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Background. Until recently, the approved treatment regimens for patients with hepatitis C virus (HCV) genotypes (GTs) 2 and 3
contain sofosbuvir (SOF) and ribavirin (RBV) for 12 or 24 weeks. The impact of RBV-free pan-genotypic regimen with SOF and
velpatasvir (SOF/VEL) on patient-reported outcomes (PROs) of patients with genotype 2 and 3 has not been described.

Methods. PROs data were collected from participants of ASTRAL-2 and ASTRAL-3 studies before, during, and after treatment
using 4 PRO instruments (Short Form-36, Chronic Liver Disease Questionnaire-HCV, Functional Assessment of Chronic Illness
Therapy-Fatigue, and Work Productivity and Activity Index: Specific Health Problem), and compared between the SOF/VEL and
SOF + RBV groups.

Results. A total of 818 HCV patients were included: 78% treatment naive, 25% cirrhosis. The rates of nearly all adverse events
were lower in the RBV-free SOF/VEL group (all P < .03). The SOF/VEL group also experienced improvement of their PROs by treat-
ment week 4 (+1.8% on average across all PROs), which continued throughout treatment (+4.1%) and post-treatment (+5.5%). In
contrast, those in the SOF + RBV group had a modest decline in their PROs starting at treatment week 4 (up to −3.7%), which lasted
until the end of treatment (up to −6.4%). In multiple regression analysis, the association of a treatment regimen with end-of-treat-
ment PROs was significant for nearly all PROs; the average beta was +5.0% for the use of SOF/VEL (reference: SOF + RBV).

Conclusions. Patients receiving ribavirin-free SOF/VEL reported significantly better PRO scores during treatment compared
with those receiving the RBV-containing regimen. Furthermore, the interferon- and ribavirin-free SOF/VEL regimen resulted in
a rapid improvement of PROs in HCV GTs 2 and 3 patients during treatment and after achieving sustained virologic response.
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Since 2013, treatment of chronic hepatitis C has been revolu-
tionized with the use of new direct-acting antiviral agents
(DAAs) [1–13]. In addition, a number of reports have suggested
high effectiveness rates in real-world practices, while others
have highlighted significant improvement in patient-reported
outcomes (PROs) during treatment and after achieving a sus-
tained virologic response (SVR) [14–34]. However, most of
these interferon (IFN)-free and ribavirin (RBV)-free regimens
originated from the clinical trials of hepatitis C virus (HCV)

patients with genotype (GT) 1. In fact, there is little published
data about the efficacy and PRO data for the use of IFN- and
RBV-free regimens in patients with HCV GTs 2 and 3. There-
fore, the purpose of this study was to investigate and determine
the impact of sofosbuvir and velpatasvir (SOF/VEL) treatment
on patients with HCV GTs 2 and 3.

METHODS

For this study, we used PRO data collected from patients
participating in ASTRAL-2 and ASTRAL-3 studies [12]. The
2 open-label studies were similarly designed as multicenter
multinational phase 3 clinical trials of SOF/VEL. In ASTRAL-
2, HCV GT 2 patients were randomized 1:1 to receive either a
fixed-dose combination of SOF and VEL or SOF plus weight-
based RBV, once daily for 12 weeks. In ASTRAL-3, patients
with HCV GT 3 were similarly randomized 1:1 to receive
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SOF/VEL for 12 weeks or SOF + RBV for 24 weeks. In both
trials, eligibility criteria included being aged ≥18 years, other-
wise healthy (which means no clinically significant illness
other than chronic HCV infection), and not having hepatitis
B virus or human immunodeficiency virus coinfection; pa-
tients with compensated cirrhosis and/or a history of unsuc-
cessful IFN-based HCV treatment were eligible. ASTRAL-2
was conducted in the United States only, while ASTRAL-3
also included patients enrolled in Canada, Australia, New
Zealand, Germany, France, Great Britain, and Italy. Other de-
tails of study design, safety, and efficacy results of both trials
have been published [12].

Using extensive medical history collected at screening for all
enrolled participants for the purpose of this study, we identified
patients who reported having a history of depression or mood
disorders, fatigue or asthenia, anxiety or panic disorders, insom-
nia or sleep disorders, and type 2 diabetes or hyperglycemia.
Treatment-related adverse events recorded by the investigators
during the study were grouped based on the body system or
organ class as previously described [27].

