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Abstract

Context.—Treatment of chronic viral hepatitis C (HCV) infection with direct-acting antiviral 

agents (DAAs) results in cure, or sustained viral response (SVR), in more than 90% of patients. 

However, there are subsets of patients who have persistent liver inflammation and fibrosis and 

develop hepatocellular carcinoma (HCC) despite achieving SVR. A possible reason for these 

phenomena may be the presence of virus particles in liver tissue but not blood, otherwise defined 

as occult infection.
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Objective.—To describe liver histologic findings following successful DAA therapy, test HCV 

RNA by (liver) tissue polymerase chain reaction in treated cases, and identify predictive markers 

for HCC development in treated cases.

Design.—A total of 96 identified patients were divided into 4 groups, each differentiated by 

the presence or absence of SVR and HCC. Groups were compared for several clinicopathologic 

variables, including degree of inflammation and fibrosis, and the ‘directionality’ of fibrosis in 

cirrhotic livers using the novel progressive-indeterminate-regressive scoring system.

Results.—Overall, we found a significant decrease in inflammation in SVR patients. None of 

the patients showed regression of their cirrhosis following treatment. No evidence of occult HCV 

infection was seen in 40 livers tested, including 21 with HCC. The number of patients who 

developed HCC was similar in the SVR and non-SVR groups, and increased inflammation and 

fibrosis were associated with HCC development.

Conclusions.—Following DAA-SVR there appears to be an overall decrease in inflammation, 

but the fibrosis tends to persist, at least in the short term (median follow-up of 20.2 months).

The advent of direct-acting antiviral agents (DAAs) represents a landmark achievement 

in the management of chronic hepatitis C virus (HCV) infection. More than 90% of 

patients treated with DAAs achieve sustained virologic response (SVR) and are effectively 

cured.1–3 Scant data exist on histologic changes seen after DAA therapy; studies have 

reported persistent inflammation and fibrosis in some patients, despite cure.4 In addition, 

the impact of eliminating the virus on tumorigenesis remains controversial: achieving SVR 

may not necessarily correlate with a reduction in the risk of development or recurrence of 

hepatocellular carcinoma (HCC), especially in patients with cirrhosis.5–7

During and after treatment, therapeutic response is determined by measuring serum HCV 

RNA levels using various nucleic acid amplification tests. At 12 weeks after the completion 

of treatment, undetectable serum HCV RNA is indicative of SVR, and relapse after this 

period rarely occurs with DAA therapy.8 DAA-associated SVR (hereafter referred to as 

DAA-SVR) correlates with a significantly decreased risk of liver-related morbidity and 

all-cause mortality.9,10 However, despite undetectable HCV RNA in serum, virus has been 

detected in peripheral blood mononuclear cells or hepatic tissue in a subset of patients.11 

Referred to as occult HCV infection, this phenomenon was first described in 2004 by 

Castillo et al12 when they showed that 57 of 100 patients with persistently abnormal liver 

function test results and no identifiable cause, including negative results for serum HCV 

antibody and RNA levels, had detectable HCV RNA in hepatic tissue. Subsequently, the 

concept of occult HCV infection has been broadened to encompass HCV antibody–positive 

patients with undetectable serum HCV RNA in the context of spontaneous clearance or 

treatment, but detectable virus in the tissues. Whether residual inflammation, fibrosis, and 

risk of HCC in patients after DAA-SVR is related to occult HCV infection has not been 

explored.

Another issue pertaining to DAA-SVR is its impact on patients who already have cirrhosis. 

Reversal of fibrosis has been well documented in the setting of interferon (IFN) treatment 

of HCV-infected and hepatitis B virus–infected patients.13–15 Assessment of the change 

in severity of fibrosis in response to therapy remains challenging. Most studies have done 
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this using conventional fibrosis staging systems that have been in use for several decades, 

and these work well when there is a definite change in stage despite issues of sampling. 

