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Abstract
BACKGROUND 
Persistent inflammation on histology after successful hepatitis C (HCV) treatment 
has been reported. However, data regarding the long-term impact in liver 
transplant recipients is limited, particularly after using direct-acting antiviral 
(DAA) therapies.

AIM 
To evaluate the impact of successful treatment with DAAs on histological changes 
and occult HCV and to describe the clinical course of residual inflammation in 
liver transplant recipients.

METHODS 
We conducted a case series of 13 chronic HCV infected liver transplant recipients 
successfully treated with DAAs between December 2013 and May 2014. All 
patients were treated for 24 wk and had non-detectable serum HCV RNA by the 
time of biopsy. Only patients with at least one liver biopsy at or after treatment 
were included. We examined liver biopsies for evidence of residual inflammation 
and the presence of intrahepatic HCV RNA.

RESULTS 

https://www.f6publishing.com
https://dx.doi.org/10.4254/wjh.v14.i3.602
mailto:karimbenrajab@gmail.com
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Persistent inflammation was seen in 12/13 patients on end of treatment biopsy. Inflammation was 
still seen in the available five follow-up biopsies (range 38-48 wk after the end of treatment). 
Intrahepatic HCV RNA was undetectable in all biopsies. All patients had preserved graft function 
for a mean follow-up of 2.5 years, except one that developed chronic rejection.

CONCLUSION 
After successful HCV treatment with DAAs, liver transplant recipients may have persistent 
inflammation on biopsy without evidence of intracellular RNA. The clinical outcome remained 
favorable in most patients. Further studies with a larger number and longer follow-up are needed 
to establish the implication of this finding on long-term graft function.

Key Words: Immunosuppression; Liver transplantation; Recurrent hepatitis C; Sustained virologic response; 
Interferon

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Unexplained residual inflammation can be seen in a subset of liver transplant recipients 
successfully treated with direct-acting antiviral therapies; however, it does not seem to affect graft 
function. An extensive clinical and histopathologic workup should still be performed to exclude other 
potentially treatable conditions.

Citation: Ismail B, Benrajab KM, Bejarano P, Ruiz P, Sears D, Tzakis A, Zervos XB. Benign course of residual 
inflammation at end of treatment of liver transplant recipients after sofosbuvir based therapy. World J Hepatol 
2022; 14(3): 602-611
URL: https://www.wjgnet.com/1948-5182/full/v14/i3/602.htm
DOI: https://dx.doi.org/10.4254/wjh.v14.i3.602

INTRODUCTION
Until the emergence of direct-acting antivirals (DAAs), hepatitis C virus (HCV) related liver cirrhosis 
was the most common indication for liver transplant in adults[1,2]. Unfortunately, HCV recurrence after 
transplant is universal, with immediate exposure after graft reperfusion, leading to accelerated fibrosis, 
eventually cirrhosis, and graft failure if untreated[3]. Graft survival in HCV infection has been inferior 
to transplant for other disease etiologies[4], and HCV remains a common indication for re-trans-
plantation[5], leading to a high burden on transplant resources. Eradication of HCV in the immediate 
pre-or early post-transplant setting can preserve graft function, but historically a difficult goal to 
achieve. The availability of DAAs has made significant improvement in the efficacy and tolerability in 
the post-transplant population[6,7], compared to the interferon (IFN) based regimens. The latter had a 
lower rate of sustained virologic response (SVR) in this unique patient population (as low as 30%), with 
a higher discontinuation rate due to adverse events, including graft rejection[8].

Although SVR is the critical clinical endpoint, there are mixed results concerning the post-SVR 
histologic benefit and detection of intra hepatocyte HCV (occult HCV). Prior reports on HCV recurrence 
following liver transplantation showed histological improvement after achieving SVR with IFN based 
regimens[9], whereas other studies reported ongoing inflammation in a subset of patients[10,11]. One 
study included 36 Liver transplant (LT) recipients treated with IFN based regimens showed persistent 
inflammation in 69% of the post SVR biopsies and identified occult hepatitis C in only one out of 32 
biopsies that were tested[11].

