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Abstract
Background and Aims: Although effective treatment in terms of inducing virological and biochemical response for
chronic hepatitis B (CHB) is available, its effect on the clinical course of the disease has not yet been accurately estimated. Objective of this study was to evaluate the effect of antiviral therapy and its type [interferon +/- nucleos(t)ide analogs
(NAs) vs. NAs] on the occurrence of a clinical event (liver decompensation, liver transplant, hepatocellular carcinoma
and death from a liver-related cause) in CHB patients.
Methods: The study population was derived from the HEPNET-Greece, a nationwide cohort study aimed to evaluate the
current epidemiological course of viral hepatitis. To account for time-dependent confounding, Cox marginal structural
models were used to analyze data.
Results: Thirty out of 2,125 eligible patients experienced a clinical event during their follow-up. When comparing
treated to untreated individuals, the hazard ratio (HR) for a clinical event was 0.39 (95% CI: 0.16-0.98; p =0.044) in
the whole sample, whereas there were indications of a more intense effect in the subgroup of patients with cirrhosis at
presentation (HR =0.16, 95% CI: 0.02-1.21; p =0.075). The effect of Interferon initiated treatment was not significantly
different of that of NAs. There was some evidence, albeit not statistically significant, of a protective treatment effect on
hepatocellular carcinoma development (HCC).
Conclusions: Data from observational studies can provide useful inference, provided they are analyzed appropriately.
The current study has shown that the available treatment options for CHB offer a significant clinical benefit to CHB
infected individuals. Hippokratia 2016, 20(3): 214-221
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Introduction
Chronic hepatitis B virus infection (CHB) remains
a major public health issue. Although vaccine programs
have decreased the incidence of hepatitis B virus (HBV)1,
more than 350 million people are still infected with HBV
worldwide2. CHB can lead to cirrhosis, hepatic decompensation, and hepatocellular carcinoma (HCC)1,3,4. It is
estimated that approximately 780,000 people die every
year due to CHB consequences5.
Current recommended treatment of CHB includes
pegylated interferon alfa (PEG-IFNa) or one of the high
genetic barrier- nucleos(t)ide analogs (NAs), entecavir
or tenofovir, while standard interferon alfa (IFNa) or
other NAs (lamivudine, adefovir, telbivudine) have also
been used in the previous years6. Although the ultimate
goal of antiviral therapy is to prevent disease progression and liver-related mortality, including HCC deaths,
for practical reasons, the efficacy of antiviral therapy in
almost all randomized controlled trials (RCTs) has been
evaluated using surrogate end points such as virological (suppression of HBV replication) and/or biochemical [alanine transaminase/aspartate transaminase (ALT/
AST) normalization] response7-13. Only one RCT had the
power to evaluate treatment effects on long-term clinical events14. Whereas there is evidence that virological
response is correlated with improved liver histology15-17,
this does not necessarily imply equal antiviral effects on
clinical relevant outcomes. Although RCTs provide the
highest level of evidence, given the proven efficacy of
current antivirals, a placebo-controlled trial would have
been unethical, even in the context of a large multicenter
RCT. Thus, such data have to come from observational
studies.
Most previous studies and meta-analyses14,18,19 have
found that antiviral therapy decreases liver-related, and
all-cause mortality, but data on its effects on HCC development are less consistent20. Reliable estimates of antiviral effects across different geographical/ethnical groups
are desirable for patients and their physicians, as well as,
for public health planning and cost effectiveness calculations. When comparing different treatment groups, results from observational studies are known to be subject
to biases due to treatment given by indication. Indeed, a
recent meta-analysis20 has highlighted the essential role
that research design plays on overall assessment and in
particular in HCC incidence estimates.
Several methods have been proposed and implemented to avert induced biases including multivariable analysis, in which all known and measured confounders are included in the final model; propensity matching in which
treated and untreated individuals are matched using propensity scores and inverse probability weighting (IPW)
in which individuals are weighted proportionally to the
inverse probability of treatment initiation. The pros and
cons of each method have been previously discussed21,22.
Although the least efficient, multivariable analyses approach is the most commonly used due to its simplicity.
Propensity matching has been applied when analyzing
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data from CHB patients23. IPW, although commonly used
when analyzing cohorts of HIV-infected individuals, to
our knowledge, it has never been used in the analysis of
cohorts of CHB infected individuals. Marginal structural
models (MSMs), whose parameters are estimated using
the IPW method, are particularly helpful for longitudinal cohort studies with time-varying confounders. In
CHB cohorts, markers as ALT/AST or HBV DNA act as
time-varying confounders, in the sense that they are risk
