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ABSTRACT

Introduction: Given the relatively short life
expectancy of patients with hepatocellular car-
cinoma (HCC), quality of life (QOL) plays a
significant role in treatment selection. This
analysis aimed to compare time to deterioration
(TTD) in QOL with transarterial radioemboliza-
tion (TARE) and atezolizumab–bevacizumab, as

well as sorafenib, in advanced and
unresectable HCC.
Methods: Patient-level data from SARAH (TARE
using SIR-Spheres� Y-90 resin microspheres
[SIR-Spheres] versus sorafenib) and aggregate
data from IMbrave150 (atezolizumab–beva-
cizumab versus sorafenib) randomized con-
trolled trials were used to conduct an anchored
matching-adjusted indirect comparison
(MAIC). Patients with a Child–Pugh score B in
SARAH were excluded to align with exclusion
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Module Épidémiologie Clinique, Centre
d’Investigation Clinique 1418, INSERM, 75015
Paris, France

H. Pereira � G. Chatellier
Assistance Publique - Hôpitaux de Paris, Hôpital
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Clinique, 75015, Paris, France

V. Vilgrain
Centre de Recherche de l’Inflammation, INSERM
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criteria in IMbrave150. To identify potential
effect modifiers for adjustment, the literature
was searched and multivariate Cox proportional
hazards models were implemented using
SARAH data. Patients from SARAH were then
weighted to balance with baseline characteris-
tics from IMbrave150. Median TTD in QOL and
hazard ratios (HRs) were calculated.
Results: Four potential effect modifiers were
identified and used for adjustment: cause of
disease (viral/non-viral), macrovascular inva-
sion, Eastern Cooperative Oncology Group
performance score, and alpha-fetoprotein level.
The MAIC included 217 patients from SARAH
(TARE = 94; sorafenib = 123). Median TTD in
QOL was 11.23 and 8.64 months for ate-
zolizumab–bevacizumab and TARE, respectively
(HR = 1.06; 95% confidence interval [CI]
0.75–1.50; p = 0.725). A sensitivity analysis was
conducted adjusting for cause of disease defined
as hepatitis B/hepatitis C/non-viral: median
TTD in QOL was higher for TARE compared
with atezolizumab–bevacizumab (19.88 vs
11.23 months; HR = 0.66; 95% CI 0.36–1.19;
p = 0.163). Sorafenib resulted in the shortest
TTD in QOL, with statistically significant dif-
ferences in both base case and sensitivity
analyses.
Conclusion: TARE using SIR-Spheres may
achieve similar TTD in QOL compared with
atezolizumab–bevacizumab, as the analyses
found no statistically significant differences
between these two interventions. Both TARE
using SIR-Spheres and atezolizumab–beva-
cizumab seem to be more efficacious than sor-
afenib in maintaining QOL.

PLAIN LANGUAGE SUMMARY

For patients with hepatocellular carcinoma, as
well as physicians treating hepatocellular carci-
noma, the quality of life that different treat-
ments can offer represents an increasingly
important aspect to consider when choosing
treatments. Transarterial radioembolization and
atezolizumab–bevacizumab are two potential
treatments for advanced and unresectable hep-
atocellular carcinoma, but no clinical trials have
directly compared the outcomes of these two
therapeutic options. With the data available
(patient-level data from a clinical trial of
transarterial radioembolization using SIR-
Spheres� Y-90 resin microspheres [SIR-Spheres]
versus sorafenib and data from a trial of ate-
zolizumab–bevacizumab versus sorafenib from
the literature), this study indirectly compared
the time to deterioration of quality of life (i.e.,
how long quality of life is maintained) after
treatment with transarterial radioembolization
and atezolizumab–bevacizumab. The study
showed that quality of life may be preserved
over a similar time period with transarterial
radioembolization using SIR-Spheres and ate-
zolizumab–bevacizumab; also, both transarte-
rial radioembolization using SIR-Spheres and
atezolizumab–bevacizumab seem to maintain
patients’ quality of life over a longer period of
time compared with sorafenib. These results are
expected to enrich the existing evidence on
which patients and physicians can base their
decisions, allowing them to choose the most
appropriate treatment by assessing the treat-
ments’ characteristics as a whole.

2036 Adv Ther (2022) 39:2035–2051



Keywords: Atezolizumab; Bevacizumab; EOR-
TC QLQ-C30; Hepatocellular Carcinoma; IMbr-
ave150; Matching-Adjusted Indirect Compari-
son; SARAH; SIR-Spheres; Sorafenib; Transar-
terial Radioembolization

Key Summary Points

Why carry out this study?