However, these systems fail to evaluate any changes within a given stage, especially 

cirrhosis, which traditionally has been labeled as the “end stage.” We now recognize that 

even cirrhosis is a spectrum that varies from mild to severe disease. For patients with 

cirrhosis treated with DAA, any changes in the severity of clinical disease cannot be 

assessed by commonly used pathologic staging schemes for chronic hepatitis.16 Several 

systems have been developed to subclassify cirrhosis into mild and severe disease, but even 

these systems fail to predict the course of fibrosis based on a single liver biopsy.17,18 The 

recently proposed progressive-indeterminate-regressive (or PIR) system takes into account 

several previously underrecognized histologic characteristics and provides insight into the 

quality or directionality—progressive or regressive—of fibrosis in patients with cirrhosis 

based on a single liver biopsy.14,19 This system has shown excellent interobserver variability 

and can be assessed easily on hematoxylin-eosin–stained and trichome-stained slides 

obtained from formalin-fixed, paraffin-embedded tissue. Importantly, it has already been 

shown to correlate with liver-related morbidity and mortality in the setting of treated chronic 

hepatitis B.14,19 The PIR classification system has yet to be validated and has not been 

studied in HCV-infected patients. It is possible that the nature of persistent inflammation and 

fibrosis after DAA-SVR may be the histologic predictor of prognosis.

The goals of this study were to (1) evaluate hepatic histopathologic changes in patients 

who achieved DAA-SVR; specifically, the inflammatory grade, fibrosis stage, and quality 

of advanced fibrosis using the novel PIR system; (2) evaluate the presence of HCV RNA 

in liver tissue by using a highly sensitive nucleic acid amplification test to confirm or 

rule out occult HCV infection; and (3) evaluate risk factors for development of HCC after 

DAA-SVR.

MATERIALS AND METHODS

Patient and Pathology Case Selection

After obtaining approval from the Yale University Institutional Review Board, all patients 

with chronic HCV infection who had liver biopsies or resections performed or reviewed 

at Yale-New Haven Hospital from December 2014 to November 2017 were screened for 

history of treatment with DAAs. All patients who had received or were receiving DAA 

therapy were included in the study. A total of 154 individuals with available biographic 

data, detailed treatment courses, and accessible tissue samples were divided into 4 groups 

consisting of those who (1) achieved SVR and later developed biopsy-proven HCC (SVR/

+HCC), (2) had active infection with concomitant biopsy-proven HCC (+HCV/+HCC), (3) 

achieved SVR without evidence of HCC (SVR/−HCC), and (4) had active infection without 

evidence of HCC (+HCV/−HCC). The pathologic and serologic data taken from +HCV 

or untreated patients were taken prior to initiation of DAA therapy. A total of 46 patients 

with concomitant history of other chronic liver conditions, such as alcoholic liver disease, 

drug-induced liver injury, and hepatitis B virus infection, were excluded from analysis of 

histologic parameters but not excluded from testing of tissue for HCV RNA. There were 

6 cases with other concomitant malignancies in the liver, such as cholangiocarcinoma or 
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metastatic neuroendocrine tumor, that were also excluded. Four cases of +HCV/−HCC had 

HCC treated in the past and were also excluded from analysis. This left a total of 96 cases 

for the study, which included 31 cases with SVR and 65 cases with active HCV infection. 

The final split into various subgroups taking HCC into consideration was: 19 SVR/+HCC, 

13 +HCV/+HCC, 12 SVR/−HCC, and 52 +HCV/−HCC. There were 76 biopsies and 21 

resections (including wedge resections, lobectomies, or explants) reviewed. The proportion 

of resections, explants, and biopsies varied among the different groups. A total of 13 of the 

19 SVR/+HCC cases (68%) were resections or explants. Only 1 of the 12 SVR/−HCC cases 

(8%) was an explant. A total of 5 of the 13 +HCV/+HCC cases (38%) were resections. 

A total of 2 of the 52 +HCV/−HCC cases (4%) were explants. Initial analysis combined 

all tissues; however, subgroup analysis was subsequently performed because biopsies only 

sample a very limited portion of total liver tissue and may inaccurately reflect changes in the 

overall parenchyma.

Clinical Variables

Clinical variables included in the analysis were patient demographics and typical laboratory 

markers for hepatic function with corresponding prognostic indices (including the model 

for end-stage liver disease score and Child-Pugh class). Hepatitis C virus genotype 

and viral load, both routinely performed by polymerase chain reaction (PCR) for new 

patients, were collected. In addition, metabolic parameters, including standard measures 

for obesity, diabetes mellitus, hypertension, dyslipidemia, and substance use disorders, 

were collected. Charts were also reviewed for personal histories of other types of 

liver disease, other malignancies, human immunodeficiency virus infection, and other 

immunocompromising conditions, although these conditions were rarely encountered. 

