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Objective: To evaluate the survival benefit of combining primary tumor
resection (PTR) and chemotherapy in patients with unresectable color-
ectal mucinous adenocarcinoma with liver metastasis (UCR-MAC-LM).

Methods: We obtained data from the surveillance, epidemiology, and
end results database for patients with UCR-MAC-LM from 2010 to
2017. Clinicopathological characteristics were analyzed using the χ2
test. Propensity score matching was performed to balance baseline
characteristics. Kaplan-Meier analysis and log-rank tests were used to
estimate and compare survival outcomes. Univariate and multivariate
Cox regression analyses were conducted to identify the prognostic
factors.

Results: A total of 10,178 patients with unresectable colorectal ade-
nocarcinoma with liver metastasis were included, of whom 6.01%
(n= 612) had UCR-MAC-LM. The UCR-MAC-LM group had a higher
proportion of female patients, a greater number of elderly patients, an
increased incidence of right colon localization, larger tumor size, and
higher T and N staging than the unresectable colorectal non-mucinous
adenocarcinoma with liver metastasis group (P< 0.05). Multivariate
analysis identified several independent prognostic factors (P< 0.05).
Patients with unresectable colorectal adenocarcinoma with liver meta-
stasis who underwent PTR+C had superior survival rates compared
with those who received PTR/C alone or no treatment (cancer-specific
survival, P< 0.05; overall survival, P< 0.05). Subgroup analysis
revealed that 17 of 22 groups of patients with UCR-MAC-LM who
received PTR+C had significantly prolonged long-term survival com-
pared with those who received PTR/C alone.

Conclusions: This surveillance, epidemiology, and end results-based study
indicates that PTR+Cmay offer a survival advantage for a specific subgroup
of patients with UCR-MAC-LM compared with PTR/C alone. Nonetheless,
additional clinical trials are necessary to validate these findings.
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C olorectal adenocarcinoma (CRC) is the fourth most com-
mon malignant tumor and ranks second in cancer death

worldwide.1 Distant metastasis is a critical risk factor associated
with poor prognosis in CRC.2 The liver is the most frequent
metastatic site in CRC, with approximately 20% to 25% of
patients presenting with synchronous liver metastasis at the
time of diagnosis.3

Multidisciplinary treatment strategies, including adjuvant
chemotherapy, complete resection of the primary tumors, and
metastatic lesions, are recommended for the management of
colorectal mucinous adenocarcinoma with liver metastasis (CR-
MAC-LM).4,5 Nevertheless, only ~20% of patients with col-
orectal adenocarcinoma with liver metastasis (CRLM) are
classified as resectable, and > 70% of patients with CRLM
present with unresectable metastasis.6–8 However, the necessity
of primary tumor resection (PTR) for patients with unresectable
colorectal adenocarcinoma with liver metastasis (UCRLM) is
still a matter of discussion.9–12 According to several guidelines,
the standard management for patients with UCRLM is systemic
chemotherapy, and PTR is not recommended unless there is
perforation, bowel obstruction, or severe bleeding.10,13,14

Oxaliplatin-based chemotherapy is preferentially recommended
as the first-line treatment strategy for patients with
UCRLM.15,16 In addition, previous studies have shown that
among patients with UCRLM, PTR+C provides better long-
term outcomes than PTR/C alone.17,18

Mucinous adenocarcinoma (MAC) is a specific morpho-
logic subtype of CRC that accounts for 10% to 15% of CRC
patients.19 MA is defined as > 50% of tumor containing
extracellular mucin.20 It is generally recognized that MAC of
CRC has distinct clinicopathological features and molecular
pathways, which may contribute to higher advanced stages at
diagnosis, different therapeutic responses, and poorer survival
compared with non-mucinous adenocarcinoma (NOS).21–28

This study aimed to evaluate the therapeutic efficacy of
PTR+C in patients with unresectable colorectal mucinous
adenocarcinoma with liver metastasis (UCR-MAC-LM).