When life expectancy is short, quality of
life (QOL) is crucial for treatment
selection. Hepatocellular carcinoma
(HCC) patients have a short life
expectancy, hence the importance of a
holistic approach to treatment selection.

The SARAH and IMbrave150 trials
investigated transarterial
radioembolization (TARE) and
atezolizumab–bevacizumab, versus
sorafenib, in HCC, but no clinical trials
have directly compared these two
treatments. This study aimed to
understand the relative QOL outcomes of
these treatments.

What was learned from the study?

This study indirectly compared the time to
deterioration in QOL after treatment with
TARE and atezolizumab–bevacizumab,
and the results indicated that QOL may be
maintained over a similar time period
with TARE and
atezolizumab–bevacizumab. Also, both
TARE and atezolizumab–bevacizumab
may maintain patients’ QOL over a longer
period compared with sorafenib.

These results can potentially optimize
decision-making by both patients with
HCC and physicians, when understanding
treatments’ characteristics as a whole is of
the uttermost importance. These results
should, therefore, be considered in
conjunction with other clinical outcomes
such as survival and adverse event profile.

INTRODUCTION

The World Health Organization defines health
as ‘‘a state of complete physical, mental and
social well-being, not merely the absence of
disease and infirmity’’ [1]. This definition
encourages moving away from the sole focus of
evaluation based on traditional outcomes such
as survival and morbidity, and the move
towards a holistic approach including addi-
tional measures such as of quality of life (QOL)
[2].

Quality of life is therefore an important
outcome to consider, particularly in patients
with a short life expectancy, as maximizing
their QOL could offer a substantial benefit to
their remaining time alive. Quality of life mea-
sures allow us to evaluate the impact of treat-
ments on patients’ lives and enable informed
decision-making by both patients and clinicians
[3]. This can improve patient experience, but
also support optimum treatment selection for
patients in an environment where there may be
several treatment options available and more
still in development. Interestingly, several
patient preference studies in oncology have also
demonstrated how important QOL is for
patients with cancer, with some being willing to
trade time alive for treatments with less nega-
tive impacts on their QOL [3–10]. Taking this
into consideration a comparative analysis of
time to deterioration (TTD) in QOL for different
treatments for patients with advanced and
unresectable hepatocellular carcinoma (HCC)
would provide valuable information which can
be used in treatment selection decisions.

HCC is a cancer composed of malignant
hepatocytes that develop in the parenchymal
tissue of the liver, and is the predominant his-
tology of primary liver cancer, accounting for
approximately 80% of all cases [11]. It is the
sixth most common malignancy worldwide,
with an estimated 905,677 new cases diagnosed
in 2020 [12]. Although in some cases treatments
can be curative, in Western countries a large
proportion of patients (approximately 50%) are
diagnosed with later stage disease (Barcelona
Clinic Liver Cancer [BCLC] stages C and D) that
is not amenable to potentially curative therapy

Adv Ther (2022) 39:2035–2051 2037



[13]. Treatment selection in HCC varies
according to disease stage: patients with BCLC
stage 0/A disease are preferentially treated with
potentially curative therapies (resection, abla-
tion, or liver transplant) that can be associated
with long-term survival; on the other hand,
patients with unresectable HCC (stages BCLC B
and C) have historically been restricted to sys-
temic therapy with sorafenib (Bayer AG, Lev-
erkusen, Germany), or locoregional therapy
with transarterial radioembolization (TARE, also
known as selective internal radiation therapy)
or transarterial chemoembolization (TACE)
[13].

SIR-Spheres� Y-90 resin microspheres (SIR-
Spheres; Sirtex Medical Inc, Woburn, Mas-
sachusetts, USA) are a form of TARE consisting
of resin microspheres containing radioactive
yttrium-90. They deliver radiation directly to
tumors through the hepatic artery, thereby
limiting damage to normal liver cells. Position-
ing of TARE within the treatment algorithm is
based on results from two phase III randomized
controlled trials (RCTs), SARAH and SIRveNIB,
comparing TARE using SIR-Spheres with sor-
afenib which show that SIR-Spheres results in
comparable outcomes between the two arms
(i.e., overall survival [OS] and progression-free
survival [PFS]), while minimizing the impact of
adverse events [14, 15]. The results of these
RCTs were further supported by the conclusions
of a meta-analysis that demonstrated that TARE
with SIR-Spheres as initial therapy is noninfe-
rior to sorafenib in terms of OS, while offering a
better safety profile [16]. Additionally, a recent
analysis of the QOL data collected within the
SARAH RCT found that TARE was associated
with significantly better preservation of QOL
and significantly delayed TTD in QOL relative
to sorafenib in patients with locally advanced,
unresectable HCC (and including in patients
with macroscopic vascular invasion) [17].

