
Meta-Analysis of Quality of Life in Cancer Patients Treated With

Immune Checkpoint Inhibitors

Brian D. Gonzalez, PhD ,1,* Sarah L. Eisel, PhD,1 Kristina E. Bowles, MPH,1 Aasha I. Hoogland, PhD ,1

Brian W. James, BS,2 Brent J. Small, PhD ,3 Susan Sharpe, MA,4 Kelly A. Hyland, PhD ,1

Hailey W. Bulls, PhD ,1 Shannon M. Christy, PhD ,1 Jori Mansfield, BS,2 Ashley M. Nelson, PhD ,5

Raviteja Alla, BS ,2 Kelly Maharaj, MPH ,1 Brittany Kennedy, BA,1 Elizabeth Lafranchise, BS,2

Noelle L. Williams, MD,6 Sarah Jennewein ,1 Laura B. Oswald, PhD ,1 Michael A. Postow, MD,7

Adam P. Dicker, MD, PhD,8 Heather S.L. Jim, PhD1

1Department of Health Outcomes and Behavior, Moffitt Cancer Center, Tampa, FL, USA; 2Morsani College of Medicine, University of South Florida, Tampa, FL, USA;
3School of Aging Studies, University of South Florida, Tampa, FL, USA; 4Moffitt Biomedical Library, Moffitt Cancer Center, Tampa, FL, USA; 5Department of Psychiatry,
Massachusetts General Hospital, Boston, MA, USA; 6Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY, USA; 7Southeast Radiation
Oncology Group, Levine Cancer Institute at Atrium Health, Charlotte, NC, USA; and 8Department of Radiation Oncology, Thomas Jefferson University, Philadelphia,
PA, USA

*Correspondence to: Brian D. Gonzalez, PhD, Moffitt Cancer Center, MFC-HOB, 12902 Magnolia Dr, Tampa, FL 33612, USA (e-mail: Brian.Gonzalez@Moffitt.org).

Abstract

Background: Trials of immune checkpoint inhibitors (ICIs) have published patient-reported quality of life (QOL), but the size
and heterogeneity of this literature can make patient education difficult. This meta-analysis aimed to describe change in QOL
and symptomatology in patients receiving ICIs for cancer. Methods: Following Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines, databases were searched through November 2019 for articles or abstracts of prospec-
tive, original studies reporting longitudinal QOL in adult cancer patients treated with ICIs. The prespecified primary outcomes
were change in global QOL among patients treated with ICIs and difference in change since baseline in global QOL between
patients treated with ICI vs non-ICI active treatment. Secondary outcomes included physical functioning and symptomatol-
ogy. All statistical tests were 2-sided. Results: Of 20 323 publications, 26 met inclusion criteria. Global QOL did not change
over time in patients treated with ICIs (k¼26, n¼6974; P¼ .19). Larger improvements in global QOL was observed in patients
receiving ICI vs non-ICI regimens (k¼16, ICI: n¼3588; non-ICI: n¼2948; P< .001). Physical functioning did not change in
patients treated with ICIs (k¼14, n¼3169; P ¼ .47); there were no differences in mean change between ICI vs non-ICI regi-
mens (k¼11, n¼4630; P ¼ .94). Regarding symptoms, appetite loss, insomnia, and pain severity decreased, but dyspnea se-
verity increased in patients treated with ICIs (k¼14, n¼3243-3499; P < .001). Insomnia severity was higher in patients treated
with ICIs than non-ICI regimens (k¼11, n¼4791; P< .001). Conclusions: This study is among the first to quantitatively
summarize QOL in patients treated with ICIs. Findings suggest ICI recipients report no change in global QOL and higher QOL
than patients treated with non-ICI regimens.

