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Abstract: Those with cirrhosis who develop colorectal cancer (CRC) are an understudied group who
may tolerate treatments poorly and are at risk of worse outcomes. This is a retrospective cohort study
of 842 individuals from Ontario, Canada, with a pre-existing diagnosis of cirrhosis who underwent
surgery for CRC between 2009 and 2017. Practice patterns, overall survival, and short-term morbidity
and mortality were assessed. The most common cirrhosis etiology was non-alcoholic fatty liver
disease (NAFLD) (52%) and alcohol-associated liver disease (29%). The model for end-stage liver
disease score (MELD-Na) was available in 42% (median score of 9, IQR7-11). Preoperative radiation
was used in 62% of Stage II/III rectal cancer patients, while postoperative chemotherapy was used
in 42% of Stage III colon cancer patients and 38% of Stage II/III rectal cancer patients. Ninety-day
mortality following surgery was 12%. Five-year overall survival was 53% (by Stages I–IV, 66%, 55%,
50%, and 11%, respectively). Those with alcohol-associated cirrhosis (HR 1.8, 95% CI 1.5–2.2) had
lower survival than those with NAFLD. Those with a MELD-Na of 10+ did worse than those with
a lower MELD-Na score (HR 1.9, 95% CI 1.4–2.6). This study reports poor survival in those with
cirrhosis who undergo treatment for CRC. Caution should be taken when considering aggressive
treatment.
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1. Introduction

Both liver cirrhosis and colorectal cancer are expected to rise over the next several
decades, especially among young adults [1–3]. Those with cirrhosis represent a challenging
population for the management of cancer for several reasons. Firstly, the development
of portal hypertension in those with cirrhosis can complicate surgical decision-making
as it is associated with thrombocytopenia, an increased risk of peri-operative bleeding,
and an increased risk of postoperative hepatic decompensation. Further, the use of cer-
tain chemotherapeutic regimens is contraindicated in the setting of altered liver function.
Finally, most patients with cirrhosis are not included in cancer trials, resulting in a lack
of evidence to help delineate the risks and benefits of cancer treatments in the context of
underlying cirrhosis.

Treatment of colorectal cancer in those with an existing diagnosis of cirrhosis can
be a challenge. Curative intent treatment typically requires major surgical resection and
may include liver-toxic chemotherapy [4,5]. Previous studies have demonstrated that
individuals with cirrhosis experience high risks of perioperative mortality (up to 30%) and
major morbidity (between 40 and 70%) [6–13]. Chemotherapy may be risky, and it has been
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found to be associated with liver injury in some studies [14,15]. Conversely, there is the
potential for harm resulting from the underuse of curative intent treatment in individuals
with cirrhosis [16]. Due to a reluctance to offer chemotherapy as well as limits to the extent
of surgical resection in those with pre-existing liver cirrhosis, some studies have found an
increased risk of metastasis following colorectal cancer surgery compared to those without
cirrhosis [17,18].

Despite the increasing incidence of both cirrhosis and colorectal cancer, there have
been few contemporary studies assessing outcomes among this complex and unique group.
Thus, the objectives of this study were to (1) determine the proportion of patients who
receive guideline-recommended cancer treatments (such as radiation and chemotherapy);
(2) determine the overall survival; (3) determine the associations between cirrhosis etiology
and/or severity and survival among a cohort of patients with cirrhosis and CRC.

2. Methods

This is a retrospective population-level study of all individuals with cirrhosis who
underwent surgery for colorectal cancer in Ontario, Canada, from January 2009 to De-
cember 2017 with outcome events followed until the end of 2020. This study conforms
to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [19].

2.1. Data Sources

This study uses routinely collected healthcare datasets stored at ICES. These datasets
include health administrative data that are routinely generated upon the delivery of a
healthcare service to an individual, as well as demographic and census data. The datasets
were linked at the individual level using a unique encrypted identifier and analyzed at
ICES (Table S1).