The first-line systemic treatment landscape
for HCC has changed substantially based on
results from the IMbrave150 trial where ate-
zolizumab–bevacizumab (F. Hoffmann-La
Roche Ltd., Basel, Switzerland) demonstrated
superiority over sorafenib for the first time in
terms of OS and QOL [18]. However, no head-
to-head comparisons of TARE with

atezolizumab–bevacizumab have been under-
taken and, to the authors’ knowledge, there are
no data available to patients and clinicians on
the comparative impact of these treatments on
patients’ QOL. The current study therefore
addresses this gap by undertaking an indirect
analysis of TTD in QOL of TARE versus ate-
zolizumab–bevacizumab, using data of sor-
afenib as the common comparator across trials,
and aims to generate results that allow better
decision-making by both patients with HCC
and physicians.

METHODS

Data Sources and Analysis Process

Individual patient-level data (IPD) from SARAH
and published, aggregate data from IMbrave150
RCTs were used. Using sorafenib as the common
comparator (Fig. 1), an anchored matching-ad-
justed indirect comparison (MAIC) was con-
ducted to compare TARE using SIR-Spheres with
atezolizumab–bevacizumab by matching trial
characteristics and adjusting for between-trial
differences in the distribution of variables that
influence the outcome of interest. This
methodology has been widely used in the
absence of head-to-head clinical trials and is
accepted by health technology assessment
(HTA) agencies such as the National Institute
for Health and Care Excellence (NICE) [19–23].
The MAIC was performed following NICE

Fig. 1 Network of evidence
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Decision Support Unit guidelines for popula-
tion-adjusted indirect comparisons [23]. The
analysis process flowchart is depicted in Fig. 2.
All the analyses were conducted in R (version
4.0.3) [24]. Protocol and ethical approval for the
SARAH study was granted by the Comité de
Protection des Personnes Ile de France XI. In the
IMbrave150 study, protocol approval was
obtained from the institutional review board or
ethics committee at each site. Both studies were
done in accordance with the provisions of the
International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for
Human Use Guidelines for Good Clinical Prac-
tice and the Declaration of Helsinki. All patients
in both studies provided written informed
consent.

Comparison of Data Sources

Initially, SARAH and IMbrave150 RCT designs
were compared to evaluate whether there were
important differences preventing a reliable
analysis (Supplementary Material, Supplemen-
tary Table 1) [14, 18]. Important similarities
across trials include (i) sorafenib was the com-
parator arm in both studies, with the same

treatment schedule; (ii) randomization was
conducted using the Eastern Cooperative
Oncology Group Performance Status (ECOG PS)
and the presence of macroscopic vascular inva-
sion as stratification factors; (iii) both studies
were open label; (iv) OS, PFS and EORTC QLQ-
C30 were collected as either primary or sec-
ondary outcomes; (v) both studies had the fol-
lowing key inclusion criteria: ECOG PS 0 or 1,
and patients had at least one untreated lesion as
per RECIST v1.1; (vi) IMbrave150 included
patients without prior systemic therapy for
HCC, while previous systemic treatment was an
exclusion criterion in SARAH.

The following key differences were identi-
fied: (i) SARAH was conducted in French treat-
ment centers only, whereas IMbrave150 was a
multi-country study with treatment centers in
Asia-Pacific, Europe, and the USA; (ii)
IMbrave150 allowed the participation of
patients with metastatic HCC, whereas signifi-
cant extrahepatic disease (except lung tumors
less than 1 cm and lymph nodes less than 2 cm)
was an exclusion criterion in SARAH; (iii)
SARAH included patients with Child–Pugh
class A or B (score of 7 or lower), whereas
IMbrave150 only allowed class A patients. The

Fig. 2 Flowchart of the analysis process
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Table 1 Comparison of patients’ baseline characteristics in SARAH and IMbrave150

SARAH IMbrave150

TARE using SIR-
Spheres

Sorafenib Atezolizumab plus
bevacizumab

Sorafenib

N 237 222 336 165

Median age, years (IQR) 66 (60–72) 65 (58–73) 64 (56–71) 66

(59–71)

Male sex, number (%) 212 (89%) 202 (91%) 227 (82%) 137

(83%)

ECOG PS, number (%)

0 145 (61%) 139 (63%) 209 (62%) 103

(62%)

1 92 (39%) 83 (37%) 127 (38%) 62 (38%)

Child–Pugh class, number (%)

A (A5 ? A6) 196 (83%) 187 (84%) 333 (99%) 165

(100%)

B (B7) 39% (16%) 35 (16%) 1 (\ 1%) 0 (0%)

Unknown 2 (1%) 0 (0%) 2 (\ 1%) 0 (0%)

