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ABSTRACT 1 

Purpose: The incidence of hepatocellular carcinoma 2 

(HCC) in the United Kingdom has increased 60% in 3 

the past 10 years. The epidemics of obesity and type 4 

2 diabetes are contributing factors. In this article, we 5 

examine the impact of diabetes and glucose-lowering 6 

treatments on HCC incidence and overall survival 7 

(OS). 8 

Methods: Data from 1064 patients diagnosed 9 

with chronic liver disease (CLD) (n = 340) or HCC 10 

(n = 724) were collected from 2007 to 2012. Patients 11 

with HCC were followed up prospectively. Univariate 12 

and multivariate logistic regression determined HCC 13 

risk factors. Kaplan-Meier curves were used to examine 14 

survival and Cox proportional hazards analysis 15 

estimated hazard ratios (HRs) for death according to 16 

use of glucose-lowering therapies. 17 

Findings: Diabetes prevalence was 39.6% and 18 

10.6% within the HCC and CLD cohorts, respectively. 19 

The odds ratio for having HCC in patients with 20 

diabetes was 5.55 ( P < 0.001). Univariate analysis 21 

found an increased association of HCC with age, sex, 22 

cirrhosis, hemochromatosis, alcohol abuse, diabetes, 23 

and Child’s Pugh score. In multivariate analysis age, 24 

sex, cirrhosis, Child’s Pugh score, diabetes status, and 25 

insulin use retained significance. Diabetes status did 26 

not significantly affect OS in HCC; however, in people 27 

with diabetes and HCC, metformin treatment was 28 

associated with improved OS (mean survival, 31 vs 24 29 

months; P = .016; HR for death = 0.75; P = 0.032). 30 

Implications: Diabetes is significantly associated 31 

with HCC in the United Kingdom. Metformin 32 

treatment is associated with improved OS after 33 

HCC diagnosis. Treatment of diabetes should be 34 

appropriately reviewed in high-risk populations, with 35 

specific consideration of the potential hepatoprotective 36 

effects of metformin in HCC. ( Clin Ther. 2022;000:1– 37 

12.) © 2022 Elsevier Inc. 38 

Key words: diabetes, hepatocellular carcinoma, 39 

insulin, metformin. 40 

41 

INTRODUCTION 42 

Type 2 diabetes (T2D) is associated with an increased 43 

risk of death from liver disease and hepatocellular 44 

carcinoma (HCC),1 in addition to extrahepatic ma- 45 

lignant tumors of the gastrointestinal tract, pancreas, 46 
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breast, ovaries, endometrium, uterus, bladder, and 47 