2.2. Participants

Individuals with incident or prevalent cirrhosis were identified using a previously
validated algorithm [20]. The algorithm included a combination of physician visits and
hospital diagnosis codes. Within this group, those with an incident diagnosis of colorectal
cancer from 2009 to 2017 in the Ontario Cancer Registry (OCR) who underwent surgery
were included. The OCR contains a near-complete capture of incident colorectal cancers,
with >95% being microscopically confirmed [21,22]. Surgery was identified using physician
billing codes from the OHIP physician claims database (Table S2). We excluded individuals
with the following criteria: diagnosis of cirrhosis after diagnosis of colorectal cancer;
did not have a valid identifier; were not linkable to other ICES datasets; underwent
liver transplantation prior to surgery; no corresponding hospital record for their surgical
admission; and under 18 years of age at the time of surgery.

2.3. Variables

Patient demographics were derived and included age at the time of surgery, sex, and
socioeconomic status. Co-morbid illness was defined using the Charlson co-morbidity in-
dex. Specific pre-existing comorbidities were identified in patients based on ICES-validated
definitions [23–27]. The etiology of cirrhosis was derived from a validated hierarchi-
cal algorithm previously described [28] and included viral hepatitis, autoimmune/other,
alcohol-related, and NAFLD. Viral hepatitis and autoimmune/other were grouped together
as “other” in our analyses. The severity of cirrhosis indicators included models for end-
stage liver disease (MELD-Na) and a history of liver decompensation. MELD-Na was
calculated from the most recent lab results available in the OLIS within one year of surgery.
The history of liver decompensation was based on a hospital diagnosis in CIHI DAD for
variceal bleeding, ascites, hepatic failure, or hepatorenal syndrome within 2 years prior to
surgery. Cancer characteristics were derived from OCR, including anatomic location (colon
and rectosigmoid vs. rectal) and stage of cancer (Stages I–IV).
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Surgery type was categorized as resection with anastomosis, resection without anasto-
mosis (permanent ostomy), or resection with anastomosis and proximal diversion based on
the fee code that was billed in OHIP at the time of surgery (Table S3). Surgical acuity was
based on admission status (emergency or elective) in the corresponding CIHI DAD hospital
record. Medical or radiation oncology assessments were also based on physician claims in
OHIP with service dates between 6 months prior to surgery and 6 months after surgery
(see Table S3). Radiation therapy courses were identified from the ALR Radiation Planning
and Treatment Activity data and based on treatment records. Receipt of chemotherapy was
obtained from ALR Systemic Drug Delivery data and based on treatment records. Both ra-
diation and chemotherapy were classified as pre-surgery (<6 months prior) or post-surgery
(<6 months afterwards).

The primary outcomes were 5-year overall survival outcome and overall survival as a
time-to-event outcome. Secondary outcomes included the receipt of guideline-recommended
neoadjuvant and adjuvant therapies as described in well-established clinical practice guide-
lines [4,5].

Other short-term outcomes included in-hospital mortality, 90-day mortality, intensive
care unit (ICU) admission, hospital and ICU length of stay, 90-day readmission and 90-day
emergency department (ED) visit, and hepatic decompensation [20]. These data were
derived from the RPDB or CIHI-DAD.

2.4. Statistical Analyses

Counts and proportions were calculated for categorical variables and means with
standard deviations or medians with interquartile ranges for continuous variables. We
used chi-square statistical tests to compare categorical proportions, one-way analysis of
variance to compare means, and Kruskal–Wallis test as a non-parametric approach to
compare median values between cancer-type groups. For cells with small numbers (i.e.,
<6 individuals) ranges are presented to protect the anonymity of the patient population, as
required by ICES.