Laboratory values incorporated in the study were derived from blood work that was 

collected nearest to the date of biopsy or resection. All patients had available demographic 

data, viral loads, and liver function test values. Remaining clinical variables were available 

for most patients except for HDL values (not available for 38 patients) and hemoglobin 

A1c values (not available for 51 patients). Sustained virologic response was defined as 

undetectable HCV RNA in serum, performed at least 12 weeks following DAA therapy.8

Histologic Evaluation

Pathologic variables included in the analysis were the inflammatory grade and fibrosis 

stage of liver disease, as per the Batts-Ludwig staging system.20 In resections for HCC, 

background tissue taken for analysis was farthest away from the tumor. In addition, the novel 

progressive, indeterminate, regressive (PIR) system, as described by Sun et al,14 was used 

to describe the quality of fibrosis (predominantly progressive, indeterminate, regressive) in 

each specimen showing cirrhosis.

PIR Classification System

As defined by Sun et al,14 the PIR system to qualify liver fibrosis in the setting of cirrhosis 

is divided into 3 reporting categories: P, I, and R. These categories are thought to more 

faithfully reflect the dynamic process of scar deposition and to better discriminate between 

irreparable fibrous replacement and a healing reaction. In predominantly progressive fibrosis 

(P), more than 50% of the fibrous septa are composed of wide bands of loosely aggregated 
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collagen; these septa have moderate to marked infiltration by inflammatory cells and 

ductular reaction. Predominantly regressive fibrosis (R) is characterized by more than 50% 

of septa showing thin and compact fibrosis; these septa are relatively acellular and devoid of 

significant ductular reaction. Indeterminate fibrosis (I) is a mix of progressive and regressive 

fibrosis with no clear majority of one over the other. Figure 1 shows examples of each 

category. One representative hematoxylin-eosin–stained slide and 1 trichrome-stained slide 

were reviewed per case. When needed and available, a second slide for a given case was 

reviewed. All histologic variables included in this study were evaluated retrospectively at a 

multiheaded microscope by 2 pathologists with training in hepatopathology, and a consensus 

score was given for each case. The pathologists were blinded to the study group of each 

case.

HCV RNA Detection in Tissue Samples

Qualitative reverse transcriptase PCR using a primer set designed against a highly conserved 

region of the HCV genome was performed on a subset of 45 biopsy samples: 19 from 

SVR/−HCC patients, 21 from SVR/+HCC patients, and 5 control samples from patients who 

had active HCV infection without evidence of HCC.21 The limit of detection of HCV RNA 

of the assay is less than 10 IU/mL. Housekeeping gene RNP3 was amplified to ensure the 

quality, quantity, and integrity of nucleic acid extraction.22

Statistical Analysis

To test differences in proportions (categoric variables) and means (continuous variables) 

among the 4 different study groups, Pearson χ2 and Kruskal-Wallis tests were performed, 

respectively. Fisher exact and Student t-tests were employed when comparing categoric 

variables and continuous variables, respectively, between 2 groups. Data analysis was 

performed using the STATA statistical software program (2015; Stata Statistical Software 

release 14, StataCorp LP, College Station, Texas).

RESULTS

Clinical Variables

The 4 study groups were compared, and the summary of their demographics, 

characterization of liver disease, laboratory values, and metabolic parameters is presented 

in Table 1. Patients with HCC were significantly older than those without, both overall 

and when subgroup analysis was performed among DAA-SVR and untreated patients. No 

difference was seen in sex or ethnicity. Most patients in all groups were infected with 

genotype 1 HCV (overall mean, 87%), with no significant difference between groups. The 

alanine aminotransferase, aspartate aminotransferase, and platelet levels were significantly 

lower among DAA-SVR than untreated patients. Platelet count was lower in patients 

with HCC than those without, irrespective of treatment status (P = .01). There were no 

statistically significant differences among several metabolic parameters, including glycemic 

control, antihypertensive medication use, body mass index, and tobacco use.
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Pathologic Variables

Table 2 summarizes the distribution of inflammatory grade and fibrosis stage among patients 

from all 4 groups. The distribution of PIR score is shown for all patients with stage 4 

fibrosis.

