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Abstract

To determine whether chemotherapy treatment at least 6 months prior to the detection of hepatic 

steatosis is associated with advanced hepatic fibrosis. Demographics, comorbid conditions, and 

laboratory data for cancer patients with hepatic steatosis were reviewed. The primary end point of 

this study was a low probability of fibrosis as calculated by the AST-to-platelet ratio index (APRI)

—a surrogate for the absence of histologic bridging fibrosis and/or cirrhosis. Of 279 patients, 117 

(41.9 %) were treated with chemotherapy and 197 (66.3 %) had a low probability of fibrosis by 

APRI. A smaller proportion of patients treated with chemotherapy had a low probability of hepatic 

fibrosis compared with untreated patients (64.1 vs. 75.3 %, p = 0.04). On multivariable analysis, 

chemotherapy treatment was a negative predictive factor for a low probability of fibrosis (OR 

0.366 [95 % CI 0.184–0.708], p <0.01). Among chemotherapy-treated patients, 75 (64.1 %) had a 

low probability of fibrosis. There were no differences in chemotherapy duration (mean 7.8 vs. 7.5 

cycles) and interval from last dose to steatosis diagnosis (24.3 vs. 21.4 months) between patients 

with and without a low probability of fibrosis. A smaller proportion of patients treated with 

irinotecan or 5-fluorouracil had a low probability of fibrosis (37.3 vs. 66.7 %, p = 0.04). On 

multivariable analysis, irinotecan or 5-fluorouracil treatment was a negative predictive factor for 

low probability of fibrosis (OR 0.277 [95 % CI 0.091–0.779], p = 0.02). Prior chemotherapy 

treatment, especially with 5-fluorouracil or irinotecan, is a negative predictor for the absence of 

advanced hepatic fibrosis among patients with steatosis.
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Introduction

In parallel with dramatic survival benefits derived from chemotherapy, evaluation and 

management of chemotherapy-related side effects are at the forefront of cancer care. 

Chemotherapy-associated hepatotoxicity is most often reversible and has been well studied 

in settings of neoadjuvant or conversion treatment before subsequent liver resection for 

colorectal cancer liver metastases [1–4]. However, long-term, irreversible, chemotherapy-

associated hepatotoxicity has been reported after treatment with many agents [4–20]. 

Chemotherapy-associated liver toxicity (particularly that mediated by steatosis-related 

mechanisms) may be more common in the current era due to (1) improved patient survival 

for patients with malignancy, (2) increasing popularity of long-term “maintenance” therapy 

for the prevention of disease recurrence or progression, and (3) the rising prevalence of 

nonalcoholic fatty liver disease (NAFLD), the most common chronic liver disease in the 

USA with prevalence proportions of 20–46 % [21–23]. Deleterious effects of NAFLD 

include steatohepatitis and associated advanced hepatic fibrosis (e.g., bridging fibrosis and 

cirrhosis). Evolution of simple hepatic steatosis to these more adverse conditions is 
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dependent on a multitude of factors including visceral adiposity, aberrations in intestinal 

microbiota and/or gut bacterial translocation, and hepatic mitochondrial dysfunction [24, 

25]. In a “two-hit” model for progression [26, 27], hepatic insults (such as chemotherapy) 

[1, 28, 29] in the setting of metabolic derangements leading to steatosis may result in 

progression to steatohepatitis and associated advanced hepatic fibrosis.

The extent of liver injury among treated patients with persistent hepatic steatosis without 

cirrhosis detected on surveillance imaging is unclear. Routine imaging modalities, such as 

computed tomography, ultrasonography, and magnetic resonance imaging, will accurately 

diagnose advanced fibrosis only when features such as nodular hepatic parenchyma, caudate 

hypertrophy, widening of the umbilical fissure, and/or varices from portal hypertension are 

present [30]. Moreover, the long-term influence of chemotherapy on the evolution of fatty 

liver disease is not well understood. The purpose of this study was to determine whether 

chemotherapy treatment at least 6 months prior to the detection of hepatic steatosis is 

associated with advanced fibrosis. Among cancer patients with radiologic evidence of 

hepatic steatosis without cirrhosis, we hypothesize that the proportion of patients without 

histologic advanced hepatic fibrosis among those who have been off chemotherapy for at 

least 6 months prior to steatosis diagnosis is smaller compared with counterparts who have 

not been treated with chemotherapy.

