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Background. Noninvasive markers of liver fibrosis such as aspartate aminotransferase-to-platelet ratio (APRI) and transient
elastography (TE) have largely replaced liver biopsy for staging hepatitis C virus (HCV). As there is little longitudinal data, we com-
pared changes in these markers before and after sustained virologic response (SVR) in human immunodeficiency virus (HIV)-HCV
coinfected patients.

Methods. Participants from the Canadian Coinfection Cohort study who achieved SVR after a first treatment with either interferon/
ribavirin or direct acting antivirals (DAAs), with at least 1 pre- and posttreatment fibrosis measure were selected. Changes in APRI or TE
(DAA era only) were modeled using a generalized additive mixed model, assuming a gamma distribution and adjusting for sex, age at
HCYV acquisition, duration of HCV infection, and time-dependent body mass index, binge drinking, and detectable HIV RNA.

Results.  Of 1981 patients, 151 achieved SVR with interferon and 553 with DAAs; 94 and 382 met inclusion criteria, respectively.
In the DAA era, APRI increased (0.03 units/year; 95% credible interval (CrI): —.05, .12) before, declined dramatically during, and
then changed minimally (—0.03 units/year; 95% Crl: —.06, .01) after treatment. TE values, however, increased (0.74 kPa/year; 95% Crl:
.36, 1.14) before treatment, changed little by the end of treatment, and then declined (-0.55 kPa/year; 95% CrI: —.80, —.31) after SVR.

Conclusions.
should assess the risk of liver-related outcomes such as hepatocellular carcinoma according to trajectories of fibrosis regression

TE should be the preferred noninvasive tool for monitoring fibrosis regression following cure. Future studies

measured using TE to determine if and when it will become safe to discontinue screening.
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Hepatitis C virus (HCV) is the leading cause of cirrhosis,
hepatocellular carcinoma (HCC), and transplantation, and in
many countries including Canada, causes more years of life lost
than any other infectious disease [1-4] especially for those also
living with human immunodeficiency virus (HIV) [5-7]. Direct
acting antiviral (DAA) therapy, with cure rates that exceed 95%
in real-world settings [8, 9], provide an unprecedented oppor-
tunity to reverse these negative health impacts.
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Fibrosis staging is important for risk-stratification and in
predicting individual-level adverse outcomes, treatment re-
sponse, and the need for posttreatment HCC surveillance.
Determining the degree of liver fibrosis prior to treatment is
now commonly established using noninvasive markers such as
the aspartate aminotransferase-to-platelet ratio index (APRI),
the Fibrosis-4 (FIB-4) index, or transient elastography (TE).
However, use of these measures in monitoring fibrosis regres-
sion after HCV cure is the subject of ongoing study [10, 11].
Although several studies have shown that sustained virologic
response (SVR) following interferon- or DAA-based therapy is
associated with a rapid decline in these noninvasive markers,
few studies have followed these markers—TE in particular—
far beyond SVR [12-20]. Establishing a good longitudinal
marker that does not primarily reflect changes in hepatic in-
flammation but actual liver fibrosis regression is clinically
and epidemiologically important. To inform liver fibrosis
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monitoring after cure, the primary objective of this study was
to compare changes in noninvasive markers before and after
SVR, in both the interferon and DAA eras, among HIV-HCV
coinfected patients, while accounting for factors that are known
to affect fibrosis progression.

METHODS

Study Population and Data Collection

We used data from the Canadian Coinfection Cohort Study
[21], an open prospective multicenter study recruiting pa-
tients 16 years of age and older with documented HIV infec-
tion and with chronic HCV infection or evidence of previous
HCV exposure (eg, HCV seropositive by enzyme-linked im-
munosorbent assay [ELISA] or if serologically false-negative,
HCV RNA-positive). From April 2003 to June 2019, 1962 pa-
tients were enrolled from 18 sites across 6 Canadian provinces.
Patients underwent an initial evaluation followed by study visits
approximately every 6 months. At each visit, laboratory analyses
were performed. Starting in 2014, a substudy was instituted at
sites with access to TE (n = 8 sites) where evaluations were
performed every 6 months (before and after treatment). The
study was approved by the community advisory committee of
the Canadian Institutes of Health Research (CIHR)-Canadian
HIV Trials Network and by all institutional ethics boards of
participating centers.

