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Abstract

IMPORTANCE The association of immune checkpoint inhibitors (ICIs) with patient quality of life has
been poorly explored.

OBJECTIVE To evaluate patient-reported outcomes (PROs) assessed in randomized clinical trials
(RCTs) of immunotherapy-based treatments.

DATA SOURCES This systematic review and random-effects meta-analysis used RCTs identified in
PubMed, MEDLINE, Embase, and Scopus from database inception to June 1, 2021.

STUDY SELECTION A total of 2259 RCTs were identified that assessed ICIs as monotherapy or in
combination with chemotherapy or combined with another ICI and/or targeted therapy vs control
groups not containing immunotherapy in patients with advanced solid tumors. Studies were
reviewed independently by 2 authors.

DATA EXTRACTION AND SYNTHESIS This meta-analysis followed the PRISMA guidelines and
recommendations of the Setting International Standards in Analyzing Patient-Reported Outcomes
and Quality of Life Endpoints Data Consortium.

MAIN OUTCOMES AND MEASURES The coprimary aims of the meta-analysis were (1) pooled
differences between treatment groups in the mean change of PRO score from baseline to 12 and 24
weeks of follow-up and (2) pooled differences between treatment groups in the time to deterioration
of PRO score. For each end point, RCTs have been analyzed according to the type of treatment
administered in the experimental group: ICIs given as monotherapy, ICIs combined with
chemotherapy, or ICIs in association with another ICI and/or with targeted therapies.

RESULTS Of the 2259 identified RCTs, 34 (18 709 patients) met the selection criteria and were
analyzed. In the group of 19 RCTs testing ICIs as monotherapy, the pooled between-groups difference
of mean change from baseline to 12 weeks of follow-up was 4.6 (95% CI, 2.8-6.4), and the mean
change from baseline to 24 weeks of follow-up was 6.1 (95% CI, 4.2-8.1), significantly favoring ICIs.
The pooled difference was 1.4 (95% CI, −0.4 to 3.2) at week 12 and 2.5 (95% CI, −0.8 to 5.9) at week
24 in the group of 8 RCTs testing ICIs combined with chemotherapy and 2.1 (95% CI, −0.8 to 5.0) at
week 12 and 2.1 (95% CI, −0.4 to 4.5) at week 24 in the group of 8 RCTs testing other ICI-containing
combinations. The time to deterioration was significantly longer in the immunotherapy-containing
groups compared with control groups in all 3 groups of RCTs evaluated (hazard ratios of 0.80 [95%
CI, 0.70-0.91] for ICIs as monotherapy, 0.89 [95% CI, 0.78-1.00] for ICIs plus chemotherapy, and
0.78 [95% CI, 0.63-0.96] for other ICI-containing combinations).
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Abstract (continued)

CONCLUSIONS AND RELEVANCE Immune checkpoint inhibitors as monotherapy appear to have a
favorable association with patient-reported quality of life and can be combined with other classes
of anticancer drugs without worsening this quality of life.

JAMA Network Open. 2022;5(8):e2226252. doi:10.1001/jamanetworkopen.2022.26252

Introduction

Immune checkpoint inhibitors (ICIs) have changed the paradigm of treatment of several cancer
types. Currently, ICIs are administered as monotherapy or in combination with other immunotherapy
drugs or other anticancer agents, such as targeted therapies or chemotherapies.1,2 Both the efficacy
and toxicity profiles of ICIs meaningfully differ from those of other classes of anticancer
treatments.3,4 The quality of life (QoL) of patients with metastatic cancer depends on multiple
factors, some of which are independent of anticancer treatments, such as socioeconomic
background, psychological condition, and concomitance of other chronic diseases, whereas other
factors are strictly related to the cancer and its treatment, such as symptoms caused by the tumor
that are in turn affected by the efficacy and toxicity of treatments.5 Patient-reported outcomes
(PROs) are able to capture QoL in a comprehensive way from the patient’s point of view, taking into
account all the different aspects that contribute to its definition.6 In particular, the time to
deterioration (TTD) of PRO score, defined as the time from patient randomization until the first
deterioration of PRO score of clinical relevance, is a largely adopted measure to assess treatment
effects on patient QoL during the entire trial follow-up, supported by international guidelines.7

Although the efficacy of ICIs has been extensively investigated in the past few years, their
association with patient QoL, compared with that of other available anticancer treatments, has been
less explored. In this report, we detail the results of a systematic review and meta-analysis of PROs
assessed in randomized clinical trials (RCTs) testing immunotherapy-based treatments vs anticancer
treatments other than immunotherapy for patients with advanced solid tumors.

Methods

Search Strategy, Selection Criteria, and Data Extraction
We searched PubMed, MEDLINE, Embase, and Scopus for RCTs testing ICIs and reporting PROs,
published from database inception to June 1, 2021. We also reviewed abstracts and presentations
from all major conference proceedings, including the American Society of Clinical Oncology and the
European Society for Medical Oncology, from January 1, 2010, to June 1, 2021. We followed
recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) reporting guideline and Setting International Standards in Analyzing Patient-Reported
Outcomes and Quality of Life Endpoints Data Consortium.6,8 This study was exempted from ethics
review by the European Institute of Oncology Institutional Review Board because it was a secondary
synthesis of deidentified data.

Two investigators (L.P. and F.C.) independently searched the databases. The search terms were
health related quality of life, HRQoL, patient reported outcomes, PROs, CTLA-4, cytotoxic
T-lymphocyte-associated protein 4, PD-1, programmed death receptor 1, immune checkpoint inhibitor,
ipilimumab, tremelimumab, nivolumab, pembrolizumab, durvalumab, atezolizumab, cemiplimab, and
spartalizumab.

We included RCTs that assessed programmed cell death receptor 1, programmed cell death
ligand 1 (PD-L1), and cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) inhibitors as
monotherapy or in combination with another ICI and/or other anticancer drugs (ie, targeted therapy
or chemotherapy) vs control groups not containing immunotherapy in patients with advanced solid
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tumors. We excluded single-group phase 1 and 2 trials and RCTs conducted in adjuvant and
neoadjuvant settings or in hematologic tumors to avoid excessive heterogeneity. We included trials
in which PROs were assessed through the Global Health Status (GHS) scale from the European
Organization for Research and Treatment of Cancer (EORTC) Core Quality of Life Questionnaire
(QLQ-C30) or the EuroQol Health-Related Quality of Life 5-Dimension, 3-Level (EQ-5D-3L) visual
analog scale (VAS).

The GHS scale includes 2 items that explore the patients’ overall health and quality of life. The
raw scores are transformed to a linear scale that ranged from 0 to 100. Higher scores on the GHS
scale indicate higher levels of health-related quality of life (HRQoL).9-11 The EQ-5D-3L scale evaluates
the patient’s self-rated health state on a 100-point vertical VAS (ie, with 0 indicating worst
imaginable health state and 100 indicating best imaginable health state).12 We excluded trials
reporting PROs only assessed through cancer-specific scales to ensure comparability
across trials.13-16

Full-text articles were reviewed independently by 2 authors (L.P. and F.C.). Inconsistencies were
discussed by all authors to reach consensus. Reference lists of articles included in the final selection
were reviewed to identify additional relevant articles. We included only the most recent and
complete report when duplicate publications were identified. We extracted data on the following
variables: study’s name, first author and year of publication, study design and blinding, trial phase,
underlying malignant neoplasm, number of patients, median follow-up time, treatment groups, line
of therapy, PRO scale used, and PRO results.