METHODS

Date Source
Information pertaining to all patients diagnosed with CRC

was extracted from the surveillance, epidemiology, and end results
(SEER) database, which encompasses comprehensive data on
cancer incidence, prevalence, and survival, representing 28% of the
US population. As the SEER database is freely available to the
public, informed consent was deemed unnecessary.29

Patient Selection
We obtained data from patients diagnosed with UCRLM

between 2010 and 2017 from the SEER database. All
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participants were clinically staged according to the sixth edition
of the American Joint Committee on Cancer. Patients with
UCRLM were recruited based on the following inclusion cri-
teria: (1) malignant ICD-O-3 behavior codes, (2) histologically
confirmed diagnosis, (3) presence of PTR, and (4) vital status
(alive or dead). Patients were excluded based on the following
criteria: (1) unknown surgery information; (2) surgery for
metastatic lesions was either performed or not reported; (3)
nonhistologic diagnosis; (4) multiple primary cancer; (5) sur-
vival time <1 month or unknown; (6) PTR codes 10, 11, 12, 20,
22, 24, 26, 27, 28, and 29; (7) unknown surgery information;
(8) unknown T/N stage; and (9) unknown radiotherapy infor-
mation. Clinical variables of the patients, including age at
diagnosis, sex, race, tumor grade, T/N stage, tumor size, and
tumor location, were extracted from the SEER database. This
study included 10178 patients with UCRLM diagnosed
between 2010 and 2017 from the SEER database (Fig. 1).

Statistical Analysis
Differences between cancer-specific survival (CSS) and

overall survival (OS) were analyzed using the log-rank test,
and the Kaplan-Meier method was used to construct survival
curves.30,31 A multivariable Cox regression proportional
hazards model was used to assess the impact of various fac-
tors on survival outcomes. χ2 and Fisher exact probability
tests were used to identify differences in baseline patient
characteristics between treatment groups. In addition, uni-
variate and multivariate Cox proportional hazard models with
hazard ratios (HRs) and 95% CIs were used to investigate
prognostic factors influencing survival outcomes. Only vari-
ables that were significantly associated with survival in uni-
variate analysis were considered in multivariate analysis. To
account for any disparities in baseline characteristics between
the UCR-MAC-LM and unresectable colorectal nonmucinous
adenocarcinoma with liver metastasis (UCR-NOS-LM)
groups, propensity score matching (PSM) was performed
using a multivariable logistic regression model based on age,
sex, race, tumor location, tumor size, pathologic type, tumor
differentiation, marital status, tumor T stage, tumor N stage,
surgery, chemotherapy, and radiotherapy. A forest plot was
used to compare the effects of PTR+C versus PTR/C alone in
the different UCR-MAC-LM subgroups. Statistical

significance was defined as a P-value of <0.05 (2-tailed), and
all data analyses were performed using R software.

RESULTS

Baseline Characteristics and Long-term Survival
of UCR-MAC-LM and UCR-NOS-LM

During the period of 2010 to 2017, a total of 10,178 eli-
gible patients were identified from the SEER database. The
UCR-MAC-LM group comprised 612 (6.01%) patients,
whereas the UCR-NOS-LM group comprised 9566 (93.99%)
patients. Table 1 shows the characteristics of the eligible
patients. In this patient cohort, a significantly greater proportion
of female patients was diagnosed with UCR-MAC-LM (49.8%)
than those with UCR-NOS-LM (42.5%) (P< 0.001). In addi-
tion, patients with UCR-MAC-LM had a significantly higher
incidence of right-sided colon tumors than those with UCR-
NOS-LM (54.4% vs. 33.0%, P< 0.001), indicating a higher
predilection of UCR-MAC-LM to develop in the right colon.
Furthermore, patients with UCR-MAC-LM were more likely to
present with advanced stages of the disease, including T3-T4
(93.3% vs. 83.7%, P< 0.001) and lymph node involvement
(77.0% vs. 72.4%, P= 0.017). Moreover, a significantly higher
proportion of patients with UCR-MAC-LM underwent PTR
than those with UCR-NOS-LM (85.9% vs. 69.8%, P< 0.001).
However, a higher proportion of patients with UCR-NOS-LM
opted for chemotherapy than those with UCR-MAC-LM
(73.0% vs. 68.6%, P= 0.02). For further information on the
patient cohort, please refer to Table 1. After PSM, the dis-
tribution of covariates, including sex, age, race, tumor differ-
entiation, tumor T stage, tumor N stage, and marital status, was
effectively balanced between the UCR-MAC-LM and UCR-
NOS-LM groups. The PSM process achieved an optimal bal-
ance between covariates in the matched cohort, with a P-value
> 0.05, as presented in Table 1.