factors for disease progression but also predict initiation
of treatment, whereas they are subsequently affected by
treatment. It is well established nowadays that in such
situations inference using classic multivariable survival
analysis techniques can be seriously biased24. To account
for time-dependent confounding, we applied a Cox marginal structural model (MSM).
Therefore, our aim was to estimate the effect of
antiviral treatment, as well as the effect of the type of
treatment (IFNa initiated, NAs or none), on liver-related
clinical events and particularly on HCC development, in
CHB Caucasian patients. For that, we used data from a
nationwide cohort study, the HEPNET-Greece.
Methods
Study population
The HEPNET-Greece network, aiming to evaluate the
current epidemiological course of chronic HBV and hepatitis C virus, was established in 2003 with the support of
the Hellenic Center for Disease Control and Prevention
(HCDCP, KEELPNO, Greece). Twenty-five tertiary liver
centers throughout Greece participate in the network. A
structured case report form (CRF) was used for data collection. Before the network establishment, data were collected retrospectively from patients’ medical records and
prospectively, updated twice per year, thereafter. Since
2005, written CRFs were replaced by electronic CRFs.
All CRFs were submitted to the Statistical and Management Center based in the Department of Hygiene, Epidemiology and Medical Statistics, at the Medical School of
Athens University. Extensive quality controls were performed to identify possible duplications, logical errors
and missing or unexpected values. The study protocol
was reviewed and approved by the Governing body of
HCDCP.
All patients with CHB (HBsAg positivity for at least
six months) were potentially eligible.
Patients who had visited a collaborating center before
January 2000 were excluded from the sample since before this date NAs were not available in Greece. Baseline
was defined as the first visit at which a biochemical exam
was performed, the first HBV DNA was measured, or
1/1/2000, whichever latest. Patients were also excluded if
they were co-infected with human immunodeficiency or
hepatitis C or D viruses; were ≤16 years old at baseline;
had previous treatment or were on treatment at baseline;
had experienced a liver-related event before or within one
month after the baseline visit or had been followed for
less than one month.
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Definitions
The diagnosis of cirrhosis was based on histological findings (Ishak’s stage 5 or 6)25 or, in patients without a liver
biopsy, on previously described physical examination,
endoscopic and/or ultrasonographic findings26,27.
Treatment was categorized into two groups: IFNa
initiated therapy (IFNa group), which included (PEG-)
IFNa monotherapy or (PEG-)IFNa with subsequent NA
therapy, and NA therapy alone (NA group). All analyses
were conducted on an ‘intention-to-treat’ basis, that is,
the decision to treat was actually evaluated. Thus, patients were considered as treated irrespectively of the
treatment duration.
A clinical event was defined as one of the following:
liver decompensation (variceal bleeding, ascites, hepatic
encephalopathy), HCC, liver transplant or liver-related
death. Date of an event was considered as the date of the
earliest of the above-mentioned events. Follow-up was
the time interval between baseline visit and date of clinical event development, date of last clinical assessment or
August 2012 whichever came first. To estimate the effect
of treatment on the time to HCC development, HCC was
considered as the only relevant event, while patients who
did not experience HCC were censored at the date they
were last seen alive.
Statistical analysis
In order to estimate the average hazard ratio (HR) for
CHB treatment initiation versus noninitiation, as well as
for the type of CHB treatment initiation, i.e., IFNa initiated or NA alone versus no treatment initiation, two pooled
logistic models were fitted. Both models included a timevarying indicator for ever use of treatment (or the type
of treatment), time of follow-up in months as restricted
cubic splines with 5 knots and a set of baseline covariates: ALT (≤40 IU/L, >40 IU/L), AST (≤40 IU/L, >40
IU/L) HBV DNA level (≤2000 IU/mL, >2000 IU/mL),
cirrhosis, sex, age, calendar year, years since HBV diagnosis. In all cases, the baseline status was considered as
the patient’s status at baseline or within one month window from the start of follow-up.
The data analyzed in the current study come from an
observational study where patients are treated by indication; therefore treatment’s effect is subject to confounding. Standard methods propose adjustment by including
covariates in multivariable models. It has been shown
though that in cases where i) a time-dependent covariate exists (e.g. a biochemical marker such as ALT) that
is both a risk factor for clinical disease progression and
also predicts subsequent exposure and ii) past exposure
history predicts the risk factor, this approach may lead to
biased estimates.
To avoid such bias, we used a Cox MSM to estimate
the treatment’s effect28. Treatment was considered as either a binary covariate (treated/untreated) or a multinomial covariate with three levels (IFNa group/NA group/
untreated). In a preliminary step, stabilized treatment
weights were constructed according to the Inverse Prob-

