliplatin.
The primary end-point was overall survival (OS), and sec-
ondary end-points included progression free survival
(PFS) and response rate. Median OS was 16.3 months
(95% confidence interval (CI) 14.3-18.1) for the sequen-
tial treatment group and 17.4 months (95% CI 15.2—
19.2) for the combination group (p = 0.33). As expected,
combination therapy was associated with a prolonged
first-line PFS compared with sequential therapy (7.8 ver-
sus 5.8 months; p=0.0002). The CAIRO2 study'
(CKTO 2005-02, ClinicalTrials.gov; NCT00208546)
included 755 metastatic CRC patients, who were ran-
domly assigned to receive first-line treatment with cape-
citabine, oxaliplatin and bevacizumab, or the same
schedule with the addition of cetuximab. The primary
end-point of this study was PFS, and secondary end-
points were OS and response rate. The addition of cetux-
imab significantly decreased the median PFS (9.6 months
(95% CI 8.4-10.5) versus 10.7 months (95% CI 9.7-12.3);
p=0.01). The median OS was 20.3 months (95% CI
17.8-24.7) in the patients treated without cetuximab
and 19.4 months (95% CI 17.5-21.4) in the patients trea-
ted with cetuximab (p = 0.16). In both studies, treatment
cycles were given every 3 weeks. Assessment of the
tumour response was performed every 3 cycles (9 weeks)
using computerized tomography (CT) imaging and eval-
uated according to the Response Evaluation Criteria for
Solid Tumours (RECIST).?® The written informed con-
sent required for all patients before study entry also
included translational research on tumour tissue.

In our analysis, we included eligible patients with a resec-
tion of the primary tumour of which formalin-fixed paraf-
fin-embedded (FFPE) tissue was available. The patients
were classified based on the histology of the primary
tumour according to the guidelines of the World Health
Organization (WHO).?! Tumours were considered MC if
more than 50% of their volume consisted of mucin. AC
were defined as tumours without extracellular mucin. Other
histological subtypes were excluded from our analysis.

2.2. Clinicopathological features

The following clinical parameters were collected for
each patient: age, gender, Eastern Cooperative Oncology
Group (ECOG) performance status, serum lactate
dehydrogenase (LDH), site of the primary tumour, prior
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adjuvant therapy, number and sites of metastatic disease,
metachronous (>6 months after initial diagnosis) or syn-
chronous (<6 months of initial diagnosis) presentation of
metastases, and regimen used as first-line treatment.

Histopathological review was performed on haema-
toxylin and eosin-stained coupes by two independent
observers, including an experienced pathologist (I.D.N).
The TNM classification of malignant tumours was used
to describe the extent of cancer spread in terms of inva-
sion depth and lymph node stage.?? The maximum diam-
eter, median number of detected and involved lymph
nodes were recorded.

2.3. Microsatellite instability

Immunohistochemistry (IHC) was performed on
tissue microarrays (TMA’s) of FFPE material of the pri-
mary tumour. To determine the expression of the four
mismatch repair (MMR) proteins (MLH1, MSH2,
MSHG6 and PMS2) the slides were stained with antibodies
against these proteins, as described before.”® Tumours
were considered positive for MMR expression if nuclear
staining was present in at least one tumour cell and nega-
tive if there was complete absence of nuclear staining.

Analysis of microsatellite instability (MSI) was per-
formed in all tumours of which at least one staining for
the MMR proteins was negative or the THC staining
was not interpretable, using a validated protocol.** Two
microsatellite markers (BAT 25 en BAT 26) were used,
and if only one of these markers showed instability, the
analysis was extended with four other markers (BAT
40, D2S123, D5S346, D17S250). A tumour was defined
MSI if at least two of the six markers showed instability.

2.4. Hypermethylation of MLHI promoter

The DNA methylation status of the MLHI promoter
regions was determined after bisulphite treatment of the
DNA using the EZ DNA methylation KIT, ZYMO
Research (Orange, CA, United States of America
(USA)) as described before.*

2.5. KRAS and BRAF mutation analysis

Genomic DNA was isolated from 4-8 microdissected
50 um sections of FFPE primary tumour tissue as previ-
ously described.”> The KRAS and BRAF mutation sta-
tus™?° were assessed in duplicate by sequencing
analysis in patients of the CAIRO2 study.