We conducted Kaplan-Meier analysis and log-rank tests to
compare the survival differences between UCR-MAC-LM and
UCR-NOS-LM patients. The results indicated that patients with
UCR-MAC-LM had significantly lower OS and CSS than
patients with UCR-NOS-LM (P= 0.011 for OS, Fig. 2A;
P= 0.014 for CSS, Figure 2B). The median OS was 16 months
(95% CI: 14-17 months) for patients with UCR-MAC-LM and

FIGURE 1. Flowchart of patient selection. SEER indicates surveillance, epidemiology, and end results.
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19 months (95% CI: 18-19 months) for patients with UCR-
NOS-LM. Similarly, the median CSS was 16 months (95% CI:
14-18 months) for patients with UCR-MAC-LM and 19 months
(95% CI: 19-20 months) for those with UCR-NOS-LM. After
PSM, the OS and CSS of patients with UCR-MAC-LM
remained significantly lower than those of patients with UCR-
NOS-LM (Figs. 3A, B).

Patient Characteristics of UCR-MAC-LM With
Different Treatment

After finding that patients with UCR-MAC-LM had a
lower survival rate than those with UCR-NOS-LM, we con-
ducted a more extensive analysis of patients who underwent

various treatment modalities, including PTR+C, PTR/C, and no
treatment. Table 2 presents the detailed information regarding
the 3 groups. Our findings suggest that a greater proportion of
patients aged below 65 years and married were observed in the
PTR+C (56.1%; 57.5%) and PTR/C groups (48.3%; 40.3%),
respectively, compared with the no-treatment group (23.8% and
33.3%) (P= 0.006, P< 0.001). In addition, we found that a
higher proportion of patients with UCR-MAC-LM who had
well or moderately differentiated tumors and tumors located in
the right colon were represented in the PTR+C (69.9%; 55.5%)
and PTR/C (58.9%; 54.2%) groups than in the no treatment
group (33.3%; 38.1%) (P< 0.001, P< 0.001). Furthermore, our
analysis revealed that a higher proportion of patients with T3-

TABLE 1. Clinicopathological Characteristics of MAC and NOS Patients

Variable
NOS n= 9566,

n (%)
MAC n= 612,

n (%) P
MAC PSM n= 609,

n (%)
NOS PSM n= 609,

n (%) P

Race
White 7140 (74.6) 469 (76.6) — 466 (76.5) 472 (77.5) —

Black 1487 (15.5) 103 (16.8) — 103 (16.9) 103 (16.9) —

Others 939 (9.8) 40 (6.5) 0.025 40 (6.6) 34 (5.6) 0.769
Age (y)

< 65 5428 (56.7) 318 (52.0) — 316 (51.9) 314 (51.6) —

≥ 65 4138 (43.3) 294 (48.0) 0.023 293 (48.1) 295 (48.4) 0.954
Sex
Female 4066 (42.5) 305 (49.8) — 303 (49.8) 309 (50.7) —

Male 5500 (57.5) 307 (50.2) < 0.001 306 (50.2) 300 (49.3) 0.774
CEA
Borderline 29 (0.3) 0 — — — —

Negative/Normal 1129 (11.8) 89 (14.5) — 88 (14.5) 83 (13.6) —

Positive/elevated 5641 (59.0) 355 (58.0) — 353 (58.0) 354 (58.1) —

Unknown 2767 (28.9) 168 (27.5) 0.112 168 (27.6) 172 (28.2) 0.907
Location
Right colon 3152 (33.0) 333 (54.4) — 333 (54.7) 323 (53.0) —

Transverse colon 606 (6.3) 49 (8.0) — 49 (8.0) 52 (8.5) —

Left colon 5531 (57.8) 202 (33.0) — 202 (33.2) 207 (34.0) —

Overlapping 113 (1.2) 20 (3.3) — 17 (2.8) 19 (3.1) —

Colon NOS 164 (1.7) 8 (1.3) < 0.001 8 (1.3) 8 (1.3) 0.981
Size (cm)

≤ 5.0 4196 (43.9) 224 (36.6) — 224 (36.8) 233 (38.3) —

> 5.0 3756 (39.3) 317 (51.8) — 315 (51.7) 312 (51.2) —

Unknown 1614 (16.9) 71 (11.6) < 0.001 70 (11.5) 64 (10.5) 0.794
Differentiation
Grade I/II 6041 (63.2) 394 (64.4) — 393 (64.5) 404 (66.3) —

Grade III/IV 2278 (23.8) 147 (24.0) — 146 (24.0) 136 (22.3) —

Unknown 1247 (13.0) 71 (11.6) 0.588 70 (11.5) 69 (11.3) 0.774
T stage
T0-T2 1559 (16.3) 41 (6.7) — 41 (6.7) 31 (5.1) —

