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Abstract

Evidence links the liver to development of colorectal cancer (CRC). However, it remains unknown
how liver function may influence CRC risk in the general population. We conducted a prospective
cohort study in the UK Biobank of 375 693 participants who provided blood samples in 2006 to
2010. Circulating levels of liver function markers (alanine transaminase [ALT], aspartate
transaminase [AST], total bilirubin [TBIL], gamma glutamyltransferase [GGT], alkaline
phosphatase [ALP], total protein [TP] and albumin [ALB]) were measured. Incident cancer cases
were identified through linkage to the national cancer registry up to 2019. Repeated biomarker
measurements were available from a subset of 11 320 participants who were re-assessed in 2012 to
2013. After a median follow-up of 10.0 years, we documented 2662 cases of CRC. Circulating
levels of ALT, AST, TBIL, GGT, TP and ALB at baseline were inversely associated with CRC risk
(P<.01), with multivariable hazard ratio (95% confidence interval) comparing decile 10 vs 1 of
0.62 (0.51-0.75), 0.63 (0.53-0.75), 0.85 (0.72-1.02), 0.74 (0.61-0.89), 0.70 (0.59-0.84) and 0.66
(0.55-0.79), respectively. Strengthened associations were found after recalibration for repeated
measurements. The associations appeared stronger for proximal colon cancer than distal colon
cancer and rectal cancer, but consistent for early-, mid- and late-onset CRC. In a large cohort of
general population, the UK Biobank, higher circulating levels of ALT, AST, TBIL, GGT, TP and
ALB, largely within the normal range, were associated with a lower risk of CRC. The findings
support a link between liver function and CRC, and may spur future research on the gut-
microbiota-liver axis.

Keywords
gut microbiota; liver metastasis; liver panel; metabolic capacity

1| INTRODUCTION

Globally, colorectal cancer (CRC) is the third most common cancer and the second leading
cause of cancer death.! Several lines of evidence have indicated a role of liver function in the
development of CRC. First, a majority of CRC deaths are related to distant spread into the
liver.2 Second, several large-scale studies have linked chronic liver diseases, such as
nonalcoholic fatty liver disease, to higher risk of CRC.3 Third, recent studies have shown a
potential relationship between liver-derived metabolites (eg, bile acids, bilirubin, and
glutamate) and CRC risk, potentially mediated through the gut bacterial actions.*-8
However, despite these data, it remains unknown how liver function may influence CRC risk
in the general population, and direct evidence regarding the relationship of liver function
markers with CRC risk remains limited and inconclusive.

Routine circulating liver function assays include alanine transaminase (ALT), aspartate
transaminase (AST), total bilirubin (TBIL), gamma glutamyltransferase (GGT), alkaline
phosphatase (ALP), total protein (TP) and albumin (ALB). These markers have been known
to reflect the liver metabolism, biosynthesis and detoxification capability, as well as the
immune and nutritional status of the body.? However, systematic evaluation of liver function
markers in relation to CRC risk remains lacking. Discrepant findings have been reported in
prior studies that examined a few selected liver function markers only in relation to CRC
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risk.10-19 Moreover, these studies are limited by the relatively small sample size (most with
<500 CRC cases) and inadequate control for confounding by general and visceral adiposity
and lifestyle factors. In addition, none of these studies have yet examined the associations
according to tumor subsites, despite the evidence that the gut-microbiota-liver axis may be
of particular importance to proximal colon cancers compared to distal CRCs.20.21

Therefore, to extend our knowledge, we comprehensively examined the relationship with
CRC risk of circulating liver function markers, including ALT, AST, TBIL, GGT, ALP, TP,
and ALB, in the United Kingdom (UK) Biobank, a large prospective cohort. In addition to
overall CRC, we performed separate analyses for proximal colon, distal colon and rectal
cancers.

2| METHODS
2.1| Study participants

The UK Biobank is a prospective cohort study aiming to investigate the genetic, lifestyle and
environmental causes of a range of diseases.22 Between 2006 and 2010, 502 536 adults aged
between 37 and 73 years were recruited in 22 assessment centers throughout the United
Kingdom. All participants were registered with the UK National Health Service (NHS). At
the baseline recruitment visit, participants completed a self-administered touchscreen
questionnaire on sociodemographics, lifestyle exposures, medical history and medication
use, and underwent physical measurements, including body weight, height, waist and hip
circumference. Blood samples were collected from all participants at recruitment and from a
subset of ~18 000 participants with a repeat visit to the assessment center between 2012 and
2013. The current study was conducted under the UK Biobank application number 46466.