All patients with at least 1 measure of a fibrosis marker (APRI
in the interferon era, APRI, FIB-4, or TE in the DAA era) be-
fore successful treatment and 1 measure of that same marker
after SVR were included. In our analysis in the interferon era,
we included patients successfully treated with a pegylated-
interferon regimen with or without ribavirin. We excluded
any patient successfully retreated with such a regimen after an
earlier treatment failure or coinfected with hepatitis B virus. In
our analyses in the DAA era, we included patients successfully
treated with an all oral second-generation DAA regimen (the
first of which was simeprevir/sofosbuvir, approved in Canada in
November 2013). We also excluded any patient retreated after
an earlier unsuccessful DAA treatment in the same era, starting
a DAA within 6 months of an unsuccessful treatment with in-
terferon, reinfected after a successful treatment with interferon
or coinfected with hepatitis B virus.

Statistical Analysis

We analyzed measurement sequences from each patient with a
generalized additive mixed model [22]. This model was fit in R
(version 3.5.2) using the mgcv package (version 1.8-28). For this
model, we assumed measurements were distributed gamma, with
the mean estimated from model parameters through a natural log
link function; we included fixed effects for prespecified covariates
and 2 smoothing terms. The first smoothing term was a random
intercept to accommodate repeated measurements from the same

patient; the second smoothing term was a spline function repre-
senting the change in the mean measurement over time, both be-
fore, during, and after treatment. The date treatment began was
designated time zero, and measurement sequences were left cen-
sored until at least 6 months after any earlier unsuccessful treat-
ment and right censored after any reinfection.

The prespecified covariates were selected based on their
reported association with liver fibrosis and included: age at
HCV acquisition (per 10 years), duration of infection when
starting treatment (per 10 years), sex and time dependent binge
drinking, detectable HIV viral load and body mass index (BMI)
(per 5 kg/m®). Age at HCV acquisition and BMI were repre-
sented in the model by linear splines [23], with a single knot
(at age 40 and at a BMI of 25, respectively). Binge drinking was
self-reported and defined as at least 6 or more drinks on at least
1 occasion each month in the last 6 months.

We then used the fitted model to calculate the rate of change
during one year periods of relatively constant slope before and
after treatment. We estimated a slope between 1.5 and 0.5 years
before treatment started; in the DAA era, we estimated a slope
between 0.5 and 1.5 years after treatment ended, but in the
interferon era—because of the slower response to interferon
treatment—we estimated a slope between 1.0 and 2.0 years after
treatment ended. By sampling model parameters from their
posterior distribution [24], we repeatedly estimated measure-
ment slopes before and after treatment for the following refer-
ence patient: a man infected with HCV at age 25 and initiating
treatment 25 years after infection (to reflect the median age
when starting treatment; Table 1), with a BMI of 25 (median
BMI; Table 1), an undetectable HIV viral load and not reporting
binge drinking. We then calculated an approximate 95% cred-
ible interval (95% CrI) for the slope from the 2.5 and 97.5 per-
centiles of a distribution of 10 000 slope estimates.

Sensitivity Analysis

In planned sensitivity analyses, we added additional covariates
to our generalized linear mixed model and made a number
of covariate substitutions. We considered the effect of these
changes only on the analysis of APRI in the DAA era, reasoning
that any material differences ought to be apparent in this anal-
ysis as it contained the most information among our main ana-
lyses. We assessed whether these changes had a material effect
by comparing slope estimates. We also refit our model for APRI
in the DAA era to 2 patient subsets: those with (APRI > 1.5)
and without (APRI < 1.5) fibrosis when starting treatment.