Methods

Patient selection

After obtaining institutional review board approval, demographics, comorbid conditions, 

and laboratory data for patients with hepatic steatosis without evidence of cirrhosis on 

radiologic imaging as determined by board-certified abdominal radiologists at the University 

of Maryland Medical Center (UMMC) from January 2000 to April 2013 were reviewed. 

Patients were initially identified by searching all radiology reports for the words or phrases: 

“liver” or “hepatic” within ten words of “fat,” “fatty,” or “steatosis”; “fatty change”; 

“nonalcoholic”; and “steatohepatitis.” Each report was then reviewed to confirm the 

presence of hepatic steatosis, the absence of cirrhosis, and the presence of a solid tumor 

indication for radiologic imaging. Patients with prior chemotherapy treatment were only 

included in this study if the last dose of chemotherapy was at least 6 months prior to the date 

of the radiologic imaging which detected hepatic steatosis. Several exclusion criteria were 

then employed to arrive at the study cohort. These criteria included (1) the presence of other 

chronic diseases of the underlying liver, such as hepatitis B or C viral infection, primary 

sclerosing cholangitis, auto-immune hepatitis, and Wilson’s disease (as noted by 

documented diagnoses in the medical record, histopathology, and/or serology); (2) diagnosis 

of cirrhosis based on radiologic imaging; (3) alcohol consumption of greater than 21 or 14 

drinks per week for men and women, respectively, (per the American Association for the 

Study of Liver Diseases consensus statement regarding the alcohol consumption threshold to 

distinguish alcoholic from nonalcoholic fatty liver disease) [31, 32], any detectable blood 

alcohol content at UMMC (either before or after hepatic steatosis diagnosis), or any 

documented history of alcohol abuse and/or dependence in the medical record; (4) extra-

hepatic biliary obstruction; (5) hepatic trauma or shock from any etiology; (6) pregnancy as 
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documented in the medical record or by serum or urine laboratory levels; (7) any prior 

history of treatments with medications with known hepatotoxicity such as glucocorticoids or 

methotrexate; (8) age less than 18 years; (9) thrombocytopenia in the presence of sepsis; and 

(10) missing laboratory data within 60 days of the hepatic steatosis diagnosis per radiologic 

imaging. The entire electronic medical record of each patient was reviewed to determine 

accurate study exclusion. Any patient whose medical record was missing information 

pertaining to alcohol use was excluded from this study.

Demographics, comorbid conditions, and serum laboratory values of patients with and 

without prior chemotherapy treatment were ascertained. Except in cases where the interval 

from last dose of chemotherapy to radiologic imaging was less than 6 months, the earliest 

imaging which detected hepatic steatosis and with no corresponding missing laboratory data 

was used for this study. Total number of chemotherapy cycles (not stratified by any 

particular component of the overall regimen) were reported as was concomitant anti-biologic 

therapy at some point during chemotherapy treatment. Because irinotecan and 5-fluorouracil 

are particularly associated with fatty liver disease, treatment with either of these agents at 

anytime was reported. Criteria for the metabolic syndrome were extrapolated from 

international guidelines [33] and included any three of the following: body mass index 

(BMI) greater than 28.8 kg/m2 (validated as a replacement for elevated waist circumference 

in men and women) [34] and documentation of, or medical treatment for, dyslipidemia, 

hypertension, and/or diabetes mellitus. To facilitate comparisons, malignant diagnoses were 

grouped per Supplementary Table 1.

Noninvasive determination of the absence of advanced hepatic fibrosis

The ideal end point for this study would be the presence of advanced hepatic fibrosis on 

histologic examination or as determined by a noninvasive test with a 100 % positive 

predictive value for the presence of histologic advanced hepatic fibrosis. However, 

histopathologic examination of the liver was not possible in this retrospective study and high 

probabilities of fibrosis based on noninvasive laboratory panels do not accurately predict the 

presence of histologic advanced hepatic fibrosis (i.e., low positive predictive value) [35–43]. 