BCLC stage, number (%)

A 9 (4%) 12 (5%) 8 (2%) 6 (4%)

B 66 (28%) 61 (27%) 52 (15%) 26 (16%)

C 162 (68%) 149 (67%) 276 (82%) 133

(81%)

Macrovascular invasion, number (%) 149 (63%) 128 (58%) 129 (38%) 71 (43%)

Cause of HCC, number (%)a

Hepatitis B 13 (5%) 15 (7%) 164 (49%) 76 (46%)

Hepatitis C 55 (23%) 49 (22%) 72 (21%) 36 (22%)

Non-viral NR NR 100 (30%) 53 (32%)

Alcohol 147 (62%) 124 (56%) NR NR

Non-alcoholic steatohepatitis 49 (21%) 60 (27%) NR NR

Other 22 (9%) 21 (9%) NR NR

Unknown 23 (10%) 20 (9%) NR NR

Unsuccessful TACE, number (%)b 106 (45%) 94 (42%) 130 (39%) 70 (42%)

Extrahepatic spread Exclusion criterion Exclusion

criterion

212 (63%) 93 (56%)

2040 Adv Ther (2022) 39:2035–2051



availability of IPD from SARAH enabled the
removal of patients with Child–Pugh class B
from SARAH, but the other two key differences
between the trials represented unavoidable
limitations for this analysis. Patients’ baseline
characteristics in SARAH and IMbrave150 were
then compared [14, 18].

A side-by-side comparison showed that some
baseline characteristics were balanced across
treatment arms and trials, while others differed
substantially (Table 1). The following baseline
characteristics were considered to be balanced:
age, sex (despite the proportion of males being
slightly higher in SARAH), and ECOG PS. Base-
line characteristics that varied substantially
across trials include Child–Pugh class (16% of
patients in SARAH were categorized as Child–-
Pugh class B at study initiation, while these
patients were excluded from IMbrave150),
BCLC stage, etiology (approximately 30% of
patients in SARAH had HCC caused by either
hepatitis B or C virus, with approximately 70%
patients in IMbrave150), and the proportion of
patients with macrovascular invasion.

Using IPD from SARAH (i.e., unmatched and
unadjusted), the TTD in QOL was calculated
using the Global Health Score (GHS) from the
EORTC QLQ-C30 questionnaire. This was cal-
culated for the intention-to-treat (ITT) popula-
tion and in line with the definition of TTD in
QOL in the IMbrave150 study protocol, where
TTD was defined as a decrease from baseline of
10 points or more on the GHS for two

consecutive assessments or when there was a
decrease of 10 points or more in one assessment
followed by death within 3 weeks (see Supple-
mentary Material for further details) [18]. For
the comparison of survival curves, published
TTD in QOL data from IMbrave150 were digi-
tized with the DigitizeIt software and, using the
algorithm developed by Guyot et al., patient-
level data were reconstructed [18, 25]. Also, a
linear mixed model (LMM) was implemented to
shed light on the values of the GHS for each
treatment arm before and after deterioration in
QOL: fixed effects included treatment arm,
deterioration in QOL (GHS measurement
before/at the time of, or after deterioration) and
an interaction term for treatment arm and
deterioration in QOL; a random intercept was
included for patient.

Matching

On the basis of the comparison of study design
characteristics, as well as the inclusion and
exclusion criteria of SARAH and IMbrave150
trials, patients with Child–Pugh score B were
removed from the SARAH IPD to align with the
population in IMbrave150.

Covariate Selection for Population
Adjustment

NICE guidelines state researchers must demon-
strate that population adjustment is likely to

Table 1 continued

SARAH IMbrave150

TARE using SIR-
Spheres

Sorafenib Atezolizumab plus
bevacizumab

Sorafenib

Alpha-fetoprotein C 400 ng /mL,

number (%)

84 (39%) 72 (36%) 126 (38%) 61 (37%)

BCLC Barcelona Clinic Liver Cancer, ECOG PS Eastern Cooperative Oncology Group Performance Status, HCC hepa-
tocellular carcinoma, NR not reported, TACE transarterial chemoembolization
aIn SARAH, the same patient could have several causes of disease
bVariable recorded as ‘‘Prior local therapy for HCC: transarterial chemoembolization’’ in IMbrave150 (Suppl. Materials,
Finn et al. [18])
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produce less biased estimates than standard
indirect comparisons [23]. This requires
(a) showing that there are grounds for believing
one or more of the available covariates are effect
modifiers, and (b) showing that there is suffi-
cient imbalance in those effect modifiers to
result in a material bias [23]. Also, NICE states
that for anchored MAICs all effect modifiers
should be adjusted for, while purely prognostic
variables should not be accounted for to avoid
standard error due to overmatching [23]. For
this purpose, the covariate selection was con-
ducted in two steps: (1) identification of