Patient-Reported Outcomes
PROs were systematically collected as exploratory endpoints in
both ASTRAL-2 and ASTRAL-3. Specifically, participants of
both trials self-administered 4 PRO instruments: the short-
form-36 (SF-36), the functional assessment of chronic illness
therapy-fatigue (FACIT-F), the chronic liver disease question-
naire-HCV version (CLDQ-HCV), and the work productivity
activity index:specific health problem (WPAI:SHP) [35–38] in
their native languages. All PRO instruments were administered
at baseline (the first day of treatment), at treatment weeks 4, 8,
12 (24 where applicable) visits, and at weeks 4 and 12 follow-up
visits. Patients who achieved SVR-12 (undetectable HCV RNA
at follow-up week 12 visit) were also invited to a week 24 follow-
up visit.

Combined together, the 4 PRO instruments used in this study
measured 20 domain and 5 summary PROs where the summary
PROs are linear combinations of independently calculated do-
main PRO scores. The aspects of patients’ well-being and
health-related quality of life covered by the studied PROs
include physical health, bodily pain, fatigue, mental and emotion-
al health, social well-being, worry, and work productivity [35–
38]. In all instruments, higher scores would reflect a better health
status, except for the work productivity and activity domains of
WPAI:SHP where a higher impairment score would indicate a
poorer health status.Where stated explicitly, for presentation pur-
poses, we transformed all PROs from their original scales to a uni-
versal 0–100 scale as previously described [25–28].

Statistical Analyses
Patients receiving SOF + RBV were included in 1 group regard-
less of treatment duration and were compared with patients re-
ceiving RBV-free SOF/VEL. Clinico-demographic parameters,

baseline, end-of-treatment, and post-treatment PROs were
compared between the 2 groups using a Pearson χ2 test for in-
dependence or a Wilcoxon nonparametric test; the latter was
used for continuous and pseudo-continuous variables such as
PRO scores. Also, at all study time points, we calculated the
changes (decrements or improvements) in the PRO scores
with reference to patients’ own baseline levels and used a
Wilcoxon sign rank test for matched pairs to identify significant
changes. Only P values ≤.05 were considered potentially statisti-
cally significant.

The association of the treatment regimen (SOF/VEL as op-
posed to SOF + RBV) with PRO scores was assessed using
mixed repeated-measures regression models. These models in-
cluded time and treatment regimen as interacted fixed effects,
and patient identification as a random effect and were adjusted
for baseline PRO scores and for demographic and clinical PRO
predictors. Those clinico-demographic PRO predictors adjusted
for in the regression models were location (United States vs
non-United States), age, gender, being treatment naive, history
of psychiatric diseases (as defined above), compensated cirrho-
sis, HCV GT, obesity and type 2 diabetes, and having achieved
SVR.

All analyses were run using SAS 9.3 (SAS Institute, Cary,
North Carolina). Each site’s institutional review board approved
the study.

RESULTS

In ASTRAL-2, 134 HCV GT 2 patients received SOF/VEL and
132 received SOF + RBV for 12 weeks. In ASTRAL-3, 277 GT 3
patients received SOF/VEL for 12 weeks and 275 patients re-
ceived SOF + RBV for 24 weeks. The SVR-12 rates were as fol-
lows: SOF/VEL in HCV genotype 2–99.3%; SOF/VEL in HCV
genotype 3–95.3%; SOF + RBV in HCV genotype 2–93.9%; and
SOF + RBV in HCV genotype 3–80.7%.

Baseline demographic parameters and relevant elements of
medical history for the study cohort are shown in Table 1. Demo-
graphic characteristics were balanced between the SOF + RBV
and SOF/VEL treatment groups (Table 1) with exception of
race; patients assigned to receive SOF + RBV were less frequently
white and more frequently Asian (P = .02). The baseline PRO
scores of HCV patients from the 2 study arms were also similar
(all P > .015; Supplementary Table 1).