Untreated Versus DAA-SVR Patients

Cases from untreated patients showed higher grades of inflammation (grades 2 to 3) 

compared with DAA-SVR cases (P = .04). However, 22 of 31 DAA-SVR cases (71%) 

showed at least grade 1 inflammation, with 9 (29%) showing grade 2 or 3. There was 

no significant difference in the incidence of advanced fibrosis between untreated and DAA-

SVR patients (74% versus 57%, P = .12). Subgroup analysis of biopsy and resection 

specimens showed similar findings; however, statistical significance could not be reached 

because of the smaller numbers. High-grade inflammation was seen more commonly in 

untreated compared with DAA-SVR patients (53% versus 29%, P = .04). A similar trend 

was seen among resection specimens (57% versus 29%, P = .35).

+HCC Versus −HCC Patients

Advanced fibrosis was more commonly seen in patients with HCC versus those without 

(89% versus 52%, P < .001), irrespective of treatment status. There was no significant 

difference in the rate of high-grade inflammation (grade 2 or 3) among patients with or 

without HCC (62% versus 40%, P = .10). In subgroup analysis of biopsy specimens, the 

rate of advanced fibrosis was significantly higher in biopsies from HCC cases versus those 

without (89% versus 52%, P < .001).

PIR Scoring and Relationship to Clinical Features, Inflammation, and HCC

Among all patients with cirrhosis in the cohort, those who demonstrated predominantly 

progressive or indeterminate fibrosis (now referred to as P-I fibrosis) showed no 

significant difference compared with those with regressive-type fibrosis among all clinical 

characteristics collected.

Among all patients with cirrhosis in the cohort, there was no significant difference in P, 

I, and R score distribution between untreated and DAA-SVR patients (P = .54). However, 

there was a significantly increased proportion of P-I fibrosis among HCC patients compared 

with patients without HCC (90% versus 64%, P = .04, 1-tailed analysis). Among DAA-SVR 

patients, the rate of P-I fibrosis in those with HCC was 71% versus 57% in those without 

(not statistically significant, P = .32). There was no statistically significant difference in the 

distribution of PIR scores between resections and biopsies (P = .41) or in the percentage 

of P-I cases (75% versus 74%, P > .99). Subgroup analysis (biopsy and resection) for 

PIR scoring was not performed because the total number of patients in each group was 

considered too low.

Summary of Paired Pre–DAA-SVR and Post–DAA-SVR Tissue Sampling

Fourteen patients with paired pretreatment and post–DAA-SVR biopsies were identified 

from our files. The findings of these biopsies are summarized in Table 3. All pretreatment 
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biopsies were performed either at the time of initial diagnosis for HCV infection or 

at the time of an unexplained increase in liver function tests, and all post–DAA-SVR 

biopsies were performed for fibrosis staging or confirmation of cirrhosis. A decrease in 

inflammatory grade was identified in 10 of 14 posttreatment cases (71%; Figure 2). Fibrosis 

stage decreased in 2 patients, increased in 3, and stayed the same in 9 (Figure 3). Seven 

patients had cirrhosis on the initial biopsy. These biopsies were characterized by either 

predominantly P (n=5), I (n=2), or R (n=0) fibrosis. Post–DAA-SVR regression was seen in 

2 of these patients, with final scores being P (n = 3), I (n = 2), or R (n = 2). The median 

duration between completion of treatment and biopsy in these patients was 6 months.

Relationship of Inflammatory Grade and Time Since Treatment Cessation

Among DAA-SVR patients, the median time interval from the date of treatment cessation 

and date of tissue acquisition was 20.2 months (range, 5–126.3 months). When we analyzed 

the relationship between inflammatory grade and time interval from treatment cessation 

to tissue acquisition, a trend was seen with decreased inflammation over time (Figure 4), 

although this was not statistically significant (analysis of variance, P = .48). There was no 

significant difference in the prevalence of grade 2 or 3 inflammation between patients whose 

tissue was collected before and after the median of 20.2 months (21% versus 33%, P = .66).

HCV RNA Detection in Tissue Samples

Hepatitis C virus RNA was detected in all 5 control samples and none of the tissue samples 

collected from 40 patients who achieved SVR. Housekeeping gene RNP3 was detected in all 

45 samples, ensuring the quality of the PCR reaction.