covariates of potential interest: the literature
was reviewed to identify potential effect modi-
fiers of TTD in QOL; and (2) identification of
effect modifiers: Cox regression models were
implemented, using IPD from SARAH, to eval-
uate whether the covariates of potential interest
identified in the literature could be confirmed
as effect modifiers within the SARAH data set.
The analyses identified ECOG PS and alpha-fe-
toprotein level as potential effect modifiers and
were selected for the MAIC despite the close
alignment in these covariates across trials.
Cause of disease (defined as viral vs non-viral)
and macrovascular invasion were also included
in the MAIC, as they were identified as effect
modifiers in the literature (although not in the
SARAH data set) and there was some level of
imbalance across trials. Further details on
covariate selection are provided in the Supple-
mentary Material. In a sensitivity analysis, viral
cause of disease was defined as either hepati-
tis B, hepatitis C, or non-viral, providing further
granularity to this covariate in line with the
literature, despite the risk of reducing the
effective sample size substantially.

Population Adjustment and Indirect
Comparison

Prior to population adjustment, patients with
incomplete data were removed to generate the

Table 2 TTD in QOL estimates from unmatched and unadjusted SARAH and IMbrave150

SARAH (unmatched and
unadjusted)

IMbrave150 (published aggregate data)

TARE Sorafenib Atezolizumab–bevacizumab Sorafenib

N 135 170

Events 112 148

Median TTD in QOL, months

(95% CI)

6.93

(5.16–9.59)

4.30

(3.65–5.88)

11.2 (6.0–NE) 3.6

(3.0–7.0)

HRa (95% CI), p value 0.69 (0.54–0.88)

pb = 0.003

0.63 (0.46–0.85)

CI confidence interval, HR hazard ratio, NE could not be evaluated, QOL quality of life, TTD time to deterioration
aCox proportional hazards model
blog-rank test

Fig. 3 Kaplan-Meier curves of TTD in QOL in SARAH
(unmatched and unadjusted)
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final data set. The baseline characteristics of
matched patients in SARAH were reweighted via
the method of moments [23, 26]. Reweighted
data from SARAH were used to indirectly com-
pare TTD in QOL with TARE and ate-
zolizumab–bevacizumab. The scale of the
outcome for the indirect comparison was log
hazard ratio (HR), as per NICE methods [23].
Kaplan–Meier curves and median TTD in QOL
were estimated, as well as the HR (and 95%
confidence interval [CI]) for TARE versus
atezolizumab–bevacizumab.

RESULTS

Of 459 patients in the SARAH ITT population
305 had GHS measurements at more than one
time point, one being the measurement at
baseline (135 and 170 in the TARE and sorafenib
arms, respectively). These were the patients
included in the unmatched and unadjusted
analysis. Time-to-deterioration in QOL was
6.93 months for TARE, compared with
4.30 months for sorafenib, with a HR of 0.69
(95% CI 0.54–0.88; p = 0.003; Table 2; Fig. 3).
The LMM showed higher values for TARE
(p = 0.061), a significant reduction of - 15

Table 3 Population sizes and covariate alignment

Unmatched, unadjusted SARAH
population

Matching-adjusted SARAH
population

IMbrave150
population

Base case analysis

N 459 90a 501

Cause of disease: non-viral

(%)

71.2b 30.7 30.7

Macrovascular invasion

(%)

60.4 39.9 39.9

ECOG PS: 1 (%) 38.1 37.7 37.7

Alpha-

fetoprotein C 400 ng /

mL

37.6 37.7 37.7

Sensitivity analysis

N 459 36a 501

Cause of disease

Hepatitis B (%) 6.1 48.0 48.0

Hepatitis C (%) 22.7 21.3 21.3

Macrovascular invasion (%) 60.4 39.9 39.9

ECOG PS: 1 (%) 38.1 37.7 37.7

Alpha-

fetoprotein C 400 ng /

mL

37.6 37.7 37.7

ECOG PS Eastern Cooperative Oncology Group Performance Status
aEffective sample size
bPatients without hepatitis B or hepatitis C
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points in GHS after deterioration (p\0.001),
and no interaction between treatment arm and
whether the measurement happened before or
after deterioration (p = 0.110; Supplementary
Material, Supplementary Table 3).

Out of these 305 patients, cause of disease
was missing for 31 and alpha-fetoprotein level
was missing for 24. Of the remaining patients,
33 had a Child–Pugh score B and were therefore
removed. The final data set for the MAIC
therefore consisted of 217 patients: 94 and 123
in the TARE and sorafenib arms, respectively. A
flowchart detailing patient numbers at various
analysis steps is available in Supplementary
Fig. 1.