Treatment-related adverse events are summarized in Table 2.
As shown, the rates of nearly all adverse events were signifi-
cantly higher in the SOF + RBV arm (all P < .03) with the
only exception of flu-like symptoms, which were infrequent
(<2%–3%) in both treatment arms. The excessive rates of ad-
verse events in the SOF + RBV group in comparison to the
RBV-free SOF/VEL group ranged from 5% more patients hav-
ing musculoskeletal symptoms (which were primarily muscle
and joint pain) to approximately 16% more patients having
treatment-related fatigue and psychiatric symptoms (primarily
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sleep disorders followed by anxiety, irritability, and mood
swings). No treatment-related adverse events were experienced
by 28.7% of patients during treatment with SOF + RBV and
47.7% with SOF/VEL (P < .0001; Table 2).

At the study time points, between 79% and 90% of patients
completed their PRO questionnaires. Also, at the post-SVR
week 24 visit, PRO data were available for 74% of patients
who achieved SVR.

Patient-Reported Outcomes During Treatment with SOF/VEL and
SOF+RBV
Four weeks after treatment initiation, improvements in some
PROs were noted in patients receiving SOF/VEL; in particular,
improvements in bodily pain, general health, and physical
component summary scores of SF-36; physical and emotional
well-being, fatigue scale, and total scores of FACIT-F; and in
all domains of CLDQ-HCV (from +1.8 to +8.7 on a universal
0–100 PRO scale) were statistically significant (P < .02 for 12 of
25 studied PROs; Supplementary Figure 1A). Furthermore, no
statistically significant decrements in any PROs were observed
among patients receiving RBV-free SOF/VEL at this point or
at any later time point during treatment or in follow-up. On
the other hand, in the SOF + RBV arm at the same time
point, improvements in a few PRO scores (+1.7 to +9.2 in bodily

pain of SF-36; emotional well-being of FACIT-F; emotional
health, worry, and total CLDQ-HCV) were accompanied by
decrements in others (−1.4 to −3.7 in physical functioning
and role physical of SF-36, as well as work productivity
and its absenteeism component; all P < .05; Supplementary
Figure 1A).

By treatment week 8, both trends continued (Supplementary
Figure 1B). In particular, significant improvements from base-
line in patients treated with SOF/VEL were observed in all the
PRO scores described above, and the average magnitude of im-
provement across these PROs, which improved significantly
(P < .05 when compared with baseline), increased from +3.3
at treatment week 4 to +3.8 points at treatment week 8. In con-
trast, at this time point, in addition to the PRO decrements de-
scribed above, the decrements in social functioning and role
emotional of SF-36 and in physical and functional well-being
of FACIT-F became statistically significant, and the average dec-
rement magnitude also increased from −2.6 to −3.4.

By the end of 12 weeks of treatment with SOF/VEL, signifi-
cant improvements in nearly all PROs were observed. In fact,
the only 3 exceptions were social functioning and role emotion-
al of SF-36 and absenteeism of WPAI:SHP, which remained at
their baseline levels (all P > .05). The average magnitude of im-
provement ranged from +1.7 to +13.0 (P < .015). On the other
hand, the PRO changes from patients’ own baseline levels in the
SOF + RBV arm remained similar to those at the previously de-
scribed time points (Figure 1 for summary PROs, Supplemen-
tary Figure 2 for all studied PROs) and included improvements
in bodily pain and general health of SF-36, emotional and social
well-being of FACIT-F; worry, systemic and total of CLDQ-
HCV (+1.5 to +11.9), accompanied by decrements in role phys-
ical, social functioning, role emotional, and mental component
summary of SF-36; and total work productivity and absentee-
ism of WPAI:SHP (−3.0 to −6.4; all P < .05). Notably, at the
last day of treatment, there was no difference in PROs between
those who completed a 12- and a 24-week-long SOF + RBV reg-
imen (all P > .10).