2.6. Statistical analysis

The comparison in baseline clinicopathological
features between MC and AC was done regardless of
study treatment, using the y°-test, Fisher’s Exact Test or
Wilcoxon rank sum test where appropriate. Clinical

outcome of patients with MC and AC was investigated
in both studies separate, due to an improvement of clini-
cal outcome caused by the addition of bevacizumab to
first-line chemotherapy in the CAIRO2 study. OS was
calculated as the interval from the date of randomisation
until death from any cause or until the date of last follow-
up. PFS for first-line treatment was calculated from the
date of randomisation to the first observation of disease
progression, death from any cause or last follow-up date.
OS and PFS curves were estimated using the Kaplan—
Meier method and compared with the log-rank test. Over-
all response was defined as partial response or complete
response. Disease control was defined by stable disease
with a duration of more than four months or partial
response or complete response. Differences in response
and disease control rates were tested with a y>-test. Mul-
tivariate analysis of OS was performed by means of a Cox
proportional hazard model to determine if mucinous his-
tology was an independent prognostic factor for survival
after correction for; age, gender, localisation of metasta-
ses, performance status, serum LDH, site of primary
tumour, prior adjuvant therapy, metastatic sites involved,
onset of metastases, treatment arm, invasion depth and
lymph node status. In the CAIRO2 study, KRAS and
BRAFmutation status were also included in the multivar-
iate analysis. The adjusted hazard ratios of mucinous his-
tology in the CAIRO and CAIRO2 study were checked
for heterogeneity. If no heterogeneity was present, the
hazard ratios were combined on a log scale, using a Der-
Simonian-Laird random effects meta-analysis with
inverse variance weighting. p values below 0.05 were con-
sidered as statistically significant. The analyses were per-
formed using SAS 8.2 software.

3. Results
3.1. Study population

A total of 1099 eligible patients, 552 from the CAIRO
and 547 from the CAIRO2 study were available for our
analysis. In the CAIRO study, 50 patients (9%) were
classified with MC, 435 patients (79%) with AC and
67 patients (12%) with other histological subtypes,
including adenocarcinomas with a mucinous component
of less than 50%. In the CAIRO?2 study, 49 patients (9%)
were diagnosed with MC, 476 patients (87%) with AC
and 22 patients (4%) with other histological subtypes
of CRC. Patients with other histological subtypes were
excluded from our analysis.

3.2. Patient characteristics

The median age of patients with MC (rn=99) was
67 years compared to 63 years for patients with AC
(n=911) (p=0.005). Patients with MC more often
had a normal serum LDH (p < 0.0001) and extrahepatic
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Table 1
Baseline characteristics of patients with MC and AC treated in the CAIRO and CAIRO2 study.
MC (n=99) AC (n=911) p-Value
Age Median (range) 67 (36-84) 63 (28-81) 0.005
Gender Male 8 (59%) 548 (60%) 0.83
Female 41 (41%) 363 (40%)
Localisation metastases Hepatic 9 (20%) 303 (34%) 0.02
Extrahepatic 40 (41%) 281 (31%)
Hepatic + extrahepatic 8 (39%) 312 (34%)
Locally advanced 0 7 (1%)
Unknown 2 8
WHO performance status 0 66 (67%) 594 (65%) 0.61
1 30 (30%) 301 (33%)
2 3 (3%) 16 (2%)
Serum LDH Normal 80 (82%) 557 (62%) <0.0001
>ULN 18 (18%) 347 (38%)
Unknown 1 7
Site of primary tumour Colon 52 (53%) 418 (46%) 0.08
Rectosigmoid 30 (30%) 240 (26%)
Rectum 17 (17%) 252 (28%)
Unknown 0 1
Prior adjuvant therapy No 84 (85%) 758 (83%) 0.69
Yes 15 (15%) 152 (17%)
Unknown 0 1
Metastatic sites involved 1 41 (42%) 420 (47%) 0.47
2 34 (35%) 316 (35%)
>2 22 (23%) 160 (18%)
Unknown 2 15
Metastases onset Metachronous 46 (46%) 411 (45%) 1.00
Synchronous 3 (54%) 500 (55%)
Treatment arm CAIRO study Sequential 6 (52%) 212 (49%) 0.77
Combination 24 (48%) 223 (51%)
Treatment arm CAIRO?2 study CAPOX + Bev 32 (65%) 231 (49%) 0.03
CAPOX + Bev + Cet 7 (35%) 245 (51%)

MC, mucinous adenocarcinomas; AC, adenocarcinomas; ULN, upper limit of normal; CAPOX, capecitabine and oxaliplatin; Bev, bevacizumab;

Cet, cetuximab.

localisation of metastases (p =0.02) compared to
patients with AC. A trend was observed for a decreased
incidence of MC versus AC in rectum carcinomas
(p =0.08). In the CAIRO2 study, a lower percentage
of patients with MC was treated with cetuximab
(p =0.03) (Table 1).