DISCUSSION

There are 3 major findings in this study of consecutive pathologic specimens from 

chronic HCV patients during a 3-year period. First, there appears to be a global 

decrease in histologic inflammatory grade and mean alanine aminotransferase and aspartate 

aminotransferase upon achieving DAA-SVR; however, nearly one-third (9 of 31; 29%) of 

DAA-SVR patients in this cohort continued to show grade 2 or 3 inflammation. Our findings 

suggest that the recession of inflammatory changes following SVR is time dependent, 

although the median follow-up of 20.2 months is short for such an analysis. Second, our 

data do not show any significant difference in the number of SVR/+HCC and SVR/−HCC 

patients in the relatively short follow-up period of less than 3 years. Furthermore, there 

is an inherent selection bias in that patients with longstanding cirrhosis were among the 

first patients to be offered DAA therapy. Finally, none of the liver tissues from DAA-SVR 

patients (n = 40) were positive for HCV by nucleic acid amplification test. Therefore, occult 

HCV infection in liver is unlikely to be a prevalent mechanism of persistent inflammation, 

worsening fibrosis, or HCC development in successfully treated patients.

Until now, there have been limited published data on histologic changes in post–DAA-SVR 

livers.4 In our large cohort of consecutive liver specimens from patients with chronic 

HCV, we show a significant decrease in inflammatory grade in post–DAA-SVR livers. 

However, 29% of DAA-SVR cases showed high grades (2 or 3+) of inflammation, and 
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38% of DAA-SVR cases with cirrhosis continued to show a predominantly progressive 

pattern of fibrosis, which by definition requires septal inflammation to be present. By 

comparison, as expected, a higher percentage of untreated patients (53%) had high-grade 

(2 or 3+) inflammation and predominantly progressive pattern of fibrosis (46%). Similarly, 

in 14 patients with paired pre– and post–DAA-SVR biopsies, 10 showed decreases in 

inflammatory grade. Although not statistically signficant, likely due to a small number 

of cases, there was certainly a trend toward decreasing necroinflammation over time 

following DAA treatment (Figure 4). Previous studies in the setting of IFN-based treatment 

and SVR have shown somewhat similar results. Tsubota et al23 showed a significant 

decrease in necroinflammation in a cohort of 93 post–IFN therapy-induced SVR patients, 

with histologic improvement occurring in a time-dependent fashion. For those cases with 

persistent high-grade inflammation after treatment, the possibility of an effect of immune 

reconstitution, such as that seen in HIV clearance, should be considered for future studies.

Novel histology-based classification systems have been developed that evaluate various 

features of fibrosis and architecture in cirrhosis and that predict the clinical severity of 

cirrhosis. These schemes, namely the Laennec subclassification of cirrhosis, “the collagen 

proportionate area,” and the Jain-Garcia systems are based on previously underappreciated 

histologic parameters in cirrhosis, such as septal thickness and cellularity, nodule size, 

and fibrosis area, among other properties.17,18,24 However, the utility of these systems 

for predicting the impact of highly effective antiviral therapy has not been tested. The 

PIR system was created to more thoroughly describe the dynamic process of fibrosis 

in the liver, thereby providing some “directionality” to the disease process in cases of 

advanced fibrosis. We chose to use the PIR classification in this study for 2 reasons: (1) 

it previously correlated to fibrosis regression with clinical improvement in the setting of 

another viral hepatitis (hepatitis B virus), and (2) it demonstrated low rates of pathologist 

interobserver variability.14 Our data reveal no significant decrease in the incidence of 

P-I fibrosis after DAA-SVR in a large cohort. However, when we examined livers after 

DAA-SVR from patients who had cirrhosis confirmed on pretreatment biopsies (Table 3), 

3 of 7 cases showed some degree of regression. A total of 2 of the 7 showed a major 

change in fibrosis pattern: they were previously predominantly progressive and became 

predominantly regressive following treatment. In a recent study by Putra et al,4 the Laennec 

subclassification of cirrhosis system was applied to liver explants after DAA-SVR, with a 

median SVR period of 24 weeks. Among 25 cirrhotic DAA-SVR livers, only 20% showed 

histologic evidence of fibrosis regression. Based on our use of the PIR classification, we had 

a comparable proportion of regressive changes (7 of 21; 33%) in fibrosis among DAA-SVR 

cases with cirrhosis. This estimate is also similar to those previously published in the 

setting of SVR with IFN-based therapies.13,25 Bernuth et al26 provided additional support 

for the concept of DAA-induced fibrosis regression using serum and imaging markers of 