Table 1. Demographics and Baseline Medical History of ASTRAL-2 and
ASTRAL-3 Participants

Parameter
SOF + RBV

(%)
SOF/VEL

(%)
P

Value

N 407 411

Age, y 52.5 ± 10.3 51.8 ± 11.0 .36

Male gender 246 (60.4) 256 (62.3) .59

Race
White

350 (86.0) 374 (91.0) .0249

African-American 13 (3.2) 9 (2.2) .37

Asian 34 (8.4) 24 (5.8) .16

Enrolled in the United States 190 (46.7) 188 (45.7) .79

Employed at baseline 215 (59.1) 229 (61.2) .55

Hemoglobin, g/dL 14.9 ± 1.4 14.9 ± 1.3 .89

Treatment naive 316 (77.6) 321 (78.1) .87

Cirrhosis 102 (25.4) 99 (24.1) .66

HCV genotype 2 132 (32.4) 134 (32.6) .96

HCV genotype 3 275 (67.6) 277 (67.4) .96

ALT > 1.5 × ULN 238 (58.5) 236 (57.4) .76

HCV RNA > 6 log 10/mL 282 (69.3) 286 (69.6) .93

History of:

Anxiety or panic disorders 60 (14.7) 73 (17.8) .24

Depression 95 (23.3) 116 (28.2) .11

Clinically overt fatigue 63 (15.5) 59 (14.4) .65

Sleep disorders 80 (19.7) 70 (17.0) .33

Type 2 diabetes or
hyperglycemia

37 (9.1) 28 (6.8) .23

Body mass index, kg/m2 27.4 ± 6.0 26.9 ± 5.1 .41

Abbreviations: ALT, alanine aminotransferase; HCV, hepatitis C virus; RBV, ribavirin; SOF,
sofosbuvir; ULN, upper limit of the norm; VEL, velpatasvir.

Table 2. Treatment-related Adverse Events in ASTRAL-2 and ASTRAL-3

Adverse Event SOF + RBV (%) SOF/VEL (%) P Value

Blood related or anemia 33 (8.1) 1 (0.2) <.0001

Fatigue or asthenia 143 (35.1) 80 (19.5) <.0001

Flu-like symptoms 10 (2.5) 6 (1.5) .30

Gastrointestinal symptoms 107 (26.3) 81 (19.7) .0253

Musculoskeletal symptoms 50 (12.3) 30 (7.3) .0164

Nervous system symptoms 138 (33.9) 100 (24.3) .0026

Psychiatric symptoms 137 (33.7) 72 (17.5) <.0001

Skin-related symptoms 80 (19.7) 34 (8.3) <.0001

Other adverse events 105 (25.8) 54 (13.1) <.0001

No adverse events 117 (28.7) 196 (47.7) <.0001

Abbreviations: RBV, ribavirin; SOF, sofosbuvir; VEL, velpatasvir.
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Despite moderate PRO decrements at the end of treatment
with SOF + RBV, by post-treatment week 4, the only significant
decrement from patients’ own baseline level in that treatment

arm was in the absenteeism component of work productivity
(−4.6, P = .0065), while improvements in 14 of 25 studied
PROs were statistically significant ( from +2.9 to +12.7, all

Figure 1. End-of-treatment changes in summary patient-reported outcomes (PROs) from patients’ own baseline levels in patients treated with sofosbuvir (SOF)/velpatasvir
and SOF + ribavirin regardless of duration. P values reflect differences between the 2 treatment groups. Changes exceeding 2 points were also statistically significant (P < .05)
when compared with zero change (ie, no change from patient’s own baseline PRO level). Abbreviations: CLDQ-HCV, chronic liver disease questionnaire-hepatitis C virus version;
FACIT-F, functional assessment of chronic illness therapy-fatigue; PRO, patient-reported outcome; RBV, ribavirin; SF-36, short-form-36; SOF, sofosbuvir; VEL, velpatasvir; WPAI:
SHP, work productivity activity index:specific health problem.

Figure 2. Post-treatment incremental changes in patient-reported outcomes (PROs) in patients treated with sofosbuvir (SOF) + ribavirin and SOF/velpatasvir . At end of
treatment, P < .05 between the 2 regimens for all but 6 PROs (SF-36: bodily pain, general health, physical component summary; FACIT-F: emotional well-being, social
well-being; CLDQ-HCV: worry). At post-treatment follow-up (FU)4, P < .05 for only 3 PROs (SF-36: mental component summary; FACIT-F: functional well-being; CLDQ-HCV:
systemic). At FU12 and FU24, all P > .05 between the 2 regimens. Abbreviations: CLDQ-HCV, chronic liver disease questionnaire-hepatitis C virus version; EoT, end of treatment;
FACIT-F, functional assessment of chronic illness therapy-fatigue; FU, post-treatment follow-up; RBV, ribavirin; SF-36, short-form-36; SOF, sofosbuvir; VEL, velpatasvir; WPAI:
SHP, work productivity activity index:specific health problem.
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P < .005; Figure 2). At the same time point, significant improve-
ments from the baseline levels in all but 3 PROs were again ob-
served in patients who completed the SOF/VEL treatment
(from +3.1 to +13.7, all P < .05). In that treatment arm, the
average magnitude of improvement across all PROs also in-
creased from +4.5 points at the end of treatment to +5.1 at
post-treatment week 4 (Figure 2).