Immunotherapies have generated widespread scientific and
clinical excitement for their ability to prolong survival in cancer
patients with poor prognoses (1,2). Immune checkpoint inhibi-
tors (ICIs) (ie, atezolizumab, avelumab, durvalumab, ipilimu-
mab, nivolumab, pembrolizumab) are now routinely used in
standard care for treatment of metastatic melanoma, meta-
static Merkel cell carcinoma, non-small cell lung cancer
(NSCLC), small-cell lung cancer, hepatocellular carcinoma,

metastatic triple-negative breast cancer, head and neck squa-
mous cell cancer, renal cell carcinoma, Hodgkin lymphoma,
bladder cancer, urothelial carcinoma, and some subtypes of
metastatic colorectal cancer. These agents are also being tested
in a variety of other cancer types (eg, ovarian, prostate) and in
combination with other treatments (eg, radiation, chemother-
apy) (3). Thus, there is a large and growing number of patients
for whom ICIs are clinically appropriate.
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One particular challenge of these agents is uncertainty over
their impact on quality of life (QOL). Although QOL data have
been collected as a secondary outcome on numerous clinical tri-
als, the recency, size, and heterogeneity of this literature preclude
easy summarization for patients wondering what to expect on
treatment. To our knowledge, there is only 1 previous meta-
analysis of patient-reported QOL in ICIs. Nishijima and colleagues
(4) reported on 13 randomized trials of single-agent PD-1/PD-L1
inhibitors. Results indicated that follow-up QOL was better
among ICI recipients than patients treated with other treatments.
CTLA-4 inhibitors were not examined except as a comparator,
and numerous new trials have published QOL data with novel
agents and for different indications. Thus, the goal of this meta-
analyses was to provide a comprehensive and generalizable sum-
mary of global QOL (primary outcome) and physical functioning
and symptomatology (secondary outcomes) during treatment
with ICIs and to examine additional, clinically important modera-
tors of global QOL. With a focus on patient education, we selected
moderators that would be known prior to initiation of ICIs, in-
cluding regimen, disease site, age, sex, and duration of follow-up.
We also examined risk of study bias as a potential moderator.

Methods

Framework

To ensure a rigorous methodology, the meta-analyses were con-
ducted in accordance with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (5).
We also used the Covidence platform (Melbourne, Australia), an
internet-based platform for screening and extracting data, to fa-
cilitate screening and data extraction.

Search Strategy

PubMed, EMBASE, and Web of Science were searched (see
Supplementary Methods, available online). Because QOL results
for some trials may have been reported in a conference abstract,
a secondary hand search of conference abstracts and proceed-
ings from 21 relevant professional societies was conducted (see
Supplementary Table 1, available online). A smaller subset of
keywords was used to identify conference abstracts because of
limitations of search functions on some professional society
websites. Reference lists from publications retrieved were also
examined to identify abstracts. The search was inclusive
through November 2019; no start date to the search window
was used.

Selection Strategy

Selection of abstracts for full-text review was conducted by
pairs of raters using Covidence. Each rater reviewed the
abstracts independently and identified studies to retrieve for
full-text review. Discrepancies were resolved by senior authors
(BG and HJ). Five inclusion criteria were applied. First, each
must have reported on adult cancer patients (ie, age 18 years or
older). Second, abstracts must have reported data for partici-
pants treated with 1 or more PD-1, PD-L1, or CTLA-4 immune
checkpoint inhibitors. The following agents were included: ate-
zolizumab, avelumab, BMS 936559, durvalumab, ipilimumab,
nivolumab, pembrolizumab, pidilizumab, tremelimumab, ticili-
mumab. Cemiplimab was not included in our original search be-
cause it had yet to gain US Food and Drug Administration (FDA)

approval during study conceptualization and was not included
in our results because we were unable to find any articles or
abstracts published during the review period that reported on
patient-reported QOL. Third, the abstract must have reported
prospective, original data. Observational studies, interventional
trials, and expanded access trials were included. Fourth, the ab-
stract must have provided data regarding longitudinal change
in patient-reported QOL; there were no restrictions on the QOL
measure used. Fifth, abstracts must have been peer reviewed as
a conference abstract or published paper.

Data were independently extracted and checked by rater
pairs. Discrepancies were resolved by consensus by senior
authors (BG, HJ). Information extracted included QOL data (ie,
means, standard deviations, 95% confidence intervals [CIs],
sample size), study design characteristics (ie, disease site, ICI
regimen, comparison regimen, timing of assessments), and
sample characteristics (ie, mean age, percent female). When no
other statistics were reported, numerical data were indepen-
dently extracted from figures using the free online tool
WebPlotDigitizer (6). This allows the extractor to select relevant
datapoints from figures and to export numerical values. When
necessary, attempts were made to request the information
from authors and/or study sponsors. A formal review protocol
was developed (7), and a PRISMA checklist is available in the
Supplementary Methods (available online).

