
1. Introduction

Hepatitis C virus (HCV) infection is a global problem with a

global prevalence of 2.5%. Older patients with chronic HCV are more

likely to develop advanced liver diseases, including cirrhosis, hepa-

tocellular carcinoma, and related complications, than younger ones.1–4

Direct-acting antiviral (DAA) treatments have revolutionized the

paradigm of hepatitis C treatment and made its elimination possible

due to its high efficacy.5 Glecaprevir and pibrentasvir (G/P, Maviret)”,

a pangenotypic DAA, demonstrates high sustained virologic response

(SVR) rates at 12 weeks and good safety profile even in patients with

comorbidities like decompensated cirrhosis, prior treatment fail-

ures, and chronic kidney disease.4 However, patients above 65 years

old were underrepresented in the original phase 3 licensing studies

for most DAA regimens.6 Besides, older patients tend to have multi-

ple comorbidities and co-medications, making possible drug-drug

interactions or complications a concern when receiving DAA.5 In

addition, most previous studies focus on the efficacy of the DAA and

ignore the hematological and biochemical changes after treatment,

especially in older patients. This study aimed to assess the hemato-

logical and biochemical changes after anti-HCV therapy in older pa-

tients.

2. Patients and methods

2.1. Patients

We retrospectively reviewed the medical records of patients

who received G/P for chronic HCV infection between August 2018

and March 2020 at MacKay Memorial Hospital, a tertiary medical

center in Taiwan. Patients were divided into two groups: younger (<

65 years) and elderly (� 65 years). The patients’ sex, HCV viral load,

and comorbidities were recorded. Treatment efficacy was defined as

the rate of sustained virologic response 12 weeks after the cessation

of drug administration. Blood samples were collected before treat-

ment and 12 weeks after the cessation of drug administration to

measure changes in aspartate aminotransferase (AST), alanine ami-

notransferase (ALT), albumin, total bilirubin, blood urea nitrogen

(BUN), serum creatinine, and complete blood counts.

This retrospective study was conducted in accordance with the

principles of the Declaration of Helsinki and approved by the Insti-

tutional Review Board of MacKay Memorial Hospital (21MMHIS

198e).
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Background: Hepatitis C virus (HCV) infection is a global problem, and older patients are more likely to

develop advanced liver disease. Direct-acting antiviral treatments (DAA) have revolutionized the para-

digm of HCV treatment and made its elimination possible. However, hematological and biochemical

changes have rarely been discussed.

Methods: This was a retrospective observational study of enrolled patients who received DAA for ch-

ronic HCV between Aug 2018 and Mar 2020. Patients were divided into two groups: younger < 65 years

and older � 65 years. The HCV genotype, changes in biochemistry and hematologic data before and af-

ter treatment, and sustained virologic response at 12 weeks after cessation of drug administration were

recorded.

Results: Of the 226 enrolled patients, 130 (57.5%) belonged to the younger group and 96 (42.5%) to the

older group. Most patients had HCV genotype 2 infections (54.4%), and older patients tended to have

genotype 2 infections (70.7% vs. 42.3%). The older patients had significantly lower hemoglobin, pla-

telet, albumin, and BUN levels initially. After treatment, the platelet count and BUN levels significantly

improved in older patients. Older patients had higher fibrosis-4 (FIB-4) scores than younger patients

before and after treatment. After treatment, the FIB-4 score in the older group showed a significant

change (3.90 vs. 2.67; p = 0.001), but the younger group did not (1.97 vs. 1.75; p = 0.05).

Conclusion: Older patients tended to have genotype 2 infections. After DAA treatment, the improve-

ments in platelet count and albumin level were better in older patients than in younger patients. Im-

provement in FIB-4 was also significant in the older population.
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2.2. The fibrosis-4 index

The fibrosis-4 (FIB-4) index is a scoring system used to assess

liver fibrosis. The variables used were age, AST level, ALT level, and

platelet (PLT) count, and the formula was as follows: (age [y] � AST

[U/L]) / ((PLT [109/L]) / (ALT [U/L])1/2). The area under the receiver

operating characteristic (AUROC) of the index was 0.765 for differen-

tiation between Ishak stage 0–3 and 4–6.7,8 FIB-4 was also calculated

before treatment and at SVR12. As age is one of the variables of

FIB-4, we only discussed the change in FIB-4 after treatment be-

tween the two groups. We did not discuss the initial and final FIB-4

scores between the groups.