Base Case Analysis

The application of the population adjustment
algorithm resulted in balanced covariates across
SARAH and IMbrave150 (Table 3). The effective
sample size, however, decreased to 90. No
individual had a weight of zero (mini-
mum = 0.21; maximum = 4.99). The survival
estimates and Kaplan–Meier curves of all four
treatment arms in SARAH and IMbrave150, are
reported in Table 4 and Fig. 4, respectively.
There were statistically significant differences

among the Kaplan–Meier curves (p\0.001).
The atezolizumab–bevacizumab combination
resulted in the longest median TTD in QOL
(11.23 months; 95% CI 6.15–NE), followed by
TARE (8.64 months; 95% CI 7.16–19.02),
although the difference between these was not
statistically significant (i.e., 95% CIs over-
lapped). The HR for TARE, compared with ate-
zolizumab–bevacizumab, was 1.06 (95% CI
0.75–1.50; p [weighted Cox model] = 0.725).
The sorafenib treatment arms from both SARAH
and IMbrave150 had a significantly lower
median TTD in QOL.

Sensitivity Analysis

The application of the population adjustment
algorithm also resulted in balanced covariates
across SARAH and IMbrave150 (Table 3). The
effective sample size further decreased to 36
patients as a result of the additional granularity
of cause of disease. No individual had a weight
of zero (minimum = 0.22; maximum = 16.65).
The survival estimates and Kaplan–Meier curves
of all four treatment arms in SARAH and
IMbrave150 are reported in Table 4 and Fig. 5,
respectively. There were statistically significant
differences among the Kaplan–Meier curves

Table 4 TTD in QOL estimates from matching-adjusted SARAH and IMbrave150

Records N (adjusted) Events Median TTD in QOL, months 95% CI, months

Base case analysis

Atezolizumab–bevacizumab 336 336 133 11.23 6.15–NE

TARE 94 53 39 8.64 7.16–19.02

Sorafenib—SARAH 123 78 64 5.52 4.21–6.67

Sorafenib—Imbrave150 165 165.0 71.0 3.58 3.00–7.00

Sensitivity analysis

Atezolizumab–bevacizumab 336 336.0 133.0 11.23 6.15–NE

TARE 94 32.3 22.8 19.88 9.59–24.30

Sorafenib—SARAH 123 55.3 44.0 5.52 3.98–18.70

Sorafenib—Imbrave150 165 165.0 71.0 3.58 3.00–7.00

CI confidence interval, NE not evaluable, QOL quality of life, TTD time to deterioration
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(p\ 0.0001). The TARE arm resulted in the
longest median TTD in QOL (19.88 months;
95% CI 9.59–24.30), followed by the ate-
zolizumab–bevacizumab combination
(11.23 months; 95% CI 6.15–NE), although the
difference between these was not statistically
significant (i.e., 95% CIs overlapped). The HR
for TARE, compared with atezolizumab–beva-
cizumab, was 0.66 (95% CI 0.36–1.19;
p [weighted Cox model] = 0.163). The sorafenib
treatment arms from both SARAH and
IMbrave150 had a lower median TTD in QOL,
although the uncertainty in SARAH was large

and the 95% CI overlapped with those of TARE
and atezolizumab–bevacizumab.

DISCUSSION

This analysis provides physicians with mean-
ingful insights into the time frames in which
QOL is maintained and deteriorates when
treating patients with advanced HCC with
TARE, atezolizumab–bevacizumab, and sor-
afenib. The MAIC found no statistically signifi-
cant differences in TTD in QOL in between
TARE using SIR-Spheres and atezolizumab–be-
vacizumab. The base case analysis showed the
longest TTD in QOL for atezolizumab–beva-
cizumab (median of 11.23 months), followed by
TARE (median of 8.64 months), although the
difference between these was not statistically
significant. The results showed that sorafenib
had a statistically significantly shorter TTD in
QOL, compared with TARE (median of 5.52 and
3.58 months in the matching-adjusted SARAH
population and IMbrave150, respectively). The
sensitivity analysis resulted in longest TTD in
QOL for TARE (median of 19.88 months), fol-
lowed by atezolizumab–bevacizumab, although
the difference between these was again statisti-
cally not significant. Sorafenib had a shorter
TTD, with a statistically significant difference in
the case of the IMbrave150 arm.