Statistical Analyses

Use of specific QOL measures was not required for inclusion in
analyses. Meta-analyses of global QOL used the 30-item
European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire (EORTC QLQ-C30) (8) global health
status score and the EQ-5D (9) visual analog scale because of the
similarity in the measures (ie, both are 0-100 scales with higher
scores indicating better QOL) and because 1 or both were
reported in all eligible publications. The EORTC QLQ-C30 was
used when available, otherwise the EQ-5D visual analog scale
was used. Analyses of physical functioning and symptomatology
(ie, appetite loss, constipation, diarrhea, dyspnea, fatigue, in-
somnia, nausea and/or vomiting, and pain) used EORTC QLQ-
C30 subscales. All meta-analysis outcomes (ie, global QOL, physi-
cal functioning, symptomology) were continuous variables.
When not reported, effect sizes were calculated using means
and standard deviations, standard error, or 95% confidence
intervals. Consistent with published guidelines (10), we used re-
port standardized mean differences using Cohen d effect sizes.
These were calculated as the difference between baseline and
follow-up scores divided by the pooled standard deviation and
calculated for group comparisons as the difference in change
since baseline divided by the pooled standard deviation. Data
are presented as mean change from baseline within the ICI
group and as a difference in mean change between the ICI and
non-ICI groups. In publications with multiple follow-up assess-
ments, the assessment within or closest to 12-24 weeks after ini-
tiation of therapy was selected because most publications
reported a follow-up assessment during this time. In publica-
tions with multiple ICI study arms (11-17), the study arm that re-
ceived the regimen most similar to an FDA-approved regimen
was selected. Two reviewers (SE and KB) independently rated
the methodological rigor of each study selected for inclusion us-
ing the Cochrane Risk of Bias Assessment criteria (18). The
reviewers’ ratings were based on information found in the publi-
cation, other study publications, appendices, and supplemental
materials (eg, study protocol). Discrepancies in risk of bias were
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resolved by consensus. Three reviewers (BG, LO, and HJ) inde-
pendently rated the quality of patient-reported outcome (PRO)
reporting of each study selected for inclusion using the
Consolidated Standards of Reporting Trials PRO extension (19),
consistent with previously published studies (20). Discrepancies
were resolved by consensus.

Pairs of meta-analyses were conducted for each outcome,
which 1) examined within-group change in outcomes in
patients treated with ICIs from pretreatment baseline to follow-
up approximately 12-24 weeks later and 2) compared between-
group change in outcomes in ICIs vs non-ICI regimens. All
meta-analyses were grouped by ICI regimen. Heterogeneity
across studies was assessed using Cochrane’s Q and I2 for global
QOL. Funnel plots and trim and fill were used to assess publica-
tion bias for meta-analyses for global QOL. Sensitivity analyses
of change in QOL among ICI recipients and of follow-up QOL be-
tween groups were conducted that retained only published
papers and excluded published abstracts. We report below on
statistically significant change from baseline to follow-up in
QOL as well as statistically significant differences between
groups at follow-up. Random effect models were used because
of the studies’ heterogeneity, and all analyses used a 2-sided al-
pha level of .05. Where statistically significant differences were
observed for global QOL and subscales, we described changes in
mean scores or differences between groups on mean scores as
either trivial, small, medium, or large effects according to pub-
lished guidelines (21).

