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Abstract
Purpose  Liver diseases including non-alcoholic fatty liver disease (NAFLD) and ensuing alterations to the micro-environ-
ment may affect development of liver metastasis. Mirroring the rise in obesity rates, prevalence of NAFLD is increasing 
globally. Our objective was to examine the association between NAFLD and mortality in colorectal cancer patients.
Methods  Colorectal Cancer-Sarcopenia and Near-term Survival (C-SCANS) is a retrospective cohort study which included 
3,262 stage I–III patients, aged 18–80 years, and diagnosed between 2006 and 2011 at Kaiser Permanente Northern Califor-
nia. Cox proportional hazards regression was used to calculate multivariable adjusted hazard ratios (HR) and 95% confidence 
intervals (CI).
Results  After up to 10 years of follow-up, 879 deaths, including 451 from CRC were identified. Cases diagnosed with 
NAFLD before and within 1 month after CRC diagnosis (pre-existing NAFLD; n = 83) had a HR of 1.64 (95% CI 1.06–2.54) 
for overall and a HR of 1.85 (95% CI 1.03–3.30) for CRC-specific mortality compared to those without NAFLD. Findings 
did not differ significantly by sex, stage, tumor location, and smoking status, and were also similar when restricted to obese 
patients only.
Conclusions  Independent of body mass index and prognostic indicators, CRC patients with pre-existing NAFLD had a worse 
prognosis than those without NAFLD.
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Abbreviations
BMI	� Body mass index
CRC​	� Colorectal cancer
CI	� Confidence interval
HR	� Hazard ratio

KPNC	� Kaiser Permanente Northern California
NAFLD	� Non-alcoholic fatty liver disease

Introduction

Colorectal cancer (CRC) is the third most common cancer 
worldwide and the fourth common cause of cancer death 
worldwide [1]. In the US alone, 135, 430 new colorec-
tal cases and 50,430 deaths due to colorectal cancer are 
expected in 2017 [2]. Despite “curative” surgical resection, 
over 60% of stage I–III CRC patients will eventually relapse 
or develop distant metastases, mainly in the liver. Develop-
ment of liver metastasis among stage I–III CRC patients 
after resection suggests the presence of micro-metastases 
prior to the diagnosis of CRC [3].

Although several decades ago scientists suggested that 
pre-existing liver diseases including fatty liver and ensuing 
alterations to the micro-environment may affect development 
of liver metastasis, only few epidemiological studies have 
pursued this hypothesis [4–8]. Mirroring the recent rise in 
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obesity and type II diabetes rates, non-alcoholic fatty liver 
disease (NAFLD) and its more severe form, non-alcoholic 
steatohepatitis (NASH), are quickly emerging as the most 
common liver diseases with an estimated prevalence of 
NAFLD of about 25% worldwide [9, 10].

The objective of this study was to examine the association 
between pre-existing NAFLD and overall and CRC-specific 
mortality in stage I–III CRC patients utilizing data from the 
C-SCANS (Colorectal Cancer-Sarcopenia and Near-term 
Survival) project.

Methods

The Colorectal Cancer-Sarcopenia and Near-term Survival 
(C-SCANS) is a retrospective cohort study, which included 
3,262 patients at Kaiser Permanente Northern California, 
aged 18–80 years, who were diagnosed with stage I–III 
colorectal cancer and underwent surgical resection between 
2006 and 2011 [11, 12]. More detail about this cohort can 
be found in our previous publications [11, 12].

All-cause deaths and CRC deaths were identified from 
KPNC mortality files which encompasses data from the 
California State Department of Vital Statistics, U.S. Social 
Security Administration, and KPNC utilization data sources. 
Death certificates were reviewed to confirm all-cause and 
cause-specific deaths. CRC-specific deaths are defined as 
those where CRC was the underlying or the contribution 
cause of death. Data on prognostic factors (stage, treatment 
data, primary tumor location, and histology) were extracted 
from electronic medical records at KPNC and the KPNC 
Cancer Registry. Information on socio-demographic vari-
ables, lifestyle (e.g., smoking status), height, and weight 
closest to diagnosis and before treatment was also obtained 
via linkage to KPNC electronic medical record data [11, 12].