T3-T4 8007 (83.7) 571 (93.3) < 0.001 568 (93.3) 578 (94.9) 0.274
N stage
N0 2636 (27.6) 141 (23.0) — 140 (23.0) 116 (19.0) —

N+ 6930 (72.4) 471 (77.0) 0.017 469 (77.0) 493 (81.0) 0.106
Marital status
Married 4978 (52.0) 306 (50.0) — 304 (49.9) 303 (49.8) —

Not married 4156 (43.4) 288 (47.1) — 287 (47.1) 286 (47.0) —

Unknown 432 (4.5) 18 (2.9) 0.067 18 (3.0) 20 (3.3) 0.947
Surgery
Non-PTR 2885 (30.2) 86 (14.1) — 86 (14.1) 81 (13.3) —

PTR 6681 (69.8) 526 (85.9) < 0.001 523 (85.9) 528 (86.7) 0.739
Radiotherapy
No 8566 (89.5) 579 (94.6) — 576 (94.6) 572 (93.9) —

Yes 1000 (10.5) 33 (5.4) < 0.001 33 (5.4) 37 (6.1) 0.712
Chemotherapy
No 2580 (27.0) 192 (31.4) — 190 (31.2) 183 (30.0)
Yes 6986 (73.0) 420 (68.6) 0.020 419 (68.8) 426 (70.0) 0.709

MAC indicates mucinous adenocarcinoma; NOS, non-MAC unresectable colorectal mucinous adenocarcinoma with liver metastases; PSM, propensity score
matching; PTR, primary tumor resection.
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T4 stage and lymph node involvement were treated with PTR
+C (96.6%, 82.5%) compared with patients treated with PTR/C
(90.3%, 71.2%) or no treatment (71.4%, 47.6%) (P< 0.001).

These results suggest that PTR + C may represent a superior
therapeutic strategy for advanced tumor stages in patients with
UCR-MAC-LM.

FIGURE 2. (A), Overall survival among patients with unresectable colorectal mucinous adenocarcinoma with liver metastasis (UCR-
MAC-LM) and nonmucinous adenocarcinoma with liver metastasis (UCR-NOS-LM), P<0.05; CSS among patients with UCR-MAC-LM
and UCR-NOS-LM, P<0.05 (B); Overall survival among patients with UCR-MAC-LM and UCR-NOS-LM who received PTR + C, PTR/C, or
with no treatment, P<0.05 (C); CSS among patients with UCR-MAC-LM and UCR-NOS-LM who received PTR + C, PTR/C, or with no
treatment, P<0.05 (D). CSS indicates cancer-specific survival; MAC, mucinous adenocarcinoma; NOS, non-mucinous adenocarcinoma;
PTR, primary tumor resection.

FIGURE 3. (A), Overall survival among patients with unresectable colorectal mucinous adenocarcinoma with liver metastasis (UCR-
MAC-LM) and nonmucinous adenocarcinoma with liver metastasis (UCR-NOS-LM), P<0.05; CSS among patients with UCR-MAC-LM
and UCR-NOS-LM, P<0.05 (B); overall survival among patients with UCR-MAC-LM and UCR-NOS-LM who received PTR + C, PTR/C, or
with no treatment, P<0.05 (C); CSS among patients with UCR-MAC-LM and UCR-NOS-LM who received PTR + C, PTR/C, or with no
treatment, P<0.05 (D). CSS indicates cancer-specific survival; MAC, mucinous adenocarcinoma; NOS, non-mucinous adenocarcinoma;
PTR, primary tumor resection.
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Prognostic Risk Factors for OS in UCR-MAC-LM
To further explore the factors that affect the OS of patients

with UCR-MAC-LM, we used Cox proportional hazards
regression models to validate the protective or adverse prog-
nostic factors (Table 3). Univariate analysis revealed that age
(HR= 1.43, P< 0.001), carcinoembryonic antigen (CEA) levels
(HR= 1.76, P< 0.001), tumor grade (HR= 1.32, P= 0.007),
tumor N stage (HR= 0.66, P< 0.001), marital status (HR=
1.31, P= 0.003), PTR (HR= 0.67, P= 0.002), radiotherapy
(HR= 0.50, P= 0.001), and chemotherapy (HR= 0.47,
P< 0.001) were all significantly associated with OS in UCR-
MAC-LM. To overcome the limitations of univariate analysis,

we conducted multivariable Cox analysis to identify inde-
pendent factors related to OS. Our multivariate analysis dem-
onstrated that age, CEA level, tumor grade, tumor N stage,
PTR, radiotherapy, and chemotherapy were all statistically
significant independent factors for OS among patients with
UCR-MAC-LM (Table 3).