ability of Treatment Weighting (IPTW) method.
Following the above described procedure, we intended to mimic a trial, where patients initiate treatment
randomly at each time point. Assuming that all time-dependent confounders are available for the analysis, the
effect of treatment was estimated unbiasedly.
Each patient was assigned a time-updated weight,
which was inversely proportional to the probability of
having his/her own observed history of treatment initiation, as this was estimated by either the logistic regression or the multinomial models28,29. To estimate each patient’s probability of treatment initiation in each month,
we fit a pooled logistic model that included time-varying
covariates for ALT, AST, HBV DNA, cirrhosis, along
with age and sex, and an indicator for an interval greater
than three months since last lab measure. Variables’ selection for both models, i.e., the treatment and the survival model, was performed following recommendations
by Moodie30.
The mean of the estimated weights was 1.15 (1st percentile: 0.05, 99th percentile: 5.63) in the case of binary
treatment and 1.09 (1st percentile: 0.01, 99th percentile:
5.43) in the case of multinomial treatment (i.e., type of
treatment). Since their range was acceptable and their
mean did not substantially deviate from 1, no weights
truncation was applied.
The pooled logistic regression accounts for the within-subject correlation thus 95% confidence intervals (CI)
were computed by using robust variance estimators.
In order to separately estimate the average treatment
effect in patients with different disease severity, subset
analysis according to the baseline cirrhosis status was
performed.
Two sensitivity analyses were performed: Artificial
censoring a) at the first time patient was not seen for 18
months or more, or b) at the time a patient initiated a new
treatment. In all analyses, censoring weights were estimated and incorporated in the final model. The analysis
was repeated for the overall clinical disease progression,
i.e. considering death from any cause as an event. Moreover, the analysis was repeated in the subgroup of hepatitis B e antigen (HBeAg) negative at baseline patients.
Cox MSMs were fitted by pooled logistic regression using the Stata 11.2 software (StataCorp, College Station,
Texas USA), as described previously31. For comparison,
treatment’s effect was estimated by standard (unweighted) Cox models, unadjusted and adjusted for all significant time-dependent covariates or their baseline values.
Results
Up to August 2012, 6,921 CHB patients were enrolled in the HEPNET-Greece study, of which 6,238
were mono-infected adults. Of them, 4,960 first visited
a collaborating center after 2000, 3,670 had at least one
ALT and one HBV DNA measurement, whereas 2,125
were followed for at least one month, treatment naïve and
event free at baseline (and for the first month of followup). Details on the baseline status of the 2,125 eligible
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patients are shown in Table 1.
Patients were followed for a median time of 28
months [interquartile range (IQR) 12-57 months]. During
follow-up, 679 (32%) patients initiated treatment. Specifically, 319 of them were initially treated with IFNa,
either alone (n =248) or in combination with NA (n =71),
while 360 patients were treated only with NA(s) (Table
2). Two hundred and fifty-one of the 360 NA-treated
(69.7%) received lamivudine and/or adefovir. Overall,
30 (1.4%) patients experienced a clinical event in 4-100
months from baseline. Eleven of these events (36.7%)
were observed in patients who had not been treated yet
(six cases of decompensated cirrhoses, four of HCC and
one liver-related death), seven (23.3%) in patients who
had received IFN-IFNa based treatment (two cases of
decompensated cirrhosis and five of HCC) and 12 events
(40.0%) in patients who had received NAs (four cases of
decompensated cirrhosis, eight of HCC). Eight (47.1%)
of the patients that developed HCC had not a prior cirrhosis diagnosis.
Patients with cirrhosis (OR: 1.56, 95% CI: 1.15-2.11;
p =0.004), HBV DNA >2000 IU/ml (OR: 8.52, 95% CI:
6.5-11.23; p <0.001), and elevated ALT (OR: 4.75, 95%
CI: 3.78, 5.96; p <0.001) or AST (>40 IU/L) (OR: 2.59,
95% CI: 2.13-3.15; p <0.001) were more likely to initiate treatment. Factors affecting the probability of starting IFNa based treatment also had a similar effect on the
probability of starting an NA based regimen. Patients
with cirrhosis though were more likely to initiate treatment with NAs [Relative Risk Ratio (RRR): 1.50, 95%
CI: 0.90-2.50; p =0.116 for IFNa initiation and RRR:
1.98, 95% CI: 1.38-2.85; p <0.001]. Elevated HBV
DNA was a stronger prognostic factor for initiating IFNa
than NA treatment (RRR: 18.10, 95% CI: 9.58-34.21; p
<0.001 for IFNa initiation and RRR: 7.01, 95% CI: 4.959.93; p <0.001). Older patients were more likely to be
treated with NAs, whereas younger were more likely to
be treated with IFNa (RRR for one year of age: 1.03, 95%
CI: 1.02-1.04; p <0.001 for NAs and RRR for one year
of age: 0.99, 95% CI: 0.98-0.99; p <0.001 for IFNa). In
addition, women tended to be more likely to initiate NA
treatment (RRR for NAs initiation 1.23, 95% CI: 0.981.53, p =0.075).
According to the MSM Cox model, treatment was
found to reduce the hazard of a clinical event by about
60% (HR =0.39, 95% CI: 0.16-0.98; p =0.044). The effect of treatment was found to be more intense in the subgroup of patients with cirrhosis than in the subgroup of
cirrhosis-free at baseline patients, although results were
not statistically significant for either group (HR =0.16,
95% CI: 0.02-1.21; p =0.075 and HR =0.45, 95% CI:
0.10-2.05; p =0.300, respectively) (Table 3). When the effect of treatment type was assessed, the results were in the
same direction, implying a protective though non-significant effect of both IFNa and NA treatment. Specifically,
IFNa was found to decrease the hazard by almost 65%
compared to no treatment (HR =0.36, 95% CI: 0.10-1.31;
p =0.122), while treatment with NAs was also protective