Even though survival is usually the most
important treatment attribute for both patients
and physicians, studies have demonstrated that
other attributes such as adverse event profile or
mode of administration (e.g., intravenous ver-
sus a one-off procedure) can play a significant
role, with patients willing to make substantial
trade-offs between survival and the risk of
adverse events [7–10]. For this reason, the
results from this MAIC demonstrate that TARE
using SIR-Spheres can be a reliable treatment
option when treatment attributes such as
adverse event profiles, with the subsequent
impact on QOL, are key to patients and physi-
cians making therapeutic decisions [27–29].
This is particularly relevant when considering
the results of the SARAH RCT, where despite the
lack of statistically significant differences in
efficacy, it has been shown that TARE using SIR-

Fig. 4 Kaplan–Meier curves of treatment arms in SARAH
(matching-adjusted) and IMbrave150

Fig. 5 Kaplan–Meier curves of treatment arms in SARAH
(matching-adjusted) and IMbrave150
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Spheres offer a longer time without deteriora-
tion of QOL compared with sorafenib, and
could therefore be a preferred treatment for
patients and physicians [17]. The NEMESIS
meta-analysis further reinforced this idea con-
cluding that TARE with SIR-Spheres as initial
therapy for advanced HCC is non-inferior to
sorafenib in terms of OS, while offering a better
safety profile [16]. Furthermore, the IMbrave150
RCT also showed, as the SARAH and SIRveNIB
RCTs did, that there are patient subgroups for
which no statistically significant differences
exist in treatment efficacy and therefore treat-
ment selection may not be straightforward
[14, 15, 18]. All this supports the conclusion
that patients and physicians should carefully
consider and select a particular treatment for
advanced and unresectable HCC by gauging
patients’ and treatments’ characteristics in a
holistic manner.

This analysis has some strengths that
underline its value. The SARAH and SIRveNIB
are the only RCTs showing a head-to-head
comparison of TARE with a systemic treatment
in HCC; EORTC QLQ-C30, however, was only
measured in SARAH. Therefore, this analysis
represents, to the authors’ knowledge, the only
possible approach that can reliably compare
QOL outcomes of a TARE (i.e., SIR-Spheres) with
atezolizumab–bevacizumab using IPD. A typical
limitation of MAIC studies is the impact of
unobserved or unmeasured confounders
[20, 21, 23, 30]. Although it is likely that not all
potentially relevant confounders were included
in the reweighting model used for this MAIC,
the literature was thoroughly searched and
patient-level data from SARAH were analyzed in
depth to identify the key potential effect mod-
ifiers. Justifying the effect modifier status of
variables included in the weighting model is
considered essential in the eyes of HTA agencies
such as NICE, and therefore the effort to iden-
tify the key potential effect modifiers represents
an important strength of the analysis presented
here [23, 31]. Also, because disease etiology
(defined as hepatitis C) was identified as an
effect modifier in the literature, a sensitivity
analysis explored the results considering etiol-
ogy as either hepatitis B, hepatitis C, or other
cause. The effective sample size in this case was

lower than in the base case and the results are
therefore more uncertain; however, the gener-
ated results provide clinicians and patients with
a full picture on which decisions can be based.
Finally, the results from this study were in line
with the results from the analysis by Pereira
et al., endorsing the appropriateness of these
analyses. Pereira et al. reported a significant
difference in TTD in QOL between TARE using
SIR-Spheres (median 3.9 months; 95% CI
3.7–4.3) and sorafenib (median 2.6 months;
95% CI 2.0–3.0) [17]. The lower median values
reported by Pereira et al., compared with the
results from this study, are not surprising
because of the differences in the definitions of
TTD in QOL used.

This study also had some limitations and
therefore the results presented here should be
interpreted taking these into consideration.
Although the potential for bias was consider-
ably reduced after matching, there were
unavoidable differences between clinical trial
designs [14, 18]. A key difference is the timing
of QOL measurements between SARAH and
IMbrave150: in SARAH, the EORTC QLQ-C30
questionnaire was completed by patients at
months 1, 3, and every 3 months thereafter,
whereas in IMbrave150 patients were asked to
complete the questionnaires on cycle 1, at every
three-weekly cycle until treatment discontinu-
ation or disease progression, and every
3 months (for 1 year) thereafter. The longer
measurement intervals in SARAH (at least before
patients in IMbrave150 progress or discontinue
treatment) may have confounded the results, in
some cases potentially capturing QOL deterio-
ration later than when it actually happened
(although it is also possible that instances cap-
tured as deterioration in SARAH would not have
been captured as such in IMbrave150). This is
an unavoidable limitation associated with the
design of both SARAH and IMbrave150 trials,
but one that should be considered when inter-
preting the results. Also, the number of patients
from SARAH excluded from the analysis was
high because of the lack of responses to QOL
questionnaires (completion rates of 77.5% and
80.4% in the TARE and sorafenib groups,
respectively); compliance in IMbrave150
seemed to be substantially higher (at least 93%
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from baseline until cycle 17 and at least 80%
thereafter), although this was defined as com-
pletion of at least one question, which could
potentially misrepresent the actual responses
collected on the GHS scale [17, 18]. In terms of
patients’ baseline characteristics, a higher pro-
portion of patients presented with macrovas-
cular invasion in SARAH compared with
IMbrave150, which indicated that patients in
SARAH may have had a poorer prognosis [32].
In both trials, the proportion of BCLC C
patients was higher than the proportion of
BCLC B patients, and the latter was higher than
the proportion of BCLC A patients. The spread
of BCLC C and BCLC B patients was somewhat
different between SARAH and IMbrave150 tri-
als, with a higher proportion of BCLC C patients
in IMbrave150 (including patients with
macrovascular invasion and extrahepatic
metastases) compared with SARAH. Despite
these differences not being enormous, patients
in IMbrave150 may have had a more advanced
disease.