We excluded participants with missing data on any of the seven liver function markers (n =
75 359) and with prevalent cancer at recruitment (n = 38 998); those who withdrew informed
consents (n = 18); and those who were indicated as outliers (n = 12 468) based on the
extreme Studentized Deviate Many-Outlier procedure.23 Therefore, a total of 375 693
participants were included in our analysis (see the flow chart in Supplementary Figure 1).

2.2 | Blood collection and laboratory methods

As part of the UK Biobank Biomarker Project,?4 circulating levels of ALT, AST, GGT and
ALP were determined using the enzymatic rate method (all Beckman Coulter AU5800);
circulating levels of TBIL, TP and ALB using the colorimetric method; and high sensitivity
C-reactive protein (CRP) levels using the immunoturbidimetric method. Full details of the
assay performance have been published.24 In summary, the average within-laboratory
coefficient of variation (CV) in quality-control samples ranged between 1.2%-2.9% for ALT,
1.3%-2.1% for AST, 1.5%-1.9% for TBIL, 1.4%-2.8% for GGT, 2.8%-3.1% for ALP,
1.1%-1.2% for TP, 2.1%-2.2% for ALB and 1.7%-2.3% for CRP.

2.3 | Assessment of outcome

Incident cancer cases and deaths within the UK Biobank were identified through linkage to
national cancer and national death registries. Cancer incidence data were coded using the
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10th Revision of the International Classification of Diseases (ICD-10). Proximal colon
cancers included those found in the cecum, appendix, ascending colon, hepatic flexure,
transverse colon and splenic flexure (C18.0-18.5); distal colon cancers in the descending
(C18.6) and sigmoid (C18.7) colon; and rectal cancer in the rectosigmoid junction (C19) and
rectum (C20).

Statistical analysis

All participants were followed from the date of recruitment until that of CRC diagnosis,
death, loss to follow-up or the end of the study period (28 February 2019), whichever
occurred first. Nine hundred sixty-four participants were lost to follow-up due to emigration
or indication by records of NHS and UK Biobank, and thus 99.7% completed the study. We
calculated hazard ratios (HRs) and 95% confidence intervals (CIs) using Cox proportional
hazards regression, with age as the timescale. Model 1 was adjusted for age at recruitment,
sex, ethnicity and fasting status. Model 2 was further adjusted for a set of a priori-
determined CRC risk factors, namely socioeconomic status (Townsend deprivation score),
education level, total physical activity, body mass index (BMI), waist/hip ratio, height,
smoking status and intensity, alcohol status and consumption frequency, frequency of red
and processed meat consumption, frequency of oily fish consumption, family history of
cancer, regular aspirin use, bowel cancer screen, overall health status, and serum levels of
CRP. The proportional hazards assumption was tested using Schoenfeld residuals and no
evidence of nonproportionality was detected.

We calculated intraclass correlation coefficients (ICCs) to assess the reproducibility in
circulating levels of liver function markers among participants with repeated measurements
after excluding those who developed cancer between the two repeated assessments (n = 11
320). We then used the ICCs to recalibrate the multivariable HR estimates for regression
dilution.25:26 To assess the linearity in the associations of circulating liver function markers
with CRC risk, we performed restricted cubic spline analysis with four knots and calculated
the likelihood ratio test by comparing the model with only the linear term of these markers
to the model with both the linear and the cubic spline terms.

We performed subgroup analyses according to anatomical subsite (proximal colon, distal
colon and rectal cancer) and age of onset (early- [<50 years], mid- [50-60], and late- [=60]
onset CRC). To test whether the exposure-disease association differs among CRC subtypes,
we calculated the P for heterogeneity across subtypes using the contrast test method based
on a fully unconstrained approach in which the covariates’ effects are allowed to vary
according to subtypes. The method was developed in the competing risks framework using
cause-specific proportional hazards model.2”

We also conducted stratified analyses according to age at recruitment, sex, BMI, smoking
status and alcohol consumption. We calculated the Pfor interaction using the likelihood ratio
test for the product terms between the stratified variables (categorical) and circulating levels
of liver function markers (continuous).