Postoperative outcomes were described according to cancer type along with counts
and proportions for categorical outcomes and means with standard deviations or medians
with interquartile ranges for continuous outcomes. In-hospital and 90-day mortality was
further elucidated by the MELD-Na score. Five-year survival was evaluated using Kaplan–
Meier curves and stratified according to cancer type and stage. Predictors associated with
postoperative mortality during follow-up were assessed using Cox proportional hazards
models. Patients were followed from the time of surgery until death or 31 December 2020.
Predictors were selected a priori and evaluated for violation of the proportional hazards
assumption using Schoenfeld residuals. We performed a sensitivity analysis by repeating
the multivariable Cox models for predictors of postoperative mortality in a subset of the
cohort that had an available MELD-Na score and included MELD-Na as a predictor of
interest. We also performed a sensitivity analysis, excluding those who died within 90 days
of surgery.

Results were considered significant at p-value < 0.05. All data were prepared and
analyzed using the SAS Enterprise Guide, Version 7.1 (SAS Institute Inc., Cary, NC, USA).

3. Results

A total of 842 individuals with cirrhosis underwent surgery for colorectal cancer, in-
cluding 696 individuals with colon cancer and 146 with rectal cancer (Figure 1). Demograph-
ics, comorbidities, cirrhosis etiology and severity, cancer stage, and surgical intervention
are presented in Table 1. The most common cirrhosis etiology was NAFLD (n = 441, 52%),
followed by ALD (n = 243, 29%), viral hepatitis (n = 98, 11.6%), and autoimmune or other
(n = 60, 7.1%). A small number had a history of hepatic decompensation (n = 29–33, 3–4%).
The MELD-Na was available for 353 individuals (42%), with a median score of 9 (IQR 7–11).
Cancer stages included Stage I disease (n = 215, 25.5%), Stage II disease (n = 274, 32.5%),
Stage III disease (n = 261, 31%), and Stage IV disease (n = 60–64, 7.1–7.6%). Most individuals
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underwent elective surgery (n = 674, 80.1%). In those with colon cancer (N = 696), the most
common procedure was resection with anastomosis (n = 512, 73.6%), followed by resection
and permanent ostomy (n = 153, 22.0%). Few individuals with colon cancer underwent
anastomosis and proximal diversion (n = 31, 4.5%). Those with rectal cancer (N = 146)
most commonly had a resection with a permanent ostomy (n = 84, 57.5%) or resection with
anastomosis and proximal diversion (n = 49, 33.6%). Few individuals underwent resection
and anastomosis without diversion (n = 13, 8.9%).
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Figure 1. Flowsheet of included patients.

3.1. Neoadjuvant and Adjuvant Treatment

In those with Stage III colon cancer, approximately half (119/213, 56%) had a medical
oncology assessment, with 42% (90/213) ultimately receiving adjuvant chemotherapy. In
those with locally advanced rectal cancer (i.e., Stage II/III), 70% (62/89) had a radiation
oncology assessment, with 62% (55/89) receiving preoperative radiation. Similar to Stage
III colon cancer, about half (46/89, 52%) of those with locally advanced disease had a
medical oncology assessment and 38% (34/89) ultimately received adjuvant chemotherapy.

3.2. Short-Term Outcomes

Short-term outcomes are presented in Table 2. The in-hospital and 90-day mortality
outcomes were 7.2% and 12.1%, respectively. Ninety-day postoperative hepatic decom-
pensation occurred in 9%. In those who survived to discharge, 90-day readmission (27%)
and emergency department visits (40%) were common (Table 2). The majority of those
who underwent surgery with an available MELD-Na score had a score < 10 (n = 219/353,
62%), with few having a score >20 (n = 10/353, 3%). The 90-day mortality in those with a
MELD-Na <10 was 6.8% vs. 22% in those with a MELD-Na >10 (p < 0.001) (Table 2).
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Table 1. Patient characteristics of those with cirrhosis who underwent surgery for colorectal cancer
between 2009 and 2017.