When interpreting the results of these anal-
yses, focus should be placed on the way TTD in
QOL was defined [18]. Even though many
clinical trials now include QOL as one of the key
outcomes, its analysis is still not standardized,
thereby hindering the comparability of results
across trials and the literature [33, 34]. Time to
deterioration in QOL analyses rely, among
other factors, on the threshold used to deter-
mine clinical relevance, with a change of 10 or
more points on the GHS (in a single measure-
ment) being one of the most common thresh-
olds [33–40]. Although to a lesser extent, other
thresholds have also been evaluated [41, 42].
Apart from the threshold, the consideration or
not of competing risks (e.g., death, progression,
or toxicity) or the requirement for confirmation
of deterioration in QOL is likely to play an
important role, and different results could be
expected depending on the approach chosen
[33, 43]. For the MAIC to be relevant, TTD in
QOL in SARAH had to match the definition in
IMbrave150; however, the IMbrave150 protocol
was not clear, for instance, on how data were
handled when no TTD in QOL event occurred
but death was captured at a time later than the
last QOL measurement. In these cases, this

MAIC conservatively assumed the last date of
QOL measurement to be the date of the event,
even without a decrease of 10 or more points
from baseline. The lack of knowledge of how
these data were handled in IMbrave150 repre-
sents a limitation in this analysis, and the TTD
in QOL estimates presented for TARE may be
conservative compared with what the estimates
would be if the data were in fact managed dif-
ferently in IMbrave150. Conversely, because
IMbrave150 had a conservative approach to
define TTD in QOL, all the estimates presented
here cannot be directly compared with other
data for TTD in QOL presented in the literature
unless the outcome definitions match. All this,
along with the different timing of QOL mea-
surements, means the results from these analy-
ses are not as robust as the conclusions from a
purposely conducted clinical trial would be.
This analysis and the facts stated here, however,
could ideally guide future clinical trial design to
improve the comparability of clinical trial data
and advance the understanding of QOL out-
comes in disease areas where this is crucial.

Finally, as demonstrated by Lo et al. [10],
treatments’ characteristics should be assessed in
a holistic manner when making a decision of
the best approach to treatment, and for that
reason the results from these analyses should be
considered in conjunction with indirect com-
parisons evaluating other outcomes (e.g., OS,
PFS, response rates, or adverse events). This is
particularly relevant given the differences
observed between the SARAH and IMbrave150
RCTs. Median OS was 9.9 months for both TARE
and sorafenib in the per protocol populations in
SARAH; in IMbrave150, however, median OS
was not reached for atezolizumab–bevacizumab
(with 67.2% of patients alive at 12 months) and
was 13.2 months for sorafenib. With regard to
the safety profile, 41% and 63% of patients
receiving TARE and sorafenib had grade C 3
adverse events in SARAH, whereas this propor-
tion was 61% in both treatment arms in
IMbrave150. These unmatched and unadjusted
results indicate clinically relevant differences in
efficacy and safety may exist between these
treatments and, for that reason, indirect com-
parisons adjusting for between-trial differences
are needed for a fair comparison. Because of the
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interesting clues that the current analyses have
provided, future research will include indirect
comparisons of other outcomes so that a full
picture is provided to relevant stakeholders.

CONCLUSIONS

TARE using SIR-Spheres may achieve similar
TTD in QOL compared with atezolizumab–be-
vacizumab, as the analyses found no statisti-
cally significant differences between these two
interventions. The MAIC also showed that both
TARE using SIR-Spheres and atezolizumab–be-
vacizumab seem to be more efficacious than
sorafenib in maintaining QOL. These results are
relevant for patients and clinicians, as prefer-
ence studies show the role of QOL in treatment
selection and therefore the treatment strategy
can be adapted to maximize the benefit for
patients.
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