Sensitivity analyses were performed after excluding the first 2 years of follow-up, excluding
participants with abnormally low or high biomarker levels, and excluding participants with
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certain comorbidities at recruitment, including inflammatory bowel disease (IBD), hepatitis
and other liver disease and hepatobiliary disease, cardiovascular disease and diabetes. To
assess the influence of residual confounding, we conducted a sensitivity analysis by
adjusting for additional lifestyle factors, including raw and cooked vegetable intake, fresh
and dried fruit intake, frequency of poultry consumption, coffee intake, vitamin
supplements, and mineral and other dietary supplements.

SAS 9.4 was used for all analyses (SAS Institute, Cary, NC). All statistical tests were two-
sided, and P < .05 was defined as statistically significant. All authors had access to the study
data, reviewed and approved the final manuscript.

RESULTS

After a median follow-up of 10.0 years, we documented 2662 cases of CRC (1535 in men
and 1127 in women) with a mean age of 61 (SD, 7) years (Table 1). Compared to those
without incident CRC, participants with incident CRC were older and taller; had higher BMI
and less physical activity; were more likely to smoke and consume red meat; and were less
likely to have college / university education and CRC screening and use aspirin (Table 1).
Circulating levels of liver function markers were largely within the normal range for
participants with and without CRC, and the percentage of participants with normal levels
was higher than 85% for all biomarkers (Supplementary Table 1). The biomarkers were
weakly correlated with each other, except for ALT and AST (r=0.69) and ALT and GGT (r
= 0.58) (Table 2).

Circulating levels of ALT, AST, TBIL, GGT, TP and ALB were inversely associated with
CRC risk (P< .01 for all markers). The multivariable HR (95% CI) comparing participants
in decile 10 vs 1 was 0.62 (0.51-0.75) for ALT, 0.63 (0.53-0.75) for AST, 0.85 (0.72-1.02)
for TBIL, 0.74 (0.61-0.89) for GGT, 0.70 (0.59-0.84) for TP and 0.66 (0.55-0.79) for ALB
(Table 3). The restricted cubic spline analysis showed a statistically significant nonlinearity
for the relationship of ALT, AST, TBIL and GGT with CRC risk (2~ for nonlinearity<.05)
(Figure 1). The HR decreased at a lower rate at approximately 20 U/L for ALT and reached
a plateau at approximately 30 U/L for AST, 10 pmol/L for TBIL and 30 U/L for GGT
(Figure 1).

The reproducibility (ICCs) of circulating liver function markers measured over a median of
4.4 years apart ranged between 0.48 and 0.75 (Supplementary Table 2). Recalibration for
ICCs led to a stronger multivariable association between these biomarkers and CRC risk
(Table 3).

When CRC cases were classified by anatomical subsites, we observed a stronger association
between circulating liver function markers and risk of proximal colon cancer than distal
colon cancer and rectal cancer. The HRs for ALT, AST, TBIL, GGT, TP and ALB were the
lowest for proximal colon cancer in most cases (Table 4).

No difference was found for CRC diagnosed at different age (# heterogeneity for early-,
mid- and late-onset CRC >0.05) (Supplementary Table 3). The associations also appeared
consistent across strata of demographic and lifestyle factors, except that ALB was inversely
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associated with CRC risk among never/former smokers only (2 for interaction = .01)
(Supplementary Table 4).

Sensitivity analyses showed robust relationships after excluding the first 2 years of follow-
up, except that the inverse association between TBIL and CRC risk was attenuated to null.
The results did not essentially change after excluding participants with abnormally low or
high biomarker levels or participants with baseline IBD, hepatitis and other liver/
hepatobiliary disease, cardiovascular disease or diabetes. The study findings were robust to
adjustment for additional lifestyle factors (Supplementary Table 5).

DISCUSSION

In a large prospective cohort of the general population, circulating liver function markers
(ALT, AST, GGT, TP and ALB) demonstrated an inverse association with CRC risk, with
persistent associations observed after adjustment for conventional CRC risk factors and CRP.
In secondary analyses, the inverse associations appeared to be stronger for proximal colon
cancer than distal colon and rectal cancers. To the best of our knowledge, the current study
represents the first comprehensive effort to assess liver function in relation to CRC risk. Our
findings provide novel evidence that higher circulating levels of liver function markers
within the normal ranges could be associated with a lower risk of CRC.