Prognostic Risk Factors for CSS in UCR-MAC-LM
To identify the factors associated with CSS in patients

with UCR-MAC-LM, we employed Cox proportional hazards
regression models. Univariate analysis revealed that several
variables were significantly associated with CSS, including age
(HR= 1.43, P< 0.001), CEA level (HR= 1.70, P< 0.001),
tumor grade (HR= 1.40, P= 0.002), tumor N stage (HR= 0.64,
P< 0.001), marital status (HR= 1.33, P= 0.002), PTR (HR=
0.66, P= 0.001), radiotherapy (HR= 0.51, P= 0.001), and
chemotherapy (HR= 0.47, P< 0.001) (Table 4). All of these
variables were included in the multivariate analysis. Our mul-
tivariate analysis demonstrated that PTR and chemotherapy
were independent protective factors for CSS in patients with
UCR-MAC-LM. In addition, we found that age, CEA level,
tumor grade, and tumor N stage were independent risk factors
or protective factors (Table 4).

Survival Benefit of PTR+C for Patients With UCR-
MAC-LM

To investigate the potential benefits of different treatment
modalities for long-term survival in patients with UCR-MAC-LM,
we conducted additional analyses of the treatment effects. Treat-
ment strategies were divided into 3 groups: PTR + C (n=355),
PTR/C (n= 236), and no treatment (n=21). However, the sample
size of patients who received radiotherapy was too small for
meaningful analysis (n=33; Table 1). Our findings revealed the
following:

Our analysis showed that patients with UCR-MAC-LM
who received PTR+C had significantly improved OS and CSS
rates than those who received PTR/C alone (P< 0.0001, as
illustrated in Figs. 1A, B, respectively). The median OS was
21 months (95% CI: 19-25 months) for patients undergoing
PTR + C compared with 10 months (95% CI: 8-11 months) for
those receiving PTR/C alone. The median CSS was also sig-
nificantly better in the PTR + C group (21 months, 95% CI: 20-
25 months) than in the PTR/C group (10 months, 95% CI:
8-11 months). Furthermore, the PTR + C group exhibited better
OS and CSS rates than the PTR/C group in patients with UCR-
MAC-LM (P< 0.0001, as illustrated in Figs. 3C, D, respec-
tively). The median OS was 27 months (95% CI: 24-30 months)
for patients undergoing PTR + C compared with 10 months
(95% CI: 8-12 months) for those receiving PTR/C alone. The
median CSS for patients undergoing PTR + C was 27 months
(95% CI: 25-30 months) and 11 months (95% CI: 8-12 months)
for those receiving PTR/C alone.

Our results demonstrated that PTR + C was associated
with prolonged long-term survival in both UCR-MAC-LM and
UCR-NOS-LM patients compared with PTR/C alone. Notably,
patients with UCR-MAC-LM who underwent PTR + C had a
better prognosis than those with UCR-NOS-LM who received
PTR/C alone (median OS:21 vs. 10 months, P< 0.001; median
CSS:21 VS 11 months, P< 0.001, as shown in Figs. 3C, D,
respectively). In light of the poorer clinical outcomes observed
in UCR-MAC-LM than in UCR-NOS-LM, our research
underscores the crucial role of PTR + C as a therapeutic option
in managing UCR-MAC-LM.

TABLE 2. Clinicopathological Characteristics of Patients With
Unresectable Colorectal Mucinous Adenocarcinoma With Liver
Metastasis Who Received PTR + C, PTR/C, or With No Treatment

Variable

PTR+C
n= 355,
n (%)

PTR/C
n= 236,
n (%)