3.3. Primary tumour characteristics

The primary tumour diameter of patients with MC
(n =99) was significantly higher compared to primary
tumours of AC patients (n = 911) (p <0.0001). Tumours
with mucinous histology had a higher T classification in
comparison with AC (p = 0.03). Furthermore, a trend
was observed towards a higher median number of posi-
tive lymph nodes in patients with MC compared to AC
(p =0.06). IMMR was observed in 17% of the mucin-
ous primary tumours compared to 3% in AC
(p <0.0001). Hypermethylation of the MLHI promoter

was the cause of dAMMR in 83% of the tumours with
mucinous histology. In the CAIRO2 study, BRAF
mutations were demonstrated in 22% of the MC patients
compared to 7% in AC patients (p = 0.002) (Table 2).

3.4. Outcome of treatment with chemotherapy (CAIRO
study)

Patients in the CAIRO study were treated with first-
line sequential or combination chemotherapy containing
capecitabine, irinotecan and oxaliplatin. In univariate
analysis, the median OS for patients with MC was
13.2 (95%CI 10.2-17.9) compared to 19.2 months
(95% CI 17.9-20.6) in the group with AC (p =0.03). A
trend of decreased PFS was observed in patients with
MC versus AC (p = 0.09). These differences in OS and
PFS were observed in both treatment arms. The overall
response rate in the 437 patients who were evaluated was
12% in the MC group and 37% in the group patients
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Table 2
Primary tumour characteristics of patients with MC and AC treated in the CAIRO and CAIRO?2 study.
MC (n=99) AC (n=0911) p-Value
Diameter (mm) Median (range) 50 (20-140) 40 (3-135) <0.0001
Invasion depth T 1-2 3 (3%) 71 (8%) 0.03
T3 64 (67%) 632 (72%)
T4 28 (30%) 172 (20%)
Unknown 4 36
Lymph node status NO 24 (26%) 246 (29%) 0.20
N1 27 (30%) 307 (36%)
N 2 40 (44%) 294 (35%)
Unknown 8 64
Number lymph nodes Median (range) 9 (1-55) 8 (0-44) 0.23
Number positive lymph nodes Median (range) 3 (0-54) 2 (0-41) 0.06
MMR status pPMMR 82 (83%) 884 (97%) <0.0001
dMMR 17 (17%) 27 (3%)
KRAS mutation status (CAIRO2 study) Wild type 27 (59%) 275 (61%) 0.75
Mutation 19 (41%) 176 (39%)
Unknown 3 25
BRAF mutation status (CAIRO2 study) Wild type 35 (78%) 421 (93%) 0.002
Mutation 10 (22%) 30 (7%)
Unknown 4 25

MC, mucinous adenocarcinomas; AC, adenocarcinomas; MMR, mismatch repair system; pMMR, proficient MMR; dMMR, deficient MMR.

Table 3
Efficacy of the CAIRO study treatment (capecitabine, oxaliplatin and irinotecan) in patients with MC and AC.

MC (n = 50) AC (n=435) p-Value
Median OS Months (95% CI) 13.2 (10.2-17.9) 19.2 (17.9-20.6) 0.03
Median PFS1 Months (95% CI) 5.3 (3.9-6.6) 7.2 (6.6-8.1) 0.09
Overall response rate 1 CR + PR 5/43 (12%) 144/394 (37%) 0.0006
Disease control rate 1 CR +PR+SD 34/4 (79%) 341/394 (87%) 0.17
Median cycle number Median (range) 6 (1-42) 12 (0-55) 0.004
Overall toxicity Grade >3 36 (72%) 287 (66%) 0.43

MC, mucinous adenocarcinomas; AC, adenocarcinomas; OS, overall survival; PFS, progression free survival, CR, complete response; PR, partial

response; SD, stable disease; CI, confidence interval.

with AC (p = 0.0006). Disease control was observed in
79% of the patients in the MC group and 87% of those
in the AC group (p = 0.17). The median number of the
overall treatment cycles was significantly different
between patients with MC versus AC (6 versus 12,
respectively, p = 0.004). The reasons for treatment dis-
continuation were not significantly different between
both patients groups. The incidence of any grade 3 or
4 adverse event was 72% in the patients with mucinous
histology and 66% in the AC patients (p = 0.43)
(Table 3).