2.3. Statistical analysis

All statistical analyses were conducted using Stata software,

version 12.0 (StataCorp LP, College Station, Texas). Continuous vari-

ables were expressed as medians and standard deviations. Categori-

cal variables were expressed as numbers and percentages. Com-

parisons between groups were conducted using the Mann-Whitney

U-test for continuous and ordinal variables and the �
2 test for cate-

gorical variables. A p-value < 0.05 was considered significant.

3. Results

3.1. Patients

There were 237 patients with chronic HCV infection enrolled in

this study. There were 10 patients, included 6 (4.4%) younger pa-

tients and 4 (4.0%) elderly patients (p = 0.03) lost to follow-up before

completing the glecaprevir and pibrentasvir (G/P) treatment, and

one died due to pneumonia. Therefore, they were excluded from the

analysis.

The demographic, disease, and clinical characteristics of the 226

enrolled patients at baseline are presented in Table 1. In total, 130

(57.5%) and 96 (42.5%) patients were included in the younger and

older groups, respectively. Overall, 5.3%, 11.1%, 29.6%, and 13.3% of

patients had hepatic cellular carcinoma, diabetes mellitus (DM),

chronic kidney disease, and hypertension, respectively. The older

patients had a high prevalence of these comorbidities with statistical

significance compare with younger ones.

The HCV viral load was nearly equal between both groups (youn-

ger vs. elderly: 7.65 � 6.89 log IU/mL vs. 6.69 � 7.85 log IU/mL; p =

0.99). The HBV co-infection rate was also similar in both groups

(younger vs. older: 3.1% vs. 4.2%; p = 0.66). Among the 226 patients

who completed the treatment, two failed to achieve SVR12 (1.5%),

and both were in the younger group (Table 1).

One hundred and twenty-three patients (54.4%) had HCV geno-

type 2 infections, 14 (6.2%) had genotype 1a infections, 55 (24.3%)

had genotype 1b infections, 12 (5.3%) had genotype 3 infections, 16

(7.1%) had genotype 6 infections, and 6 (2.7%) had mixed genotype

infections. Compared with younger patients, older patients tended

to have genotype 2 infections (70.7% vs. 42.3%, p < 0.01) (Figure 1).

3.2. Hematological changes

In the Table 2, it shows the laboratory data obtained before and

after the G/P treatment. Before treatment, the blood test results

showed significant differences in hemoglobin and platelet counts

between the two groups (Hemoglobin: younger vs. older 13.58 �

2.26 vs. 12.58 � 1.76; p < 0.01) (Platelet: younger vs. elderly: 202.6 �

71.2 � 103 vs. 166.8 � 58.6 � 103; p < 0.01). After treatment, the

older group still had lower hemoglobin and platelet counts than the

younger group. However, the condition of low platelet count was

significantly improved in the older group (p < 0.01) but not in the

younger group.

3.3. Biochemical changes

The older patient had more comorbidity, and potential con-

comitant drug-drug interactions during HCV treatment, so the bio-

chemical changes must be assessed. Table 2 also shows the bio-

chemical changes before and after 12 weeks of G/P treatment. After

treatment, significant improvements in the albumin, AST, and ALT

levels were observed in both groups. Initially, low albumin (younger

vs. older: 4.4 � 0.4 vs. 4.1 � 0.4; p < 0.01) and BUN (younger vs. older:

17.4 � 14.3 vs. 23.6 � 17.4; p < 0.01) levels were found in the older

patients than younger patients. The BUN and creatinine levels were

stable before and after the treatment in both groups, with mild im-

pairment of the BUN level in the older patients (23.6 � 17.4 change

to 25.90 � 19.3, p = 0.02).

3.4. The FIB-4 index

As shown in Table 1, before and after treatment, the older pa-

tients had a higher FIB-4 score than the younger patients. As age is

one of the variables of FIB-4, we discussed the change in FIB-4 scores

after treatment between the two groups. As shown in Figure 2, after

treatment, the FIB-4 score in the older group showed a significant

change (3.90 vs. 2.67; p = 0.001) but not in the younger group (1.97

vs. 1.75; p = 0.05).
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Table 1

Demographic characteristics of the study participants.