Moderators of the association between ICI and global QOL in-
cluded ICI regimen, disease site, duration of follow-up, compar-
ator group, mean sample age, sex, risk of study bias, and quality
of PRO reporting (see the Supplementary Methods, available on-
line). Analyses examining whether the duration of follow-up
moderated the association between ICI and global QOL used
continuous weeks since baseline. Moderator analyses compar-
ing different non-ICI comparator groups were conducted among
randomized trials and examined whether outcomes differed be-
tween trials using placebo, chemotherapy-based regimens, or
other non-ICI regimens. Moderator analyses examining age and
sex used continuous measures of mean age and percent of par-
ticipants identifying as female, respectively. A dichotomous risk
of study bias summary assessment was determined for each
study based on whether the study had low or unclear risk across
all domains or contained 1 or more high-risk domains. A contin-
uous score of quality of PRO reporting was used, with higher
scores indicating better reporting quality. Meta-regression anal-
yses were used to determine the impact of moderators on the
association between ICI and global QOL. Models examined indi-
vidual study-level moderators of effect size. To reduce risk of
Type I error, only ICI regimen was included in moderator analy-
ses for the secondary outcomes of physical functioning and
symptomatology. Random-effects models were selected be-
cause of the heterogeneous nature of the studies. Sensitivity
moderator analyses were conducted that retained only pub-
lished papers and excluded published abstracts. All meta-
analyses were conducted in Comprehensive Meta-Analysis
Version 3 (Biostat, Englewood, NJ).

Results

Study Selection

Figure 1 presents a flow diagram of the database search results
and screening. Of the initial 20 323 publications retrieved, 6434

were duplicates, resulting in 13 889 unique publications. After
removing 12 230 during initial screening, full-text reviews were
conducted for the remaining 1659 publications. This process
resulted in 52 eligible publications. Two additional publications
were identified through hand search. Of the 54 publications that
met inclusion criteria, sufficient data were not available to com-
pute mean change for 28 abstracts (eg, after requesting informa-
tion from study authors and/or sponsors). The remaining 26
publications with usable data were included in analyses.

Descriptions of the included studies are presented in
Table 1. Publications included phase I and II (k¼ 2), phase II
(k¼ 4), phase II and III (k¼ 1), and phase III (k¼ 17) trials as well
as 2 prospective observational studies. Of the 24 interventional
studies, 19 reported a randomized design, and 5 reported a
single-arm design. The most commonly evaluated ICI was nivo-
lumab (k¼ 10), followed by pembrolizumab (k¼ 6), ipilimumab
(k¼ 4), atezolizumab (k¼ 2), durvalumab (k¼ 2), and avelumab
(k¼ 1). Among the 19 publications with a comparator group, ICI
was compared with chemotherapy in 10 studies. The remaining
publications compared ICIs with other ICI-based regimens
(k¼ 4), a mix of non-ICI regimens (k¼ 2), placebo (k¼ 2), and
gp100 plus placebo (k¼ 1). As shown in Supplementary Table 2
(available online), 8 publications were judged to have overall
low risk of study bias, and 18 had high risk. Ratings of quality of
PRO reporting are presented in Supplementary Table 3 (avail-
able online).

Participant Characteristics

The number of participants in each publication ranged from 72
to 1394. Patient populations included those with melanoma
(k¼ 10), NSCLC (k¼ 7), urothelial cancer (k¼ 3), renal cell carci-
noma (k¼ 1), hepatocellular carcinoma (k¼ 1), head and neck
cancer (k¼ 1), Merkel cell carcinoma (k¼ 1), bladder cancer
(k¼ 1), and Hodgkin lymphoma (k¼ 1). For intervention arms,
the mean sample age ranged from 37 to 70 years, and 18%-43%
of participants were female. For comparison arms, mean ages
ranged from 52 to 65 years and were 15%-46% female.