In an unplanned sensitivity analysis, we refit our model for
TE in the DAA era to these same 2 patient subsets. We did not
a priori expect to have sufficient TE data to successfully model
the response in patients with fibrosis, but our modeling of all TE
data suggested a simple response over time that would require less
data to estimate than anticipated. In a second unplanned sensi-
tivity analysis, we added additional data to the analysis of APRI in
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Table 1. Patient Characteristics When Starting Treatment for Those Successfully Treated in the Interferon (IFN) and Direct Acting Antiviral (DAA) Eras
Era: IFN DAA DAA DAA
Marker: APRI APRI FIB-4 TE
Median or Percent n=94 n =382 n =381 n =149
Demographic characteristics

Age, years 46 52 52 51

Female, % 15 31 31 30

Body mass index, kg/m? 25 25 25 24
Risk factors

Men who have sex with men, % 36 30 30 28

History of injection drug use, % 72 77 77 78

Current injection drug use, % 16 23 23 26

History of binge drinking, % 24 32 32 24

Current binge drinking, % 15 14 13 13
Disease characteristics

Time since HIV diagnosis, years 12 18 18 17

Duration of HCV infection, years 16 24 24 22

Prior AIDS diagnosis, % 28 27 27 24

Nadir CD4 + cell count, cells/ul 200 170 170 190

CD4 + cell count, cells/ul 420 460 450 530

HIV RNA < 50 copies/ml, % 70 74 74 77

Prior diagnosis of end-stage liver disease, % 17 18 17 17

HCV genotype 1 or 4, % 55 77 77 77
Medications

On antiretroviral therapy, % 85 98 98 97

HCV treatment naive, % 90 68 68 67

Duration of HCV treatment, weeks 45 12 12 12
Markers of fibrosis

APRI 0.92 0.72

APRI > 15, % 32 25

FIB-4 1.9

FIB-4 > 3.25, % 23

TE, kPa 7.3

TE > 7.2 kPa, % 50
Measurement frequency

Measures before treatment, number 2 5 5 3

Measures after treatment, number 7 3 3 3

Most recent measure before treatment, weeks 17 12 12 13

Most recent measure after treatment, weeks 16 16 16 20

Follow-up before treatment, weeks 55 153 172 78

Follow-up after treatment, weeks 252 86 84 96

Time between measures, weeks 28 27 27 28

Abbreviations: APRI, aspartate aminotransferase to platelet ratio index; FIB-4, fibrosis-4 index; HCV, hepatitis C virus; HIV, human immunodeficiency virus; TE, transient elastography.

the DAA era. These data were collected during treatment moni-
toring, rather than during the 6-monthly follow-up visits. In a
third unplanned sensitivity analysis, we refit our models for TE
in the DAA era to FIB-4 in the DAA era overall, and to 2 patient
subsets: those with (FIB-4 > 3.25) and without (FIB-4 < 3.25) fi-
brosis when starting treatment, in response to a reviewer’s request.

RESULTS

Patient Characteristics
A total of 1981 HIV-HCV coinfected patients were enrolled by
the end of the study period (Supplementary material, Figure

S1). A total of 151 and 553 coinfected patients achieved SVR
with interferon and second-generation DAAs, respectively. Of
these, 94 and 382 patients had pre- and post-SVR APRI data for
the interferon and DAA eras, respectively; 149 patients had pre-
and post-SVR TE data in the DAA era and were included in
the study. Patient sociodemographic and clinical characteristics
are presented in Table 1. In the DAA era, patients contributing
APRI data were more likely to be on combination antiretroviral
therapy (cART) and have an HIV RNA below 50 copies/mL and
less likely to be HCV treatment naive and have advanced fibrosis
(APRI > 1.5) compared to patients contributing APRI data in
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the interferon era. Among the 149 participants with available
TE data in the DAA era, 50% had a fibrosis stage of > F2 when
starting HCV treatment.

Fibrosis Regression Before, During, and After Treatment

In the interferon era, the response curve suggests a gradual
rise in APRI before treatment, a period of decline during treat-
ment that continues after treatment completion (duration
of interferon therapy: median 45 weeks; interquartile range
[IQR], 25-49 weeks), but little evidence of decline in the longer
term (Figure 1A). In contrast, in the DAA era, the decline in
APRI during treatment appears more rapid and confined to
the treatment period (duration of DAA therapy: median 12
weeks; IQR 12-13 weeks), with little decline after treatment
completion (Figure 1B). This same pattern is seen in FIB-4 in
the DAA era (Figure 1C). Conversely, the response curve sug-
gests that changes in TE are more gradual: a period of increase
prior to treatment, minimal decline during the treatment pe-
riod, followed by further decline after treatment completion
(Figure 1D). When fitting generalized additive models, subjec-
tive decisions need to be made about how to construct a smooth
response curve from the underlying data. In Supplementary
Material, we describe the process we followed and show alter-
native response curves for all data (Supplementary material,
Figures S2 to S5) and report estimated associations between
covariates and markers (Supplementary material, Table S1).