Quality Assessment of Trials and PRO Reporting and Data Analysis
To ascertain risk of bias, we assessed the methodologic quality of each trial using the Cochrane Risk
of Bias tool, version 5.1.0.17,18 The coprimary aims of the meta-analysis were (1) to assess differences
between treatment groups in the mean change of PRO score from baseline to 12 and 24 weeks of
follow-up assessed through the QLQ-C30 GHS or EQ-5D-3L VAS and (2) to assess differences
between treatment groups in the TTD of PRO score, defined as the time from patient randomization
until the first deterioration of PRO score that met or exceeded the minimally important difference.
As established in previous literature,9-16 the minimally important difference indicates a clinically
meaningful change of PRO score and was a change of 5 to 10 points for QLQ-C30 GHS and 7 or more
points for the Euro-Qol-5 Dimension VAS.

For each end point, trials have been analyzed according to the type of treatment administered
in the experimental group: ICIs given as monotherapy, ICIs combined with chemotherapy, or ICIs in
association with another ICI and/or with targeted therapies. A sensitivity analysis was performed
excluding RCTs whose results were only available as congress abstracts.

Statistical Analysis
We performed separate meta-analyses of the 3 following end points: (1) the difference in mean
change of PRO scores between treatment groups at 12 weeks from baseline, (2) the differences in
mean change of PRO scores between treatment groups at 24 weeks from baseline; and (3) the
hazard ratio (HRs) for TTD in PROs. Data were retrieved from the original article or reconstructed
with validated algorithms.19,20 Random-effect models were used to calculate the pooled estimates.
Heterogeneity among studies was assessed using the Q statistic and I2 index. A 2-stage meta-
analytical approach based on pseudo–individual patient data (IPD)21 was used to adjust the pooled
difference in mean changes at 12 and 24 weeks for potential baseline imbalances in PRO scores
between treatment groups. A 2-sided P < .05 was considered statistically significant. All analyses
were conducted using SAS software, version 9.4 (SAS Institute Inc) and R software, version 3.6.0 (R
Foundation for Statistical Computing). Additional details on statistical analyses are reported in the
eMethods in the Supplement.
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Results

Thirty-four RCTs, enrolling a total of 18 709 patients, were included in the analysis (eFigure in the
Supplement; Table).22-57 Twenty-one studies22,25,30,31,34,40,41,43-57 investigated PROs in the first-line
setting, and 13 studies23,24,26-29,32,33,35-39,42 explored PROs in lines beyond first. Nineteen trials22-42

tested ICIs as monotherapy, 8 trials43-50 evaluated the combination of ICIs with chemotherapy, and 8
trials51-57 tested other ICIs-containing combinations.

The experimental group was an anti-PD1 or anti–PD-L1 drug given as monotherapy in 19
trials,22-42 an anti-PD1 or anti–PD-L1 drug combined with chemotherapy in 8 trials,43-50 an anti-PD1
or anti–PD-L1 drug combined with targeted therapy in 3 trials,55-57 and the combination of an
anti-PD1 with an anti-CTLA4 drug in 3 trials.51-53 Combination immunotherapy (ie, anti-PD1 and anti-
CTLA4 drug) plus chemotherapy and an anti–PD-L1 combined with both chemotherapy and targeted
therapy was the experimental group in 1 trial each.49,54 Twelve trials26-31,40,41,44,45,49,51,54 were
conducted in patients with non–small cell lung cancer; 4 trials25,38,39,56in patients with melanoma; 3
trials each in patients with small cell lung cancer,46,48,50 renal carcinoma,42,52,57 and urothelial
carcinoma32,33,47; and 2 trials each in patients with head and neck squamous cell carcinomas,24,35,36

hepatocellular carcinoma,37,55 and gastroesophageal cancer23,34; and 1 trial each enrolled patients
with colon cancer,22 breast cancer,43 and mesothelioma.53 Median follow-up of trials was 46.5 weeks
(ranging from 12 to 136 weeks).

eTable 1 in the Supplement reports the quality assessment of trials according to the Cochrane
Risk of Bias tool. Overall, the quality of trials was high because the risks of selection, attrition,
reporting, and other forms of bias for all the RCTs included in the analysis were low. The only
potential biases that affected the trials were performance and detection bias because only 12 of 34
RCTs22,24,31-33,38,49,51,53-55,57 had a double-blinding design. The quality assessment of PRO reporting
for each trial is presented in eTable 2 in the Supplement. The median score was 4 (ranging from 2 to
5), and only 3 RCTs33,38,55 obtained a low score (ie, <3).

In the group of 19 trials testing ICIs as monotherapy, the mean change of PRO score from
baseline to 12 and 24 weeks of follow-up was reported in 16 trials22,24-32,36-42 and 14
trials,22,24-27,29-32,37-42 respectively, and was assessed by the EORTC QLQ-C30 GHS in 13
trials22,24,25,28-32,36-41 and by the EQ-5D-3L VAS in 3 trials.26,27,42 One trial39 had 2 groups that
contained immunotherapy evaluated separately. All such RCTs were included in the analysis, for a
total number of 7390 individual PRO assessments recorded at baseline and at 12 weeks of follow-up
(16 RCTs,22,24-32,36-42 17 pairwise comparisons between groups) and 6530 at 24 weeks (14
RCTs,22,24-27,29-32,37-42 15 pairwise comparisons between groups).

The between-groups difference of mean change in PRO score from baseline to 12 weeks and 24
weeks of follow-up favored the immunotherapy-containing group in 14 of 17 pairwise comparisons
at 12 weeks and in 15 of 15 pairwise comparisons at 24 weeks (Figure 1 and Figure 2). The pooled
between-groups difference of mean change in PRO score from baseline was 4.6 (95% CI, 2.8-6.4) at
week 12 and 6.1 (95% CI, 4.2-8.1) at week 24, favoring immunotherapy-containing groups (Figure 1
and Figure 2). There was significant heterogeneity among single-study estimates at 12 weeks
(I2 = 54.4%, P = .004), which became small and not significant at 24 weeks of follow-up (I2 = 21.2%,
P = .22) (Figure 1 and Figure 2).

In the group of 8 trials testing ICIs in combination with chemotherapy, the mean change in PRO
score from baseline to 12 and 24 weeks of follow-up was reported in all 8 trials43-50 at 12 weeks and
7 trials43-45,47-50 at 24 weeks and was assessed by the EORTC QLQ-C30 GHS in all the trials.43-50 All
such RCTs were included in the analysis for a total number of 4533 individual PRO assessments
recorded at baseline and at 12 weeks of follow-up (8 RCTs,43-50 8 pairwise comparisons between
groups) and 4121 at 24 weeks (7 RCTs,43-45,47-50 7 pairwise comparisons between groups).