kidneys.1 , 2 Common lifestyle risk factors, including 48 

increasing age, obesity, physical inactivity, and smok- 49 

ing, likely contribute to the overall increased cancer 50 

risk in patients with T2D. Although the mechanistic 51 

process that links diabetes to cancer is not yet 52 

completely appreciated, such biological mechanisms 53 

as hyperglycemia, hyperinsulinemia/insulin resistance, 54 

increased bioactivity of insulin-like growth factor 1, 55 

oxidative stress, dysregulation of sex hormones, and 56 

chronic inflammation may drive the association.3 57 

HCC is one of the malignant tumors whose 58 

incidence and mortality are most rapidly increasing 59 

in the general population and patients with T2D. In 60 

the United Kingdom, the age-standardized incidence 61 

rates for liver cancer have increased by 60%, and 62 

mortality rates have increased by almost half during 63 

the past decade.4 The magnitude of the risk varies 64 

among studies but is consistently higher (odds ratio 65 

[OR] = 2–3) than age- and body mass index (BMI)–66 

matched controls without T2D.5 , 6 The risk of HCC 67 

appears to be related to T2D disease duration, with 68 

the greatest risk being in those who have had diabetes 69 

for > 10 years.7 The development of HCC in patients 70 

with T2D may also be related to a background 71 

of nonalcoholic fatty liver disease (NAFLD), often 72 

complicated by overweight/obesity. NAFLD leads to 73 

an increased risk of HCC even in the absence of 74 

cirrhosis, and a greater proportion of individuals with 75 

NAFLD have components of the metabolic syndrome.8 76 

There is also evidence that people with T2D are more 77 

likely to develop cirrhosis in the context of NAFLD,8 , 9 78 

putting them at higher risk of HCC. The risk of HCC 79 

in T2D is likely dependent on its interaction with 80 

obesity/BMI and may synergistically increase the risk 81 

of HCC in patients already at higher background risk 82 

of HCC, such as those with preexisting chronic liver 83 

disease (CLD).10 In a study of > 135,000 patients with 84 

NAFLD from 4 European primary care databases, the 85 

strongest independent predictor of a diagnosis of HCC 86 

or cirrhosis was a baseline diagnosis of diabetes.11 87 

In addition to its association with a higher incidence 88 

of cancer and HCC, T2D also adversely affects the 89 

outcome associated with increased cancer mortality.12 90 

There is increasing evidence that certain glucose- 91 

lowering therapies may modify cancer risk and 92 

outcomes. A recent meta-analysis suggests that treat- 93 

ment with metformin may be associated with a 94 

lower risk of HCC and may beneficially influence 95 

HCC prognosis, whereas treatment with insulin or 96 

sulfonylureas appears to be associated with a higher 97 

HCC risk.13 , 14 There is similar evidence of a reduction 98 

in the incidence of liver cancer with thiazolidinediones, 99 

with more potent protective effects occurring with 100 

a higher cumulative dose and longer duration of 101 

treatment.15 , 16 Metformin particularly appears to have 102 

antineoplastic and tumor-suppressing activity for a 103 

number of tumor types and thus appears to have 104 

a chemopreventive and chemotherapeutic effect.17 105 

Newer therapies, such as sodium-glucose cotransporter 106 

2 (SGLT2) inhibitors and glucagon-like peptide (GLP)- 107 

1 receptor agonists, have only been licensed and used 108 

in the last few years so their longer-term effects of 109 

hepatocarcinogenesis in people are not yet known. The 110 

aims of this study were to determine whether, and to 111 

what extent, diabetes represents a risk factor for HCC, 112 

to assess the impact of concomitant diabetes on overall 113 

survival from HCC, and to examine the influence of 114 

various glucose-lowering therapies on HCC survival. 115 

PARTICIPANTS AND METHODS 116 

Data Collection 117 

Data were collected as part of a larger biomarker 118 

study. The study received approval by the South 119 

Birmingham Research Ethics Committee (Reference 120 

06/Q2707/182). We conducted a single-institution 121 

study at University Hospital Birmingham, a regional 122 

referral center within the United Kingdom. Data 123 

were collected from patients seen with a diagnosis 124 

of CLD (defined as NAFLD, alcohol-related liver 125 

disease, chronic hepatitis B virus [HBV] or chronic 126 

hepatitis C virus [HCV], genetic hemochromatosis, 127 

autoimmune hepatitis, primary biliary cholangitis, 128 

primary sclerosing cholangitis, or another cause of 129 

metabolic liver disease) or HCC from January 2007 to 130 

March 2012. Patients with a diagnosis of HCC were 131 

followed up prospectively to the end of the study. 132 

Demographic, Biochemical, and Clinical Data 133 

We collected data on demographic characteristics 134 

(age, sex, and ethnicity), liver biochemistry (liver 135 

enzymes and markers of liver synthetic function and 136 

serum α-fetoprotein), risk factors for HCC and CLD, 137 

including diabetes, severity of liver disease (Child’s 138 

Pugh classification), HCC stage, treatment received, 139 

and survival. A diagnosis of cirrhosis was made using 140 

histologic analysis or imaging or via the presence of 141 

features of decompensation or portal hypertension. 142 
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HBV and HCV infections were defined by the presence 143 