Global QOL

Results of the meta-analysis examining change from baseline
to follow-up in global QOL among patients receiving ICIs are
presented in Figure 2. This meta-analysis encompassed 26 stud-
ies and 6974 patients. Global QOL did not change statistically
significantly from baseline to follow-up (mean change¼ 1.13,
95% CI ¼ -0.54 to 2.81; P¼ .19). Statistically significant heteroge-
neity was observed across studies (Q¼ 442.0; P< .001; I2 ¼
94.3%). Moderators associated with change in global QOL were
ICI regimen, cancer type, sex, mean age, and risk of bias
(P< .03); however, age was no longer a statistically significant
moderator in sensitivity analyses excluding published
abstracts. Regarding ICI regimen, patients receiving ipilimumab
reported small reductions in global QOL over time (mean
change ¼ -7.47, 95% CI ¼ -12.09 to -2.86; P< .001), whereas
patients treated with atezolizumab, avelumab, nivolumab, and
pembrolizumab reported no change (mean change ¼ 1.70-1.96;
P> .14), and those treated with durvalumab reported small
improvements in global QOL (mean change ¼ 7.15, 95% CI ¼ 1.40
to 12.89; P¼ .01). Regarding cancer type, melanoma patients
reported trivial reduction in global QOL (mean change ¼ -3.09,
95% CI ¼ -5.16 to -1.03; P¼ .003). NSCLC and urothelial cancer
patients reported small improvement in QOL (mean change
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range¼ 3.55-4.49; P< .007). Head and neck, hepatocellular,
Hodgkin lymphoma, Merkel cell carcinoma, renal cell carci-
noma patients did not report statistically significant change in
QOL (mean change ¼ 1.70-3.73; P> .19). Studies with a greater
percentage of men (P¼ .003), older age (P¼ .03), and higher risk
of bias (P¼ .003) reported improved global QOL. Duration of
follow-up and quality of PRO reporting were not associated with
change in global QOL (P� .10).

Figure 3 presents results of the meta-analysis comparing dif-
ferences in mean change in global QOL from baseline to follow-
up in patients treated with ICIs vs non-ICI regimens. This meta-
analysis encompassed 16 studies and 6536 patients (ie, ICI:
n¼ 3588; non-ICI: n¼ 2948). Patients receiving ICIs reported
larger improvements in global QOL than patients receiving non-
ICI regimens in the trivial range (mean change difference¼ 3.44,
95% CI ¼ 2.00 to 4.89; P< .001). Statistically significant heteroge-
neity was observed across studies (Q¼ 145.4; P< .001; I2 ¼
89.7%). Moderators of group differences in change in global QOL
included ICI regimen, mean participant age, and risk of bias
(P< .05); the same pattern of results was observed in sensitivity
analyses excluding published abstracts. Regarding ICI regimen,
patients treated with ipilimumab reported less favorable change
in global QOL than control patients (mean change difference ¼
3.84, 95% CI ¼ -7.54 to -0.13; P¼ .04), whereas patients treated
with atezolizumab and durvalumab reported no difference
(mean change differences¼ 1.98-2.90; P> .20) and those treated
with nivolumab (mean change difference ¼ 6.35, 95% CI ¼ 3.57
to 9.13; P< .001) and pembrolizumab (mean change difference ¼
5.17, 95% CI ¼ 2.67 to 7.68; P < .001) reported more favorable
change in global QOL in the trivial to small range. Differences in
change in global QOL between patients treated with ICI and
non-ICI regimens were larger in studies with higher mean par-
ticipant age and higher risk of bias (P< .03). Cancer type, type of
comparator group, sex, duration of follow-up, and quality of
PRO reporting were not statistically significant moderators
(P> .07).

Physical Functioning

Results of the meta-analysis examining change from baseline
to follow-up in physical functioning among patients receiving
ICIs are shown in Supplementary Figure 1 (available online).
This meta-analysis encompassed 14 studies and 3169 patients.
Across all ICI regimens, there was no statistically significant
change in physical functioning from baseline to follow-up
(mean change¼ 0.46, 95% CI ¼ -0.79 to 1.71; P¼ .47). Patients
treated with pembrolizumab reported worsening physical func-
tioning in the trivial range (mean change ¼ -3.13, 95% CI ¼ -6.12
to -0.14; P¼ .04), those treated with durvalumab (single study)
reported improved physical functioning in the trivial range
(mean change¼ 2.30, 95% CI ¼ 0.73 to 3.87; P¼ .004), and those
treated with atezolizumab, ipilimumab, or nivolumab reported
no change (P> .05).

Results of the meta-analysis comparing differences in mean
change in physical functioning from baseline to follow-up in
patients treated with ICIs vs those treated with non-ICI regi-
mens are shown in Supplementary Figure 2 (available online).
This meta-analysis encompassed 11 studies and 4630 patients
(ie, ICI n¼ 2495; non-ICI n¼ 2135). Across all ICI regimens, there
were no group differences in change in physical functioning be-
tween patients treated with ICIs vs those treated with non-ICI
regimens (mean difference ¼ -0.03, 95% CI ¼ -0.75 to 0.70;
P¼ .94). However, patients treated with pembrolizumab
reported better physical functioning relative to comparator regi-
mens in the trivial range (mean difference¼ 3.96, 95% CI ¼ 1.07
to 6.86; P¼ .007). There were no other group differences in physi-
cal functioning by ICI regimen (P> .05).