Table 1: Baseline characteristics of study participants (n =2,125
patients with chronic hepatitis B) derived from the HEPNETGreece.
n (%)
Gender
1273 (59.9)
Male
850 (40.0)
Female
2 (0.1)
Transexual
Calendar year
461 (21.7)
2000-2003
1002 (47.2)
2004-2008
662 (31.2)
2009+
Cirrhosis
2029 (95.5)
No
96 (4.5)
Yes
Mean of diagnosis
35 (36.5)*
Biopsy
59 (61.5)
Ultrasound
2 (2.1)
Unspecified
ALT
1177 (55.4)
≤40 IU/L
948 (44.6)
>40 IU/L
AST
1448 (68.1)
≤40 IU/L
677 (31.9)
>40 IU/L
HBV DNA
1030 (48.5)
≤2000 IU/ml
1095 (51.5)
>2000 IU /ml
HBeAg
1885 (88.7)
Negative
126 (5.9)
Positive
114 (5.4)
Unknown
Median (IQR)
Age, years
44.8 (33.0, 56.7)
Estimated Infection time, years
1.7 (0.2, 9.8)
n: number, ALT: alanine transaminase, AST: aspartate transaminase,
HBV: hepatitis B virus, HBeAg: hepatitis B e antigen, IQR: interquartile range *: percentages calculated among cirrhotics.