Younger

(n = 130)

Older

(n = 96)

All patients

(n = 226)
p-value

Age 51.5 � 10.3 73.5 � 6.1 60.88 � 14.0 < 0.010

Gender (male) 67 (51.5%) 42 (43.8%) 109 (48.2%)0 0.250

HCC history 3 (2.3%) 9 (9.4%) 12 (5.3%)0 0.019

Diabetes mellitus 9 (6.9%) 16 (16.7%) 25 (11.1%) 0.020

Chronic kidney disease* 24 (18.5%) 43 (44.8%) 67 (29.6%) < 0.010

Hypertension 4 (3.1%) 26 (27.1%) 30 (13.3%) < 0.010

Treatment failure 2 (1.5%) 0 (0%)0. 2 (0.8%) 0.220

HBsAg (+) 4 (3.1%) 4 (4.2%) 8 (3.5%) 0.660

HCV RNA (log IU/mL) 7.65 � 6.89 6.69 � 7.85 7.65 � 6.87 0.990

FIB-4 index**

Before treatment 1.97 � 1.42 3.90 � 3.73 2.79 � 2.82 < 0.001

After treatment 1.75 � 1.25 2.67 � 1.43 2.14 � 1.71 0.004

* Chronic kidney disease: GFR < 60.

** FIB-4 index: the fibrosis-4 index, a scoring system to estimate the

fibrosis of the liver. Figure 1. The distribution of the hepatitis C virus (HCV) genotypes.



4. Discussion

Older patients have an urgent need for HCV treatment since the

older population remains at high risk for HCC and end-stage liver dis-

eases even after eradication of the virus.3 Before initiating HCV

treatment, HCV genotype, liver fibrosis status, comorbidity (such as

DM, renal disease, hypertension…etc.), and potential concomitant

drug-drug interactions must be assessed.1 The findings of this study

showed that older patients had more comorbidities, such as hepato-

cellular carcinoma (9.4%), DM (16.7%), chronic kidney disease (44.8%),

and hypertension (27.1%). In previous study, HCV-infected patients

concerning the prevalence of DM and insulin resistance.9 HCV-re-

lated autoimmune process may be one of the reason. In addition, a

study in the United States also showed type 2 diabetes occurs more

often in older persons with HCV infection.10 In a real-world retro-

spective study of HCV management in geriatric patients with HCV

infection in Taiwan also showed high prevalence rate (18.9%) of

DM.11

The predominant HCV genotype in this study was type 2 (54.4%),

followed by type 1 (30.5%, 1a + 1b). The distribution of the HCV ge-

notypes was similar to that reported in a recent nationwide registry

study in Taiwan. Most of the registry patients had HCV genotype 2

infections (45%), and 40.8% had genotype 1 infections.12 In our

study, we also found that older patients had more genotype 2 infec-

tions than younger patients (70.7% vs. 42.3%, p < 0.01).

In our study, both groups showed a significant decrease in AST

and ALT levels after G/P treatment. There was a significant increase

in platelet count in the older group from 167 � 59 � 103/�l to 181 �

58 � 103/�l but not in the younger group. Mechanisms of HCV-re-

lated thrombocytopenia and its improvement after viral elimination

are complex. The causes of HCV-related thrombocytopenia include

splenomegaly, autoimmune response (platelet-associated IgG), in-

adequate production of TPO due to liver fibrosis, and myelosuppres-

sion of the HCV virus. In a study of 4922 patients, Chen et al. identi-

fied several factors that predicted significant platelet improvement

in patients with HCV after receiving DAA treatment, including youn-

ger age, presence of DM, and lower baseline platelet counts; how-

ever, the rapid increase in platelet count after HCV elimination was

16 S.-J. Tsai et al.

Table 2

Hematological and biochemical changes before and after 12 weeks of treatment.