No clinical significance has yet been recognized for individuals with relatively low levels of
circulating liver function markers within the normal range. Specifically, clinical practice
guidelines recommend further workup when patients have elevated liver enzymes, elevated
TBIL or reduced ALB, but there are no recommendations for individuals with low levels of
liver enzymes and TBIL within or below the normal ranges or those with normal or
abnormally high ALB or TP.9 In generally healthy individuals, lower levels of circulating
liver function markers may reflect reduced functionality of the liver,28:29 as indicated by
reduced liver size and cell turnover, leading to reduced synthetic and metabolic capacity and
greater susceptibility to toxins.3% Our findings indicate that such reduction in the
functionality of the liver, associated with lower levels of circulating liver function markers,
could be associated with higher CRC risk, providing further evidence for the link between
the liver and gut health.

We demonstrated that the liver function and CRC link might be particularly relevant to
proximal colon cancer, consistent with previous evidence that the gut-microbiota-liver axis
may be of particular importance to cancer development in the proximal colon.2921 This may
be explained by the higher concentrations of liver-derived metabolites (eg, bile acids,
bilirubin) in the proximal colon due to enterohepatic cycling as well as the higher microbial
abundance in the proximal colon.3132 Bile acids play a role in the gut homeostasis and host
defense by affecting the abundance and composition of the gut microbiota,33 through direct
or indirect antimicrobial effects via activation of the innate immunity against enterotoxigenic
and potentially carcinogenic bacteria (eg, Fusobacterium nucleatum, Escherichia coli).*3435
Oxidative stress and inflammation are considered as major contributing factors to
carcinogenesis. Bilirubin is deconjugated by bacterial and mucosal actions in the ileum and
may be antioxidative and anti-inflammatory.36:37 Another link between the liver and gut is
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the molecules (eg, proteins, liver function enzymes and amino acids) excreted from the liver
into the systemic circulation. Among them, ALB is an antioxidant, protects the
gastrointestinal mucosa,1938 and has immunomodulatory and anti-inflammatory capacity by
binding bacterial products.3® ALT, AST and GGT have antioxidative properties,0-42
contribute to amino acids balance,%7 and ALT may have bacteriocidal activity for
lipopolysaccharide-containing bacteria such as Escherichia coli*® Inadequate liver
functionality could lead to disturbances in the gut homeostasis and thus increase CRC risk.

For the first time, we demonstrated that lower levels of ALT or AST within or below the
normal range were associated with higher CRC risk. An inverse association of ALT with risk
of overall cancerl? or mortality has been reported in prior studies.3%4445 The EPIC-
Heidelberg case-cohort study, the only existing study that examined AST in relation to CRC
risk, reported no associations.1! However, the EPIC-Heidelberg study had a small number of
CRC (n = 256) and the participants had much higher levels of liver enzymes than ours,
which may have explained the null findings, based on our observation that the inverse
association between liver function markers and CRC weakened at the higher end of the
biomarker levels.

As for GGT, previous studies reported inconsistent but mostly positive associations with
overall cancer risk,11-1446:47 and some also reported a positive association with CRC risk in
men,12 in current alcohol drinkers'3 and for colon cancer.14 However, participants in those
studies had much higher levels of GGT and most observed a higher disease risk in the
highest category only. Abnormally elevated liver enzymes primarily reflect liver injury due
to viral hepatitis, other liver diseases, hepatobiliary diseases, alcohol consumption and
metabolic disorders.%48-50 Alcohol consumption and obesity are known CRC risk factors,
and liver or hepatobiliary diseases had also been linked to higher CRC risk.321 In our study,
the findings could be considered as robust to adjustment for known CRC risk factors and
exclusion of participants with liver, hepatobiliary or metabolic disorders.

For TBIL, its inverse association with CRC risk was substantially attenuated after excluding
the first 2 years of follow-up. This finding was in line with the evidence that CRC and other
cancers may cause hyperbilirubinemia as a result of liver metastasis, biliary obstruction, and
chemotherapy-induced hepatotoxicity.?! The inverse association of ALB with CRC risk was
generally consistent with prior findings of its inverse association with cancer or colon cancer
risk,17:19 borderline association with CRC risk,18 as well as the beneficial association with
cancer mortality.52 As for circulating TP, it is composed of ALB and globulin. Both our and
previous studies indicated that the inverse association between TP and CRC risk was largely
due to ALB, while globin was not associated with CRC risk.1°