Thus, the primary end point of this study was the absence of advanced histopathologic 

hepatic fibrosis. The surrogate used for the absence of advanced histopathologic hepatic 

fibrosis was a low probability of fibrosis as calculated by the AST-to-platelet ratio index 

(APRI). Work by our group and others revealed that low probability of hepatic fibrosis as 

calculated by APRI has a high negative predictive value (90–98 %) in excluding the 

histologic presence of advanced hepatic fibrosis among hospitalized and ambulatory patients 

with various chronic liver diseases including NAFLD [35–43]. The following formula was 

used to calculate the risk scores:

Interpretation : ≤ 0.5 = low probability

At our center, the highest normal value of AST is 36 U/L.
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Statistical analysis

Statistical analyses were conducted using SAS® software, version 9.3 (SAS Institute, Cary, 

NC). Demographics, comorbid conditions, principal diagnoses, and serum laboratory values 

were compared between (1) cancer patients with and without chemotherapy treatment prior 

to the detection of hepatic steatosis, (2) cancer patients with and without a low probability of 

hepatic fibrosis as determined by APRI, and (3) cancer patients treated with prior 

chemotherapy with and without a low probability of hepatic fibrosis as determined by APRI 

(Fig. 1). Continuous variables were reported as means with standard errors (SE), and 

univariable comparisons were conducted with the two-tailed Student’s t test. Categorical 

variables were summarized as proportion percentages and compared with the χ2 test (or 

Fisher’s exact test in cases of low frequencies). A p <0.05 was considered significant for 

both tests. Multivariable logistic regression analyses with the end point of low probability of 

fibrosis determined by APRI were then conducted using variables in which the univariable 

comparisons had a p <0.10. Variables used to calculate probability of fibrosis (including 

serum platelet and AST levels) and composite variables (such as the metabolic syndrome) 

were not included in the multivariable analyses. A p <0.05 was considered significant for the 

multivariable analyses. Odds ratios (OR) and 95 % confidence interval (95 % CI) were 

reported.

Results

Overall study cohort

From January 2000–April 2013, 3,468 patients had hepatic steatosis without evidence of 

cirrhosis observed on radiologic imaging by board-certified abdominal radiologists at 

UMMC. Of these patients, 279 met the inclusion and exclusion criteria and thus comprised 

the study cohort (Fig. 1). The majority of these patients were female, White, and had a body 

mass index (BMI) over 30 kg/m2 (Table 1). While 69.5 % of patients had hypertension, only 

36.9 and 45.5 % of patients had dyslipidemia and diabetes mellitus, respectively. 

Consequently, only 37.6 % of patients had the metabolic syndrome. Gastrointestinal primary 

tumors (44.1 %) were the most common malignancies in this cohort. Computed tomography 

(CT) was by far the most common modality by which hepatic steatosis was detected. Most 

patients had serum blood count and chemistry levels within respective normal ranges. 

Nearly two-thirds of patients (66.3 %) in this cohort had a low probability of hepatic fibrosis 

as determined by APRI.

Comparisons between patients with and without prior chemotherapy treatment

Of the overall study cohort, 117 (41.9 %) were treated with chemotherapy at least 6 months 

prior to the detection of hepatic steatosis. Types of chemotherapy regimens are included in 

Supplementary Table 2. The mean duration of chemotherapy was 7.7 cycles with a SE of 0.4 

cycles. The mean interval from last dose of chemotherapy to date of detection of hepatic 

steatosis was 23.3 months with SE of 2.5 months. Of the patients treated with chemotherapy, 

14 (12.0 %) were treated with anti-biologic therapy at some point during their chemotherapy 

treatment. Anti-biologic agents included bevacizumab (n = 6), cetuximab (n = 2), 

panitumumab (n = 2), sorafenib (n = 1), ipilimumab (n = 1), and trastuzumab (n = 2). In 

comparison with patients not treated with chemotherapy, higher proportions of patients 
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treated with chemotherapy were White and had gastrointestinal primary tumors (Table 1). 