In a sensitivity analysis, we fitted identical models for
APRI measurements in the DAA era to 2 patient subgroups
(Figure 2). There was little change in APRI over time among
patients without fibrosis when starting treatment (Figure 2A),
whereas there was a rapid decline in APRI during treat-
ment among patients with fibrosis when starting treatment
(Figure 2B). APRI changed little after treatment in either sub-
group. Subgroup response curves were similar for both APRI
and FIB-4 (Supplementary material, Figures S6 and S7).

We fitted identical models for TE measurements in the DAA
era to 2 patient subgroups (Figure 3; Supplementary material,
Figure S8). There was little change in TE over time among pa-
tients without fibrosis (Figure 3A). In patients with fibrosis, TE
measurements increased before treatment, declined after treat-
ment initiation, and continued to decline after treatment com-
pletion (Figure 3B).

Adding additional data collected during treatment moni-
toring to the analysis of APRI in the DAA era had no real influ-
ence on the response curve outside that period (Supplementary
material, Figure S9). The response curve with these addi-
tional data was essentially equivalent to the curve found from
6 monthly follow-up data alone (Figure 1B).

Estimates of Change Before and After Treatment
Given these response curves, we estimated changes in each
marker over 1 year periods of relatively constant slope. These

estimates show little change in APRI or FIB-4 both before and
after treatment (Table 2). The exception was an increase in both
APRI and FIB-4 before treatment among patients with fibrosis
when starting treatment. In contrast, overall there was evidence
of an increase in TE prior to treatment initiation and a decrease
following treatment completion. Changes in TE were essen-
tially limited to those with fibrosis when starting treatment; in
those without fibrosis, there was a slight but constant decrease
over time.

Other Sensitivity Analyses

In separate analyses, we added additional covariates for HCV
genotype 3, a CD4 cell count of < 200 cells/mm’ when starting
treatment, type 2 diabetes, and a protease inhibitor as part of
the antiretroviral regimen. We also replaced binge drinking
with hazardous drinking as defined by the AUDIT-C score [25],
and age at HCV acquisition and duration of infection when
starting treatment with age when starting treatment. None of
these changes made an appreciable difference to slope estimates
(Supplementary Material, Table S2).

DISCUSSION

Our study prospectively examined changes in APRI and TE be-
fore and after SVR, and in both the interferon and DAA eras,
in a large cohort of HIV-HCV coinfected patients to determine
the most promising noninvasive tool for monitoring fibrosis re-
gression over time. In both eras, we observed minimal change
in APRI prior to treatment, a rapid and steep decline in APRI
confined primarily to the treatment periods, and essentially
no change in APRI following SVR. These findings suggest that
changes observed in APRI over time are related to changes in
hepatic inflammation rather than fibrosis. The slower decline
in APRI with interferon therapy compared to DAAs appears
to parallel differences in the rate of HCV RNA suppression on
these regimens, further supporting that the changes in APRI
observed are related to a reduction in inflammation associ-
ated with HCV replication [12]. Although we had limited data,
particularly in the interferon era, among those with available
HCV RNA data during treatment, 54% versus 84% suppressed
HCV RNA below the limit of quantification by week 4, rising
to 90% and 99% at week 12, in the interferon and DAA eras,
respectively. APRI does not also appear to be useful for moni-
toring fibrosis regression among those with significant fibrosis
at treatment initiation. Although APRI increased prior to treat-
ment in this group, no decline was seen in the posttreatment
period. Not surprisingly, FIB-4 behaved similarly to APRI,
both overall and in those with advanced fibrosis when starting
treatment. Studies have suggested that posttreatment APRI and
FIB-4 correlate well with paired liver biopsy scores [26]. It is
possible that concurrent inflammatory processes not affected
by HCV treatment, such as steatohepatitis and/or alcoholic
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Response curves from generalized additive models for APRI in the interferon era (A); and for APRI (B), FIB-4 (C), and transient elastography (0) in the direct acting

antiviral era. Reference lines show the usual treatment period (—~ — =) and the 1 year periods during which slopes were estimated both before and after treatment (e — ).