The between-groups difference of mean change of PRO score from baseline to 12 weeks and 24
weeks of follow-up favored the immunotherapy-containing group in 5 of 8 pairwise comparisons at
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12 weeks and in 5 of 7 pairwise comparisons at 24 weeks (Figure 1 and Figure 2). The pooled between-
groups difference of mean change in PRO scores from baseline was 1.4 (95% CI, −0.4 to 3.2) at week
12 and 2.5 (95% CI, −0.8 to 5.9) at week 24, favoring immunotherapy-containing groups (Figure 1 and
Figure 2). Small and not significant heterogeneity was found among single-study estimates at 12

Figure 1. Between-Groups Differences in Mean Change of Patient-Reported Outcomes (PROs) From Baseline to 12 Weeks and to 24 Weeks According to Experimental
Treatment Groups

Source
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The between-groups differences in mean change of PROs assessed from baseline to 12
weeks or 24 weeks of follow-up are shown for patients assigned to intervention
treatment (ie, immunotherapy-containing groups) compared with those assigned to
control treatment (ie, groups not containing immunotherapy). Studies are grouped
according to the experimental group type of treatment (ie, immune checkpoint inhibitor
[ICI] monotherapy, ICI and chemotherapy, other ICI-containing combinations). Squares
indicate study-specific mean change difference of PROs between treatment groups.
Values higher than 0 indicate that the intervention was better than the control. Square

size is proportional to the precision of the estimate (ie, the inverse of the variance).
Horizontal lines indicate the 95% CIs. Diamonds indicate the meta-analytic pooled mean
change differences of PROs between treatment groups, according to experimental
treatment groups, calculated at 12 and 24 weeks of follow-up, with their corresponding
95% CIs. The dashed vertical lines indicate the pooled differences in mean change, and
the dotted vertical line indicates a mean change difference of 0, which is the null-
hypothesis value (ie, no difference between treatment groups). NA indicates not
applicable.
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weeks (I2 = 27.9%, P = .21), which became significant at 24 weeks of follow-up (I2 = 62.1%, P = .02)
(Figure 1 and Figure 2).

In the group of 8 trials49,51-57 testing other ICI-containing combinations, the mean change in
PRO score from baseline to 12 and 24 weeks of follow-up was reported for both time points in 5
trials49,51,52,54,57 and was assessed by the EORTC QLQ-C30 GHS in 2 trials49,57 and by the EQ-5D-3L
VAS in 3 trials.51,52,54,57

All such RCTs were included in the analysis, for a total of 3243 individual PRO assessments
recorded at baseline and at 12 weeks of follow-up (5 RCTs, 5 pairwise comparisons between groups)
and 3243 at 24 weeks (5 RCTs, 5 pairwise comparisons between groups). The between-groups
difference of mean change in PRO score from baseline to 12 and 24 weeks of follow-up favored the
immunotherapy-containing group in 4 of 5 pairwise comparisons at 12 weeks and in 5 of 5 pairwise
comparisons at 24 weeks (Figure 1 and Figure 2). The pooled between-groups difference of mean
change in PRO score from baseline was 2.1 (95% CI, −0.8 to 5.0) at week 12 and 2.1 (95% CI, −0.4 to
4.5) at week 24, favoring immunotherapy-containing groups (Figure 1 and Figure 2). There was no
significant heterogeneity among single-study estimates at 12 weeks (I2 = 50.0%; P = .09); this
finding became null at 24 weeks of follow-up (I2 = 0.0%, P = .91) (Figure 1 and Figure 2).

To adjust the overall pooled treatment effect for potential imbalance of PRO baseline scores
between treatments, a 2-stage meta-analysis based on pseudo-IPD was conducted. In the group of
trials testing ICIs as monotherapy, the adjusted pooled effects were 5.2 (95% CI, 3.5-6.8) at 12 weeks
and 7.l (95% CI, 5.3-8.9) at 24 weeks. In the group of trials testing ICIs in combination with
chemotherapy, the adjusted pooled effects were 1.9 (95% CI, 0.1-3.6) at 12 weeks and 3.2 (95% CI,
−0.2 to 6.5) at 24 weeks. Finally, in the group of trials testing other ICI-containing combinations, the
adjusted pooled effects were 3.5 (95% CI, 0.2-6.7) at week 12 and 2.9 (95% CI, 0.8-5.1) at week 24.

The TTD of PROs was reported in 23 of 34 RCTs (12 RCTs testing ICIs as
monotherapy,22-27,29,30,32-35 4 trials testing ICIs combined with chemotherapy,43,46-48 and 7 trials
testing other ICI-containing combinations51-57). The TTD was assessed through EORTC QLQ-C30 GHS
in 16 trials22-25,29,30,32-35,43,46-48,55,56 and EQ-5D-3L26,27,51-54,57 VAS in 7 trials.

In the group of trials testing ICIs as monotherapy, the TTD was longer in the immunotherapy-
containing groups compared with control groups in 10 of 12 RCTs22,24-27,29,30,32,34,35 (pooled TTD HR,
0.80; 95% CI, 0.70-0.91) (Figure 3). Significant heterogeneity was found among single-study
estimates of TTD (I2 = 51.0%, P = .02). In the group of trials testing ICIs in combination with
chemotherapy, the TTD was longer in the immunotherapy-containing groups compared with control
groups in all trials (pooled TTD HR, 0.89; 95% CI, 0.78-1.00) (Figure 3). No heterogeneity was found

Figure 2. Trajectories Over Time of Between-Groups Differences in Mean Change of Patient-Reported Outcomes (PROs) Assessed in Each Trial and Pooled Estimates
According to Experimental Treatment Groups
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The difference in mean change of PROs are shown for each treatment comparison (dark
blue dashed lines and boxes) and the meta-analytic pooled estimates (solid blue line and
boxes) according to experimental treatment groups with corresponding 95% CIs (ie,
immune checkpoint inhibitor [ICI] monotherapy, ICI and chemotherapy, and other
ICI-containing combinations). Each dashed line represents a single treatment

comparison, and the size of each rectangle reflects the precision of each effect. For trials
in which comparisons at 12 and 24 weeks of follow-up were not reported or derivable
(orange boxes), these values were estimated using the information at the previous and
subsequent available time points. Values below the solid horizontal line favor the control,
and values above the line favor immunotherapy.
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among single-study estimates of TTD (I2 = 0.0%, P = .64). In the group of trials testing other
ICI-containing combinations, the TTD was longer in the immunotherapy-containing groups
compared with control groups in 5 of 7 RCTs51-55 (pooled TTD HR, 0.78; 95% CI, 0.63-0.96)
(Figure 3). Significant heterogeneity was found among single-study estimates of TTD
(I2 = 79.0%, P < .001).

Finally, a sensitivity analysis was performed excluding RCTs whose results were only available as
congress abstracts. Results did not materially change compared with those of the main analyses for
both the mean change in PRO score at 12 and 24 weeks and the TTD (eTable 3 in the Supplement).

Discussion

We assessed the association of ICIs with the quality of life of more than 18 000 patients with solid
tumors treated in 34 RCTs. Notably, even though few studies58,59 have been conducted in this area,
to our knowledge, this meta-analysis is the largest and includes only RCTs. Furthermore, we provided
evidence on the association of recent ICI-containing treatments on PROs, especially of the
combination of ICIs and chemotherapy, which is becoming a standard therapeutic approach for a
large number of solid tumors.