3.5. Outcome of treatment with chemotherapy plus
targeted agents (CAIROZ2 study)

In the CAIRO2 study patients received first-line cape-
citabine, oxaliplatin and bevacizumab with or without
cetuximab. The median OS was significantly lower for

patients with MC compared to patients with AC (med-
ian 13.1 (95% CI 9.9-20.2) versus 21.5 months (95% CI
19.8-22.9); p =0.009). Furthermore, the median PFS
in the MC group was 7.2 months (95% CI 5.7-8.6) com-
pared to 10.6 months (95% CI 10.1-11.4) in patients
with AC (p <0.0001). These differences in OS and PFS
were observed in both treatment arms. The overall
response rate for the patients with MC was 10% and
54% for the group with AC (p <0.0001). In 85% of
the MC patients disease control was observed compared
to 94% of the patients with AC (p =0.003). Patients
with MC received less cycles of treatment compared to
patients with AC (6 versus 9 cycles, p = 0.006). No sig-
nificant differences were observed in the causes for dis-
continuation of treatment between the group with MC
and the group with AC. The incidence of any grade 3
or 4 adverse event was 71% versus 79% in the MC and
AC patients (p = 0.27) (Table 4).
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Table 4
Efficacy of the CAIRO2 study treatment (capecitabine, oxaliplatin, bevacizumab with or without cetuximab) in patients with MC and AC.

MC (n=49) AC (n=476) p-Value
Median OS Months (95% CI) 13.1 (9.9-20.2) 21.5 (19.8-22.9) 0.009
Median PFS Months (95% CI) 7.2 (5.7-8.6) 10.6 (10.1-11.4) <0.0001
Overall response rate CR +PR 4/41 (10%) 222/411 (54%) <0.0001
Disease control rate CR +PR +SD 35/41 (85%) 387/411 (94%) 0.03
Median cycle number Median (range) 6 (1-36) 9 (0-48) 0.006
Overall toxicity Grade >3 35 (71%) 376 (79%) 0.27

MC, mucinous adenocarcinomas; AC, adenocarcinomas; OS, overall survival; PFS, progression free survival, CR, complete response; PR, partial

response; SD, stable disease; CI, confidence interval.

3.6. The independent prognostic role of mucinous
histology

In multivariate Cox regression analysis, mucinous his-
tology was a strong predictor of OS in the CAIRO study
(hazard ratio (HR) 1.80; 95% CI 1.24-2.62; p = 0.003).
Other independent negative predictors for OS in meta-
static CRC patients were male gender (HR 1.32; 95% CI
1.05-1.64; p = 0.01), primary tumour localisation in the
colon (HR 1.55;95% CI 1.19-2.01; p = 0.01), WHO per-
formance status 2 (HR 1.92; 95% CI 1.16-3.23; p = 0.01),
abnormal serum LDH (HR 1.85; 95% CI 1.48-2.31;
p <0.0001), more than 2 metastatic sites involved (HR
2.53; 95% CI 1.89-3.38; p <0.0001), T4 classification
(HR 1.59; 95% CI1 0.99-2.56; p = 0.04) and a poor differ-
entiation grade (HR 1.53; 95% CT 0.89-2.64; p = 0.006).

In the CAIRO2 study, mucinous histology remained
also strongly associated with OS in multivariate analysis
(HR 1.76; 95% CI 1.16-2.67; p = 0.008). Other clinico-
pathological features associated with worse survival in
this multivariate model were; WHO performance status
1 (HR 1.36; 95% CI 1.06-1.75; p=0.02), abnormal
serum LDH (HR 1.65; 95% CI 1.28-2.12; p = 0.0001),
N2 classification (HR 1.45; 95%CI 1.05-2.01;
p=0.05) and BRAF mutations (HR 2.61; 95% CI
1.57-4.32; p = 0.0002).