Symptomatology

Results of meta-analyses examining change from baseline to
follow-up in symptomatology among patients receiving ICIs are
shown in Supplementary Figure 3 (available online). The meta-

Figure 1. Study selection. ICI ¼ immune checkpoint inhibitor; PRO ¼ patient-reported outcome.
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analysis of fatigue encompassed 15 studies and 3499 patients;
meta-analyses of other symptoms encompassed 14 studies and
3243 to 3249 patients. Across ICI regimens, results indicated im-
proved appetite loss, insomnia, and pain but worsening dys-
pnea (all in trivial range; P< .001). Patients treated with
ipilimumab reported worsening appetite loss (small range), dys-
pnea (small range), fatigue (small range), and nausea and/or vom-
iting (trivial range; P< .007). Patients treated with nivolumab or
pembrolizumab reported improved insomnia (both in trivial

range; P< .007). All other symptoms demonstrated improvement
in single studies (ie, atezolizumab, durvalumab) or no change.

Results of meta-analyses comparing differences in mean
change in symptoms from baseline to follow-up in patients
treated with ICIs vs those treated with non-ICI regimens are
presented in Supplementary Figure 4 (available online). The
meta-analysis of fatigue encompassed 12 studies and 5252
patients (ie, ICI n¼ 2825; non-ICI n¼ 2427). The meta-analyses
of other symptoms encompassed 11 studies and 4789 to 4802

Figure 2. Meta-analysis of within-group change in global quality of life in patients receiving immune checkpoint inhibitor therapy. Positive values indicate improve-

ment. Random effect models were used with a 2-sided alpha level of.05. Error bars indicate the 95% confidence intervals (CI). NSCLC ¼ non-small cell lung cancer; IO ¼
immune checkpoint inhibitor.

Figure 3. Meta-analysis of differences in mean change in global quality of life from baseline to follow-up in patients treated with immune checkpoint inhibitors vs

other regimens. Positive values favor immune checkpoint inhibitors. Random effect models were used with a 2-sided alpha level of.05. Error bars indicate the 95% con-

fidence intervals (CI). IO ¼ immune checkpoint inhibitor.
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patients (ie, ICI n¼ 2618-2627; non-ICI n¼ 2170-2175). Across ICI
regimens, patients treated with ICIs reported less insomnia
than control patients (trivial range; P< .001). Patients treated
with atezolizumab reported less dyspnea, fatigue, and pain and
more insomnia (P< .008) than those treated with non-ICI regi-
mens. Patients treated with durvalumab (k¼ 1) reported more
appetite loss, diarrhea, dyspnea, fatigue, nausea and/or vomit-
ing, and pain than control patients (P< .003). Patients treated
with ipilimumab reported more insomnia than those treated
with non-ICI regimens (P< .001). Patients treated with nivolu-
mab reported less nausea and/or vomiting than those treated
with non-ICI regimens (P¼ .04). Patients treated with pembroli-
zumab reported less appetite loss, constipation, diarrhea, dys-
pnea, fatigue, insomnia, nausea and/or vomiting, and pain than
those treated with non-ICI regimens (P< .03).

Potential Publication Bias

Results of the funnel plots examining publication bias are pre-
sented in Figure 4. For studies that examined change in QOL
since baseline in patients treated with ICIs, the funnel plot indi-
cated larger effects to the right of the mean. The trim and fill
procedure imputed 2 studies, and the estimate is 0.38 (95% CI ¼
-1.52 to 2.29), which suggests a slightly smaller estimate of the
observed effect of 1.13 (95% CI ¼ -0.54 to 2.81). Similarly, for
studies that compared QOL at follow-up in ICIs vs non-ICI regi-
mens the funnel plot indicated larger effects to the right of the
mean. The trim and fill procedure imputed 2 studies, and the esti-
mate is 3.11 (95% CI ¼ 0.58 to 5.64), which suggests a slightly
smaller estimate of the observed effect of 3.44 (95% CI ¼ 2.00 to
4.89) but does not indicate statistically significant bias of the effect.