Only patients with NAFLD diagnosed prior to or within 
1 month after date of CRC diagnosis were defined as having 
“pre-existing” NAFLD based on International Classification 
of Diseases (ICD)-9 codes 571.8 or ICD-10-CM K76.0 and 
75.81.

The study was approved by the KPNC Institutional 
Review Board.

Statistical analysis

To investigate the association between NAFLD prior to CRC 
diagnosis and CRC and overall mortality, Cox proportional 
hazards regression models were used to calculate multivaria-
ble adjusted hazard ratios (HR) and 95% confidence intervals 
(CI). Multivariable models included the following variables: 
age (continuous, years), sex, race/ethnicity (non-Hispanic 
white, black, Hispanic, or Asian/Pacific Islander), smoking 
(current, former, or never), tumor stage and grade, receipt of 

chemotherapy and/or radiation, cancer site (proximal, distal, 
or rectum) and body mass index (BMI, closest to diagnosis 
and before treatment, as continuous variable kg/m2), and 
history of diabetes (yes, no). Participants contributed per-
son time from the date of diagnosis of CRC to date of death 
(for overall survival), death with CRC being the primary or 
contributing cause, or end of follow-up, i.e., 30 December 
2016. We also conducted analysis separately by sex, tumor 
stage (stage I/II vs. III), primary tumor location (proximal, 
distal, rectal), smoking status (never, past, current), receipt 
of chemotherapy or radiation treatment (yes vs. no), and 
BMI (18–< 25, 25–< 30 and ≥ 30 kg/m2). A two-sided p 
value of < 0.05 was considered statistically significant.

Results

Among 3,262 patients, 879 deaths, including 451 from 
CRC, were identified. Median follow-up time was 6.6 years. 
NAFLD patients did not differ considerably from those 
without NAFLD by sex, stage, and smoking status. How-
ever, NAFLD patients with CRC were less likely to be non-
Hispanic White, have received chemo- or radiation therapy, 
and were more likely obese and diagnosed with rectal 
and distal colon cancers and diabetes than those without 
NAFLD (Supplemental Material Table S1). According to 
the Kaplan–Meier survival function, patients with NAFLD 
(n = 62; 33 males, 29 females) had a shorter survival time 
than those without NAFLD (log-rank p value 0.11; Fig. 1). 
NAFLD patients had a multivariable adjusted HR of 1.64 
(95% CI 1.06–2.54) for overall and a multivariable adjusted 
HR of 1.84 (95% CI 1.03–3.29) for CRC-specific mor-
tality (Table 1). Results did not differ significantly after 
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associations between NAFLD and total mortality were 
examined separately by sex, stage (I and II vs. III), location 
(proximal, distal, and rectal), smoking status (never, for-
mer, current), receipt of radiation, or chemotherapy (data not 
shown). Results for total mortality were also similar when 
we restricted analysis to CRC patients who were obese (BMI 
≥ 30 kg/m2, 38 NAFLD cases, and 14 deaths; HR 1.79, 95% 
CI 1.03–3.11). We did not examine associations separately 
for normal weight and overweight patients because of 
small number of deaths among CRC patients with NAFLD 
(18–< 25 kg/m2: 11 NAFLD cases, 2 deaths and 25–< 30 kg/
m2, 13 NAFLD cases, 5 deaths).

Discussion

In this retrospective cohort study, independent of BMI 
and other established prognostic indicators, CRC patients 
with pre-existing NAFLD had a worse prognosis than 
those without NAFLD prior to CRC diagnosis. Early 
autopsy studies from the US dating back to the 1940s have 
observed that cancer patients (multiple cancer sites) with 
liver cirrhosis were less likely to develop liver metasta-
ses than those without liver cirrhosis [4], suggesting that 
liver diseases and ensuing alterations to the liver micro-
environment may affect development of liver metastasis 
(“seed–soil hypothesis” [13]). The liver is the most com-
mon site for CRC metastases [14], but only few observa-
tional studies, the majority conducted in Asian popula-
tions, have examined the association between pre-existing 
liver diseases and CRC liver metastasis or CRC progno-
sis. For example, a recent meta-analysis of 10 studies (9 
Asian studies and one study from Italy) including 10, 349 