The test for heterogeneity (p = 0.93) showed that the
adjusted hazard ratios for MC versus AC were similar in
the CAIRO (1.80; 95% CI 1.24-2.62) and CAIRO2
study (1.76; 95% CI 1.16-2.67). Therefore these hazard
ratios were combined in a meta-analysis which resulted
in an overall hazard ratio of 1.78 (95% CI 1.35-2.35)
for mucinous histology in advanced CRC patients trea-
ted with systemic therapy (Fig. 1).

4. Discussion

This is the largest retrospective analysis in mucinous
metastatic CRC patients treated with the current stan-
dard systemic treatments. We demonstrated that MC
are less responsive to fluoropyrimidine-based chemo-
therapy and targeted agents compared to AC. Further-
more, in a multivariate analysis mucinous histology
was shown to be a strong negative prognostic factor
for survival.

It is recognised that MC are a different entity in
patients with CRC. Specific clinical and pathological fea-
tures are associated with mucinous histology, of which a
larger diameter, higher T classification and extrahepatic
localisation of metastases were confirmed in our analysis.
Patients with MC treated in the CAIRO studies were
older compared to the patients with AC, which has not
been previously described. In stage II and III CRC,
patients with MC were significantly younger. Mucinous
histology is associated with Lynch syndrome,>’” however,
the incidence of MSI in metastatic CRC is low.** There-
fore, it is likely that the association between mucinous
histology and age depends on the presence and cause
of a dAMMR system.

Our data confirm previous results on differences in
molecular signatures between MC and AC in respect
to MMR'%*% and BRAF mutation status,'**° sup-
porting the hypothesis that MC are a distinct biologic
entity. In previous studies, the incidence of KRAS muta-
tions between MC and AC showed opposite results.**!
However, these data were derived from a small subset of
patients and could not be confirmed in our larger patient
cohort. Further identification of specific genetic changes
in the mucinous phenotype, i.e. using gene expression

Hazard Ratio Hazard Ratio
Study
CAIRO 1.80[1.24, 2.62) k3
CAIRO2 1.76 [1.16, 2.67] -
Total (95% CI) 1.78[1.35, 2.35] L
ity: Tau?= :Chi*= = = ‘R= k + : J
Heterogeneity: Tau?= 0.00; Chi*= 0.01, df=1 (P = 0.93); F= 0% 001 01 10 100

Test for overall effect: Z= 4.09 (P < 0.0001)

Fig. 1. Meta-analysis of both studies estimating the prognostic value of mucinous histology in metastatic colorectal cancer (CRC) treated with

systemic therapy.
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profiling, are necessary and useful to understand the
molecular aetiology of these tumours.

Fluoropyrimidines, irinotecan and oxaliplatin are the
effective chemotherapeutic agents used in metastatic
CRC. Negri et al.® first reported about the reduced
response to 5-FU based chemotherapy of metastatic
mucinous CRC. These results were confirmed in a similar
subset of patients that received irinotecan and oxaliplatin
in addition to fluoropyrimidines as first-line chemother-
apy.” Our analysis also showed a highly significant worse
response to these chemotherapeutic agents for MC com-
pared to AC. Bevacizumab, a humanised monoclonal
antibody against VEGF, combined with 5-FU based che-
motherapy is nowadays the standard first-line treatment
for metastatic CRC. Our study is first reporting the out-
come of chemotherapy plus targeted agents in MC versus
AC. Since the CAIRO2 study'® had a negative outcome,
possibly due to a negative interaction between the study
drugs,®> the responsiveness of metastatic mucinous
CRC to cetuximab cannot be assessed in our series.

The mechanisms for the difference in treatment sensitiv-
ity of MC compared to AC remains unclear, but there are
several possible explanations. First, differences in molecu-
lar features may partly explain the unresponsiveness of
tumours with mucinous histology. dAMMR is more fre-
quently observed in MC compared to AC, and associated
with a reduced response to adjuvant 5-FU treatment in
stage IT and I1I CRC patients.**** However, the predictive
value of dAMMR in response to systemic therapy in meta-
static CRC is difficult to assess due to its low incidence in
metastatic CRC patients.>® Other molecular markers, such
as thymidylate synthase (TYMS) and GSTPI, are also
overexpressed in mucinous CRC* and possibly correlated
with resistance to chemotherapy. We did not investigate
these or other chemotherapy pathway markers in our
analysis, because they have not been validated for clinical
use in metastatic CRC.>® No predictive markers for
response to bevacizumab have yet been identified.