of hepatitis B surface antigen or anti-HCV, respectively. 144 

Alcohol abuse was defined as drinking > 20 g/d of 145 

alcohol for women or > 30 g/d of alcohol for men. HCC 146 

was diagnosed by imaging (computed tomography 147 

or magnetic resonance imaging) or lesional liver 148 

biopsy with histopathologic confirmation. All cases 149 

were reviewed in a specialist regional liver unit by 150 

experienced radiologists and histopathologists as part 151 

of a weekly multidisciplinary meeting. 152 

Diabetes and Glucose-Lowering Therapies 153 

A diagnosis of diabetes was taken from the patient’s 154 

medical records and, where relevant, details of glucose- 155 

lowering therapy (oral agents and subcutaneous 156 

insulin) were recorded. Unfortunately, we did not 157 

have access to data to allow differentiation between 158 

type 1 and type 2 diabetes. Treatment of diabetes 159 

was analyzed by reviewing all drugs taken within the 160 

course of the patients’ disease to determine whether 161 

treatment had been administered and at what time 162 

point. For patients to be categorized as users, they 163 

were required to have been taking the drug for at 164 

least 6 months. Patients were categorized according 165 

to the different types of antidiabetes treatment: (1) 166 

metformin, (2) sulfonylureas, or (3) insulin. The study 167 

was conducted before the use of more contemporary 168 

glucose-lowering therapies, such as SGLT2 inhibitors 169 

and GLP-1 receptor agonists. 170 

Statistical Analysis 171 

The Mann-Whitney U test and χ2 test were used to 172 

compare continuous and categorical data, respectively. 173 

Univariate and multivariate analyses were performed 174 

using logistic regression to determine factors associated 175 

with HCC using the CLD group as controls. Kaplan- 176 

Meier analysis was used to compare survival for 177 

patients with and without diabetes, in addition to dif- 178 

ferent diabetic treatments. Cox proportional hazards 179 

analysis was used to estimate the hazard ratio (HR) 180 

for death for patients with HCC receiving different 181 

glucose-lowering treatments. Propensity score analysis 182 

was used to examine the impact of demographic 183 

characteristics, liver disease severity, and performance 184 

status on this relationship. 185 

RESULTS 186 

Demographic Details and Comorbidities 187 

Overall Population 188 

The cohort consisted of 1064 individuals (724 with 189 

HCC and 340 CLD controls). The study flowchart is 190 

shown in Figure 1 . The mean (SD) age of all patients 191 

within this study was 60.1 (14) years. The patient 192 

population was of mixed ethnicity: 79% of patients 193 

were White, 12% Asian Indian, 3% Afro Caribbean, 194 

3% Asian Oriental, and 4% other ethnic origin. 195 

Comparison of Patients With HCC and CLD 196 

(Controls) 197 

Table 1 summarizes the baseline characteristics of 198 

patients with HCC compared with CLD controls . 199 

Patients with HCC were a mean of 11 years older 200 

than those with CLD (63.6 [12.7] vs 52.8 [13.7] years). 201 

Most participants were male (81% in the HCC cohort 202 

and 63% in the CLD control group). A number of 203 

comorbid diseases were present within both groups 204 

because of the nature of the population selection. HBV 205 

infection was present in 14% and 20%, HCV infection 206 

in 24% and 33%, alcohol-related liver disease in 37% 207 

and 28%, and NAFLD in 8% and 10% of the HCC 208 

group and CLD controls, respectively. In total, 71% 209 

and 47% of patients with HCC and CLD controls, 210 

respectively, had a diagnosis of cirrhosis. There was 211 

a significant difference in the disease prevalence of 212 

diabetes between the HCC cohort and the CLD 213 

controls (39% vs 11%; P < 0.001). 214 

Comparison of Patients With and Without Diabetes 215 

Table 2 summarizes the baseline characteristics of 216 

patients with and without diabetes. For the HCC and 217 

CLD groups combined, patients with diabetes were a 218 

mean of 9 years older (66.1 [9.7] vs 57 [14.7] years) 219 

than those without diabetes, with a similar sex distribu- 220 

tion between the 2 groups (81% and 72% male in those 221 

with vs without diabetes). Ethnicity distribution was 222 

also comparable. Comorbidities differed in distribution 223 

within the 2 groups. HBV was seen in 9% and 19%, 224 

HCV in 19% and 30%, hemochromatosis in 7% and 225 

2%, primary biliary cholangitis in 2% and 6%, and 226 

NAFLD in 18% and 5% of patients with and without 227 

diabetes, respectively (all P < 0.05); metabolic disease 228 

was found more commonly in people with diabetes, 229 

and viral hepatitis was found more commonly in people 230 

without diabetes. The frequency of alcohol abuse was 231 

similar between groups (35% and 34% in those with 232 
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Figure 1. Study flowchart. 

Table 1. Summary of baseline characteristics of patients with HCC compared with chronic liver disease controls. ∗

Characteristic HCC (n = 724) Control 
(n = 340) 