Figure 3. Hazard Ratios for Time to Deterioration According to Experimental Treatment Groups
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The hazard ratios (HRs) of time to deterioration for
patients assigned to intervention treatment (ie,
immunotherapy-containing groups) compared with
those assigned to control treatment (ie, groups not
containing immunotherapy) are shown. Studies are
grouped according to the experimental group type of
treatment (ie, immune checkpoint inhibitor [ICI]
monotherapy, ICI and chemotherapy, and other
ICI-containing combinations). Squares indicate study
specific HRs. Values less than 1 indicate that
intervention was better than the control. Size of the
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Our results clearly show that differences in PROs over time favor immunotherapy in trials
testing ICI monotherapy. However, in trials testing ICI-containing combinations, the degree of PRO
improvement in favor of immunotherapy at 12 or 24 weeks was limited and under the clinically
relevant cutoff. Although this result does not allow for the conclusion of better HRQoL in patients
treated with an ICI combination, it supports the conclusion that none of the multidrug combinations
worsened patient quality of life compared with control groups. This finding is noteworthy
considering that in some RCTs, patients received up to 3 different classes of drugs.

A significantly longer preservation of quality of life for patients treated with immunotherapy-
containing treatments, including multidrug combinations, is further supported by the results of TTD
analysis, which captures HRQoL during the entire trial follow-up and not only at specific time points.
This finding could be partially explained by the longer disease control achieved in many trials by
patients receiving ICIs compared with the control group as well as by the characteristic toxicity profile
of this new class of drugs.

Indeed, as a consequence of the meaningful immunotherapy efficacy, a large number of
patients randomized to an ICI-containing group did not withdraw and provided PRO assessments for
a long period. The spectrum of adverse events of ICIs is different from that of all other systemic
therapies, and many patients develop no or mild adverse events that do not substantially affect
quality of life. This difference could explain the results of the CheckMate 9LA trial,54 in which patients
with advanced non–small cell lung cancer treated with the combination of chemotherapy plus
nivolumab and ipilimumab experienced a significantly longer TTD compared with those receiving
only chemotherapy. Similarly, in the IMbrave150 trial,55 patients with advanced hepatocarcinoma
treated with the combination of atezolizumab plus bevacizumab had a significantly longer TTD
compared with the control group.

Some exceptions have been reported. For example, the IMspire150 trial56 showed an increased
risk of quality-of-life deterioration for patients with melanoma who received ICIs in combination with
anti-BRAF and anti-MEK targeted therapy because of the high risk of adverse events reported for
this specific combination of drugs.

An important observation that emerged from our systematic review is that none of the
considered RCTs included HRQoL as the primary end point, and often PROs were reported only in
secondary and delayed reports. This observation highlights the underestimation of the importance
of HRQoL in the field of anticancer immunotherapy.

Several measures should be enacted to improve HRQoL assessment for immunotherapy. The
assessment of HRQoL should be included within the primary objectives of RCTs testing
immunotherapy. Furthermore, to achieve an unbiased assessment of the risk-benefit ratio of new
therapeutic approaches, patient perception of how therapies impact their quality of life, elicited
through PROs, should not be separated from the main analysis of trial results. In this regard,
combined end points that jointly evaluate efficacy, toxicity, and HRQoL, such as Q-TWiST (Quality-
Adjusted Time Without Symptoms or Toxicity), should be more broadly considered.60 Moreover, in
most cases, the HRQoL evaluations in RCTs stopped at 24 weeks of follow-up, leaving an important
gap in the knowledge of HRQoL of patients surviving in the long term. Because the percentage of
long-term survivors has been significantly increased by ICIs, a substantial time extension of HRQoL
collection during the follow-up should be planned by trials testing ICIs.61 Finally, a paramount
limitation of instruments currently in use for assessing PROs is that these instruments have not been
specifically developed and validated to evaluate HRQoL in trials testing immunotherapies.
Consequently, they may not be able to fully capture peculiar features of tolerability of such new
therapies.9-16 Scientific societies focused on HRQoL should thus urgently develop, validate, and
spread new instruments dedicated for immunotherapy trials.

Limitations
This work has several limitations. We analyzed published data rather than IPD. However, this
weakness was substantially attenuated by the use of reconstructed IPD.21 Furthermore, although we
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found no heterogeneity among single-study estimates in many analyses, there was heterogeneity in
others. Such heterogeneity could be related to the different tumor histotypes in the patients enrolled
in the RCTs analyzed. Indeed, some dimensions of quality of life may be specifically affected by tumor
histotypes. For some cancer histotypes, only a few RCTs were available, which precluded the
possibility of performing subgroup analyses. We addressed this issue by using random-effects
models that took into account heterogeneity. However, potential differences among patients with
different tumor histotypes should be more granularly investigated by future studies. Additionally,
because results from only a few RCTs testing ICIs in the neoadjuvant or adjuvant setting have been
reported to date, we decided not to include them in our analysis to avoid additional heterogeneity.
Thus, the conclusions of our work should be limited to patients treated with ICIs in the advanced
disease setting.

Conclusions

The results of this meta-analysis demonstrate a favorable association of ICIs with patient quality of
life compared with control groups that did not contain immunotherapy across a large spectrum of
solid tumors. The benefit was particularly evident when ICIs were administered as monotherapy. In
addition, this meta-analysis found that ICIs can be combined with several other classes of anticancer
drugs, particularly chemotherapy, without worsening patient quality of life, which is a noteworthy
finding considering that such combinations will be increasingly used in many solid tumors. Future
research should incorporate PROs as a primary end point of RCTs testing immunotherapy to
concretely develop a patient-centered model of care.

ARTICLE INFORMATION
Accepted for Publication: June 13, 2022.

Published: August 16, 2022. doi:10.1001/jamanetworkopen.2022.26252

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Pala L et al.
JAMA Network Open.

Corresponding Author: Laura Pala, MD, Division of Melanoma, Sarcomas, and Rare Tumors, European Institute of
Oncology, Via Ripamonti 435, 20141 Milan, Italy (laura.pala@gavazzeni.it).

Author Affiliations: Division of Melanoma, Sarcomas, and Rare Tumors, European Institute of Oncology, Milan,
Italy (Pala, De Pas, Queirolo, Patanè, Saponara, Conforti); Oncology Unit, Humanitas Gavazzeni, Bergamo, Italy
(Pala, De Pas, Conforti); Department of Statistics and Quantitative Methods, University of Milan-Bicocca, Milan,
Italy (Sala, Bagnardi); Department of Molecular and Translational Medicine, University of Brescia, Brescia, Italy
(Oriecuia, Specchia); Department of Medical and Surgical Specialties, Radiological Sciences, and Public Health,
University of Brescia, Brescia, Italy (Oriecuia); Division of Medical Oncology, European Institute of Oncology,
Istituto di Ricovero e Cura a Carattere Scientifico, Milan, Italy (Cocorocchio); Department of Experimental
Oncology, European Institute of Oncology, Istituto di Ricovero e Cura a Carattere Scientifico, Milan, Italy (Ferrucci);
Melanoma, Sarcoma, and Rare Tumors Surgery Division, European Institute of Oncology, Istituto di Ricovero e Cura
a Carattere Scientifico, Milan, Italy (Pennacchioli, Coppola); Department of Pathology, European Institute of
Oncology, Milan, Italy (Viale); Department of Oncology and Hematology, University of Milan, Milan, Italy (Viale);
Department of Oncology, Weill Cornel Medicine, New York, New York (Giaccone); Department of Data Science,
Dana-Farber Cancer Institute, Harvard Medical School, Harvard T.H. Chan School of Public Health, Boston,
Massachusetts (Gelber); Frontier Science & Technology Research Foundation, Boston, Massachusetts (Gelber).