Data on inflammation following SVR after DAA are scarce. A study that included nine LT recipients 
treated with DAAs identified residual inflammation after SVR in four patients and HCV RNA in the 
tissue sample in four patients[12]. Another study included LT recipients with recurrent HCV and 
advanced fibrosis (F3-F4) showed improved liver function in the majority of patients; however, 
regression of fibrosis by elastography (48 wk after treatment) was only seen in 39/77 subjects (51%). 
Although details on liver histology for these patients were not reported, this remains concerning for 
residual inflammation in some patients that could have progressed over time[13].

We believe that the finding of persistent inflammation in LT recipients after SVR using DAAs 
requires further research work as it is of clinical importance to the transplant team. At the same time, 
many of the available series included a small sample and focused mainly on histology without 
providing long-term clinical data.

https://www.wjgnet.com/1948-5182/full/v14/i3/602.htm
https://dx.doi.org/10.4254/wjh.v14.i3.602
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The study aimed to evaluate the impact of successful treatment with DAAs on histologic changes and 
the occurrence of occult HCV in liver transplant recipients with chronic HCV. The secondary aim was to 
describe the long-term clinical course of residual inflammation if present.

MATERIALS AND METHODS
Patients population and data collection
We reviewed all chronic HCV infected liver transplant recipients treated with DAA regimens between 
December 2013 and May 2014. We excluded patients who did not achieve SVR or did not have at least 
one liver biopsy at or after the end of treatment. The study protocol was approved by the Institutional 
Review Board of the Cleveland Clinic Foundation in Florida. Data collected at baseline and during 
patient follow-up included; age, gender, race, date of transplant, baseline and end-of-treatment liver 
enzymes and viral load, HCV treatment regimen, other serologic autoimmune and virological markers, 
immunosuppression treatment regimen, and liver histology at end-of-treatment. When available, 
before-treatment and follow-up liver histology were also reported.

Outcome definitions
SVR: Defined as the absence of HCV RNA by polymerase chain reaction12 and 24 weeks after 
completion of treatment. The Linear Range of the used assay was 15 IU/mL to 100000000 IU/mL.

End of treatment liver biopsy: for the purpose of our study, this was defined as liver biopsy 
performed within 12 weeks after HCV RNA becomes undetectable.

Post-treatment liver biopsy: biopsy was done at least 6 mo after the end of treatment.
Biopsy method: All biopsies were performed percutaneously using an 18-gauge coaxial needle via 

ultrasound guidance. Two core tissue samples were obtained and placed in a formalin container. All 
samples reviewed by the pathologist contained at least 20 portal tracts to be considered adequate. Tissue 
sections were processed and stained with hematoxylin-eosin and trichrome stains. For the purpose of 
this study, the liver biopsies were evaluated by an expert liver pathologist with over 20 years of 
experience reading liver biopsies in an academic transplant center. The pathologist was blinded to the 
patients’ clinical data, diagnoses, and previous biopsy interpretation. Evaluation of fibrosis and inflam-
mation was described using Batts-Ludwig grading and staging[14]. Biopsies showing inflammation 
were carefully examined by the pathologist for the presence of rejection, de novo autoimmune hepatitis, 
and evidence of hepatotropic and non-hepatotropic viral hepatitis, including cytomegalovirus, Epstein-
Barr virus, and Herpes simplex virus.

Method for HCV quantification on liver samples: Total RNA was isolated from five to six 10 µm cuts 
(curls) from formalin-fixed, paraffin-embedded (FFPE) biopsies in a Maxwell 16/LEV instrument using 
the Maxwell® 16 LEV RNA FFPE Purification Kit (Promega). The concentration of purified RNA was 
quantified in NanoDrop 2000. 50 µL of each RNA was diluted in 950 µL of SPEX buffer and ran in a 
COBAS® AmpliPrep/COBAS® TaqMan® System using the HCV test (Roche Molecular Systems Inc.). The 
viral load, when detected, was expressed as IU/100 ng of RNA.