Secondly, the mucins themselves may play a role in
the ability of tumour cells to escape the effect of systemic
therapy. It has been established that mucins play a role
in the processes of tumour progression, invasion, sur-
vival and protection against the host immune
response.>’ MUC2 is a colonic mucin that is overexpres-
sed in the mucinous subtype of CRC*® and correlated
with resistance to 5-FU in vitro.*® The mucin lakes
may also be a physical barrier for the delivery of tar-
geted therapy to the tumours cells, however this has
not been investigated.

A third explanation could be that the evaluation of
the response to treatment is inadequate in MC patients.
In the CAIRO studies we used CT scanning and evalu-
ated response according to RECIST criteria. If neoplas-
tic cells in MC respond to systemic therapy, the total
tumour volume is probably more affected by the

unresponsive mucin lakes, which could result in false
negative conclusions. Our observation that the differ-
ence in disease control rate between MC and AC was
less compared to the difference in objective response rate
supports this hypothesis. If confirmed, the RECIST cri-
teria may not be the optimal instrument to evaluate the
objective response rate to treatment in the mucinous
subtype of CRC.

The prognostic value of MC is highly controversial,
which may be attributed to a large amount of heteroge-
neous studies with small subsets of patients. Most studies
suggested that MC are associated with poor progno-
sis,®”*!% while others found no correlation between histo-
logical subtype and clinical outcome.>'® Our study differs
from the published literature in one important aspect, in
that only patients with a previous resection of the primary
tumour were included, for the obvious reason of tissue
availability. Our group has shown that patients with a
resection of the primary tumour may have a better prog-
nosis compared to patients without resection.*’ Since the
prognostic value of resection of the primary tumour in
metastatic CRC patients has not been clearly established,
the possible influence of this parameter cannot be
assessed. Therefore we assessed the prognostic value of
mucinous histology in metastatic patients with a resection
of the primary tumour and we observed a significant
shorter OS in patients with MC compared to AC. As men-
tioned before, MC present with distinct clinicopatholog-
ical features and most of these features are correlated with
a worse prognosis. For example, BRAF mutations were
more frequently observed in MC compared to AC, which
is a strong negative prognostic marker in metastatic
CRC.!” However, even with BRAF mutations included
in a multivariate analysis, mucinous histology remained
a strong independent negative prognostic factor. The haz-
ard ratio for mucinous histology is equal or even higher
compared to well known stratification factors, such as
serum LDH, WHO performance status and number of
metastatic sites involved. Appropriate stratification facil-
itates the interpretation of study results and prevents het-
erogeneity in response and survival rates. Our findings
suggest that mucinous histology should be one of the
stratification factors in metastatic CRC trials. Due to
the considerable inconsistency in reporting clinicopatho-
logical features and use of stratification factors, we
believe there is an urgent need for re-establishing the most
important prognostic factors in metastatic CRC.

In conclusion, MC are a distinct entity of CRC with
specific clinicopathological and genetic features. Mucin-
ous histology is an independent negative prognostic fac-
tor for OS in 1010 metastatic CRC patients treated with
chemotherapy and targeted agents, which may be
explained by resistance to this systemic treatment. We
recommend including mucinous histology as a prognos-
tic factor for patients with metastatic CRC.



508

L.J. M. Mekenkamp et al. | European Journal of Cancer 48 (2012) 501-509

Conflict of interest statement

None declared.

Acknowledgement

This study was supported by a Grant of the Dutch

Colorectal Cancer Group (DCCG).

References

13.

14.

16.

. Symonds DA, Vickery AL. Mucinous carcinoma of the colon and

rectum. Cancer 1976;37:1891-900.

. Melis M, Hernandez J, Siegel EM, et al. Gene expression profiling

of colorectal mucinous adenocarcinomas. Dis Colon Rectum

2010;53:936-43.

. Chiang JM, Yeh CY, Changchien CR, et al. Mucinous adenocar-

cinoma showing different clinicopathological and molecular char-
acteristics in relation to different colorectal cancer subgroups. Int J
Colorectal Dis 2010;25:941-7.

. Nozoe T, Anai H, Nasu S, Sugimachi K. Clinicopathological

characteristics of mucinous carcinoma of the colon and rectum. J
Surg Oncol 2000;75:103-7.