Author Contributions: Dr Pala had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. Drs Gelber, Bagnardi, and Conforti contributed equally
to this work.

Concept and design: Pala, De Pas, Pennacchioli, Coppola, Viale, Bagnardi, Conforti.

Acquisition, analysis, or interpretation of data: Pala, Sala, Oriecuia, Queirolo, Specchia, Cocorocchio, Ferrucci,
Patanè, Saponara, Giaccone, Gelber, Bagnardi, Conforti.

Drafting of the manuscript: Pala, Oriecuia, De Pas, Specchia, Saponara, Coppola, Giaccone, Bagnardi, Conforti.

JAMA Network Open | Oncology Association of Anticancer Immune Checkpoint Inhibitors With Patient-Reported Outcomes

JAMA Network Open. 2022;5(8):e2226252. doi:10.1001/jamanetworkopen.2022.26252 (Reprinted) August 16, 2022 12/16

Downloaded From: https://jamanetwork.com/ by a Biblioteca IRCCS Ist Europeo di Oncologia - Milano User  on 08/18/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.26252&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.26252
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.26252
mailto:laura.pala@gavazzeni.it


Critical revision of the manuscript for important intellectual content: Pala, Sala, De Pas, Queirolo, Specchia,
Cocorocchio, Ferrucci, Patanè, Pennacchioli, Viale, Giaccone, Gelber, Bagnardi, Conforti.

Statistical analysis: Sala, Oriecuia, Queirolo, Specchia, Bagnardi.

Administrative, technical, or material support: Coppola, Gelber.

Supervision: Pala, Queirolo, Cocorocchio, Ferrucci, Patanè, Saponara, Pennacchioli, Coppola, Viale, Bagnardi,
Conforti.

Conflict of Interest Disclosures: Dr Queirolo reported serving on the advisory board or as a consultant for Pierre
Fabre, Novartis, Roche, BMS, MSD, Merck, Sanofi, and Sun Pharma. Dr Viale reported receiving consultation fees
from Roche and Daichii Sankyo and serving on advisory boards for MSD Oncology, Agilent, and AstraZeneca
outside the submitted work. Dr Gelber reported receiving grants from Roche, AstraZeneca, Merck, and Novartis
outside the submitted work. No other disclosures were reported.

Additional Information: This work is dedicated to the memory of Professor Aron Goldhirsch (International Breast
Cancer Study Group), our endless source of inspiration, with unfaded thankfulness.

REFERENCES
1. Dummer R, Ascierto PA, Nathan P, Robert C, Schadendorf D. Rationale for immune checkpoint inhibitors plus
targeted therapy in metastatic melanoma: a review. JAMA Oncol. 2020;6(12):1957-1966. doi:10.1001/jamaoncol.
2020.4401

2. Heinhuis KM, Ros W, Kok M, Steeghs N, Beijnen JH, Schellens JHM. Enhancing antitumor response by
combining immune checkpoint inhibitors with chemotherapy in solid tumors. Ann Oncol. 2019;30(2):219-235.
doi:10.1093/annonc/mdy551

3. Ribas A, Wolchok JD. Cancer immunotherapy using checkpoint blockade. Science. 2018;359(6382):1350-1355.
doi:10.1126/science.aar4060

4. Postow MA, Hellmann MD. Adverse events associated with immune checkpoint blockade. N Engl J Med. 2018;
378(12):1165.

5. Fallowfield L. Quality of life: a new perspective for cancer patients. Nat Rev Cancer. 2002;2(11):873-879. doi:10.
1038/nrc930

6. Coens C, Pe M, Dueck AC, et al; Setting International Standards in Analyzing Patient-Reported Outcomes and
Quality of Life Endpoints Data Consortium. International standards for the analysis of quality-of-life and patient-
reported outcome endpoints in cancer randomised controlled trials: recommendations of the SISAQOL
Consortium. Lancet Oncol. 2020;21(2):e83-e96. doi:10.1016/S1470-2045(19)30790-9

7. Hamidou Z, Dabakuyo TS, Mercier M, et al. Time to deterioration in quality of life score as a modality of
longitudinal analysis in patients with breast cancer. Oncologist. 2011;16(10):1458-1468. doi:10.1634/theoncologist.
2011-0085

8. Page MJ, Moher D, Bossuyt PM, et al. PRISMA 2020 explanation and elaboration: updated guidance and
exemplars for reporting systematic reviews. BMJ. 2021;372:n160. doi:10.1136/bmj.n160

9. Aaronson NK, Ahmedzai S, Bergman B, et al. The European Organization for Research and Treatment of Cancer
QLQ-C30: a quality-of-life instrument for use in international clinical trials in oncology. J Natl Cancer Inst. 1993;85
(5):365-376. doi:10.1093/jnci/85.5.365

10. Bjordal K, de Graeff A, Fayers PM, et al; EORTC Quality of Life Group. A 12 country field study of the EORTC
QLQ-C30 (version 3.0) and the head and neck cancer specific module (EORTC QLQ-H&N35) in head and neck
patients. Eur J Cancer. 2000;36(14):1796-1807. doi:10.1016/S0959-8049(00)00186-6

11. Cocks K, King MT, Velikova G, et al. Evidence-based guidelines for interpreting change scores for the European
Organisation for the Research and Treatment of Cancer Quality of Life Questionnaire Core 30. Eur J Cancer. 2012;
48(11):1713-1721. doi:10.1016/j.ejca.2012.02.059

12. Pickard AS, Neary MP, Cella D. Estimation of minimally important differences in EQ-5D utility and VAS scores in
cancer. Health Qual Life Outcomes. 2007;5(1):70. doi:10.1186/1477-7525-5-70

13. Bergman B, Aaronson NK, Ahmedzai S, et al; EORTC Study Group on Quality of Life. The EORTC QLQ-LC13:
a modular supplement to the EORTC Core Quality of Life Questionnaire (QLQ-C30) for use in lung cancer clinical
trials. Eur J Cancer. 1994;30A(5):635-642. doi:10.1016/0959-8049(94)90535-5

14. Heffernan N, Cella D, Webster K, et al. Measuring health-related quality of life in patients with hepatobiliary
cancers: the functional assessment of cancer therapy-hepatobiliary questionnaire. J Clin Oncol. 2002;20(9):
2229-2239. doi:10.1200/JCO.2002.07.093

JAMA Network Open | Oncology Association of Anticancer Immune Checkpoint Inhibitors With Patient-Reported Outcomes

JAMA Network Open. 2022;5(8):e2226252. doi:10.1001/jamanetworkopen.2022.26252 (Reprinted) August 16, 2022 13/16