RESULTS
Out of 46 patients treated for HCV following liver transplant during the study time, 13 patients met the 
inclusion criteria. Their baseline and demographic characteristics are summarized in Table 1.

Treatment regimens
One patient started treatment before transplant (125 days before transplant), while 12/13 patients 
started after transplant (mean 5 years from transplant, range 32 days – 18 years). Eight patients (62%) 
were treated with Sofosbuvir plus Ribavirin, three patients (23%) were treated with Sofosbuvir plus 
Simeprevir, and two patients (15%) were started on Sofosbuvir plus Ribavirin then switched to 
Sofosbuvir plus Simeprevir because of worsening anemia. The total treatment duration in all patients 
was 24 wk.

Virologic response
Serum HCV RNA was undetectable in all patients at end-of-treatment and remained undetectable for 
another 12 and 24 wk post-treatment, consistent with SVR 12 and 24 (Figure 1).

End of treatment biopsy
Biopsies at the end of treatment were reviewed in all included patients (mean time from treatment start 
to biopsy was 25 wk, range 20-33 wk). The biopsies were performed to evaluate abnormal liver function 
tests or assess the resolution of inflammation after HCV eradication.
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Table 1 Patients baseline and end of treatment charactarestics

End of treatment biopsy
Gender

Age 
attreatment 
start

HCV 
genotype

Immune 
suppression

Baseline 
ALT U/L

Baseline 
RNA × 106

Time transplant 
to treatment (m)

Treatment 
regimen

End of 
treatment 
ALT U/L

Treatment to 
biopsy (wk)

Inflammation 
grade

Fibrosis 
stage Other findings

1 F 59 1a MMF, 
tacrolimus

57 1.3 22 mo SOF/SIM 18 25 2 1

2 M 57 1a Tacrolimus 12 0.3 32 d SOF/RBV 17 22 0 0 Mild centrilobular dilatation with 
focal hemorrhage

3 M 59 1a MMF, 
tacrolimus

85 4.0 13 mo SOF/RBV > 
SOF/SIM

11 32 2 0

4 M 61 1a or 1b Tacrolimus 20 0.1 5 mo SOF/RBV 16 22 3 0

5 M 68 1a or 1b Tacrolimus 44 1.2 8.5 yr SOF/RBV 18 25 1 3

6 F 76 1a Tacrolimus 20 10.6 5.5 mo SOF/SIM 48 25 2 0 Histocytes granuloma

7 F 80 1a Tacrolimus 12 5.2 18 yr SOF/SIM 15 24 3 2

8 M 62 1a MMF, 
tacrolimus

166 1.7 43 d SOF/RBV 9 30 1 0 Steatosis (< 5%)

9 M 60 3a Tacrolimus, 
prednisone

23 0.9 4 mo SOF/RBV 82 33 1 0 Rare councilmen bodies

10 M 58 1a Tacrolimus 25 1.7 20 mo SOF/RBV 30 25 4 3 Mild TCMR cannot be ruled out 

11 M 53 3a Cyclosporine 78 5.2 4.5 yr SOF/RBV 37 23 4 2 Mild TCMR cannot be ruled out. 
Two portal tracts show non-
necrotizing granulomas

12 F 61 2b Tacrolimus 43 7.6 6 mo SOF/RBV 34 20 2 1

13 M 65 1a Tacrolimus 94 2.0 7.5 yr SOF/RBV > 
SOF/SIM

14 29 2 2 Mild absence of bile ducts

ALT: Alanine aminotransferase; MMF: Mycophenolate mofetil; RBV: Ribavirin; SIM: Simeprevir; SOF: Sofosbuvir.

Although all patients had undetectable RNA by the time of biopsy, active inflammation was present 
in 12/13 patients. Eight patients (62%) had grade 1-2 inflammation, and four (31%) had grades 3-4, 
Table 1.