Characteristics
Colon Cancer Rectal Cancer Total p-Value

N = 696 N = 146 N = 842

Age at Surgery
<50 23 (3.30) 11 (7.53) 34 (4.04) 0.006
50–59 95 (13.65) 30 (20.55) 125 (14.85)
60–69 214 (30.75) 44 (30.14) 258 (30.64)
70–79 228 (32.76) 45 (30.82) 273 (32.42)
80+ 136 (19.54) 16 (10.96) 152 (18.05)

Sex—n (%)
Female 287 (41.24) 45 (30.82) 332 (39.43) 0.019
Male 409 (58.76) 101 (69.18) 510 (60.57)

Income Quintile—n (%)
1 155 (22.27) 36 (24.66) 191 (22.68) 0.822
2–4 413 (59.34) 84 (57.53) 497 (59.03)
5 128 (18.39) 26 (17.81) 154 (18.29)

Charlson Comorbidity index—n (%)
0 481 (69.11) 94 (64.38) 575 (68.29) 0.39
1–3 141 (20.26) 37 (25.34) 178 (21.14)
4+ 74 (10.63) 15 (10.27) 89 (10.57)

Cirrhosis Etiology—n (%)
Viral Hepatitis 81 (11.64) 17 (11.64) 98 (11.64) 0.836
Autoimmune/Other 47 (6.75) 13 (8.90) 60 (7.13)
Alcohol-related 202 (29.02) 41 (28.08) 243 (28.86)
NAFLD 366 (52.59) 75 (51.37) 441 (52.38)

History of hepatic decompensation—n(%) 28 (4.02) <6 29–33 (3.44–3.92) 0.735

MELD - Na Score
MELD Score available 290 (41.67) 63 (43.15) 353 (41.92)
Mean ± SD 9.94 ± 3.97 8.82 ± 3.07 9.74 ± 3.84 0.035

Cancer Stage—n (%)
Unknown 27 (3.88) <6 28–32 (3.33–3.80) 0.292
Stage I 171 (24.57) 44 (30.14) 215 (25.53)
Stage II 233 (33.48) 41 (28.08) 274 (32.54)
Stage III 213 (30.60) 48 (32.88) 261 (31.00)
Stage IV 52 (7.47) 8–12 (5.48–8.22) 60–64 (7.13–7.60)

Type of Surgery—n (%)
Emergency/Urgent Surgery 159 (22.84) 9 (6.16) 168 (19.95) <0.001
Resection with anastomosis 512 (73.56) 13 (8.90) 525 (62.35) <0.001
Resection without anastomosis 153 (21.98) 84 (57.53) 237 (28.15)
Resection with anastomosis and proximal diversion 31 (4.45) 49 (33.56) 80 (9.50)

3.3. Overall Survival

The 5-year overall survival for the cohort was 53%. Table 2 reports the survival accord-
ing to cancer type, while Figure 2 presents the Kaplan–Meier survival curve. Interestingly,
those with locally advanced rectal cancer (Stage II/III) had a similar 5-year survival to
those with Stage I rectal cancer (Stage I 57.2% vs. Stage II/III 59.9%). Those with Stage IV
disease did very poorly, with a 5-year overall survival of just 11.3%. After excluding those
who died within 90 days of surgery, the 5-year overall survival was 60% for all stages.
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Table 2. Short-term outcomes and 5-year overall survival for those with cirrhosis who underwent
surgery for colorectal cancer between 2009 and 2017.

Outcomes Colon Cancer
(N = 696)

Rectal Cancer
(N = 146)

Total
(N = 842) p-Value

In-hospital Mortality—n (%) 55 (7.90) 6 (4.11) 61 (7.24) 0.108
90-day Mortality—n (%) 87 (12.50) 15 (10.27) 102 (12.11) 0.454

Hospital Length of Stay (Mean ± SD) 12.18 ± 14.37 11.58 ± 9.68 12.08 ± 13.67 0.627
Hospital Length of Stay (Median (IQR)) 7 (5–13) 9 (6–13) 8 (5–13) 0.007

Any ICU Admission—n (%) 222 (31.90) 44 (30.14) 266 (31.59) 0.678
ICU Length of Stay (Mean ± SD) 6.56 ± 9.42 5.11 ± 7.59 6.32 ± 9.15 0.338