Figure 4. Funnel plots of difference in means by standard error. The observed studies are indicated by circle outlines and imputed studies indicated by solid circles.

Studies are plotted on standard error (vertical axis) and effect size (horizontal axis). Publication bias would be represented by a larger quantity of studies at the bottom

of the plot and an asymmetrical distribution. Panel A shows the immune checkpoint inhibitor group change. Panel B shows the comparisons of between-group differ-

ences in quality of life at follow-up in patients treated with immune checkpoint inhibitors vs other regimens.
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Discussion

This study quantitatively summarized a heterogeneous literature
on patient-reported global QOL (primary outcome) and physical
functioning and symptomatology (secondary outcomes) in
patients treated with ICIs. The goal of the study is to facilitate pa-
tient education about what to expect when receiving these thera-
pies. Pairs of meta-analyses were conducted for each outcome.
One focused on within-group change in QOL among patients
treated with ICIs, and the other focused on between-group differ-
ences in change in outcomes from baseline to follow-up in
patients treated with ICIs compared with non-ICI regimens.
Results indicated stable global QOL among patients treated with
ICIs and statistically significantly better global QOL at follow-up
compared with patients treated with non-ICI regimens. Physical
functioning was also stable among patients treated with ICIs and
similar to comparison groups. Regarding symptoms, patients
treated with ICIs reported improvements in insomnia. Compared
with patients treated with non-ICI regimens, they also reported
less appetite loss, insomnia, and pain, but more dyspnea. These
findings are broadly consistent with previous qualitative reviews
(42-44) and a meta-analysis (4) on this topic. However, the only
previous meta-analysis available did not examine CTLA-4 inhibi-
tors, except as a comparator, and numerous recent trials have
been conducted using novel agents and for different indications.
The current study extends previous findings through rigorous
statistical analysis of a larger, more inclusive search of interven-
tional and observational studies encompassing both anti–PD-1/
PD-L1 and anti–CTLA-4 agents.

Statistically significant heterogeneity was observed in QOL
by regimen and disease site. Patients treated with ipilimumab
and those diagnosed with melanoma reported statistically sig-
nificantly worsening global QOL over time, whereas patients
treated with other ICI regimens for other cancer types reported
improved or stable global QOL. Worsening global QOL in mela-
noma patients was secondary to receipt of ipilimumab, as post
hoc analyses indicated that melanoma patients treated with ipi-
limumab, but not pembrolizumab or nivolumab, reported wors-
ening global QOL (data not shown). Similarly, patients treated
with ipilimumab reported worse global QOL than patients
treated with non-ICI regimens, whereas patients treated with
atezolizumab, durvalumab, nivolumab, and pembrolizumab
reported statistically significantly better global QOL. Patients
treated with ipilimumab also reported more appetite loss, dys-
pnea, fatigue, and nausea and/or vomiting than patients treated
with non-ICI regimens. More symptomatology may account for
worse global QOL in ipilimumab-treated patients. Because only
1 study of combined ipilimumab and nivolumab for melanoma
met criteria for inclusion (45), we were unable to assess the
effects of combination ICI on global QOL. This study, a random-
ized, double-blind, phase III trial comparing single-agent ipili-
mumab, single-agent nivolumab, and combination nivolumab
and ipilimumab for advanced melanoma (ie, CheckMate 067),
reported comparable global QOL across all 3 groups despite bet-
ter disease outcomes in the combination group (45). These find-
ings are surprising in light of the higher incidence of adverse
events in the combination group. They suggest that global QOL
benefits of the combination because of better disease control
may have been offset by worse side effects. More research on
this topic is needed, however.