Total (N = 1064) Odds Ratio (95% 

CI) 
P Value 

Male sex 583 (80.5) 215 (63.2) 798 (75) 2.4 (1.7–3.2) < 0.05 

Age, mean (SD), y 63.6 (12.7) 52.8 (13.7) 60.1 (14.0) – < 0.05 

BMI, mean (SD), kg/m 

2 30.0 (5.0) 30.1 (5.1) 29.9 (5.0) – 0.871 

Ethnicity –
White 600 (82.9) 245 (72.1) 845 (79.4) < 0.05 

Asian Indian 74 (10.2) 50 (14.7) 124 (11.7) < 0.05 

Asian Oriental 13 (1.8) 11 (3.2) 24 (2.3) 0.113 

Afro Caribbean 17 (2.4) 15 (4.4) 32 (3.0) 0.086 

Other 20 (2.7) 19 (5.6) 39 (3.7) < 0.05 

Comorbidities 
Diabetes 287 (39.6) 36 (10.6) 323 (30.4) 5.6 (3.8–8.1) < 0.05 

HBV 100 (13.8) 69 (20.3) 169 (15.8) 0.63 (0.44–0.9) < 0.05 

HCV 173 (3.9) 111 (32.7) 284 (26.7) 0.65 (0.47–0.87) < 0.05 

Hemochromatosis 33 (4.6) 6 (1.8) 39 (3.7) 2.6 (1.1–7.9) < 0.05 

Primar y biliar y cholangitis 22 (3.0) 26 (19.4) 48 (4.5) 0.38 (0.2–0.72) < 0.05 

Alcohol abuse 270 (37.3) 96 (28.2) 366 (34.4) 1.6 (1.2–2.1) < 0.05 

NAFLD 61 (8) 33 (9.7) 94 (9) 0.86 (0.54–1.4) 0.568 

Cirrhosis 512 (70.7) 161 (47.4) 673 (63.3) 2.7 (2.04–3.5) < 0.05 

Liver parameters 
AFP, mean (SD) 20,161 

(229,987) 
5.0 (8.1) 13,482 

(188,253) 
– 0.107 

AST, mean (SD) 75.7 (65.3) 51 (46.9) 67.7 (61.0) – < 0.05 

Child’s Pugh score –
A 438 (60.5) 289 (85.0) 727 (68.3) < 0.05 

B 126 (17.4) 40 (11.8) 166 (15.6) < 0.05 

C 25 (3.5) 4 (1.2) 29 (2.7) < 0.05 

D 0 0 – –
Unknown 135 (18.7) 7 (2.1) 142 (13.4) < 0.05 

AFP = α-fetoprotein; AST = aspartate aminotr ansfer ase; BMI = body mass index; HBV = hepatitis B virus; Q3 

HCC = hepatocellular carcinoma; HCV = hepatitis C virus; NAFLD = nonalcoholic fatty liver disease. 
∗ Data are presented as number (percentage) of participants unless otherwise indicated. 
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Table 2. Summary of baseline characteristics of patients with and without diabetes. ∗

Characteristic Diabetes 
(n = 323) 

No Diabetes 
(n = 741) 

Total 
(N = 1064) 

Odds Ratio 

(95% CI) 
P Value 

HCC 287 (88.9) 437 (59.0) 724 (68.1) – < 0.05 

Male sex 263 (81.4) 535 (72.2) 798 (75) 1.7 (1.2 -2.4) < 0.05 

Age, mean (SD), y 66.1 (9.7) 57 (14.7) 60.1 (14.0) – < 0.05 

Ethnicity –
White 262 (81) 583 (78) 845 (79.4) 0.422 

Asian Indian 44 (13) 80 (11) 124 (11.7) 0.221 

Asian Oriental 5 (2) 19 (3) 24 (2.3) 0.366 

Afro Caribbean 4 (1) 28 (4) 32 (3.0) < 0.05 

Other 8 (3) 31 (4) 39 (3.7) 0.20 

Comorbidities 
HBV 30 (9) 139 (19) 169 (15.9) 0.44 (0.28–0.68) < 0.05 

HCV 62 (19) 222 (30) 284 (26.7) 0.56 (0.40–0.77) < 0.05 

Hemochromatosis 21 (7) 18 (2) 39 (3.7) 2.8 (1.4–5.6) < 0.05 

Primar y biliar y cholangitis 5 (2) 43 (6) 48 (4.5) 0.26 (0.08–0.65) < 0.05 

Alcohol abuse 112 (35) 254 (34) 366 (34.4) 1.0 (0.76–1.34) 0.944 

NAFLD 59 (18) 35 (5) 94 (8.8) 4.5 (2.8–7.2) < 0.05 

Cirrhosis 225 (70) 448 (61) 673 (63.3) 1.5 (1.1–2.0) < 0.05 

Liver parameters 
AFP, mean (SD) 9179 (52,239) 15,327 (222,433) 13,482 (188,253) – 0.632 

AST, mean (SD) 63.6 (53.9) 69.4 (63.8) 67.7 (61.0) – 0.151 

Child’s Pugh Score –
A 225 (70) 502 (68) 72 (68.3) 0.56 

B 46 (14) 120 (16) 166 (15.6) 0.462 

C 4 (1) 25 (3) 29 (2.7) 0.058 

D 0 0 –
Unknown 48 (15) 94 (13) 142 (13.4) 0.374 

AFP = α-fetoprotein; AST = aspartate aminotr ansfer ase; BMI = body mass index; HBV = hepatitis B virus; Q4 

HCC = hepatocellular carcinoma; HCV = hepatitis C virus; NAFLD = nonalcoholic fatty liver disease. 
∗Data are presented as number (percentage) of participants unless otherwise indicated. 