. Song W, Wu SJ, He YL, et al. Clinicopathologic features and

survival of patients with colorectal mucinous, signet-ring cell or
non-mucinous adenocarcinoma: experience at an institution in
southern China. Chin Med J ( Engl) 2009;122:1486-91.

. Negri FV, Wotherspoon A, Cunningham D, et al. Mucinous

histology predicts for reduced fluorouracil responsiveness and
survival in  advanced colorectal cancer. Ann  Oncol
2005;16:1305-10.

. Catalano V, Loupakis F, Graziano F, et al. Mucinous histology

predicts for poor response rate and overall survival of patients
with colorectal cancer and treated with first-line oxaliplatin- and/
or irinotecan-based chemotherapy. Br J Cancer 2009;100:881-7.

. Chew MH, Yeo SA, Ng ZP, et al. Critical analysis of mucin and

signet ring cell as prognostic factors in an Asian population of
2,764 sporadic colorectal cancers. Int J Colorectal Dis
2010;25:1221-9.

. Hanski C. Is mucinous carcinoma of the colorectum a distinct

genetic entity? Br J Cancer 1995;72:1350-6.

. Ogino S, Brahmandam M, Cantor M, et al. Distinct molecular

features of colorectal carcinoma with signet ring cell component
and colorectal carcinoma with mucinous component. Mod Pathol
2006;19:59-68.

. Li WQ, Kawakami K, Ruszkiewicz A, et al. BRAF mutations are

associated with distinctive clinical, pathological and molecular
features of colorectal cancer independently of microsatellite
instability status. Mol Cancer 2006;5:2.

. Purdie CA, Piris J. Histopathological grade, mucinous differenti-

ation and DNA ploidy in relation to prognosis in colorectal
carcinoma. Histopathology 2000;36:121-6.

Kazama Y, Watanabe T, Kanazawa T, et al. Mucinous carcinomas
of the colon and rectum show higher rates of microsatellite instability
and lower rates of chromosomal instability: a study matched for T
classification and tumour location. Cancer 2005;103:2023-9.
Tanaka H, Deng G, Matsuzaki K, et al. BRAF mutation, CpG
island methylator phenotype and microsatellite instability occur
more frequently and concordantly in mucinous than non-mucin-
ous colorectal cancer. Int J Cancer 2006;118:2765-71.

. Papadopoulos VN, Michalopoulos A, Netta S, et al. Prognostic

significance of mucinous component in colorectal carcinoma. Tech
Coloproctol 2004;8(Suppl. 1):s123-5.

Leopoldo S, Lorena B, Cinzia A, et al. Two subtypes of mucinous
adenocarcinoma of the colorectum: clinicopathological and
genetic features. Ann Surg Oncol 2008;15:1429-39.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Tol J, Nagtegaal ID, Punt CJ. BRAF mutation in metastatic
colorectal cancer. N Engl J Med 2009;361:98-9.

Koopman M, Antonini NF, Douma J, et al. Sequential versus
combination chemotherapy with capecitabine, irinotecan, and
oxaliplatin in advanced colorectal cancer (CAIRO): a phase III
randomised controlled trial. Lancet 2007;370:135-42.

Tol J, Koopman M, Cats A, et al. Chemotherapy, bevacizumab,
and cetuximab in metastatic colorectal cancer. N Engl J Med
2009;360:563-72.

Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to
evaluate the response to treatment in solid tumours. European
Organization for Research and Treatment of Cancer, National
Cancer Institute of the United States, National Cancer Institute of
Canada. J Natl Cancer Inst 2000;92:205-16.

World Health Organization. International histological classification
of malignant tumours. 2nd ed. Berlin: Springer-Verlag; 1988.
Sobin LH, Fleming ID. TNM classification of malignant tumours,
fifth edition (1997). Union Internationale Contre le Cancer and the
American Joint Committee on Cancer. Cancer 1997;80:1803-4.
Koopman M, Kortman GA, Mekenkamp L, et al. Deficient
mismatch repair system in patients with sporadic advanced
colorectal cancer. Br J Cancer 2009;100:266-73.

Overbeek LI, Kets CM, Hebeda KM, et al. Patients with an
unexplained microsatellite instable tumour have a low risk of
familial cancer. Br J Cancer 2007;96:1605-12.

Tol J, Dijkstra JR, Vink-Borger ME, et al. High sensitivity of both
sequencing and real-time PCR analysis of KRAS mutations in
colorectal cancer tissue. J Cell Mol Med 2010;14:2122-31.