At post-treatment week 12, changes from patients’ own base-
line levels were no longer different between the 2 treatment
arms (all P > .05; Figure 2) and included significant improve-
ments in all studied PROs except for the role emotional domain
of SF-36 and the total work productivity score and its absentee-
ism component included in WPAI:SHP (P > .05). This trend
also persisted throughout post-treatment week 24 (Figure 2),
but the average magnitude of improvement from baseline in-
creased from +5.8 at post-treatment week 12 to +6.9 at post-
treatment week 24 (P < .05).

In multiple regression analysis, the association of a treatment
regimen with end-of-treatment PROs was highly significant for
all but 6 PROs (P > .05 for bodily pain, general health, and phys-
ical component summary of SF-36; emotional and social well-
being of FACIT-F; and worry of CLDQ-HCV; Figure 3). The
average magnitude of such association was +5.0 points to
end-of-treatment PROs for the use of the SOF/VEL regimen
in comparison to the SOF + RBV regimen, when all other clin-
ico-demographic predictors were held equal. Other predictors
of higher PRO scores before, during, and after treatment were
similar to those reported previously for patients with HCV

[16–20, 22, 23, 25–28, 30, 31, 33] and included younger age,
male gender, US location, lower body mass index, the absence
of psychiatric comorbidities, fatigue, and cirrhosis (all P < .05).
There was no association of treatment duration with PROs in
those who received the SOF + RBV regimen (P > .05). In the re-
gression model, which included regimen-with-predictor inter-
action terms, the treatment regimen significantly interacted
with cirrhosis for some PROs (resulting in the effect of the reg-
imen being less pronounced in cirrhotic patients) but not with
HCV GT (Supplementary Figure 3).

DISCUSSION

The purpose of this study was to assess the impact of the new
IFN- and RBV-free SOF/VEL regimen on PROs among HCV
GT2 and GT3 patients who were treated as a part of AS-
TRAL-2 and -3 clinical trials. In these studies, the majority
of enrolled patients were infected with HCV GT3 who are
known to be more difficult to treat in terms of both generally
lower SVR rates and greater rates of hepatic complications as
well as some extrahepatic manifestations of HCV (such as
HCV-induced insulin resistance, steatosis, and fibrosis) [1, 4,
12, 39–41]. It is important to note that despite this, in contrast
to differences in clinical outcomes between GT2 and GT3, HCV
GT does not seem to impact PROs [28, 31].

Our results show that at baseline, there were no differences
in demographics and PROs across all 4 questionnaires be-
tween the 2 treatment groups. However, after treatment
began, the PRO scores decreased in the SOF + RBV group.

Figure 3. Independent association of the use of an ribavirin-free regimen (the reference regimen: sofosbuvir + ribavirin) with the end-of-treatment patient-reported outcomes
(PROs) after adjustment for clinical and demographic PRO predictors. Multiple regression beta values are shown with their 95% confidence intervals. P < .05 for all PROs except
for 6 PROs (SF-36: bodily pain, general health, physical component summary; FACIT-F: emotional well-being, social well-being; CLDQ-HCV: worry). Abbreviations: CLDQ-HCV,
chronic liver disease questionnaire-hepatitis C virus version; FACIT-F, functional assessment of chronic illness therapy-fatigue; PRO, patient-reported outcome; SF-36, short-
form-36; WPAI:SHP, work productivity activity index:specific health problem.
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Although most of these reductions in PRO scores were mod-
est, some exceeded the minimal clinically important difference
(MCID), which is commonly believed to be in the 3%–5%
range for a PRO [42, 43]; this difference also roughly coincides
with an impairment in PRO scores attributed to having com-
pensated cirrhosis compared with the absence of cirrhosis
[20]. This decrease in the PRO scores also persisted through-
out treatment, although for the 24-week-long SOF + RBV
group, there was no further decline in the scores past 12
weeks into treatment.