and without diabetes, respectively). The prevalence of 233 

cirrhosis was higher in people with diabetes (70% vs 234 

61% in those with vs without diabetes; P < 0.05). 235 

Glucose-Lowering Therapies in Patients With 236 

Diabetes 237 

Some patients were treated with lifestyle interven- 238 

tion only (diet and exercise). Metformin was the 239 

most commonly prescribed drug in 53%, subcutaneous 240 

insulin in 39%, and sulfonylureas in 36% of all 241 

patients. No significant differences were found in the 242 

diabetes therapies used between group, including the 243 

prescription of insulin (41% of the HCC group vs 244 

25% of CLD controls; P = 0.069) ( Table 3 ). The use 245 

of lifestyle intervention alone, however, was more 246 

common in patients with HCC compared with CLD 247 

controls (30% vs 14%; P = 0.046). 248 

Factors Associated With the Incidence of HCC: 249 

Case-Control Data 250 

Demographic and Clinical Risk Factors 251 

Patients with HCC and CLD controls were subjected 252 

to univariate analysis on factors known to increase the 253 

risk of HCC. The presence of diabetes produced an OR 254 
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Table 3. Summary of treatment for patients with diabetes with and without HCC. 

Treatment No. (%) of Patients P Value 

Diabetes With HCC (n = 287) Diabetes Without HCC (n = 36) Total (N = 323) 

Diet 86 (30) 5 (14) 91 (28.2) 0.046 

Metformin 148 (52) 23 (64) 171 (52.9) 0.218 

Thiazolidinedione 17 (6) 1 (2.8) 1 (5.6) 0.501 

DPP4 inhibitor 5 (1.7) 2 (5.6) 7 (2.2) 0.181 

Sulfonylureas 105 (37) 12 (33) 117 (36.2) 0.722 

Insulin 11 (41) 9 (25) 126 (39.0) 0.069 

DPP4 = dipeptidyl-peptidase 4; HCC = hepatocellular carcinoma. 

Table 4. Odds ratios for incident HCC according to demographic, lifestyle and clinical risk factors. 

Variable Odds Ratio (95% CI) P Value 

Univariate Analysis 
Age 1.08 (1.06–1.09 < 0.001 

Sex 2.40 (1.80–3.20) < 0.001 

Alcohol abuse 1.55 (1.17–2.05) 0.002 

Diabetes 5.55 (3.81–8.08) < 0.001 

Hemochromatosis 2.70 (1.12–6.50) 0.027 

Cirrhosis 2.69 (2.06–3.51) < 0.001 

Child’s Pugh score 1.37 (1.24–1.51) < 0.001 

Multivariate Logistic Regression 

Age 1.06 (1.04–1.07) < 0.001 

Sex 2.66 (1.86–3.78) < 0.001 

Cirrhosis 1.92 (1.39–2.65) < 0.001 

Child’s Pugh score 1.49 (1.32–1.69) < 0.001 

Diabetes 1.78 (1.03–3.06) 0.038 

Insulin use 3.74 (1.52–9.21) 0.004 

of 5.55 (95% CI, 3.81–8.08; P < 0.001). Other factors 255 

with ORs reaching significance included age, sex, 256 

cirrhosis, hemochromatosis, alcohol abuse, and Child’s 257 

Pugh score ( Table 4 ). NAFLD was not significantly 258 

associated with HCC risk (OR = 0.86; 95% CI, 0.55–259 

1.34). Multivariate logistic regression was performed 260 

to identify whether the role of diabetes in HCC retained 261 

independence when additional variables were added 262 

to the model. All factors that had significance within 263 

univariate analysis were added to the model. Factors 264 

that maintained significance were age, sex, cirrhosis, 265 

Child’s Pugh score, diabetes, and insulin ( Table 4 ). 266 

Effects of Glucose-Lowering Therapies on the 267 

Presence of HCC 268 

Univariate analysis was also performed to examine 269 

the relationship between treatment of diabetes and 270 

HCC. In univariate analysis, all treatments had an 271 

increased OR for the presence of HCC. However, when 272 

adjusted for diabetes, only insulin and diet retained 273 

an increased OR to a significant level ( P < 0.05) 274 

( Table 5 ). Multivariate analysis allowed adjustment for 275 

the effects of all diabetic treatments within the same 276 

model, along with the presence of diabetes itself. When 277 

the model contained either diet or insulin alongside 278 
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Table 5. Odds ratios for incident hepatocellular carcinoma according to diabetic treatment. 