The inflammation observed was consistent with chronic HCV with the presence of chronic portal 
inflammation, lymphoid aggregates, lobular inflammation, and acidophil bodies (Figure 2). There was a 
histologic suggestion of mild T cell-mediated rejection on biopsy in 2 patients, but clinically deemed not 
to have rejection, as one had normal aminotransferases, and the other one had spontaneous normal-
ization of aminotransferases without adjusting their immune suppression regimen. One patient had a 
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Figure 1  Hepatitis C  RNA during and after treatment.

Figure 2 End of treatment liver biopsy. A: Portal tract showing fibrosis and a robust lymphoid aggregate reminiscent of a germinal center in the biopsy tissue 
from patient 12 who completed treatment for hepatitis C (Hematoxylin and eosin, X50); B: There is interface hepatitis as the portal lymphocytic infiltrates spill into the 
surrounding liver parenchyma in the biopsy tissue from patient 9 (Hematoxylin and eosin, 100X).

mild absence of bile ducts concerning for early chronic rejection. Two patients had occasional non-
necrotizing granulomas in portal tracts without an identifiable cause. Steatosis was present in only one 
patient and was mild < 5%.

We compared pre- and post-therapy histological grades of inflammation in five patients (biopsies 
were performed at a mean of 17 wk before treatment start, range 10-26 wk). The mean time between pre 
and end of treatment biopsies was 43 wk, range 35-55 wk. Inflammation increased in three patients (by 
one point), decreased in one patient (by one point), and remained the same in one, Table 2.

Post-treatment liver biopsy
Post-treatment follow-up biopsies were available in five patients (range 38-48 wk after the end of 
treatment). Compared to end-of-treatment biopsies, inflammation decreased in 4 out of 5 patients (by 
one point) and increased in one patient (by one point). Fibrosis increased by one point in two patients 
and remained the same in two. No other causes of inflammation were identified clinically or histolo-
gically, Table 3.

HCV RNA was undetected on all available end-of-treatment (13) and post-treatment liver biopsies 
(5).

Clinical follow up
The clinical course for all patients was tracked for a mean of 2.5 years after the end of treatment. None of 
the patients had HCV relapse or worsening liver function. All had preserved graft function, normal 
aminotransferase, and alkaline phosphatase levels except one that had chronically elevated alkaline 
phosphatase and was later diagnosed with chronic ductopenic rejection (the patient that had a mild 
absence of bile ducts on the end of treatment biopsy).
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Table 2 End of treatment biopsy compared to prior to treatment biopsy

End of treatment 

InflammationPatient number Weeks from biopsy to treatment start Prior to treatment inflammation grade

Grade Change 

1 10 1 2 ↑

5 14 2 1 ↓

10 22 3 4 ↑

11 18 3 4 ↑

13 26 2 2 ↔

↑:  Increased; ↔ : Unchanged; ↓: Improved.

Table 3 End of treatment biopsy compared to follow up biopsy

End of treatment biopsy Follow up biopsy
Patient number 

Inflammation Fibrosis 
Weeks between both biopsies ALT

Inflammation Fibrosis

3 2 0 38 20 1 ↓ 0 ↔

4 3 0 42 15 2 ↓ 1 ↑

5 1 3 43 20 2 ↑ 3 ↔

10 4 3 48 22 2 ↓ 3↔

11 4 2 44 71 3 ↓ 3 ↑

↑:  Increased; ↔ : Unchanged; ↓: Improved.
ALT: Alanine aminotransferase.

DISCUSSION
Even after the wide use of DAAs, HCV-related cirrhosis remains one of the leading indications for liver 
transplant and re-transplant in adults[5]. Due to their safety profile, DAAs allow treating more patients 
with decompensated cirrhosis prior to transplant; however, treatment is commonly deferred to the post-
transplant period to avoid reducing the transplant priority or allowing receipt of a hepatitis C positive 
organ[15]. DAAs show high SVR rates in transplant recipients; however, data regarding the histological 
impact of these drugs in terms of inflammatory changes is limited. Throughout our early DAA 
experience, we evaluated end of treatment and follow-up biopsies after achieving undetectable RNA. 
We noted that biopsies still showed persistent inflammation at the end of treatment in 12/13 patients, 
with no improvement from pre-treatment in 4/5 patients.