Younger (n = 130) Older (n = 96) All patients (n = 226) p-value

Hematological changes

Hemoglobin

Before 13.6 � 2.3 12.6 � 1.8 13.2 � 2.1 < 0.01 <

After 13.6 � 2.0 12.6 � 2.0 13.2 � 2.0 < 0.01 <

p-value 0.84 0.71 0.70

WBC

Before 5666.2 � 1802.3 5421.9 � 1732.1 5562.4 � 1773.0 0.31

After 6191.5 � 2073.0 5778.1 � 1917.9 6015.9 � 2014.7 0.18

p-value < 0.01 0.07 < 0.01

Platelet

Before 203 � 71 � 10
3

167 � 59 � 10
3

187 � 68 � 10
3

< 0.01 <

After 213 � 93 � 10
3

181 � 58 � 10
3

200 � 81 � 10
3

< 0.01 <

p-value 0.12 < 0.01 < 0.01

Biochemical changes

Albumin

Before 4.4 � 0.4 4.1 � 0.4 4.3 � 0.4 < 0.01 <

After 4.5 � 0.6 4.3 � 0.4 4.4 � 0.5 0.04

p-value 0.03 < 0.01 < 0.01

Total bilirubin

Before 0.76 � 0.41 0.68 � 0.22 0.73 � 0.34 0.06

After 0.84 � 1.35 0.69 � 0.27 0.78 � 1.04 0.29

p-value 0.51 0.50 0.44

GOT

Before 51.6 � 38.2 53.7 � 35.1 52.5 � 36.9 0.67

After 26.6 � 19.3 24.9 � 9.50 25.9 � 15.8 0.45

p-value < 0.01 < 0.01 < 0.01

GPT

Before 67.0 � 60.1 57.2 � 48.1 62.8 � 55.4 0.19

After 23.2 � 20.6 19.0 � 10.0 21.4 � 17.1 0.07

p-value < 0.01 < 0.01 < 0.01

Creatinine

Before 1.72 � 0.25 2.24 � 0.28 1.94 � 0.19 00.166

After 1.75 � 0.23 2.23 � 0.29 1.95 � 0.18 00.179

p-value 0.86 0.21 0.44

BUN

Before 17.4 � 14.3 23.6 � 17.4 20.1 � 16.0 < 0.01 <

After 17.6 � 12.5 25.90 � 19.30 21.2 � 16.3 < 0.01 <

p-value 0.72 0.02 0.05

Figure 2. The fibrosis scores of the liver (FIB-4) before and after treatment.



not related to improvement in liver fibrosis.13 Our study showed that

older patients had good attenuation of thrombocytopenia after DAA

treatment compared to younger patients, but the influence of liver

fibrosis need further evaluation in the future.

In this study, older patient also had lower hemoglobin level be-

fore and after treatment of HCV. However, there was no significant

change after treatment in both groups. Anemia was found more fre-

quency in older HCV patients due to multiple comorbidities. In our

study, there was no significant change of hemoglobin after HCV

treatment. This may also imply no direct relationship between HCV

infection and anemia.

Studies by Tahtasakal et al. and Ogasawara et al. suggested po-

sitive correlations between FIB-4 scores and the histologic severity

of liver fibrosis in patients with HCV receiving DAA treatment.14,15

Two Japanese retrospective studies also support our findings re-

garding AST, ALT, and FIB-4. Kinoshita et al. found that patients aged

� 75 years and < 75 years had significant reductions in FIB-4 scores

after SVR12. Nakajima et al. also revealed that patients of different

age groups (< 65 years, 65–75 years, and > 75 years) with an initial

FIB-4 > 1.45 all showed significant reductions in AST, ALT, and FIB-4

scores after SVR12.4,16 Therefore, in our study, the significantly de-

creased AST, ALT, and FIB-4 levels in both age groups at SVR12 may

indicate that the lower initial platelet counts and higher prevalence

of DM in the older group may be the causes of the significant in-

crease in platelet counts after treatment. High prevalence of DM in

elderly patients with HCV infection was also found in other studies.17

The study by Nakajima et al. revealed that albumin levels improved 1

year after successful HCV eradication regardless of patient age, and

it was related to the recovery of the liver reserve.16 In our study, the

older patients had lower pretreatment albumin levels, which is a risk

factor for poor treatment outcomes. However, at SVR12, the older

group showed significant improvement in albumin levels.

Glecaprevir/pibrentasvir have been found to be safe and effec-

tive in patients with chronic kidney disease (CKD) and end-stage re-

nal disease.18,19 Villani et al. found that DAA can improve renal func-

tion in patients with an estimated glomerular filtration rate (eGFR) <

60 ml/min/1.73 m2 or those aged � 65.20 The older patients in our

study had a higher prevalence of CKD with eGFR < 60 ml/min/1.73

m2 than the younger ones. There was no significant improvement in

renal function after DAA treatment; however, renal function re-

mained stable. Our study was limited by its small sample size and

lack of detailed and uniform documentation of liver fibrosis (for ex-

ample, biopsy or elastography).

There were limitations of the study. First, this was a retrospec-

tive study with a limited follow-up duration of 3 months, which may

be insufficient to demonstrate the benefits of antiviral therapy. Sec-

ond, we only enrolled patients with G/P only, and the effects of dif-

ferent anti-viral drugs for HCV elimination could not be adequately

discussed here. Third, we only discussed some risks or findings, and

further investigation must be discussed in the future.

In conclusion, older patients with HCV infection (> 65 years) had

more severe liver fibrosis (high FIB-4 score), poorer renal function,

and more comorbidities than younger patients. However, with gle-

caprevir/pibrentasvir, the older patients had similar SVR12 rates, at-

tenuation of liver inflammation, and fibrosis as younger patients.

Liver function and platelet count also improved. The patients’ renal

functions remained unchanged.
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