Treatment Odds Ratio (95% CI) P Value 

Univariate Analysis 
Diet 9.53 (3.83–23.71) < 0.001 

Diet adjusted for diabetes 3.04 (1.14–8.14) 0.027 

Metformin 3.77 (2.4–6.0) < 0.001 

Metformin adjusted for diabetes 0.65 (0.29–1.43) 0.282 

Sulfonylureas 4.97 (2.69–9.17) < 0.001 

Sulfonylureas adjusted for diabetes 1.45 (0.69–3.04) 0.329 

Insulin 7.5 (3.76–14.9) < 0.001 

Insulin adjusted for diabetes 2.52 (1.13–5.6) 0.023 

Multivariate Analysis Including Presence of Diabetes and All Major Treatment Options 
Diabetes 1.75 (0.68–4.52) 0.247 

Diet 5.52 (1.77–17.30) 0.003 

Metformin 0.83 (0.36–1.91) 0.655 

Sulfonylureas 2.32 (1.01–5.37) 0.049 

Insulin 4.04 (1.58–10.33) 0.004 

diabetes, the independent effect of the 2 factors 279 

entered into the model was maintained. However, 280 

when both insulin and diet were added together 281 

to the model, the significance of diabetes was lost 282 

( Table 5 ). 283 

Survival Analysis for Patients With HCC: Prospective 284 

Data 285 

The median follow-up time for people with HCC 286 

was 25 months (range, 0–139 months). Kaplan- 287 

Meier curve analysis found no difference in survival 288 

when comparing people with and without diabetes 289 

( P = 0.56) ( Figure 2 ). The percentage of patients with 290 

cirrhosis (71% in both groups) and features of hepatic 291 

decompensation at the time of HCC diagnosis was 292 

comparable between groups, as was the Barcelona 293 

Clinic Liver Cancer stage and broad treatment category 294 

(palliative or curative intent) (Supplemental Table I). 295 

The impact of glucose-lowering therapies on overall 296 

survival was also examined. Metformin was associated 297 

with a beneficial effect on survival, with a mean 298 

survival of 31 months versus 24 months for other 299 

glucose-lowering therapies ( P = 0.016) ( Figure 3 A). 300 

Metformin had a lower HR for death (HR = 0.75; 301 

95% CI, 0.57–0.98; P = 0.032) in contrast to other 302 

glucose-lowering therapies (insulin HR = 0.90; 95% 303 

CI, 0.69–1.19; P = 0.453; sulfonylureas HR = 0.81; 304 

95% CI, 0.60–1.09; P = 0.155). The survival benefit 305 

from metformin lost statistical significance, however, 306 

after a propensity score analysis that adjusted for 307 

Child’s Pugh score, performance status, tumor burden 308 

(solitary or multifocal), age, and sex (HR = 0.80; 309 

95% CI, 0.61–1.04; P = 0.098). Although no other 310 

treatment option had a significant effect on survival 311 

( Figure 3 B and 3 C), metformin taken in combination 312 

with insulin was associated with an increase in survival 313 

time compared with those patients taking insulin alone; 314 

mean survival was 31.2 months in the combined 315 

group versus 21.4 months in the insulin alone group 316 

( P = 0.008) ( Figure 3 D). 317 

DISCUSSION 318 

Main Findings 319 

In this cohort of patients with HCC and a CLD con- 320 

trol group, we found a significant association between 321 

diabetes and HCC. The absence of any pharmacologic 322 

glucose-lowering therapy (ie, dietary management) 323 

was significantly associated with developing HCC, as 324 

was insulin use in a multivariate model, although 325 

we did not have the available data to analyze how 326 

this relates to glycemic control or diabetes duration. 327 

Metformin use was not associated with HCC incidence. 328 

In those individuals who developed HCC, treatment 329 

with metformin was associated with a longer overall 330 

survival: a > 30% prolongation in median survival time 331 

compared with other glucose-lowering therapies. The 332 
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Figure 2. Kaplan-Meier analysis found no survival difference for patients with hepatocellular carcinoma with or 
without diabetes ( P = 0.561, log-rank test). 
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Figure 3. Kaplan-Meier analysis of survival for patients with hepatocellular carcinoma (HCC) prescribed (A) 
metformin ( P = 0.016), (B) insulin ( P = nonsignificant), and (C) sulfonylureas ( P = nonsignificant) 
compared with other diabetic treatments and (D) patients with HCC prescribed insulin and metformin 

Q5 

combined compared with insulin alone ( P = 0.008). 