The most likely explanation for the reported decline in PRO
scores may be related to known side effects associated with the
use of RBV. Indeed, 35% of the patients receiving the RBV-
containing regimen experienced treatment-related fatigue and
more than 30% experienced neuro-psychiatric symptoms;
both rates were significantly higher in comparison with the
studied RBV-free regimen. Despite this, as soon as treatment
with RBV-containing regimens was completed, all PRO scores
began to improve. Furthermore, the post-treatment PRO scores
were significantly higher than patients’ own baseline levels re-
gardless of the regimen used to achieve SVR. This observation
suggests that the impact associated with RBV on PROs is mod-
erate and often resolves quickly. This is in contrast to previous
reports that have shown that the impact of IFN on PROs could
be profound and long lasting [31].

Our data show that treatment with the RBV-free regimen
(SOF/VEL) was associated with an improvement in most
PRO scores as early as 4 weeks into treatment. Furthermore,
these early improvements exceeded the above-mentioned
MCID, which would make these changes in PRO scores not
only statistically significant but also clinically meaningful. In
fact, MCID is defined as “the smallest difference in score in
the domain of interest which patients perceive as beneficial
and which would mandate, in the absence of troublesome
side effects and excessive cost, a change in the patient’s manage-
ment” [43]. It is also important to note that throughout
treatment and up to the last point of follow-up at 24 weeks
post-treatment, all PRO scores continue to increase substan-
tially, except for only the absenteeism component of WPAI:
SHP, which did not differ much from baseline.

Study results indicate that SOF/VEL is not only highly effec-
tive (with SVR12 rates of 99% for GT2 and 95% for GT3) but is
also associated with an immediate improvement in quality of
life, including among patients with GT3 infection and those
with cirrhosis. Our data add to the evidence that indicates
that SOF-based DAA regimens are well tolerated and, at the
same time, improve PROs [13, 17, 19, 31]. This may help clini-
cians and patients to manage treatment expectations by identi-
fying at what point a gradual improvement in PROs may be
expected and how long the PRO improvement may continue,
which potentially may signal an improvement in hepatic func-
tion [16, 20, 44]. However, it is also important to note that

achievement of SVR does not necessarily make an HCV patient
“healthy.” Rather, it is possible that some patients who cleared
their HCV infection can still experience clinical and fatigue-
related issues that would require monitoring and potential
intervention.

It is important to note that our results did not show improve-
ment in the absenteeism component of work productivity over
time despite patients reporting that all other areas of their PROs
improved. In fact, improvement of absenteeism can be associat-
ed with significant economic gains [26, 45]. It is possible that
the absenteeism component of work productivity may be affect-
ed by the extrahepatic manifestations of HCV or socioeconomic
factors that may take longer to improve. This is certainly an area
in need of further exploration, as more and more patients are
being treated with the newer DAAs.

The main study limitation is based on the fact that all patients
were participants of clinical trials without major nonhepatic co-
morbidities, were primarily white, and all had an opportunity
for close monitoring throughout treatment and in follow-up.
Thus, it is critical that our results are confirmed in studies per-
formed in the real-world setting of clinical practices. Another
limitation of the study is its open-label design, which could
have biased emotional health-related PROs in patients receiving
RBV who could be aware of its side effects. Additionally, due to
small sample size, we were unable to study the effect of virologic
failure on reported PROs.

In conclusion, the use of SOF/VEL has been shown to be suc-
cessful in improving PROs in addition to its reported high cure
rate. These PRO improvements occur early into treatment and
are sustained for months after treatment completion. Although
these findings are consistent with prior reports of PROs before,
during, and after HCV treatment, this is the first study to assess
the impact of IFN- and RBV-free regimens upon PROs of this
patient population. Given a generally favorable PRO profile ac-
companied by high efficacy, we suggest that that this regimen is
a treatment option that should be offered in this hard-to-treat
population.
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