ICU Length of Stay (Median (IQR)) 4 (2–7) 4 (2–5) 4 (2–6) 0.596
Hepatic Decompensation (90 Days)—n (%) 69 (9.91) 9 (6.16) 78 (9.26) 0.155

Alive at Discharge Only N = 641 N = 140 N = 781

Hospital Readmission (90 Days)—n (%) 164 (25.59) 54 (38.57) 218 (27.91) 0.002
Emergency Department Visit (90 Days)—n (%) 247 (38.53) 68 (48.57) 315 (40.33) 0.028

5-Year Overall Survival (%)

All stages 52.09 55.92 52.78 <0.001
Stage I 67.70 57.23 65.55
Stage II 54.91

59.91 *
54.89

Stage III 46.91 50.24
Stage IV 6.63 27.27 11.30

Missing MELD-Na MELD-Na < 10 MELD-Na 10+
N = 489 N = 219 N = 134

In-hospital Mortality—n (%) 35 (7.16) 7 (3.20) 19 (14.18) <0.001
90-day Mortality—n (%) 57 (11.66) 15 (6.85) 30 (22.39)

* Stages II and III rectal cancer combined.
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Figure 2. Kaplan–Meier survival estimates according to cancer region and stage.

Cox proportional hazards regression was completed for all individuals in the cohort
(Table 3) and was stratified according to colon vs. rectal cancer subtype (Table 4). Those
with ALD cirrhosis and those with “other” etiologies (viral hepatitis, autoimmune, and
other) of cirrhosis did worse than those with NAFLD (alcohol-related HR 1.80, 95% CI
1.45–2.23; other HR 1.48, 95% CI 1.13–1.93; NAFLD [ref]). Other risk factors associated
with worse survival included increasing age, increasing Charlson comorbidity, and income
quintile. As expected, the stage of disease was also associated with worse survival for the
cohort. The colorectal cancer subtype (colon vs. rectum) did not demonstrate an association
(rectal HR 0.97, 95% CI 0.75–1.25; colon [ref]). Stratified analysis based on colon vs. rectum
demonstrated similar findings to the overall cohort, except for the stage of disease in rectal
cancer patients. This analysis demonstrated only Stage IV to be associated with worse
survival (Table 4). Sensitivity analysis, in which those who died within 90 days were
excluded, demonstrated similar associations (data not shown).

Table 3. Hazard ratios (HRs) and 95% confidence intervals (CIs) from the Cox proportional hazards
model assessing predictors associated with time to mortality.

Characteristic
Full Cohort (N = 842) MELD-Na Available (N = 353)

HR 95% CI p-Value HR 95% CI p-Value

Cirrhosis Etiology
NAFLD 1.000 Ref 1.000 Ref
Alcohol-related 1.796 1.45–2.23 <0.0001 1.832 1.27–2.64 0.0012
Other 1.481 1.13–1.93 0.0039 1.164 0.78–1.74 0.4546

Age 1.046 1.04–1.06 <0.0001 1.032 1.02–1.05 <0.0001

Sex
Male 0.983 0.81–1.20 0.8651 0.806 0.59–1.10 0.1750
Female 1.000 Ref 1.000 Ref

Income Quintile
1 1.487 1.09–2.02 0.0118 1.696 1.04–2.75 0.0326
2–4 1.246 0.95–1.64 0.1132 1.394 0.91–2.14 0.1277
5 1.000 Ref 1.000 Ref
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Table 3. Cont.