beneficial association of metformin use and survival 333 

lost statistical significance, however, after propensity 334 

score analysis. 335 

Comparison to the Existing Literature 336 

These findings support the substantial body of 337 

evidence that has identified diabetes as a significant risk 338 

factor for liver cancer.1 , 5–7 , 18 , 19 We did not, however, 339 

observe any difference in survival according to diabetes 340 

status among individuals with HCC in contrast with 341 

other major studies, and disease stages in terms of 342 

cirrhosis severity and Barcelona Clinic Liver Cancer 343 

staging were comparable between groups at the time 344 

of diagnosis.12 345 
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This study adds to our understanding of the 346 

influence of glucose-lowering therapies on the devel- 347 

opment of cancer, including HCC. Metformin was 348 

first found to be associated with reduced cancer 349 

risk in people with diabetes in 2005, with the 350 

adjusted OR reducing proportionately with increasing 351 

duration of exposure and cumulative dose dispensed.20 352 

Several meta-analyses have found an attenuated risk 353 

of developing liver cancer in metformin users of 354 

50% to 60%, although significant heterogeneity 355 

was observed.6 , 13 , 14 , 21 A nationwide study of nearly 356 

100,000 patients with HCC with matched controls 357 

found that each incremental year increase in metformin 358 

use resulted in a 7% reduction in HCC risk.22 359 

The preventive role of metformin against incident 360 

HCC has been contested, however, as is the case in 361 

this study.7 , 23–25 A meta-analysis identified that the 362 

protective effects observed for metformin use were 363 

not supported by randomized control trial data.23 364 

Furthermore, a retrospective cohort study of nearly 365 

96,000 people with T2D did not find that users 366 

of metformin benefited from protection against all 367 

cancers, including HCC, compared to those taking 368 

sulfonylureas.24 However, we observed a significant 369 

association between metformin use and improved 370 

survival from HCC, and these findings are consistent 371 

with the existing literature.26–28 In contrast, use of 372 

insulin and insulin secretagogues (eg, sulfonylureas) 373 

has been associated with an increased risk of 374 

liver cancer (and other cancers, including colorectal, 375 

lung, stomach, and pancreatic), consistent with the 376 

findings presented in this article.6 , 13 , 21 , 29 Whether these 377 

relationships are causal, influenced by the duration or 378 

severity of diabetes, or associated with obesity remains 379 

unclear. The relationship of the risk with glycemic 380 

control in T2D is also not fully understood, although 381 

1 study highlighted the additional risk observed in the 382 

group with poor metabolic control.30 383 

Despite having been used for nearly a century,31 384 

metformin is still recommended in all guidelines as first- 385 

line therapy for T2D.32 The mechanism of its glucose- 386 

lowering action may be mediated through its ability 387 

to activate the adenosine monophosphate–activated 388 

protein kinase (AMPK) in peripheral insulin-sensitive 389 

tissues, stimulating skeletal muscle glucose uptake 390 

and inhibiting hepatic gluconeogenesis. However, the 391 

upstream regulator of AMPK is liver kinase B1 392 

(LKB1), a tumor suppressor gene, and it appears 393 

that metformin can suppress tumor formation and 394 

inhibit cell growth by inhibiting the mechanistic target 395 

of rapamycin pathway through an LKB1-AMPK– 396 

dependent mechanism.33 This negative correlation 397 

between AMPK activity and proliferation of HCC 398 

(assessed with Ki-67 level, a proliferation marker, 399 

and tumor size) has been found in cell lines, rodent 400 

models, and clinical samples.34 The molecular pathway 401 

appears to involve phosphorylation and inactivation 402 

of Sirtuin1, the p53 deacetylase, promoting p53 403 

acetylation and apoptosis of HCC cells.35 404 

Of note, we found that the prevalence of HCV 405 

infection was lower in patients with diabetes (19%) 406 

than in those without (30%). This finding is not 407 

consistent with the literature, which has found that 408 

HCV can increase insulin resistance.36 409 

Importance of the Study 410 

The prevalence of liver disease is increasing 411 

markedly, with 4-fold increases in the UK standardized 412 

mortality rate since 1970.37 Although much of 413 

this overall mortality relates to excess alcohol, the 414 

exponential increase in the prevalence of overweight 415 

and obesity, and in parallel T2D, cannot be overlooked. 416 

With 63% of UK adults now classified as overweight 417 

or obese, NAFLD (ie, hepatic steatosis associated with 418 

obesity, T2D, and other components of the metabolic 419 

syndrome) is becoming increasingly common. NAFLD 420 

represents a disease spectrum that includes simple 421 

steatosis (fatty infiltration), nonalcoholic steatohepati- 422 

tis, fibrosis, and cirrhosis. In the next decade, NAFLD 423 

is predicted to become the primary cause of liver 424 