Abbreviations: APRI, aspartate aminotransferase to platelet ratio index; FIB-4, fibrosis-4

index.

liver disease continue to drive fibrosis among a subset of pa-
tients after HCV eradication—in such patients, APRI or FIB-4
may remain associated with the degree of fibrosis.

In contrast, the picture with TE is quite different—TE meas-
ures increased prior to DAA treatment, declined minimally

during treatment and, more importantly, continued to decline
following cure. These findings imply that the changes in TE fol-
lowing SVR likely reflect true reversal of fibrosis. Changes in
TE were essentially restricted to those having advanced fibrosis
prior to treatment; an average regression of —1.5 kPA (95%
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Response curves from generalized additive models for aspartate APRI in the direct acting antiviral era. Curves are shown for patients without fibrosis (APRI < 1.5)

when starting treatment (A), for patients with fibrosis (APRI > 1.5) when starting treatment (B), and for both subgroups together (C). Reference lines show the usual treatment
period (-~ — =) and 1 year periods during which slopes were estimated both before and after treatment (e — ). Abbreviation: APRI, aminotransferase to platelet ratio index.

Crl: -2.6, —.5) between 6 months and 1.5 years after treatment
completion was observed in F2-F4 reference patients. This sug-
gests that SVR may lead to meaningful fibrosis regression over
a relatively short period in the absence of other risk factors for
fibrosis. Taken together, TE is more useful than APRI in moni-
toring fibrosis regression after cure. As with APRI, it has been
suggested that TE can be influenced by necroinflammatory he-
patic activity [16, 27] and changes in TE may overestimate re-
gression post-SVR [28]. Indeed, we did observe some decline
in TE over the treatment period. Thus, estimation of fibrosis
regression should only begin after this inflammatory period

has resolved—this postinflammatory TE measure is likely a
truer estimate of the level of fibrosis than the pretreatment TE
measure. Changes thereafter reflect regression of fibrosis in the
absence of HCV-related inflammation.

As the use of noninvasive markers for liver fibrosis assess-
ment has become widespread, understanding their clinical
utility throughout the treatment trajectory, and particularly
post-SVR, is important. Other groups have studied changes in
noninvasive markers but have only compared these measures at
a single time point before, and 1 or 2 time points at or shortly
after SVR [13, 29]. This approach will misattribute changes
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Figure 3. Response curves from generalized additive models for TE in the direct acting antiviral era. Curves are shown for patients without fibrosis (TE < 7.2) when starting
treatment (A), for patients with fibrosis (TE > 7.2) when starting treatment (B), and for both subgroups together (C). Reference lines show the usual treatment period (- — )
and 1 year periods during which slopes were estimated both before and after treatment (e — ). Abbreviation: TE, transient elastography.

that occur during the treatment period to fibrosis resolution
following cure and potentially overestimate the degree of re-
gression. Furthermore, very few studies have examined fibrosis
regression among HIV-HCV coinfected persons [29-33], and
the median follow-up using TE has been short, ranging from
12 to 52 weeks [29, 32]. Thus, a major strength of our study was
the availability of multiple routinely performed measures over
a long follow-up period, allowing us to longitudinally follow
the course of noninvasive markers to 200 weeks after treatment.