Additional moderators of global QOL included greater improve-
ments in studies with a higher percentage of men, greater group dif-
ferences in follow-up in studies with greater mean age, and better
QOL outcomes in both meta-analyses among studies judged to be at

high risk of bias. Although differences by sex and age were not ob-
served in both global QOL meta-analyses, they are consistent with
previously published reports suggesting that ICIs may be more effi-
cacious in improving survival in men (46,47), and older cancer
patients tend to report better QOL during active treatment than
younger patients (48). The finding that better global QOL was
reported in studies with higher risk of bias underscores the impor-
tance of assessing global QOL in blinded randomized trials.
Nevertheless, it is also recognized that participants in clinical trials
tend to be younger and healthier and have higher socioeconomic
status than patients treated outside of clinical trials (49,50), which
can introduce its own bias. Lastly, attrition in the included studies
because of illness, toxicities, or other factors may also introduce bias
in QOL findings.

Regarding the clinical significance of change in global QOL,
patients treated with ipilimumab reported an average worsen-
ing of 7.48 points, which corresponds to slight worsening (51). In
contrast, improvements in global QOL in patients treated with
atezolizumab, durvalumab, nivolumab, and pembrolizumab
ranged in size from 9.46 to 14.63 points, which corresponds to
moderate improvement (51). Group differences in QOL at fol-
low-up between patients treated with ICI vs non-ICI regimens
ranged from -3.84 (ipilimumab) to 10.18 (nivolumab), below the
cutoff of 12.8 (ie, 0.5 SD) for clinically significant differences in
recurrent and metastatic cancer patients (52,53). Thus, although
patients treated with ICIs reported statistically better global
QOL than patients treated with non-ICI regimens, this differ-
ence was not clinically significant.

Notably, comparison regimen (ie, chemotherapy, placebo,
other) did not statistically significantly impact group differences
in global QOL at follow-up. This finding may be due in part to
the statistically significant heterogeneity of comparison regi-
mens across studies (eg, different types of chemotherapy) and
even within the same study (eg, investigator’s choice). The find-
ing may also be because chemotherapy may result in better dis-
ease control than placebo, offsetting the deleterious impact of
side effects of chemotherapy on global QOL. Similarly, duration
of follow-up was not a moderator of change in global QOL or
group differences in global QOL. This finding may be because
the various toxicities of ICIs tend to appear at different times af-
ter treatment initiation, with skin toxicities often appearing in
2-3 weeks, followed by gastrointestinal and hepatic toxicities at
4-7 weeks and liver and endocrine toxicities after 9 weeks
(54,55).

The current study is characterized by numerous strengths, in-
cluding a clinically important research question, thorough search
strategy, and rigorous statistical analyses. Nevertheless, limitations
should also be noted. Our search strategy may have missed QOL
data presented at conferences that were not searched. In addition,
there were 23 eligible studies for which we were unable to obtain
data from the authors and/or sponsors. In some cases, this was be-
cause the trial investigators had yet to publish primary findings.
Trim and fill plots found minimal bias of omitted data on results,
however. We were unable to provide more fine-grained moderation
analyses of non-ICI comparison groups, as many were heteroge-
neous in terms of regimens (eg, investigator’s choice). Regarding
secondary outcomes, in several of the analyses, atezolizumab and
durvalumab were represented by only 1 study. Therefore, caution is
warranted when interpreting findings in physical functioning and
symptoms in patients treated with these agents. Moreover, in light
of the rapid pace of research on ICIs, there will likely be many addi-
tional studies published in the near future that are not included in
these meta-analyses. These may include future studies of long-
term and late effects, which are only starting to be described
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empirically (56). Nevertheless, a growing number of patients are re-
ceiving ICIs and need evidence-based information regarding what
to expect on treatment. Lastly, some studies were published as
peer-reviewed abstracts rather than papers; however, findings from
sensitivity analyses excluding abstracts identified few and minor
differences.

In summary, the current meta-analysis represents the inter-
section of 3 trends in oncology: 1) the paradigm shift of target-
ing immune cells in cancer treatment, 2) the use of PRO
measures to better understand patients’ perspectives about
their treatment, and 3) the application of advanced statistical
and mathematical techniques to solve important problems in
oncology. Of note, this study is among the first to aggregate
data about patient-reported outcomes of immunotherapy,
which allows greater statistical power to detect change over
time and relationships among variables than single studies.

These data can be used to reassure patients and their fami-
lies that they can expect stable or improved global QOL on aver-
age with PD-1/PD-L1 inhibitors and slight decrements in global
QOL in CTLA-4 inhibitors.
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