Downloaded From: https://jamanetwork.com/ by a Biblioteca IRCCS Ist Europeo di Oncologia - Milano User  on 08/18/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2020.4401&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.26252
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2020.4401&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.26252
https://dx.doi.org/10.1093/annonc/mdy551
https://dx.doi.org/10.1126/science.aar4060
https://www.ncbi.nlm.nih.gov/pubmed/29562154
https://www.ncbi.nlm.nih.gov/pubmed/29562154
https://dx.doi.org/10.1038/nrc930
https://dx.doi.org/10.1038/nrc930
https://dx.doi.org/10.1016/S1470-2045(19)30790-9
https://dx.doi.org/10.1634/theoncologist.2011-0085
https://dx.doi.org/10.1634/theoncologist.2011-0085
https://dx.doi.org/10.1136/bmj.n160
https://dx.doi.org/10.1093/jnci/85.5.365
https://dx.doi.org/10.1016/S0959-8049(00)00186-6
https://dx.doi.org/10.1016/j.ejca.2012.02.059
https://dx.doi.org/10.1186/1477-7525-5-70
https://dx.doi.org/10.1016/0959-8049(94)90535-5
https://dx.doi.org/10.1200/JCO.2002.07.093


15. Rao D, Butt Z, Rosenbloom S, et al. A comparison of the renal cell carcinoma-symptom index (RCC-SI) and the
functional assessment of cancer therapy-kidney symptom index (FKSI). J Pain Symptom Manage. 2009;38(2):
291-298. doi:10.1016/j.jpainsymman.2008.08.013

16. Jensen SE, Beaumont JL, Jacobsen PB, Abernethy A, Syrjala KL, Cella D. Measuring priority symptoms in
advanced bladder cancer: development and initial validation of a brief symptom index. J Support Oncol. 2013;11
(2):86-93.

17. Higgins JP, Green S. Cochrane Handbook for Systematic Reviews of Interventions, version 5.1.0. The Cochrane
Collaboration; 2011. Accessed March 1, 2021. http://www.cochrane-handbook.org

18. Calvert M, Blazeby J, Altman DG, et al; CONSORT PRO Group. Reporting of patient-reported outcomes in
randomized trials: the CONSORT PRO extension. JAMA. 2013;309(8):814-822. doi:10.1001/jama.2013.879

19. Rohatgi A. WebPlotDigitizer. 2011. Accessed June 1, 2021. https://automeris.io/WebPlotDigitizer/

20. Guyot P, Ades AE, Ouwens MJ, Welton NJ. Enhanced secondary analysis of survival data: reconstructing the
data from published Kaplan-Meier survival curves. BMC Med Res Methodol. 2012;12:9. doi:10.1186/1471-2288-12-9

21. Papadimitropoulou K, Stijnen T, Riley RD, Dekkers OM, le Cessie S. Meta-analysis of continuous outcomes:
using pseudo IPD created from aggregate data to adjust for baseline imbalance and assess treatment-by-baseline
modification. Res Synth Methods. 2020;11(6):780-794. doi:10.1002/jrsm.1434

22. André T, Amonkar M, Norquist J, et al. Health-related quality of life in patients treated with pembrolizumab vs
chemotherapy as first-line treatment in microsatellite instability-high and/or deficient mismatch repair metastatic
colorectal cancer: phase 3 KEYNOTE-177 Study. Ann Oncol. 2020;31(suppl 4):S409-S461. doi:10.1016/j.annonc.
2020.08.507

23. Van Cutsem E, Amonkar M, Fuchs CS, et al. Impact of pembrolizumab (pembro) versus paclitaxel on health-
related quality of life (HRQoL) in patients with advanced gastric or gastroesophageal junction (GEJ) cancer that has
progressed after firstline chemotherapy (KEYNOTE-061). Ann Oncol. 2019;30(suppl 5):v851-v934. doi:10.1093/
annonc/mdz247.117

24. Harrington KJ, Soulières D, Le Tourneau C, et al. Quality of life with pembrolizumab for recurrent and/or
metastatic head and neck squamous cell carcinoma: KEYNOTE-040. J Natl Cancer Inst. 2021;113(2):171-181. doi:10.
1093/jnci/djaa063

25. Long GV, Atkinson V, Ascierto PA, et al. Effect of nivolumab on health-related quality of life in patients with
treatment-naïve advanced melanoma: results from the phase III CheckMate 066 study. Ann Oncol. 2016;27(10):
1940-1946. doi:10.1093/annonc/mdw265

26. Reck M, Taylor F, Penrod JR, et al. Impact of nivolumab versus docetaxel on health-related quality of life and
symptoms in patients with advanced squamous non-small cell lung cancer: results from the CheckMate 017 Study.
J Thorac Oncol. 2018;13(2):194-204. doi:10.1016/j.jtho.2017.10.029

27. Reck M, Brahmer J, Bennett B, et al. Evaluation of health-related quality of life and symptoms in patients with
advanced non-squamous non-small cell lung cancer treated with nivolumab or docetaxel in CheckMate 057. Eur J
Cancer. 2018;102:23-30. doi:10.1016/j.ejca.2018.05.005

28. Barlesi F, Garon EB, Kim DW, et al. Health-related quality of life in KEYNOTE-010: a phase II/III study of
pembrolizumab versus docetaxel in patients with previously treated advanced, programmed death ligand
1-expressing NSCLC. J Thorac Oncol. 2019;14(5):793-801. doi:10.1016/j.jtho.2019.01.016

29. Bordoni R, Ciardiello F, von Pawel J, et al. Patient-reported outcomes in OAK: a phase III study of atezolizumab
versus docetaxel in advanced non-small-cell lung cancer. Clin Lung Cancer. 2018;19(5):441-449.e4. doi:10.1016/j.
cllc.2018.05.011

30. Hui R, Özgüroğlu M, Villegas A, et al. Patient-reported outcomes with durvalumab after chemoradiotherapy
in stage III, unresectable non-small-cell lung cancer (PACIFIC): a randomised, controlled, phase 3 study. Lancet
Oncol. 2019;20(12):1670-1680. doi:10.1016/S1470-2045(19)30519-4

31. Brahmer JR, Rodríguez-Abreu D, Robinson AG, et al. Health-related quality-of-life results for pembrolizumab
versus chemotherapy in advanced, PD-L1-positive NSCLC (KEYNOTE-024): a multicentre, international,
randomised, open-label phase 3 trial. Lancet Oncol. 2017;18(12):1600-1609. doi:10.1016/S1470-2045(17)30690-3

32. Vaughn DJ, Bellmunt J, Fradet Y, et al. Health-related quality of life analysis from KEYNOTE-45: a phase III
study of pembrolizumab versus chemotherapy for previously treated advanced urothelial cancer. J Clin Oncol.
2018;36(16):1579-1587. doi:10.1200/JCO.2017.76.9562

33. Powles T, Durán I, van der Heijden MS, et al. Atezolizumab versus chemotherapy in patients with platinum-
treated locally advanced or metastatic urothelial carcinoma (IMvigor211): a multicentre, open-label, phase 3
randomised controlled trial. Lancet. 2018;391(10122):748-757. doi:10.1016/S0140-6736(17)33297-X

JAMA Network Open | Oncology Association of Anticancer Immune Checkpoint Inhibitors With Patient-Reported Outcomes

JAMA Network Open. 2022;5(8):e2226252. doi:10.1001/jamanetworkopen.2022.26252 (Reprinted) August 16, 2022 14/16