Currently, the European Association for the Study of the
Liver and the American Association for the Study of Liver

Diseases recommend lifelong monitoring for HCC in patients
with advanced fibrosis or cirrhosis who achieve SVR [34, 35].
Some studies have shown that a post-SVR APRI or FIB-4 can be
used to predict the risk of HCC, including among coinfected pa-
tients [36-39]. It would be expected that a single posttreatment
measure might retain some predictive value for fibrosis and
clinical outcomes as these measures are directly related to the
pretreatment value. However, their predictive value would
likely diminish further out from SVR given they essentially do
not change over time. What is of greater interest, however, is
whether HCC risk differs by the degree of posttreatment fibrosis
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Table 2. Slope Estimates for Fibrosis Markers: Change Before and After Treatment for Patients Successfully Treated in the Interferon and Direct Acting

Antiviral Eras

Marker Era Slope Before (95% Crl)? Slope After (95% Crl)°
APRI Interferon .01 (-.16, .18) -.02 (-.06, .01)
Direct acting antiviral .03 (-.05, .12) —.03 (-.06, .01)
With monitoring data .02 (-.08, .12) -.03 (-.07, .01)
FO-F1 when starting -.04 (-.10, .01) -.02 (-.04, .01)
F2-F4 when starting 1.84 (.48, 3.53) .01 (-.32, .34)
FIB-4 Direct acting antiviral .13 (.04, .22) -.03 (-.10, .03)
FO-F1 when starting .01 (-.05, .06) -.02 (-.06, .02)
F2-F4 when starting .91 (.46, 1.42) -.01 (-.22, .20)
TE Direct acting antiviral .74 (.36, 1.14) —-.55 (-.80, -.31)
FO-F1 when starting -.07 (-.14, -.02) -.06 (-.10, -.01)
F2-F4 when starting 4.2 (2.4,6.4) -15(-2.6, -.5)

Abbreviations: APRI, aspartate aminotransferase to platelet ratio index; Crl; credible interval; FIB-4, fibrosis-4 index; TE. transient elastography.

“Slope between 1.5 and 0.5 years before starting treatment.

®Slope between 1 and 2 years after treatment ends in the interferon era, and between 0.5 and 1.5 years after treatment ends in the direct acting antiviral era.

resolution given fibrosis regression is variable after SVR, and
progression of fibrosis has been observed in some cases [26].
Our methods provide a means of estimating fibrosis regression
longitudinally, and our results suggest that TE should be the
preferred noninvasive marker when investigating how various
fibrosis trajectories predict HCC and other clinical outcomes.
Our findings also underscore that TE should be performed rou-
tinely following SVR among individuals with advanced fibrosis/
cirrhosis before treatment (ie, among those who require indef-
inite screening for HCC post-SVR). Although APRI and FIB-4
are now frequently used instead of TE to stage liver disease be-
fore treatment to facilitate HCV treatment uptake both in high-
and low-income settings [35], our results present a strong case
for not abandoning TE and for expanding its access in resource-
limited countries.

The Canadian Coinfection Cohort comprises a diverse pa-
tient population followed at various primary and tertiary care
clinics in urban and semi-urban areas and is thus representative
of the HIV-HCV coinfected Canadian population in care [21].
We used statistical methods that allowed us to model irregularly
repeated measurements that are not normally distributed, be-
fore, during, and after treatment, without artificially grouping
(eg, binning) data, which potentially masks changes over time.
Our study has limitations. First, our results may not be gener-
alizable to HCV-monoinfected individuals, although a recent
study suggested similar degrees of regression in TE 12 weeks
posttreatment among HCV-monoinfected and coinfected pa-
tients on cART [32]. Second, when fitting generalized additive
models, subjective decisions need to be made regarding how
a smooth response curve is constructed from the underlying
data. Although we explain our rationale in Supplementary
material, our choices may hide or exaggerate elements of a re-
sponse curve. Third, the credible intervals of our slope estimates
will be too narrow as they do not allow for uncertainly in the
smoothing parameter that controls the tradeoff between fit to

the data and smoothness. However, simulation suggests the un-
derestimate will be trivial for the relatively simple models in
Figure 2 [40].

In conclusion, although APRI and FIB-4 may be useful to
stage patients for fibrosis before treatment, TE should be the
preferred noninvasive tool for monitoring fibrosis regres-
sion following cure. Such monitoring should begin during the
postinflammatory period- that is, after SVR, and continue pe-
riodically thereafter. As meaningful regression of fibrosis occurs
in those with advanced liver disease, future studies should as-
sess the risk of HCC and other liver-related outcomes according
to trajectories of fibrosis regression measured using TE to de-
termine if and when it will become safe to discontinue HCC
screening.
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Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
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