No
treatment
n= 21,
n (%) P

Race — — — 0.522
White 278 (78.3) 176 (74.6) 15 (71.4) —

Black 59 (16.6) 40 (16.9) 4 (19.0) —

Others 18 (5.1) 20 (8.5) 2 (9.5) —

Age (y) — — — 0.006
< 65 199 (56.1) 114 (48.3) 5 (23.8) —

≥ 65 156 (43.9) 122 (51.7) 16 (76.2) —

Sex — — — 0.430
Female 169 (47.6) 125 (53.0) 11 (52.4) —

Male 186 (52.4) 111 (47.0) 10 (47.6) —

CEA — — — 0.053
Negative/

normal
61 (17.2) 27 (11.4) 1 (4.8) —

Positive/
elevated

206 (58.0) 133 (56.4) 16 (76.2) —

Unknown 88 (24.8) 76 (32.2) 4 (19.0) —

Location — — — < 0.001
Right colon 197 (55.5) 128 (54.2) 8 (38.1) —

Transverse
colon

29 (8.2) 19 (8.1) 1 (4.8) —

Left colon 119 (33.5) 75 (31.8) 8 (38.1) —

Overlapping 8 (2.3) 11 (4.7) 1 (4.8) —

Colon NOS 2 (0.6) 3 (1.3) 3 (14.3) —

Size (cm) — — — < 0.001
> 5.0 176 (49.6) 135 (57.2) 6 (28.6) —

≤ 5.0 153 (43.1) 67 (28.4) 4 (19.0) —

Unknown 26 (7.3) 34 (14.4) 11 (52.4) —

Differentiation — — — < 0.001
Grade I/II 248 (69.9) 139 (58.9) 7 (33.3) —

Grade III/IV 90 (25.4) 56 (23.7) 1 (4.8) —

Unknown 17 (4.8) 41 (17.4) 13 (61.9) —

T stage — — — < 0.001
T0-T2 12 (3.4) 23 (9.7) 6 (28.6) —

T3-T4 343 (96.6) 213 (90.3) 15 (71.4) —

N stage — — — < 0.001
N0 62 (17.5) 68 (28.8) 11 (52.4) —

N+ 293 (82.5) 168 (71.2%) 10 (47.6%) —

Marital status — — — < 0.001
Married 204 (57.5) 95 (40.3) 7 (33.3) —

Not married 140 (39.4) 135 (57.2) 13 (61.9) —

Unknown 11 (3.1) 6 (2.5) 1 (4.8) —

Radiotherapy — — — 0.161
No 331 (93.2) 227 (96.2) 21 (100) —

Yes 24 (6.8) 9 (3.8) 0 —

CEA indicates carcinoembryonic antigen; NOS, non-mucinous adenocarci-
noma; PTR, primary tumor resection.
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Subgroup Analysis of Patients With UCR-MAC-LM
To investigate the impact of different treatment modalities

on the prognosis of patients with UCR-MAC-LM, we catego-
rized the patient cohort into 22 subgroups based on clin-
icopathological characteristics, as outlined in the accompanying
table. We used Cox’s regression model in each subgroup to
estimate the HR and 95% CI, as depicted in Figure 4. Our
analysis revealed significant statistical differences in the
majority of subgroups when comparing the efficacy of PTR + C
with that of PTR/C alone (P< 0.05 in 17 subgroups). However,
no significant differences were observed in the other subgroups
(Fig. 4).

DISCUSSION
In this study, we conducted a comprehensive analysis of data

from a cohort of 10,178 patients who had been diagnosed with
UCRLM, among whom 612 patients had been diagnosed with
MAC. To our knowledge, this is the first population-based study to
assess the prognostic value of PTR + C in patients with UCR-
MAC-LM. Our study revealed that PTR + C was significantly
associated with a survival benefit in patients with UCR-MAC-LM
compared with treatment with PTR/C alone. The substantial sur-
vival advantage observed in this large cohort of SEER patients
emphasizes the crucial importance of implementing PTR +C in the
management of patients with UCR-MAC-LM.

TABLE 3. Univariate and Multivariate Analyses of Overall Survival for Patients With Unresectable Colorectal Mucinous Adenocarcinoma
With Liver Metastasis

Univariable Multivariable

Variable HR 95% CI P HR 95% CI P

Race
Black Reference — — — — —

White 0.82 0.65-1.04 0.102 — — —

Others 0.93 0.63-1.39 0.736 — — —

Age (y)
< 65 Reference — — Reference — —

≥ 65 1.43 1.20-1.70 < 0.001 1.34 1.11-1.62 0.002
Sex
Female Reference — — — — —

Male 0.94 0.79-1.12 0.46 — — —

CEA
Negative/normal Reference — — Reference — —

Positive/elevated 1.76 1.34-2.33 < 0.001 1.52 1.14-2.02 0.004
Unknown 1.67 1.23-2.26 < 0.001 1.41 1.03-1.93 0.031

Location
Right colon Reference — — Reference — —

Transverse colon 1.34 0.97-1.83 0.074 1.29 0.93-1.79 0.122
Left colon 1.02 0.84-1.24 0.847 1.10 0.90-1.34 0.377
Overlapping 2.43 1.52-3.88 < 0.001 2.25 1.39-3.62 < 0.001
Colon NOS 2.37 1.17-4.81 0.016 1.73 0.82-3.65 0.150