Downloaded From: https://jamanetwork.com/ by a Biblioteca IRCCS Ist Europeo di Oncologia - Milano User  on 08/18/2022

https://dx.doi.org/10.1016/j.jpainsymman.2008.08.013
https://www.ncbi.nlm.nih.gov/pubmed/23089235
https://www.ncbi.nlm.nih.gov/pubmed/23089235
http://www.cochrane-handbook.org
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2013.879&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.26252
https://automeris.io/WebPlotDigitizer/
https://dx.doi.org/10.1186/1471-2288-12-9
https://dx.doi.org/10.1002/jrsm.1434
https://dx.doi.org/10.1016/j.annonc.2020.08.507
https://dx.doi.org/10.1016/j.annonc.2020.08.507
https://dx.doi.org/10.1093/annonc/mdz247.117
https://dx.doi.org/10.1093/annonc/mdz247.117
https://dx.doi.org/10.1093/jnci/djaa063
https://dx.doi.org/10.1093/jnci/djaa063
https://dx.doi.org/10.1093/annonc/mdw265
https://dx.doi.org/10.1016/j.jtho.2017.10.029
https://dx.doi.org/10.1016/j.ejca.2018.05.005
https://dx.doi.org/10.1016/j.jtho.2019.01.016
https://dx.doi.org/10.1016/j.cllc.2018.05.011
https://dx.doi.org/10.1016/j.cllc.2018.05.011
https://dx.doi.org/10.1016/S1470-2045(19)30519-4
https://dx.doi.org/10.1016/S1470-2045(17)30690-3
https://dx.doi.org/10.1200/JCO.2017.76.9562
https://dx.doi.org/10.1016/S0140-6736(17)33297-X


34. Van Cutsem E, Valderrama A, Ban AJ, et al. Health-related quality of life (HRQoL) impact of pembrolizumab (P)
versus chemotherapy (C) as first-line (1L) treatment in PD-L1–positive advanced gastric or gastroesophageal
junction (G/GEJ) adenocarcinoma. Ann Oncol. 2019;30(suppl 5):v851-v934. doi:10.1093/annonc/mdz394.036

35. Harrington KJ, Ferris RL, Blumenschein G Jr, et al. Nivolumab versus standard, single-agent therapy of
investigator’s choice in recurrent or metastatic squamous cell carcinoma of the head and neck (CheckMate 141):
health-related quality-of-life results from a randomised, phase 3 trial. Lancet Oncol. 2017;18(8):1104-1115. doi:10.
1016/S1470-2045(17)30421-7

36. Ferris RL, Blumenschein G Jr, Fayette J, et al. Nivolumab for recurrent squamous-cell carcinoma of the head
and neck. N Engl J Med. 2016;375(19):1856-1867. doi:10.1056/NEJMoa1602252

37. Ryoo BY, Merle P, Kulkarni AS, et al. Health-related quality-of-life impact of pembrolizumab versus best
supportive care in previously systemically treated patients with advanced hepatocellular carcinoma: KEYNOTE-
240. Cancer. 2021;127(6):865-874. doi:10.1002/cncr.33317

38. Larkin J, Minor D, D’Angelo S, et al. Overall survival in patients with advanced melanoma who received
nivolumab versus investigator’s choice chemotherapy in CheckMate 037: a randomized, controlled, open-label
phase III Trial. J Clin Oncol. 2018;36(4):383-390. doi:10.1200/JCO.2016.71.8023

39. Schadendorf D, Dummer R, Hauschild A, et al. Health-related quality of life in the randomised KEYNOTE-002
study of pembrolizumab versus chemotherapy in patients with ipilimumab-refractory melanoma. Eur J Cancer.
2016;67:46-54. doi:10.1016/j.ejca.2016.07.018

40. Sezer A, Kilickap S, Gümüş M, et al. EMPOWER-Lung 1: phase 3 first-line (1L) cemiplimab monotherapy vs
platinum-doublet chemotherapy (chemo) in advanced non-small cell lung cancer (NSCLC) with programmed cell
death-ligand 1 (PD-L1) �50%. Ann Oncol. 2020;31(suppl 4):S1142-S1215. doi:10.1016/j.annonc.2020.08.2285

41. Sezer A, Kilickap S, Gümüş M, et al. Cemiplimab monotherapy for first-line treatment of advanced non-small-
cell lung cancer with PD-L1 of at least 50%: a multicentre, open-label, global, phase 3, randomised, controlled trial.
Lancet. 2021;397(10274):592-604. doi:10.1016/S0140-6736(21)00228-2

42. Cella D, Grünwald V, Nathan P, et al. Quality of life in patients with advanced renal cell carcinoma given
nivolumab versus everolimus in CheckMate 025: a randomised, open-label, phase 3 trial. Lancet Oncol. 2016;17(7):
994-1003. doi:10.1016/S1470-2045(16)30125-5

43. Adams S, Diéras V, Barrios CH, et al. Patient-reported outcomes from the phase III IMpassion130 trial of
atezolizumab plus nab-paclitaxel in metastatic triple-negative breast cancer. Ann Oncol. 2020;31(5):582-589. doi:
10.1016/j.annonc.2020.02.003

44. Mazieres J, Kowalski D, Luft A, et al. Health-related quality of life with carboplatin-paclitaxel or nab-paclitaxel
with or without pembrolizumab in patients with metastatic squamous non-small-cell lung cancer. J Clin Oncol.
2020;38(3):271-280. doi:10.1200/JCO.19.01348

45. Garassino MC, Gadgeel S, Esteban E, et al. Patient-reported outcomes following pembrolizumab or placebo
plus pemetrexed and platinum in patients with previously untreated, metastatic, non-squamous non-small-cell
lung cancer (KEYNOTE-189): a multicentre, double-blind, randomised, placebo-controlled, phase 3 trial. Lancet
Oncol. 2020;21(3):387-397. doi:10.1016/S1470-2045(19)30801-0

46. Kim HR, Axa MM, Navarro A, et al. Health-related quality of life (HRQoL) in KEYNOTE-604: pembrolizumab
(pembro) or placebo added to etoposide and platinum (EP) as first-line therapy for ES-SCLC. Ann Oncol. 2020;
31(suppl 4):S1033-S1034. doi:10.1016/j.annonc.2020.08.1544

47. Bamias A, De Santis M, Arranz JA, et al. Patient-reported outcomes (PROs) from IMvigor130: a global,
randomised, partially blinded phase III study of atezolizumab (atezo) + platinum-based chemotherapy (PBC) vs
placebo (PBO) + PBC in previously untreated locally advanced or metastatic urothelial carcinoma (mUC). Ann
Oncol. 2020;31(suppl 4):S550. doi:10.1016/j.annonc.2020.08.770

48. Goldman JW, Garassino MC, Chen Y, et al. Patient-reported outcomes with first-line durvalumab plus
platinum-etoposide versus platinum-etoposide in extensive-stage small-cell lung cancer (CASPIAN):
a randomized, controlled, open-label, phase III study. Lung Cancer. 2020;149:46-52. doi:10.1016/j.lungcan.2020.
09.003

49. Reck M, Wehler T, Orlandi F, et al. Safety and patient-reported outcomes of atezolizumab plus chemotherapy
with or without bevacizumab versus bevacizumab plus chemotherapy in non-small-cell lung cancer. J Clin Oncol.
2020;38(22):2530-2542. doi:10.1200/JCO.19.03158