Lower proportions of patients treated with chemotherapy had diabetes mellitus and the 

metabolic syndrome. Patients treated with chemotherapy had higher serum albumin and 

lower platelet levels compared with patients not treated with chemotherapy. In contrast, 

there were no significant differences in age or BMI; proportions with female gender, 

hypertension, or dyslipidemia; and serum alanine aminotransferase (ALT), AST, creatinine, 

hemoglobin, or hematocrit levels between patients treated with and without chemotherapy. 

A smaller proportion of patients treated with chemotherapy had a low probability of hepatic 

fibrosis as calculated by APRI compared with patients not treated with chemotherapy (64.1 

vs. 75.3 %, p = 0.04).

Comparisons between patients with and without a low probability of hepatic fibrosis

Demographics, comorbid conditions, and serum laboratory values were compared between 

197 patients with and 82 patients without a low probability of hepatic fibrosis as determined 

by APRI (Table 2). On univariable analysis, patients with a low probability of hepatic 

fibrosis had significantly lower serum levels of ALT, AST, total bilirubin, alkaline 

phosphatase, hemoglobin, hematocrit, and platelet levels compared with other patients. 

Differences in AST and platelet levels are expected, given that these variables are used to 

determine APRI probability. In contrast, there were no significant differences in 

demographics, proportions of patients with comorbid conditions, or cancer type between 

patients with and without a low probability of hepatic fibrosis. A smaller proportion of 

patients with a low probability of hepatic fibrosis were treated with chemotherapy compared 

with that observed in other patients (38.1 vs. 51.2 %, p = 0.04). Multivariable analysis for 

the end point of low probability of hepatic fibrosis revealed ethnicity (group of Asian, 

Hispanic, and Native American compared with White); elevated serum ALT, total bilirubin, 

and alkaline phosphatase; and chemotherapy treatment to be independent negative predictive 

factors for a low probability of hepatic fibrosis (Table 2). Specifically, chemotherapy 

treatment had an OR of 0.366 (95 % CI 0.184–0.708), p <0.01, for a low probability of 

hepatic fibrosis.

Subgroup analysis of patients treated with chemotherapy

To determine which aspects of chemotherapy are associated with a low probability of 

hepatic fibrosis, we performed a subgroup analysis consisting of the 117 chemotherapy-

treated patients (Table 3). As in the previous analysis, similar significant differences in 

univariable comparisons between serum laboratory values were observed between patients 

with and without a low probability of hepatic fibrosis. Also, there were no significant 

differences in demographics, proportions of patients with comorbid conditions, or cancer 

type between patients with and without a low probability of hepatic fibrosis in this subgroup 

analysis. A smaller proportion of patients with a low probability of hepatic fibrosis were 

treated with irinotecan or 5-fluorouracil (37.3 vs. 66.7 %, p <0.01). A greater proportion of 

patients with a low probability of hepatic fibrosis were treated with anti-biologic agents, 

although this difference was not statistically significant. Neither duration of chemotherapy 

treatment nor interval from last chemotherapy treatment to diagnosis of hepatic steatosis was 

associated with a low probability of hepatic fibrosis. Multivariable analysis for the end point 

of low probability of hepatic fibrosis revealed elevated serum ALT and total bilirubin levels 
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and irinotecan or 5-fluorouracil treatment to be independent negative predictive factors for a 

low probability of hepatic fibrosis. Specifically, irinotecan or 5-fluorouracil treatment had an 

OR of 0.277 (95 % CI 0.091–0.779), p = 0.02, for a low probability of hepatic fibrosis.

Discussion

The purpose of this study was to determine whether chemotherapy treatment at least 6 

months prior to the detection of hepatic steatosis is associated with advanced fibrosis. As 

most patients with hepatic steatosis do not have associated advanced fibrosis [21, 22, 44] 

(and are thus at relatively low risk for hepatic-related morbidity), it is important to know 

whether chemotherapy treatment alters the pathologic spectrum of fatty liver disease. To 

achieve this aim, we examined cancer patients with hepatic steatosis and without any other 

chronic liver diseases besides NAFLD. A 6-month interval from last dose of chemotherapy 

to hepatic steatosis diagnosis was chosen arbitrarily as we postulated that perturbations in 

serum laboratory levels due to chemotherapy treatment and reversible hepatic steatosis 

would have resolved by this time. Importantly, the mean interval from last chemotherapy 

dose to the detection of hepatic steatosis was nearly 2 years in this study. While the gold 

standard for determining the presence of advanced hepatic fibrosis is liver biopsy, associated 

complications in up to 5 % of patients and the lack of sufficient resources preclude 

performing biopsies on every patient with fatty liver disease [45–48]. Thus, noninvasive 

scoring panels, such as APRI, have been developed, which accurately predict the absence 