fibrosis.4 Our study was hindered by a selection bias in that most of the biopsies in the 

setting of DAA-SVR were performed to confirm the presence of advanced fibrosis based on 

clinical suspicion. In current clinical practice most patients who show clinical and laboratory 

improvement after DAA-SVR do not undergo biopsy. This explains the higher prevalence 

of advanced fibrosis in our DAA-SVR patients compared with the untreated patients. We 

believe these cases may be enriched for those patients who have irreversible/advanced tissue 
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injury/fibrosis or longstanding disease. In fact, 2 of 3 patients who had progressive fibrosis 

on both pre- and post-SVR biopsies had a duration of HCV infection (prior to initiation of 

therapy) of 10 years or more. In contrast, the duration of HCV infection for both patients 

who showed a change from progressive to regressive fibrosis was 2 years or less. Overall, 

our data suggest that a subset of patients with HCV-related cirrhosis undergo some degree 

of fibrosis regression secondary to DAA therapy. That degree may be related to length and 

extent of disease prior to initiation of therapy.

The PIR score is a novel system and is an advancement over prior systems for assessing 

fibrosis. However, several pitfalls became obvious during the study. In the initial study 

all assessments were performed on biopsies; hence, the tissue heterogeneity was less and 

the system showed excellent interobserver variability. There are 3 histologic criteria to 

evaluate on every case, which tend to demonstrate concordance in terms of the overall 

score. For example, thick fibrous septae are likely to demonstrate inflammation and bile 

ductular reaction. However, occasionally there are cases in which only 1 or 2 of the features 

are present, making the scoring difficult. Some cases demonstrate heterogeneity of the 3 

features throughout the tissue. Although the predominant features were taken for the final 

scoring, it was challenging to identify these in some cases. As a result, we found PIR 

scoring to be more difficult on resections where a large area was available for evaluation 

and tissue heterogeneity became more evident. This also raises sampling issues on biopsies 

that represent a minute fragment of the total liver volume. To control for this, we performed 

subgroup analysis of biopsies and resections separately. Further studies, potentially using 

quantitative image analysis techniques, may provide the level of objectivity needed to 

establish the hard criteria required for clinical application of this system.27,28

Our results show that among continuous pathology specimens received for HCC during a 

3-year period, there was no significant difference in the number of cases from DAA-SVR 

versus untreated patients in our cohort. This is intriguing because it is known that SVR 

achieved with non-DAA therapies is associated with decreased risk of HCC.29,30 The same 

would be expected of DAA-SVR. We speculate that most of the patients with cirrhosis who 

developed HCC within the study period had either (1) occult HCV infection, (2) early HCC 

that existed before the initiation of therapy, (3) irreversible inflammatory injury and tissue 

damage that continued despite SVR, or (4) selection bias at a tertiary care medical center 

where many HCC-SVR patients are evaluated for liver transplantation or HCC.

Occult viral infection has been implicated in cases of recurrent viral hepatitis after SVR 

under immunosuppression, or HCC developing in cryptogenic cirrhosis or without any 

underlying identifiable chronic liver disease.31,32 In 2008, Maylin et al33 showed that in 

patients who achieved SVR with IFN-based regimens, the rate of occult HCV infection 

was approximately 1.7% among a sample of 114 individuals who had liver biopsies at 

a mean duration of approximately 3 years after the completion of treatment. The impact 

of DAAs on the immune system compared with IFN-based regimens or HCV detection 

in reservoir sites like the liver or mononuclear phagocyte system is poorly understood. 

One leading theory for the development of early and aggressive HCC in the context of 

DAA-SVR is that the rapid systemic destruction of HCV virions may also attenuate the 

antitumor immune response.7 It has been suggested that this more likely occurs in patients 
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who have preexisting microtumors that are not readily seen on imaging. Although occult 

HCV infection has been thought to be responsible for sustained or increased HCC risk, our 

evidence suggests that occult infection is unlikely to be a major factor. The results of HCV 

detection after SVR (after treatment or spontaneous) have yielded variable results.11 Some 

studies show persistent virus, whereas others do not. This variability has been attributed 

to patient selection, choice of sample selection (liver tissue, peripheral blood mononuclear 

cells, plasma, or serum), and methodology (real-time qualitative reverse transcriptase PCR, 

in situ hybridization, etc). To the best of our knowledge, 2 prior studies have evaluated the 

possibility of occult HCV infection in post-SVR patients in native liver tissue. One showed 

29 of 30 cases were negative,34 whereas Wang et al35 showed that 15% in their cohort were 

positive.