Tol J, Dijkstra JR, Klomp M, et al. Markers for EGFR pathway
activation as predictor of outcome in metastatic colorectal cancer
patients treated with or without cetuximab. FEur J Cancer
2010;46:1997-2009.

Mecklin JP, Sipponen P, Jarvinen HJ. Histopathology of colorec-
tal carcinomas and adenomas in cancer family syndrome. Dis
Colon Rectum 1986;29:849-53.

Messerini L, Vitelli F, De Vitis LR, et al. Microsatellite instability
in sporadic mucinous colorectal carcinomas: relationship to
clinico-pathological variables. J Pathol 1997;182:380-4.

Kim H, Jen J, Vogelstein B, Hamilton SR. Clinical and patho-
logical characteristics of sporadic colorectal carcinomas with
DNA replication errors in microsatellite sequences. Am J Pathol
1994;145:148-56.

Song GA, Deng G, Bell I, et al. Mucinous carcinomas of the
colorectum have distinct molecular genetic characteristics. Int J
Oncol 2005;26:745-50.

Zhang H, Evertsson S, Sun X. Clinicopathological and genetic
characteristics of mucinous carcinomas in the colorectum. Int J
Oncol 1999;14:1057-61.

Punt CJ, Tol J. More is less — combining targeted therapies in
metastatic colorectal cancer. Nat Rev Clin Oncol 2009;6:731-3.
Ribic CM, Sargent DJ, Moore MJ, et al. Tumour microsatellite-
instability status as a predictor of benefit from fluorouracil-based
adjuvant chemotherapy for colon cancer. N Engl J Med
2003;349:247-57.

Sinicrope FA, Foster NR, Thibodeau SN, et al. DNA mismatch
repair status and colon cancer recurrence and survival in clinical
trials of 5-fluorouracil-based adjuvant therapy. J Natl Cancer Inst
2011;103:863-75.

Glasgow SC, YuJ, Carvalho LP, et al. Unfavourable expression of
pharmacologic markers in mucinous colorectal cancer. Br J
Cancer 2005;92:259-64.

Koopman M, Venderbosch S, van Tinteren H, et al. Predictive and
prognostic markers for the outcome of chemotherapy in advanced
colorectal cancer, a retrospective analysis of the phase III
randomised CAIRO study. Eur J Cancer 2009;45:1999-2006.
Komatsu M, Jepson S, Arango ME, Carothers Carraway CA,
Carraway KL. Muc4/sialomucin complex, an intramembrane
modulator of ErbB2/HER2/Neu, potentiates primary tumour



38.

39.

L.J.M. Mekenkamp et al. | European Journal of Cancer 48 (2012) 501-509

growth and suppresses apoptosis in a xenotransplanted tumour.
Oncogene 2001;20:461-70.

Baldus SE, Monig SP, Hanisch FG, et al. Comparative evaluation
of the prognostic value of MUCI, MUC?2, sialyl-Lewis(a) and
sialyl-Lewis(x) antigens in colorectal adenocarcinoma. Histopa-
thology 2002;40:440-9.

Leteurtre E, Gouyer V, Rousseau K, et al. Differential mucin
expression in colon carcinoma HT-29 clones with variable

40.

509

resistance to S-fluorouracil and methotrexate. Biol Cell
2004;96:145-51.

Venderbosch S, de Wilt JH, Teerenstra S, et al. Prognostic value of
resection of primary tumour in patients with stage IV colorectal
cancer: retrospective analysis of two randomized studies and a

review of the literature. Ann Surg Oncol 2011;18:3252-60.



	Mucinous adenocarcinomas: Poor prognosis in metastatic  colorectal cancer
	1 Introduction
	2 Patients and methods
	2.1 Study population
	2.2 Clinicopathological features
	2.3 Microsatellite instability
	2.4 Hypermethylation of MLH1 promoter
	2.5 KRAS and BRAF mutation analysis
	2.6 Statistical analysis

	3 Results
	3.1 Study population
	3.2 Patient characteristics
	3.3 Primary tumour characteristics
	3.4 Outcome of treatment with chemotherapy (CAIRO study)
	3.5 Outcome of treatment with chemotherapy plus targeted agents (CAIRO2 study)
	3.6 The independent prognostic role of mucinous histology

	4 Discussion
	Conflict of interest statement
	Acknowledgement
	References