Size (cm)
> 5.0 Reference — — Reference — —

≤ 5.0 0.81 0.67-0.98 0.03 0.95 0.78-1.16 0.619
Unknown 0.80 0.60-1.07 0.137 0.76 0.54-1.06 0.104

Differentiation
Grade I/II Reference — — Reference — —

Grade III/IV 1.32 1.08-1.62 0.007 1.32 1.07-1.62 0.009
Unknown 1.12 0.85-1.48 0.43 0.81 0.56-1.16 0.245

T stage
T0-T2 Reference — — — — —

T3-T4 0.94 0.67-1.34 0.746 — — —

N stage
N+ Reference — — Reference — —

N0 0.66 0.53-0.83 < 0.001 0.55 0.43-0.69 < 0.001
Marital status
Married Reference — — Reference — —

Not married 1.31 1.10-1.56 0.003 1.12 0.93-1.35 0.237
Unknown 1.22 0.73-2.06 0.450 1.30 0.76-2.22 0.338

PTR
No Reference — — Reference — —

Yes 0.67 0.528-0.860 0.002 0.40 0.28-0.56 < 0.001
Chemotherapy
No/unknown Reference — — Reference — —

Yes 0.47 0.39-0.57 < 0.001 0.47 0.38-0.58 < 0.001
Radiotherapy
No/unknown Reference — — Reference — —

Yes 0.50 0.33-0.76 0.001 0.58 0.38-0.88 0.011

CEA indicates carcinoembryonic antigen; HR, hazard ratio; NOS, non-mucinous adenocarcinoma; PTR, primary tumor resection.
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Numerous studies have consistently demonstrated that
colorectal mucinous adenocarcinoma is associated with a worse
prognosis compared with other histologic subtypes.32–34 In our
investigation, we also found that patients with UCR-MAC-LM
had lower OS and CSS rates than patients with UCR-NOS-LM.
Patients with UCR-MAC-LM had a higher proportion of females,
advanced T and N stages, larger tumor size, and right-sided colon
localization, which is consistent with previous studies.35–38 There
is a lack of reliable guidelines regarding the optimal management
of CRCLM, leading to controversy surrounding its management.

Chemotherapy is recommended for patients with meta-
static colorectal cancer.28,39 However, the efficacy of PTR in
patients with UCRCLM remains controversial. While some
studies have revealed a significant improvement in OS

associated with PTR,10,18,40–42 others have not found any sur-
vival benefit.43,44 Furthermore, several studies have demon-
strated that patients with CR-MAC-LM who underwent PTR+C
may experience better survival outcomes than those who
underwent PTR/C alone.17,45

Our study demonstrated that PTR was an independent
favorable prognostic factor for patients with UCR-MAC-LM.
Subgroup analysis showed that among the 22 subgroups of
patients with UCR-MAC-LM, 17 subgroups exhibited a sur-
vival benefit from PTR + C compared with PTR alone. A
previous study by Budd et al46 highlighted that PTR + C was
associated with enhanced survival, potentially due to height-
ened chemosensitivity after reduction of the systemic tumor
burden. However, MAC has been shown to be less

TABLE 4. Univariate and Multivariate Analyses of CSS for Patients With UCR-MAC-LM

Univariable Multivariable

Variable HR 95% CI P HR 95% CI P

Race
Black Reference — — — — —

White 0.82 0.65-1.04 0.105 — — —

Others 0.98 0.65-1.48 0.932 — — —

Age (y)
< 65 Reference — — Reference — —

≥ 65 1.43 1.19-1.70 < 0.001 1.39 1.14-1.69 < 0.001
Sex
Female Reference — — — — —

Male 0.95 0.79-1.13 0.543 — — —

CEA
Negative/normal Reference — — Reference — —

Positive/elevated 1.79 1.35-2.38 < 0.001 1.53 1.14-2.06 0.004
Unknown 1.67 1.22-2.28 0.001 1.42 1.03-1.95 0.033

Location
Right colon Reference — — Reference — —

Transverse colon 1.42 1.03-1.97 0.033 1.47 1.05-2.05 0.026
Left colon 1.05 0.86-1.27 0.658 1.15 0.93-1.41 0.189
Overlapping 2.37 1.45-3.88 < 0.001 2.33 1.41-3.85 < 0.001
Colon NOS 2.47 1.22-5.00 0.012 1.81 0.86-3.82 0.121

Size (cm)
> 5.0 Reference — — Reference — —

≤ 5.0 0.79 0.65-0.96 0.019 0.93 0.76-1.13 0.463
Unknown 0.80 0.60-1.08 0.141 0.74 0.53-1.04 0.081