Other factors have previously been shown to be important in predicting HCC development in 

the setting of IFN-mediated SVR, like the presence of diabetes mellitus, alcohol use, and the 

presence of cirrhosis at 24 weeks following SVR.36,37 In our study we excluded any other 

concomitant liver disease or alcohol abuse, and we feel the increased risk of HCC, at least 

in the short term (2 years), is related to underlying persistent inflammation and advanced 

fibrosis.

Persistence of marked inflammatory grade and “progressive” pattern of fibrosis in many 

cases of DAA-SVR would seem to support that. Our results showed that there was a trend 

of higher incidence of HCC in patients who had a higher grade of inflammation and either 

a progressive or an indeterminate pattern of fibrosis (Table 2). It is also possible that 

these HCCs were at very early stages of evolution when the DAA therapy was started, 

and they escaped detection. It is possible that if one only looks at HCV patients without 

cirrhosis or at longer term outcome in cirrhotic patients post DAA-SVR, the HCC risk 

may decline. In our study, we validate higher age and the presence of advanced fibrosis as 

patient characteristics associated with HCC, even in the setting of SVR.38,39 Taken together, 

our findings suggest that HCV tissue infection-independent mechanisms, including tissue 

inflammation and progressive-type fibrosis, are likely more significant biologic mediators of 

clinical prognosis and HCC development.

Our study has some limitations. We did not distinguish between incident HCC following 

DAA therapy (as defined as a new HCC following at least 15 months after DAA-SVR) and 

HCC presentation within 15 months after DAA-SVR, which is likely not treatment related. 

To mitigate this effect, we excluded all patients with a prior history of HCC. Because the 

DAAs have been in use for only a few years, the number of cases is small and follow-up 

is short. The median follow-up time in our study is only 20.2 months following DAA-SVR, 

which makes it difficult to make a more definitive statement about changes secondary to 

treatment and their relationship with time. Other limitations include the selection bias for 

patients with advanced fibrosis in the setting of DAA-SVR, as discussed above, and the 

difficulties in applying a relatively new histologic scoring scheme (PIR), as discussed above. 

Because of this selection bias this study can neither evaluate the overall incidence of HCC 

in the setting of DAA-SVR nor outline the natural history of all HCV patients treated with 

DAA.
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In conclusion, we show that tissue response to DAA-SVR in the setting of chronic hepatitis 

C is generally favorable; however, persistent high-grade inflammation is seen in a subset 

of patients. Further studies are required to identify parameters that may predict histologic 

response to DAA treatment. Together, persistent inflammation and fibrosis appear to be 

more biologically significant than the presence of occult HCV infection in mediating 

continued tissue injury, clinical disease, and evolution of HCC in the setting of DAA-

induced SVR.
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Figure 1. 
Representations of progressive-indeterminate-regressive (PIR) scores. a through c, 

Predominantly progressive (P), indeterminate (I), and regressive (R) fibrosis, respectively. d 

through f, Higher-power images showing increased thickness, inflammation, and cellularity 

in progressive septae compared with those undergoing regression (trichrome, original 

magnification ×40 [a through c]; hematoxylin eosin, original magnifications ×200 [d and 

f] and ×100 [e]).
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Figure 2. 
Pretreatment and posttreatment biopsies from a patient. a and b, One set of diagnostic 

biopsies showing mild to moderate inflammatory grade. c and d, Posttreatment biopsies 

demonstrate decreased inflammation (hematoxylin-eosin, original magnifications ×100 [a 

and c] and ×200 [b and d]).
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Figure 3. 
Pretreatment and posttreatment biopsies from a patient. a, This patient had mild to moderate 

inflammatory grade and periportal to bridging fibrosis on his pretreatment biopsy, both of 

which demonstrated remission in his (b) posttreatment biopsy (hematoxylin-eosin, original 

magnifications ×100 [a] and ×200 [b]).
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Figure 4. 
Inflammatory grade of tissue specimens (y-axis) and time, since treatment cessation, of 

tissue acquisition (x-axis). There was a trend toward decreased inflammation over time, 

although by analysis of variance statistic there was no significant difference in the mean time 

(P = .48) among the 4 categories of inflammation.
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