CRC patients found that patients with chronic liver disease 
including hepatitis, cirrhosis, and fatty liver disease were 
less likely to develop liver metastasis (pooled OR 0.32, 
95% CI 0.26–0.38) [8]. However, in that meta-analysis 
only 3 studies examined associations for fatty liver dis-
ease and none specifically investigated NAFLD or NASH. 
Results from studies conducted after the publication of the 
aforementioned meta-analysis are conflicting. For exam-
ple, one large Chinese study which included 1,314 CRC 
patients observed that patients with ultrasound-detected 
NAFLD had a longer overall survival but not disease-free 
survival [7]. In that study, inverse associations appeared 
to be restricted to patients with BMI ranging between 18.5 
and 24.9 kg/m2. Similarly, another study based in Japan 
which included 604 CRC patients, also reported that those 
with pre-existing hepatic steatosis [diagnosed via pre-
operative non-enhanced computed tomography (CT) scan] 
[15] exhibited a lower risk of developing liver metastasis 
when compared to those without hepatic steatosis.

Several mechanisms underlying NAFLD and its potential 
effect on development of liver metastasis have been pro-
posed, though supporting data are limited. One animal study 
reported that in mice injected with colon cancer cells, those 
with steatotic livers developed more liver tumors than those 
without, suggesting that the micro-environment in fatty liver 
may facilitate growth of metastases [16].

Our study is the first study to investigate the association 
between NAFLD and CRC survival in a predominantly Cau-
casian population. Notably, we found that observed associa-
tions were independent of body mass index and were also 
similar when we restricted analysis to obese patients. How-
ever, one major limitation is that we identified NAFLD using 
ICD codes from EMRs, thus prevalence was underestimated. 
However, systematic bias is unlikely as only NAFLD cases 
diagnosed prior to CRC were included. Exposure misclassifi-
cation should be non-differential and biases estimate towards 
null. Thus, actual associations may be even stronger than 
reported. Secondly, our outcome was mortality and we did 
not radiologically confirm liver metastasis. However, liver 
metastasis is the most common cause of CRC deaths [14]. 
Nonetheless, our findings warrant confirmation in future 
large-scale studies in CRC patients integrating clinical data 
and centralized review of CT scans to diagnose pre-existing 
NAFLD, which will also allow for a quantitative assessment 
of fat infiltration into the liver; and follow-up CT scans to 
confirm liver metastasis. Considering the rising prevalence 
of NAFLD worldwide, and that CRC is the fourth leading 
cause of cancer deaths globally, larger studies investigating 
the influence of NAFLD on liver micro-environment and 
metastasis are now urgently needed. Such studies will likely 
have major clinical implications, including optimizing treat-
ment strategies and facilitating lifestyle interventions, risk 
stratification, and surveillance for stage I–III CRC patients.

Table 1   Associations between pre-CRC diagnosis of NAFLD and 
overall as well as CRC-specific mortality

a Cox regression models adjusted for sex (male vs. female), age at 
diagnosis (continuous, years), race (Whites, Blacks, Hispanic, or 
Asian vs. non-Hispanic White), tumor stage (I or II vs. III), receipt 
of chemotherapy and/or radiation (not received vs. received), cancer 
site (proximal, distal, rectal), smoking history (current or former vs. 
never), and history of diabetes, and body mass index (as continuous 
variable in kg/m2)
b Cause of death is missing, thus the total number of patients does not 
add up to 3,262

Patients no. Events no. NAFLD
HRa (95% CI)

Overall mortality
 No NAFLD 3,200 858 1.00 [reference]
 NAFLD 62 21 1.64 (1.06–2.54)

CRC-specific mortalityb

 No NAFLD 2,987 439 1.00 [reference]
 NAFLD 57 12 1.84 (1.03–3.29)
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