Additionally, all the available follow-up biopsies (up to 48 wk from the end of treatment) still showed 
persistent inflammation. We thoroughly evaluated different possibilities that could explain this 
persistent inflammation. Although no clinically significant drug interactions are reported between 
immune suppressive regimens and the included DAAs in our study[16], a cure of HCV can potentially 
influence immune suppression drug levels, and rejection may be a concern. Prior studies have shown an 
impact of ongoing HCV infection on CYP3A4[17] and eventually on cyclosporine and tacrolimus levels. 
In one report, lower doses of these immunosuppressants were needed to reach the same therapeutic 
level compared to non HCV infected patients[18], raising the possibility that resolution of HCV infection 
can lead to lower immunosuppressant level with subsequent rejection. This possibility was carefully 
examined in our patients; findings suggestive of mild T cell-mediated rejection were present only in two 
patients on end of treatment biopsies. The histological changes present were minimal and, when 
correlated, clinically deemed insignificant as the patients did well clinically without additional 
interventions or adjustment of immune suppression regimen. Persistent unexplained hepatitis in the 
liver allograft has been previously reported as idiopathic post-transplant hepatitis (IPTH), chronic 
hepatitis of unknown etiology, with a variable prevalence ranging from 10%-50% in the adult 
population[19]. The implication of this diagnosis in a chronic HCV setting is unclear as most of the 
studies excluded this patient population[20,21].
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Furthermore, in our study, inflammation was present in higher frequency (in 12/13 end of treatment 
biopsies and all 5 post-treatment biopsies), suggesting the presence of another etiology. Prior studies 
also described a characteristic pattern of plasma cell hepatitis[10,22,23] in patients who achieved SVR 
after receiving IFN based therapy. This unique pattern was not seen in our patients. One possible 
explanation is that plasma cell hepatitis is seen more in IFN treated patients, given the immune 
stimulant effect of IFN leading to exposure of new antigens on hepatocytes[24]. All our patients treated 
with IFN free regimens can possibly explain the absence of this histologic pattern.

Prior studies reported occult HCV infection, a “controversial” term, indicating persistence of HCV 
RNA within hepatocytes and/or peripheral blood mononuclear cells despite successfully achieving SVR
[25]. Although the active liver disease has not been reported with this finding, it has been shown that 
this persistent low-level HCV replication promotes persistence of both humoral and T-cellular HCV 
specific markers, that inversely correlated with time from SVR but can persist for up to 9 years[26]. Our 
patients, in theory, are at high risk for developing occult HCV for multiple reasons. First, it has been 
proposed that following treatment with DAA, there is a higher potential for developing occult HCV 
when compared to IFN based treatment due to the lack of induced immunologic response of the 
interferon effect[27]. Second, the risk of occult HCV in the immune-compromised patients is likely 
increased because of the limited ability of the immune system for complete viral clearance, similar to 
end-stage renal disease patients on dialysis[28]. However, the occurrence of occult infection remains 
questionable[29], and data following DAA have been inconsistent. One study reported detectable HCV 
RNA in hepatocytes or peripheral blood mononuclear cells in five out of nine post-transplant patients 
who were treated with DAA and had elevated liver enzymes despite achieving SVR[12].

In contrast, another study did not find evidence of intracellular RNA in 4 patients with persistent 
liver enzyme elevation after DAA[30]. The discrepancy in results could be related to the lack of method 
standardization used among studies to detect HCV RNA in tissue; different sensitivities have been 
reported depending on the used method and tissue processing before analysis[27,31]. Due to the 
retrospective nature of our study, we used FFPE specimens. We found no HCV RNA particles on the 
available end of treatment and post-treatment biopsies indicating that occult infection is not the 
underlying etiology of residual inflammation in our cohort.