Table 2: Distribution of initial treatment regimens among
the 679 treated patients who initiated treatment during follow-up).
n (%)
IFNa monotherapy

248 (36.5)

NA

360 (53.0)

LAM alone

228 (63.3)

Adefovir Alone

10 (2.8)

Entecavir Alone

58 (16.1)

Tenofovir Alone

36 (10.0)

Tebivudine Alone

13 (3.6)

Tenofovir/Tebivudine

1 (0.3)

LAM/Adefovir

13 (3.6)

LAM/Tenofovir

2 (0.3)

IFNa+NA

71 (10.5)

IFNa+LAM

68 (95.8)

IFNa+LAM/Adefovir
IFNa+Adefovir

1 (1.4)
2 (2.8)

INFa: interferon, NA: nucleos(t)ide analogs, LAM: lamivudine
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Table 3: Hazard ratio for anti-HBV treatment initiation versus non-initiation overall and by baseline cirrhosis.
#patients

#Events

PersonYears

Incidence rate, per 1,000
person-years

HR

95 % CI

p

Overall

2,125

30

6,680.67

4.5

0.39

(0.16- 0.97)

0.042

Baseline
Cirrhosis
No

2,029

20

6,367.08

3.1

0.45

(0.10-2.05)

0.300

96

10

313.58

31.9

0.16

(0.02-1.21)

0.075

Yes

HBV: hepatitis B virus, HR: Hazard ratio,

(HR =0.45, 95% CI: 0.18-1.12; p =0.093). The analysis
of the overall mortality, i.e. considering six deaths from
non-liver causes as events, as well as the analysis that
was restricted to HBeAg negative at baseline patients,
gave similar results (data not shown).
Analysis revealed that treatment is protective against
HCC as well, although this finding failed to reach statistical significance (HR =0.54, 95% CI: 0.16-1.79; p
=0.313). The effect of IFNa was found identical to that
of NAs (HR =0.55, 95% CI: 0.13-2.36; p =0.419 and HR
=0.55, 95% CI: 0.16-1.91; p =0.346 for IFNa and NA
versus no treatment, respectively).
Of the 679 treated patients, 274 received a new regimen directly after stopping the first one or at a later stage.
Artificial censoring the follow-up at the time of second
treatment initiation and repeating the analysis with appropriate adjustments (through inverse probability of
censoring weighting) resulted in similar estimates of the
treatment and the treatment type effects. However, probably due to the fact that ten events were censored, results
in this case were not significant.
ALT and AST were measured for a median of five
times (IQR 2-9 times), with a median interval between
these measurements of 5.7 months (IQR 3-9 months).
The median number of available measurements of
HBV DNA was two (IQR 1-5), with a median interval
between these measurements of 8 months (IQR 5.4 -13
months).
To account for potential bias due to infrequent follow-up, data were artificially censored at the first time an
interval of more than 18 months without a biochemical
exam was recorded. Repeating the analysis incorporating appropriate adjustments as described before yielded
results similar to those of the main analysis (data not
shown).
Analysis Ignoring Time Dependent Confounding
In a univariable Cox regression analysis, treatment
seemed to double the hazard of an event (HR =2.30, 95%
CI: 1.11-4.76; p =0.025). This was mainly due to NA as
treatment with NA appeared to be significantly associated
with three times the hazard of the untreated (HR =2.80,
95% CI: 1.28-6.11; p =0.010) whereas treatment with IFNa
appeared to have still harmful but smaller and non-significant effect (HR =1.76, 95% CI: 0.67-4.65; p =0.250).
When adjusting for time-dependent confounders

(gender, age, presence of cirrhosis, elevated ALT/AST,
calendar year and HBV DNA), treatment was not found
to have a protective effect achieving a non-significant
hazard reduction of 7% (HR =0.93, 95% CI: 0.35-2.41; p
=0.874). Similarly, the effect of both IFNa and NA versus
no treatment were very close to the overall treatment effect, reducing the hazard by 6% and 21%, respectively
(HR =0.94, 95% CI: 0.31-2.88; p =0.918 for IFN, and HR
=0.79, 95% CI: 0.29-2.11); p =0.633 for the NAs).
Adjusting for baseline values only, the protective effect of treatment was similar to that estimated after adjusting for time-dependent confounding (HR =0.81, 95%
CI: 0.30-2.23; p =0.688). However, in this case, the effect
of both treatment approaches was more apparent (IFNa
vs. no treatment: HR =0.77, 95% CI: 0.22-2.71; p =0.679
and NA vs. no treatment: HR =0.65, 95% CI: 0.23-1.86;
p =0.427).
The comparison of the different modeling approaches,
the estimated effects of treatment and type of treatment
from all the applied methods, are shown in Figure 1.