transplantation.38 It is estimated that 40% to 70% 425 

of people with T2D have NAFLD, a risk factor for 426 

HCC, so considering the current obesity/T2D epidemic, 427 

the high prevalence of NAFLD may partly explain 428 

the doubling of rates of HCC in the last few decades 429 

and their projected increase by 38% by 2035.39 The 430 

frequent coexistence of NAFLD and T2D likely also 431 

contributes to the higher incidence and risk of mortality 432 

from liver cancer and cirrhosis that is approximately 433 

2-fold higher in patients with T2D.40–43 Furthermore, 434 

additional risk factors may also be evident, with 435 

a synergistic effect. The risk of developing CLD, 436 

including cancer, is supraadditive when obesity and 437 

excess alcohol intake coexist,44 whereas T2D magnifies 438 

the risk of cirrhosis, liver cancer, and liver-related 439 

deaths for people with other causes of liver disease, 440 

including viral hepatitis.10 , 45 Increased recognition of 441 

the significant role of diabetes in the development of 442 
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end-stage liver disease and liver cancer is therefore a 443 

priority. 444 

Clinical Implications 445 

Clearly, the liver-related complications are signifi- 446 

cant in T2D, but because the absolute risk of HCC 447 

remains small, these complications are not currently 448 

screened for. There is no universally accepted algorithm 449 

to screen for NAFLD-related liver fibrosis in indi- 450 

viduals with obesity, metabolic syndrome, and T2D, 451 

with discordance among international guidelines.46–48 452 

The American Diabetes Association recommends that 453 

patients with T2D/prediabetes with elevated liver 454 

enzyme levels or fatty liver on ultrasonography 455 

should be evaluated for the presence of nonalcoholic 456 

steatohepatitis and liver fibrosis.49 Additional studies 457 

on the cost-effectiveness of case finding for liver fibrosis 458 

in this setting are required, which may provide a 459 

positive step forward in improving HCC screening in 460 

this higher risk cohort. Given the balance of evidence 461 

generally in favor of a chemopreventive role against 462 

HCC (and other malignant tumors) among patients 463 

with diabetes and improved survival, metformin should 464 

be continued in patients even with cirrhosis (excluding 465 

those with decompensation) to provide this benefit. 466 

Study Strengths and Limitations 467 

To the best of our knowledge, this is the first 468 

prospective UK study to look at diabetes as a risk 469 

factor for liver cancer survival and the first prospective 470 

UK study to examine the role of diabetic therapies on 471 

cancer risk and survival in the specific setting of HCC. 472 

A significant strength is that the data were collected 473 

prospectively with a 5-year follow-up. We acknowledge 474 

some limitations to the study, which are partly a 475 

reflection of the period in which the data were first 476 

collected. Most significantly we were unable to assess 477 

whether the relationships observed between diabetes 478 

and HCC were independent of body mass index and 479 

the presence of NAFLD because at the time of data 480 

collection only a few participants had body mass 481 

index data recorded and a significant proportion were 482 

noted as having an unknown cause of liver disease, 483 

many of which in hindsight probably had NAFLD. 484 

Unfortunately, we were unable to access this data 485 

retrospectively. Furthermore, data on glycemic control, 486 

specific diabetes subtype (most likely > 90% had T2D), 487 

and disease duration were also not available in most 488 

people with diabetes so we could not examine the im- 489 

pact of this on the observed effects of diabetes therapies 490 

on HCC incidence and survival. This limitation may 491 

be particularly pertinent to the relationship between 492 

insulin and HCC incidence because this relationship 493 

may be confounded by poorer glycemic control 494 

or longer disease duration. Similarly, for those not 495 

receiving any glucose-lowering treatment, this finding 496 

most likely reflected chronic poor/suboptimal glycemic 497 

control. The study was undertaken before widespread 498 

prescription and availability of more contemporary 499 

glucose-lowering therapies, such SGLT2 inhibitors and 500 

GLP-1 receptor agonists (that may also modulate liver 501 

steatosis with or without fibrosis); therefore, their 502 

impact on HCC could not be assessed. 503 

CONCLUSIONS 504 

We found a significant association between HCC and 505 

diabetes but highlight the significant improvement in 506 

overall survival in those people with HCC treated with 507 

metformin. These data highlight an emerging, but thus 508 

far frequently overlooked, epidemiologically significant 509 

complication of the diabetes and obesity pandemics. 510 

The study findings raise important questions about 511 

the value of closer screening for CLD, cirrhosis, and 512 

even HCC in people with diabetes and the potentially 513 

hepatoprotective effects of metformin. 514 
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