(but not presence) of histologic advanced hepatic fibrosis. Since previous studies have 

shown that a low probability of fibrosis as determined by APRI has a negative predictive 

value of 90–98 % in excluding the histologic presence of advanced fibrosis [8, 9, 35–43], we 

used a low calculated probability of fibrosis as a surrogate for the absence of advanced 

hepatic fibrosis.

Results of this study have important implications regarding the management of patients with 

hepatic steatosis after prior chemotherapy treatment. Persistence of steatosis for 6 months or 

longer after cessation of chemotherapy is not a benign finding as the absence of advanced 

hepatic fibrosis is less likely in these situations when compared to NAFLD without prior 

chemotherapy treatment. This relationship is not influenced by the duration of chemotherapy 

treatment, the interval from last dose of chemotherapy to diagnosis of hepatic steatosis, or 

elements of the metabolic syndrome. As expected given prior studies in colorectal cancer 

liver metastases [1–3, 5–7], 5-fluorouracil and irinotecan treatment in particular was 

associated with advanced hepatic fibrosis. Hence, cancer patients with hepatic steatosis after 

prior chemotherapy treatment should be further evaluated for the presence of associated 

advanced hepatic fibrosis by methods other than noninvasive laboratory risk scores, such as 

new magnetic resonance imaging techniques or liver biopsy. Advanced hepatic fibrosis has 

several potential harmful consequences for patients with malignancy. Numerous studies 

show that advanced hepatic fibrosis from any cause is associated with increased morbidity 

and mortality among hospitalized patients, including those with conditions common to 

cancer patients such as critical illness, infection, and sepsis [49–53]. Impairment of liver 

function due to advanced fibrosis results in heightened toxicity for most chemotherapy 

agents [54]; thus, identification of advanced fibrosis before initiating additional lines of 

chemotherapy upon disease progression is essential to reduce potentially lethal side effects.
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Several limitations to this study should be considered. Occult alcohol use and potential 

inaccuracies in degrees of alcohol consumption obtained from retrospective chart reviews 

may have clouded the etiology of hepatic steatosis. We minimized this limitation by only 

including those patients in which the medical record specified the amount of alcohol intake. 

Because serum triglyceride, high-density lipoprotein, fasting glucose levels, waist 

circumference, and blood pressure measurements were not available for most patients, we 

used surrogates for each parameter, including notation of each disorder in the medical 

record, medication treatment, and BMI. While there were thus likely some patients with 

unrecognized elements of the metabolic syndrome in this study, we believe that these 

methods of comorbidity identification are consistent with clinical practice in most patients. 

As the application of noninvasive risk scores is only useful for patients without apparent 

cirrhosis, our results most accurately apply to those patients without clear evidence of 

cirrhosis on clinical exam or radiologic imaging. Since we used radiologic imaging for 

cohort identification, patients with less than 33 % of hepatic steatosis (below the threshold 

for detection) [55, 56] were likely not included in this study. While the determination of 

hepatic steatosis was made by dedicated abdominal radiologists, it is unknown if established 

criteria were used in ascertaining each diagnosis. Again, we believe that this method of 

steatosis detection is consistent with clinical practice in most patients. We also did not 

differentiate between severities of steatosis noted on radiologic imaging. Extensive 

variations in durations, combinations, and dosages of chemotherapeutic regimens precluded 

further determination of the influence of specific agents on advanced hepatic fibrosis.