Figure 1: Estimated effect of treatment (upper plot) and the
type of treatment (lower plot), from unweighted (standard)
unadjusted, adjusted by baseline covariates only and adjusted by time dependent covariates and weighted Cox models.
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Discussion
Our results showed that the hazard of a clinical event,
i.e., liver decompensation, liver transplant, HCC or death
from a liver-related cause, is significantly reduced by
60% (p =0.044) in treated patients compared to untreated
peers. This effect was much more intense in the subgroup
of patients with cirrhosis at study entry, although not statistically significant at the nominal significance level, due
to the smaller number of events included in this subanalysis (p =0.075). Both IFNa-initiated and NA therapy seem
to offer a similar benefit. Compared to no treatment, the
hazard of a clinical event was reduced by 65% (p =0.122)
and 55% (p =0.093) by IFNa-initiated and NA treatment,
respectively. Moreover, our results indicate that both NA
and IFNa-initiated therapy are equally protective against
HCC, albeit this finding was not found to be statistically
significant, presumably due to low statistical power. Our
finding of 60% reduction of the hazard of a clinical event
in treated compared to untreated CHB patients is consistent with previously reported results14,18,19.
A meta-analysis of non-comparative, observational
studies has indicated that treatment with lamivudine and
telbivudine significantly decreased clinical disease progression and disease severity32. Moreover, HBsAg clearance can occur in CHB patients treated with lamivudine,
achieving this way a protective effect against clinical
progression33.
Early clinical trials comparing active treatment
(mainly IFNa courses or lamivudine initiated) to placebo provided encouraging results in terms of virologic
or biochemical response11,34-36. Concerning the type of
treatment, results from a non-randomized historic control study have shown that lamivudine significantly reduces the hazard of a clinical event by 40% compared
to untreated and by 55% compared to IFN treated nonsustained responders37. In that study though, there was
a significant difference in clinical events between IFNa
treated and untreated patients, but IFNa baseline characteristics differed between the two groups.
Newer NAs appear to be significantly superior to
lamivudine in terms of virologic response and ALT
normalization, for both HBeAg positive and negative
patients9,10,12,38,39. These surrogate markers have been
recognized as effective measures of response to treatment15. However, results based on surrogate markers are
not necessarily translated to equivalent results on clinical outcomes. Since findings from early treatment versus
placebo trials suggest that treatment is indeed protective14, trials that include a placebo arm can no longer be
performed. Thus, direct evidence of antiviral therapy on
long-term disease progression and/or liver-related mortality can only be obtained from appropriately analyzed
observational studies. We believe that presented results
contribute valuable information, as our analysis mimics a
randomized clinical trial. In the current study, we found a
similar protective effect on clinical events of both strategies, starting with NAs or IFNa.
Reducing the risk of HCC is one of the most impor-
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tant milestones of treatment40. Results regarding IFNa effect on reducing HCC are controversial41. Recently published studies in which the effect of NAs treatment on
the risk of HCC was assessed, have found a significant
or at least marginally significant protective effect14,23,42.
Nevertheless, there are only a few studies on this issue
in Caucasians, and overall results are inconclusive20. We
found that both IFNa initiated and NA therapies reduce
by about 45% the hazard of HCC. However, our study
was underpowered to detect these effects at a significant
level.
Observational studies with survival endpoints usually
suffer from drawbacks that can severely affect the estimation of the effects of treatments. One such drawback,
that usually occurs, is selection bias. In the case, for example, of including patients at treatment initiation, the
subgroup of patients that had survived or were followed
long enough to initiate treatment, are included in the
study. This could result in a study population that is not
representative of the whole population of CHB patients.
Another issue that always interferes with inference, especially in studies that include historic controls, is that it is
difficult if not impossible to account and/or adjust for differences in the calendar period in which each treatment
was given. To overcome the problem of non-comparability of patients treated in different time periods, we excluded patients that had visited a collaborating center earlier
than January 2000, when lamivudine became available in
Greece. Moreover, the baseline calendar year was included in the treatment model, to make groups comparable
with respect to when they were treated.
In all cases, weighted Cox models gave more intense
estimates of treatments effect compared to those obtained
through traditional analyses (i.e., through univariable or