Differentiation
Grade I/II Reference — — Reference — —

Grade III/IV 1.40 1.13-1.72 0.002 1.42 1.15-1.76 0.001
Unknown 1.14 0.86-1.52 0.357 0.79 0.54-1.15 0.223

T stage
T0-T2 Reference — — — — —

T3-T4 0.99 0.69-1.44 0.973 — — —

N stage
N+ Reference — — Reference — —

N0 0.64 0.51-0.81 < 0.001 0.55 0.44-0.70 < 0.001
Marital status
Married Reference — — Reference — —

Not married 1.33 1.11-1.59 0.002 1.15 0.95-1.39 0.156
Unknown 1.33 0.78-2.29 0.296 1.63 0.93-2.85 0.088

PTR
No Reference — — Reference — —

Yes 0.66 0.51-0.85 0.001 0.38 0.26-0.54 < 0.001
Chemotherapy
No/unknown Reference — — Reference — —

Yes 0.47 0.39-0.57 < 0.001 0.46 0.37-0.57 < 0.001
Radiotherapy
No/unknown Reference — — Reference — —

Yes 0.51 0.34-0.77 0.001 0.59 0.38-0.90 0.014

CEA indicates carcinoembryonic antigen; HR, hazard ratio; NOS, non-mucinous adenocarcinoma; PTR, primary tumor resection.
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chemosensitive than NOS,27,39,47 suggesting that PTR + C may
have even greater therapeutic value in the management of
UCR-MAC-LM despite the associated high risk of recurrence.
In addition, PTR + C has the potential to render initially
unresectable liver metastasis resectable, enabling curative
resection of the liver metastasis and ultimately improving the

long-term survival of patients. This underscores the potential
therapeutic value of PTR strategies in the management of UCR-
MAC-LM. Patients with UCR-MAC-LM who meet the eligi-
bility criteria for PTR may exhibit superior clinical and
pathologic features compared with other patients with meta-
static colorectal cancer, which could explain the significant

FIGURE 4. Subgroup analysis of PTR+C and PTR/C among patients with unresectable colorectal mucinous adenocarcinoma with liver
metastasis. CEA indicates carcinoembryonic antigen; PTR, primary tumor resection.
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enhancement in OS observed in these individuals after PTR. On
the basis of our study findings, we strongly recommend the
implementation of PTR + C as a therapeutic strategy for
appropriate surgical candidates with UCR-MAC-LM to
improve OS.

Although this study’s findings display promise, it is
important to acknowledge several inherent limitations. First, the
SEER database lacks vital information on peritoneal metastasis,
a commonly observed phenomenon in patients with UCR-
MAC-LM. Addressing this concern necessitates future inves-
tigations with larger sample sizes and supplementary data
sources. Second, a limitation of this study lies in the limited
details available regarding the specific chemotherapeutic regi-
mens used by the patients. To achieve a more precise assess-
ment of PTR+C efficacy in UCR-MAC-LM patients, future
research should incorporate comprehensive data on chemo-
therapeutic agents, dosages, and treatment durations. Third, it is
imperative to acknowledge that appendiceal mucinous adeno-
carcinoma is associated with poor differentiation and an
unfavorable prognosis. However, due to data limitations within
the SEER database, definitive determination of its inclusion in
the final patient selection is precluded, potentially influencing
study outcomes. Fourth, as a retrospective study, our inves-
tigation is susceptible to inherent selective bias. Factors such as
patients’ functional status, clinical manifestations, extent of
metastasis, related complications, and other pertinent consid-
erations may have influenced the decision to proceed with PTR.
Lastly, it is crucial to recognize that inherent bias remains a
concern in observational studies, even with the adjustment of
multiple confounding variables. Consequently, future pro-
spective randomized controlled trials are of utmost importance
to corroborate these findings and explore the therapeutic
potential of PTR+C in UCR-MAC-LM patients.

CONCLUSIONS
UCR-MAC-LM is a distinct solid entity of colorectal

cancer with an OS rate inferior to that of non-MAC. Our
research findings suggest that at least one identifiable cohort of
patients with UCR-MAC-LM may benefit more from PTR + C
than from PTR/C alone. Therefore, we recommend PTR for
eligible patients with UCR-MAC-LMs. However, further pro-
spective investigations are needed to accurately evaluate the
impact of PTR + C on the survival of patients with UCR-MAC-
LM, particularly in light of potential publication bias.
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