The major strengths of our study include the prospective design and large sample size in the
UK Biobank that enabled detailed examination of the dose-response relationship of various
liver function markers with risk of overall and subsite-specific CRC. Moreover, biomarkers
were all measured in the same laboratory using the same protocol, minimizing any potential
measurement error. In addition, the repeated measurements in a subsample allowed us to
assess the reproducibility and correct for dilution bias using the method developed to
address “regression dilution” that generally tends to underestimate the real associations of
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disease rates with the “usual” levels of risk factors by using a single baseline measurement.
26 Finally, we rigorously adjusted for a variety of conventional CRC risk factors and CRP
levels. Our study also has some limitations. First, we lacked data on direct measurements of
liver size/volume to assess their role in the relationship of liver function markers with CRC.
Second, repeated biomarker assessments were limited to a small subset of participants,
thereby precluding evaluation of the longitudinal change in biomarkers in relation to CRC.
Third, as an observational study, residual confounding cannot be ruled out. Fourth, blood
samples were collected from all participants at recruitment, minimizing the selection bias;
however, 25% of the participants were excluded, among whom 15% were excluded due to
missing assay results on liver function markers and the other 10% were excluded due to
prevalent cancer at recruitment, withdrawal of consent, or outliers in biomarker
measurements. Finally, the study participants were derived from the general population and
had largely normal levels of liver function markers. Therefore, we were unable to assess the
associations of much abnormal levels of markers with CRC risk.

In conclusion, higher levels of circulating liver function markers (ALT, AST, GGT, TP and
ALB) were associated with a lower risk of CRC in a large cohort of the general population,
the UK Biobank, with the greatest associations observed in the proximal colon. Whether
lower levels of circulating liver function markers are causal or contributory to CRC risk, the
findings support a link between liver function and CRC, and may spur future research on the
gut-microbiota-liver axis contributing to liver function-CRC risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

ALB albumin

ALP alkaline phosphatase

ALT alanine transaminase

AST aspartate transaminase

Cl confidence interval

CRC colorectal cancer

GGT gamma glutamyltransferase

HR hazard ratio

NHS National Health Service

TBIL total bilirubin

TP total protein
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What’s new?

Recent studies have reported a possible relationship between circulating liver metabolites
and colorectal cancer (CRC) risk, but nothing has been proven conclusively. Here, the
authors examined the relationship between various circulating liver function markers and
CRC risk, using data from the UK Biobank. Over 10 years of follow up, they documented
2,662 cases of CRC. They tested levels of 7 different circulating liver function markers.
For 6 of the markers, higher circulating levels corresponded to a lower risk of CRC. The
work may prompt future investigations into the gut-microbiota-liver axis.
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P overall significance <.001
P non-linear <.001
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Hazard ratios (95% confidence intervals) of colorectal cancer associated with circulating
levels of liver function markers and the smoothed histograms of liver function markers in the
UK Biobank. The cloud represents the 95% confidence intervals of the hazard ratio. The
distribution curve beneath represents the smoothed histograms of circulating liver function
markers. Hazard ratios were estimated from multivariable Cox regression model adjusted for
sex, race (white, non-white, unknown), fasting status, age at recruitment, Townsend
deprivation index (continuous), waist circumference/hip circumference (continuous), height
(continuous), body mass index (continuous), C-reactive protein (continuous), total physical
activity (quintile), alcohol status and consumption frequency (never, former, current—
special occasions only, current—1-3 times per month, current—1-2 times per week, current
—3-4 times per week, current—daily/almost daily, unknown), smoking status and intensity
(never, former, current—<15 per day, current—=15 per day, current—intensity unknown,
unknown), frequency of red and processed meat consumption (never, <1, =1, 2-4, 5-6, =7
occasions per week, unknown), frequency of oily fish consumption (never, <1, =1, 2-4, 5-6,
>7 occasions per week, unknown), family history of cancer (no, yes, unknown), educational
level (college/university degree, non-college/university degree, unknown), regular aspirin
use (no, yes, unknown), bowel cancer screening (no, yes, unknown) and overall health
ranking (excellent, good, fair, poor, unknown). Nonlinearity was modeled by cubic
regression splines with 4 knots. ALB, albumin; ALP, alkaline phosphatase; ALT, alanine
transaminase; AST, aspartate transaminase; Cl, confidence interval; CRC, colorectal cancer;
GGT, gamma glutamyltransferase; HR, hazard ratio; TBIL, total bilirubin; TP, total protein
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