multivariable unweighted Cox models). This result is due
to the bias induced by the standard analysis techniques
when time-dependent confounding (i.e., confounding
by indication) is present43. MSM Cox models adjust for
confounding through weighting and not by including
time-dependent confounders in the survival model. Confounding by indication makes even more problematic an
analysis whose interest lies on differentiating the effect of
the two treatment approaches (IFNa and NA), than when
the overall treatment’s effect is the main goal.
Weights estimation in the preliminary step of the
MSM Cox models we used, rely on the correct modeling of the probability of treatment initiation. Explicitly,
this means that we need full information on all parameters that affect the decision to initiate treatment. Given
that the major treatment confounders (i.e. ALT, AST, and
HBV DNA) are relatively frequently available, and that
patients’ liver cirrhosis status is known, this was a reasonable assumption in the current study.
As mentioned in previous studies that applied weighted Cox models to HIV patients, it is important to notice
that we mimic a trial where patients are randomly allocated to treatment (or type of treatment) at baseline; thus our
estimates correspond to intention-to-treat estimates44,45.
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This means that our estimates correspond to the effect of
treatment had all patients been treated from the start and
throughout their follow-up. Alternatively, the efficacy of
treatments could be assessed after restricting the analysis
to those with virological response only. Results of such
analyses can be interpreted conditional on patients’ response and thus cannot be generalized to inference for
treatment choices at presentation. Effect estimates from
such analyses are expected to be more intense compared
to our estimates which refer to the average effect of treatment, irrespectively of any intermediate treatment goals
achieved.
In the current study, only baseline eligibility criteria
were applied. Thus, probably some inactive CHB patients, who would not experience a clinical event even
if had been left untreated, were included. These patients
have a high probability of remaining untreated given their
characteristics (absence of cirrhosis, low ALT/AST, and
HBV DNA levels). If they were actually left untreated as
expected, they would receive a low weight in our analysis. On the other hand, if they were treated despite their
covariate pattern, they would have a very large weight.
Thus, potential confounding is taken into account through
weighting, in this case, too. It must be pointed out that we
had no indication of potential influential records since
the weights used in our analysis had no extreme values.
A sensitivity analysis in the subgroup of patients with
ALT >40 IU/L gave results in the same direction with
our main analysis results (i.e. protective treatment effect
and similar effects for both treatment strategies), though
non-statistically significant due to the subsequent loss
of power. Therefore, disease inactivity seems to be adequately taken into account in our analysis.
Due to the constraints and the practical difficulties of
running clinical trials with survival endpoints in patients
with CHB, data from observational studies will continue
to provide us with valuable information. However, as we
discussed above, observational studies are subject to serious bias when comparing treatment groups, due to lack
of randomization. Thus, particular attention should be
paid to apply appropriate analysis to take into account
time-dependent confounding that often occurs. Although
the propensity score matching offers an alternative, it has
been previously documented it only accounts for baseline confounding22. In this study we displayed how the
method of MSM could be used when analyzing observational data. We believe that this is a powerful method that
should be used more often when the aim is to compare
different treatment groups using observational cohort
studies’ data. Most importantly, large cohorts and international collaborations are needed in order to have enough
statistical power to assess the effect of newer anti-viral
agents and distinguish between them.
To conclude, presented results suggest that therapy
decreases the risk of a clinical event by 60% in the total
population of CHB patients. Both NA and IFNa initiated
treatment may offer a prophylactic effect; however we
failed to differentiate their effects. A limitation of our

study is that a large proportion of NA treated patients
received lamivudine or adefovir based schemes. Only
30% of the NA treated patients were originally treated
with newer agents, such as tenofovir and entecavir. Since
newer agents are more effective than lamivudine, our
results possibly underestimate the overall treatment effect. Moreover, 22% of the patients treated with IFNa
based regimens received a NA, mainly lamivudine, along
with IFNa. Grouping these patients together with those
on IFNa monotherapy may have diluted any difference
in survival between IFNa and NA effect of treatment.
Regarding HCC, results from recent, large studies are
controversial, therefore further research on this topic is
essential20.
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