Characteristic
Full Cohort (N = 842) MELD-Na Available (N = 353)

HR 95% CI p-Value HR 95% CI p-Value

Charlson Comorbidity
Index

0 1.000 Ref 1.000 Ref
1–3 1.726 1.38–2.16 <0.0001 1.466 1.04–2.07 0.0297
4+ 3.036 2.32–3.97 <0.0001 3.124 2.09–4.68 <0.0001

Cancer Stage
Stage I 1.000 Ref 1.000 Ref
Stage II 1.344 1.03–1.75 0.0273 1.410 0.92–2.16 0.1130
Stage III 1.523 1.17–1.97 0.0015 1.837 1.22–2.78 0.0039
Stage IV 4.415 3.15–6.18 <0.0001 5.173 2.99–8.95 <0.0001

Cancer Region
Rectal 0.970 0.75–1.25 0.8160 1.157 0.77–1.73 0.4780
Colon 1.000 Ref 1.000 Ref

MELD-Na score
10+ 1.876 1.37–2.57 <0.0001
<10 1.000 Ref

Table 4. Stratified (colon vs. rectal) hazard ratios (HRs) and 95% CI from the Cox PH model assessing
predictors associated with time to mortality.

Characteristic
Colon Cancer (N = 696) Rectal Cancer (N = 146)

HR 95% CI p-Value HR 95% CI p-Value

Cirrhosis Etiology
NAFLD 1.000 Ref 1.000 Ref .
Alcohol-related 1.745 1.38–2.21 <0.0001 2.214 1.23–3.99 0.0082
Other 1.436 1.07–1.93 0.0162 1.769 0.91–3.42 0.0904

Age 1.043 1.03–1.06 <0.0001 1.055 1.03–1.08 <0.0001

Sex
Male 0.998 0.81–1.23 0.9857 0.926 0.55–1.57 0.7751
Female 1.000 Ref 1.000 Ref

Income Quintile
1 1.638 1.17–2.29 0.0041 0.720 0.32–1.62 0.4250
2–4 1.274 0.95–1.72 0.1118 1.001 0.51–1.98 0.9973
5 1.000 Ref . 1.000 Ref .

Charlson
Comorbidity Index

0 1.000 Ref 1.000 Ref
1–3 1.927 1.51–2.46 <0.0001 0.956 0.52–1.74 0.8818
4+ 3.049 2.27–4.10 <0.0001 3.063 1.47–6.38 0.0028

Cancer Stage
Stage I 1.000 Ref 1.000 Ref
Stage II 1.391 1.04–1.86 0.0254 1.571 0.79–3.12 0.1966
Stage III 1.675 1.25–2.24 0.0005 1.358 0.73–2.54 0.3369
Stage IV 4.707 3.23–6.86 <0.0001 5.041 2.11–12.05 0.0003

Cox proportional hazards regression was also completed for the subgroup with MELD-
Na score available at the time of surgery (Table 3). Those with a MELD-Na score of >10 had
a significantly higher hazard of mortality compared to those with a MELD-Na score ≤ 10
(HR 1.88, 95% CI 1.37–2.57).
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4. Discussion

The present study reports practice patterns and outcomes in those with cirrhosis who
develop colorectal cancer and undergo surgical resection. The 5-year overall survival for the
cohort was 53%. Cirrhosis etiology was associated with overall survival, while MELD-Na
score was predictive of increased 90-day mortality. A number of other major short-term
complications were common, including 90-day mortality (12%).

4.1. Meaning of the Study

The present study is the largest and most contemporary report of outcomes in those
with cirrhosis who develop colorectal cancer and receive surgery. Several older studies have
reported long-term survival [29–33]. These studies included between 40 and 453 individuals
who were diagnosed with colorectal cancer between 1976 and 2014. The characteristics of
the present cohort differ from these older studies in that our data are more comprehensive
and are more representative of the current heterogeneous population with cirrhosis. For
instance, in the studies by Lee et al. [31] and Han et al. [30], >70% of the cohort had viral
hepatitis, while the study by Sabbagh et al. [32] and Gervaz et al. [29] found ALD to
be the most common etiology of cirrhosis. Furthermore, the largest previous study [33]
did not report cancer stage, cirrhosis etiology, or cirrhosis severity. Nevertheless, our
reported 5-year survival of 53% is similar to the 55–62% survival reported in more recent
studies [31–33] and is much improved compared with the 25–35% survival reported in
much older studies [29,30]. We also show that a higher MELD score is associated with
worse survival.