The way viral infections induce liver inflammation is complex; one of the identified triggers of this 
immune response is the activation of transmembrane and cytosolic receptors that sense both the viral 
nucleic acid and certain host nucleic acid segments, particularly DNA derived from mitochondrial 
damage. It has been presumed that this plays a role in some non-viral liver injury models as 
acetaminophen hepatotoxicity and ischemic injury[32]. The persistent inflammation seen in our subjects 
could be triggered by the host rather than the remaining viral RNA. However, this is not certain as we 
did not immunologically characterize the inflammatory cells on liver biopsies for HCV-specific T-cell 
responses, and this can be an area for future research.

Another likely explanation for the persistent inflammation in our series can be the lag of the 
histological improvement behind viral clearance and biochemical improvement. Our study did not 
show complete resolution of inflammation on the end of treatment biopsies nor on post-treatment 
biopsies. However, most of our patients had post-treatment liver biopsy within 6 mo after completion of 
treatment, which might not be enough time for inflammation to resolve. Moreover, it should be noted 
that the change in inflammation grades and fibrosis stages between both biopsies is subtle; hence, we 
cannot exclude the possibility of this being secondary to sampling variation rather than a true change.

Our study limitations include the small number of patients, mostly genotype 1 treated with some 
early sofosbuvir-based regimens. However, we believe that our sample is relatively larger than similar 
studies that evaluated histologic changes post-transplant in this setting and that the findings are likely 
generalizable to other DAA regimens. Moreover, we did not check for HCV RNA in peripheral blood 
mononuclear cells due to the retrospective nature of our study, so there is a possibility that we may 
have missed occult infection in the mononuclear cells. However, in the setting of residual inflammation 
on liver biopsy that is consistent with HCV activity, we believe it is more important to examine the liver 
tissue, which was negative for HCV RNA particles, making occult HCV infection a less likely 
explanation for this persistent inflammation.

CONCLUSION
Our case series is among the few available that report the histologic findings and clinical outcomes in 
transplant recipients after achieving SVR using DAAs. We were also able to rule out occult HCV, and 
we followed the patients clinically for 2.5 years showing a benign course of the residual inflammation in 
most subjects. Based on our findings, the residual inflammation appears to have a favorable outcome, 
but it is crucial to exclude other causes of inflammation thoroughly. Moreover, based on our results and 
prior studies, we believe that checking occult HCV is not routinely necessary from a clinical standpoint. 
Liver transplant recipients often require liver biopsy for various reasons; recognizing the natural history 
of this residual inflammation is important to the transplant team. Further studies with a larger and more 
diverse patient population and longer follow-up will help better characterize the long-term outcome of 
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this persistent inflammation following SVR.

ARTICLE HIGHLIGHTS
Research background
Liver transplant recipients may undergo liver biopsy for different indications, and persistent inflam-
mation in patients who receive DAAs can be seen despite achieving sustained virologic response (SVR).

Research motivation
Data on the significance of persistent inflammation on histology after successful treatment of hepatitis C 
infection with Direct-acting antiviral (DAA) therapies is scarce.

Research objectives
We aimed to examine the impact of successful treatment with DAAs on histological changes and to 
describe the clinical course of residual inflammation in liver transplant recipients.

Research methods
A case series of chronic hepatitis C liver transplant recipients received DAA post-liver transplant and 
achieved sustained virologic response. Only patients with at least one liver biopsy were included.

Research results
Thirteen patients were included in this case series; all achieved SVR. Twelve patients were found to 
have persistent inflammation at the end of treatment biopsy. Five patients had follow-up biopsies, all of 
which had persistent inflammation. However, all patients had preserved graft function up to 2.5 years, 
except one who had chronic rejection.

Research conclusions
Persistent inflammation can be seen in liver transplant recipients treated with DAAs; however, it did 
not appear to affect the outcome.

Research perspectives
The findings of our case series shed light on the significance of persistent inflammation in liver 
transplant recipients post successful DAAs treatment. Further studies are needed to include a more 
diverse patient population.
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