The proportion of cancer patients with radiologic evidence of hepatic steatosis who have 

been off chemotherapy for 6 months or longer without advanced hepatic fibrosis is smaller 

compared with cancer patients with hepatic steatosis who have not been treated with 

chemotherapy. Chemotherapy treatment is an independent negative predictor factor for the 

absence of advanced hepatic fibrosis. Given the deleterious consequences of advanced 

hepatic fibrosis, patients with persistent hepatic steatosis 6 months after chemotherapy 

treatment should be further evaluated for the presence of advanced hepatic fibrosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Cohort identification and study design flowchart
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Table 1

Demographics, comorbidities, serum laboratory values, and noninvasive fibrosis scores for all cancer patients 

and stratified by chemotherapy treatment

Variable Total (n = 279) Chemotherapy (n = 117) No chemotherapy (n = 162) p

Demographics and comorbidities

Age (years), mean ± SE 59.1 ± 0.7 59.2 ± 1.1 59.0 ± 0.9 0.90

Female, n (%) 156 (55.9) 64 (54.7) 92 (56.8) 0.73

Ethnicity, n (%) 0.02

 White 186 (66.7) 87 (74.4) 99 (61.1)

 Black 66 (23.7) 17 (14.5) 49 (30.3)

 Hispanic 10 (3.6) 4 (3.4) 6 (3.7)

 Asian 10 (3.6) 4 (3.4) 6 (3.7)

 Native American 4 (1.4) 2 (1.7) 2 (1.2)

Body mass index (kg/m2), mean ± SE 31.0 ± 0.5 30.2 ± 0.7 31.6 ± 0.7 0.17

Hypertension, n (%) 194 (69.5) 78 (66.7) 116 (71.6) 0.37

Diabetes mellitus, n (%) 103 (36.9) 33 (28.2) 70 (43.2) 0.01

Dyslipidemia, n (%) 127 (45.5) 51 (43.6) 76 (46.9) 0.58

Metabolic syndrome, n (%) 105 (37.6) 35 (29.9) 70 (43.2) 0.02

Cancer type <0.01

 Gastrointestinal, n (%) 123 (44.1) 67 (57.3) 56 (34.6)

 Soft tissue, n (%) 77 (27.6) 25 (21.4) 52 (32.1)

 Genitourinary, n (%) 45 (16.1) 13 (11.1) 32 (20.0)

 Other, n (%) 34 (12.2) 12 (10.3) 22 (13.6)

Serum laboratory values

Alanine aminotransferase (U/L), mean ± SE 38.8 ± 2.1 37.8 ± 3.0 39.5 ± 2.9 0.68

Aspartate aminotransferase (U/L), mean ± SE 36.9 ± 1.9 35.4 ± 2.3 38.0 ± 2.9 0.50

Total bilirubin (mg/dL), mean ± SE 0.76 ± 0.04 0.76 ± 0.08 0.77 ± 0.03 0.90

Alkaline phosphatase (U/L), mean ± SE 107.0 ± 5.6 108.9 ± 7.8 105.7 ± 8.0 0.77

Albumin (mg/dL) 3.53 ± 0.04 3.64 ± 0.05 3.44 ± 0.07 0.02

Creatinine (mg/dL), mean ± SE 0.91 ± 0.02 0.88 ± 0.02 0.93 ± 0.03 0.17

Hemoglobin (g/dL), mean ± SE 12.2 ± 0.2 12.2 ± 0.2 12.2 ± 0.2 0.95

Hematocrit (%), mean ± SE 36.5 ± 0.3 36.6 ± 0.5 36.5 ± 0.4 0.85

Platelets (thousand/μL), mean ± SE 252.0 ± 7.0 219.9 ± 8.0 275.7 ± 10.3 <0.01

Diagnostic radiologic imaging 0.94

Computed tomography, n (%) 260 (93.2) 109 (93.2) 151 (93.2)

Ultrasound, n (%) 15 (5.4) 5 (5.1) 9 (5.6)

Magnetic resonance imaging, n (%) 4 (1.4) 2 (1.7) 2 (1.2)

Noninvasive fibrosis scores

APRI, mean ± SE 0.498 ± 0.037 0.531 ± 0.043 0.475 ± 0.056 0.43

Low probability of fibrosis, APRI 197 (66.3) 75 (64.1) 122 (75.3) 0.04

Specified p values are from comparisons between patients treated with and without chemotherapy

SE standard error, APRI AST-to-platelet ratio index
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