An interesting finding from this work is the differences in outcomes based on the
etiology of cirrhosis. Those with ALD had a worse survival compared with those with
NAFLD (HR 2.21, 95% CI 1.2–4.0, p = 0.082). This association persisted even after adjusting
for MELD-Na in those with a score available. The reasons for this are not immediately
clear from the data but could relate to individuals with ALD having a more advanced liver
dysfunction that is not able to be captured using MELD alone such as the degree of ascites
and hepatic encephalopathy. Further, individuals with ALD cirrhosis have historically
included a higher proportion who are vulnerable due to their social determinants of health,
which may influence the ability of patients with ALD to access and engage in care.

Compared with the general population, the present study demonstrates a lower
utilization of adjuvant chemotherapy as well as worse survival in those with cirrhosis.
In the general population, approximately 66% of those with Stage III colon cancer and
18% of those with Stage II colon cancer receive adjuvant chemotherapy [34,35]. This is
in comparison to our findings of 42% of Stage III and 10% of Stage II receiving adjuvant
chemotherapy.

Interestingly, we found similar survival in those with Stage I vs. Stage II/III disease in
those with rectal cancer. This suggests that the etiology and/or severity of liver cirrhosis
is likely a more important contributor to long-term survival than the rectal cancer stage.
Additionally, a smaller proportion of eligible patients received adjuvant chemotherapy
than reported in the general population. This may also contribute to the differences in
overall survival, as adjuvant chemotherapy has been associated with improved survival in
both colon and rectal cancer patients [36,37].

Finally, we demonstrated that those with cirrhosis and colorectal cancer had a worse
5-year survival (53%) compared to that reported for all comers in Canada (65%), based on
previous publications [38]. The Canadian survival includes those who did not undergo
resection. Our group assessed those with rectal cancer undergoing resection between
2010–2019 and found an overall survival of 78% (vs. 62% in this study) [39].

4.2. Strengths and Limitations

This study has several strengths. Due to the relative scarcity of individuals with both
a diagnosis of cirrhosis and colorectal cancer, a population-based approach allowed for the
inclusion of a large number of individuals. The identification of those with cirrhosis was
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made using a previously validated algorithm which ensured a low risk of misclassification
or inappropriate inclusion. We also identified those with colorectal cancer using the
Ontario Cancer Registry, which is highly accurate. For these reasons, there was a low
risk of missing individuals with pre-existing cirrhosis who developed colorectal cancer.
The type and extent of treatment were determined using well-established sources, while
the outcomes were determined using previously validated approaches. As the data for
this study were ascertained using linked administrative databases within a single-payer
universal healthcare system, loss to follow-up was minimal.

Despite these strengths, several well-described limitations of population-based studies
exist within this study [40]. Pertinent to the current study, missing data were an issue.
All data elements necessary for MELD-Na score calculation were available in <50% of
individuals; however, when sensitivity analysis was completed in those with MELD-Na
available, similar associations between risk factors and survival were identified. Another
limitation is selection bias, as only those who underwent surgery were included, and we
cannot ascertain the factors involved in surgical decision-making. We presume that a
number of individuals with cirrhosis were either deemed unfit for curative-intent treatment
or declined treatment. Thus, the overall survival we report is likely overestimated. Finally,
due to the nature of the study design (retrospective cohort) and completeness of the data
sources (i.e., linked administrative databases), there is likely unresolved confounding in our
adjusted analysis. Clinical information such as chemotherapy regimen and renal function
is not available.

5. Conclusions

Patients with cirrhosis who develop colorectal cancer and undergo surgical resection
infrequently receive guideline-recommended treatment, have poor short-term outcomes,
and have poor overall survival. Further, compared to the general population, the stage
of the disease is less likely to be predictive of long-term survival, especially in those with
rectal cancer. We found liver-related factors, including ALD and MELD-Na > 10, to be asso-
ciated with survival. This information will assist healthcare providers in having detailed
discussions with these patients and their caregivers, allowing for enhanced awareness and
education pertaining to the anticipated challenges associated with treatment.
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