50. Mansfield AS, Każarnowicz A, Karaseva N, et al. Safety and patient-reported outcomes of atezolizumab,
carboplatin, and etoposide in extensive-stage small-cell lung cancer (IMpower133): a randomized phase I/III trial.
Ann Oncol. 2020;31(2):310-317. doi:10.1016/j.annonc.2019.10.021

JAMA Network Open | Oncology Association of Anticancer Immune Checkpoint Inhibitors With Patient-Reported Outcomes

JAMA Network Open. 2022;5(8):e2226252. doi:10.1001/jamanetworkopen.2022.26252 (Reprinted) August 16, 2022 15/16

Downloaded From: https://jamanetwork.com/ by a Biblioteca IRCCS Ist Europeo di Oncologia - Milano User  on 08/18/2022

https://dx.doi.org/10.1093/annonc/mdz394.036
https://dx.doi.org/10.1016/S1470-2045(17)30421-7
https://dx.doi.org/10.1016/S1470-2045(17)30421-7
https://dx.doi.org/10.1056/NEJMoa1602252
https://dx.doi.org/10.1002/cncr.33317
https://dx.doi.org/10.1200/JCO.2016.71.8023
https://dx.doi.org/10.1016/j.ejca.2016.07.018
https://dx.doi.org/10.1016/j.annonc.2020.08.2285
https://dx.doi.org/10.1016/S0140-6736(21)00228-2
https://dx.doi.org/10.1016/S1470-2045(16)30125-5
https://dx.doi.org/10.1016/j.annonc.2020.02.003
https://dx.doi.org/10.1200/JCO.19.01348
https://dx.doi.org/10.1016/S1470-2045(19)30801-0
https://dx.doi.org/10.1016/j.annonc.2020.08.1544
https://dx.doi.org/10.1016/j.annonc.2020.08.770
https://dx.doi.org/10.1016/j.lungcan.2020.09.003
https://dx.doi.org/10.1016/j.lungcan.2020.09.003
https://dx.doi.org/10.1200/JCO.19.03158
https://dx.doi.org/10.1016/j.annonc.2019.10.021


51. Reck M, Schenker M, Lee KH, et al. Nivolumab plus ipilimumab versus chemotherapy as first-line treatment in
advanced non-small-cell lung cancer with high tumour mutational burden: patient-reported outcomes results from
the randomised, open-label, phase III CheckMate 227 trial. Eur J Cancer. 2019;116:137-147. doi:10.1016/j.ejca.2019.
05.008

52. Cella D, Grünwald V, Escudier B, et al. Patient-reported outcomes of patients with advanced renal cell
carcinoma treated with nivolumab plus ipilimumab versus sunitinib (CheckMate 214): a randomised, phase 3 trial.
[published correction appears in Lancet Oncol. 2019 Jun;20(6):e293]. Lancet Oncol. 2019;20(2):297-310. doi:10.
1016/S1470-2045(18)30778-2

53. Scherpereel A, Antonia S, Bautista Y, et al. First-line nivolumab (NIVO) plus ipilimumab (IPI) versus
chemotherapy (chemo) for the treatment of unresectable malignant pleural mesothelioma (MPM): patient-
reported outcomes (PROs) from CheckMate 743. Ann Oncol. 2020;31(suppl 7):S1441-S1451. doi:10.1016/j.annonc.
2020.10.603

54. Reck M, Ciuleanu TE, Cobo M, et al. First-line nivolumab + ipilimumab combined with 2 cycles of platinum-
based chemotherapy versus 4 cycles of chemotherapy in advanced non-small cell lung cancer: patient-reported
outcomes from CheckMate 9LA. Ann Oncol. 2020;31(suppl 4):S1142-S1215. doi:10.1016/j.annonc.2020.08.2292

55. Finn RS, Qin S, Ikeda M, et al; IMbrave150 Investigators. Atezolizumab plus bevacizumab in unresectable
hepatocellular carcinoma. N Engl J Med. 2020;382(20):1894-1905. doi:10.1056/NEJMoa1915745

56. Lewis KD, Robert C, Ascierto P, et al. Patient-reported outcomes (PROs) from the phase III IMspire150 trial of
atezolizumab (A) + cobimetinib (C) + vemurafenib (V) in patients (pts) with BRAFV600+ melanoma. J Clin Oncol.
2020;38(15 suppl):10073. doi:10.1200/JCO.2020.38.15_suppl.10073

57. Bedke J. Health-Related Quality-of-Life Analysis From KEYNOTE-426: Pembrolizumab Plus Axitinib vs
Sunitinib for Advanced Renal Cell Carcinoma. Paper presented at 2020 EAU Annual Meeting; virtual; July 17, 2020.

58. Gonzalez BD, Eisel SL, Bowles KE, et al. Meta-analysis of quality of life in cancer patients treated with immune
checkpoint inhibitors. J Natl Cancer Inst. 2022;114(6):808-818. doi:10.1093/jnci/djab171

59. Nishijima TF, Shachar SS, Muss HB, Tamura K. Patient-reported outcomes with PD-1/PD-L1 inhibitors for
advanced cancer: a meta-analysis. Oncologist. 2019;24(7):e565-e573. doi:10.1634/theoncologist.2018-0449

60. Gelber RD, Cole BF, Gelber S, Goldhirsch A. Comparing treatments using quality-adjusted survival: the
Q-TWiST method. Am Stat. 1995;49:161-169.

61. Michielin O, Atkins MB, Koon HB, Dummer R, Ascierto PA. Evolving impact of long-term survival results on
metastatic melanoma treatment. J Immunother Cancer. 2020;8(2):e000948. doi:10.1136/jitc-2020-000948

SUPPLEMENT.
eMethods. Statistical Analysis
eFigure. Prisma Flowchart
eTable 1. Assessment of Risk of Bias in RCTs Included in the Analysis
eTable 2. Assessment of Quality of PROs Reporting in RCTs Included in the Analysis
eTable 3. Sensitivity Analysis of TTD and GHS Mean Change Excluding RCTs Only Available as Congress Abstracts
eReferences

JAMA Network Open | Oncology Association of Anticancer Immune Checkpoint Inhibitors With Patient-Reported Outcomes

JAMA Network Open. 2022;5(8):e2226252. doi:10.1001/jamanetworkopen.2022.26252 (Reprinted) August 16, 2022 16/16

Downloaded From: https://jamanetwork.com/ by a Biblioteca IRCCS Ist Europeo di Oncologia - Milano User  on 08/18/2022

https://dx.doi.org/10.1016/j.ejca.2019.05.008
https://dx.doi.org/10.1016/j.ejca.2019.05.008
https://dx.doi.org/10.1016/S1470-2045(18)30778-2
https://dx.doi.org/10.1016/S1470-2045(18)30778-2
https://dx.doi.org/10.1016/j.annonc.2020.10.603
https://dx.doi.org/10.1016/j.annonc.2020.10.603
https://dx.doi.org/10.1016/j.annonc.2020.08.2292
https://dx.doi.org/10.1056/NEJMoa1915745
https://dx.doi.org/10.1200/JCO.2020.38.15_suppl.10073
https://dx.doi.org/10.1093/jnci/djab171
https://dx.doi.org/10.1634/theoncologist.2018-0449
https://dx.doi.org/10.1136/jitc-2020-000948

