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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 PRISMA guidelines, databases were searched through November 2019 for 

articles or abstracts of prospective, 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 symptomatology. All statistical tests were 2-sided. 

Results:  Twenty-six of 20,323 publications met inclusion criteria.  Global QOL did not change 

over time in patients treated with ICIs (k=26, n=6,974, P=0.19).  Larger improvements in global 

QOL was observed in patients receiving ICI vs. non-ICI regimens (k=16, ICI n=3,588, non-ICI 

n=2,948, P<0.001).  Physical functioning did not change in patients treated with ICIs (k=14, 

n=3,169, P=.47); there were no differences in mean change between ICI vs. non-ICI regimens 

(k=11, n=4,630, P=.94.  Regarding symptoms, appetite loss, insomnia, and pain severity 

decreased but dyspnea severity increased in patients treated with ICIs (k=14, n=3,243-3,499) (Ps 

<0.001).  Insomnia severity was higher in patients treated with ICIs than non-ICI regimens (k=11, 

n=4,791) (P<0.001). 

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. 

 

Key words: immunotherapy, quality of life, meta-analysis, patient-reported outcomes, cancer  
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Immunotherapies have generated widespread scientific and clinical excitement for their 

ability to prolong survival in cancer patients with poor prognoses.1,2  Immune checkpoint inhibitors 

(ICIs) (i.e., atezolizumab, avelumab, durvalumab, ipilimumab, nivolumab, pembrolizumab) are 

now routinely used in standard care for treatment of metastatic melanoma, metastatic Merkel cell 

carcinoma, non-small cell lung cancer (NSCLC), small-cell lung cancer (SCLC), hepatocellular 

carcinoma, metastatic triple-negative breast cancer, head and neck squamous cell cancer, renal 

cell carcinoma, Hodgkin’s 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 (e.g., ovarian, prostate) and in combination with other treatments (e.g., radiation, 

chemotherapy).3  Thus, there is a large and growing number of patients for whom ICIs are 

clinically appropriate. 

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 

trials, 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 one previous 

meta-analysis of patient-reported QOL in ICIs.  Nishijima and colleagues4 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 summary of global QOL (primary outcome) and physical 

functioning and symptomatology (secondary outcomes) during treatment with ICIs and examine 

additional, clinically-important moderators of global QOL.  With a focus on patient education, we 

selected moderators that would be known prior to initiation of ICIs, including regimen, disease 

site, age, sex, and duration of follow-up.  We also examined risk of study bias as a potential 

moderator. 
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Methods 

Framework 

 To ensure a rigorous methodology, the meta-analyses were conducted 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 facilitate screening and data extraction. 

 

Search Strategy 

 PubMed, EMBASE, and Web of Science were searched (see Supplementary Table 1 

and B).  Because QOL results for some trials may have been reported in a conference abstract, 

a secondary hand search of conference abstracts and proceedings from 21 relevant professional 

societies was conducted (see Supplementary Table 1).  A smaller subset of keywords was used 

to identify conference abstracts due to 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 (i.e., age≥18).  

Second, abstracts must have reported data for participants treated with one or more PD-1, PD-

L1, or CTLA-4 immune checkpoint inhibitors.  The following agents were included: atezolizumab, 
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avelumab, BMS 936559, durvalumab, ipilimumab, nivolumab, pembrolizumab, pidilizumab, 

tremelimumab, ticilimumab.  Cemiplimab was not included in our original search because it had 

yet to gain 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 quality of life.  Third, the abstract must have reported prospective, 

original data.  Observational studies, interventional trials, and expanded access trials were 

included.  Fourth, the abstract 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 

(i.e., means, standard deviations, 95% confidence intervals [CIs], sample size), study design 

characteristics (i.e., disease site, ICI regimen, comparison regimen, timing of assessments), and 

sample characteristics (i.e., mean age, percent female).  When no other statistics were reported, 

numerical data were independently extracted from figures using the free online tool 

WebPlotDigitizer.6  This allows the extractor to select relevant datapoints from figures and 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. 

 

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-5D9 

visual analog scale (VAS) because of the similarity in the measures (i.e., both are 0-100 scales 

with higher scores indicating better QOL) and because one or both were reported in all eligible 
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publications.  The EORTC QLQ-C30 was used when available, otherwise the EQ-5D VAS was 

used.  Analyses of physical functioning and symptomatology (i.e., appetite loss, constipation, 

diarrhea, dyspnea, fatigue, insomnia, nausea/vomiting, and pain) used EORTC QLQ-C30 

subscales.  All meta-analysis outcomes (i.e., global QOL, physical functioning, symptomology) 

were continuous variables.  When not reported, effect sizes were calculated using means and 

standard deviations, standard error, or 95% CIs.  Consistent with published guidelines,10 we used 

report standardized mean differences using Cohen’s 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 vs. non-ICI groups.  In publications 

with multiple follow-up assessments, the assessment within or closest to 12-24 weeks after 

initiation of therapy was selected because most publications reported a follow-up assessment 

during this time.  In publications with multiple ICI study arms,11-17 the study arm that received 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 using the 

Cochrane Risk of Bias Assessment criteria.18  The reviewers’ ratings were based upon information 

found in the publication, other study publications, appendices, and supplemental materials (e.g., 

study protocol).  Discrepancies in risk of bias were resolved by consensus.  Three reviewers (BG, 

LO, and HJ) independently rated the quality of PRO reporting of each study selected for inclusion 

using the Consolidated Standards of Reporting Trials (CONSORT) 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 pre-treatment baseline to follow-up 

approximately 12-24 weeks later 2) and compared between-group change in outcomes in ICIs 

versus non-ICI regimens.  All meta-analyses were grouped by ICI regimen.  Heterogeneity across 
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studies was assessed using Cochrane’s Q and I2 for global QOL.  Funnel plots and trim and fill 

were used to assess publication bias for meta-analyses for global QOL.  Sensitivity analyses of 

change in QOL among ICI recipients and of follow-up QOL between 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 due to the studies’ heterogeneity, 

and all analyses used a two-sided alpha 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, and large effects 

according to published guidelines.21 

Moderators of the association between ICI and global QOL included ICI regimen, disease 

site, duration of follow-up, comparator group, mean sample age, sex, risk of study bias, and quality 

of PRO reporting (see the Supplementary Methods).  Analyses examining whether the duration 

of follow-up moderated the association between ICI and global QOL used continuous weeks since 

baseline.  Moderator analyses comparing different non-ICI comparator groups were conducted 

among randomized trials and examined whether outcomes differed between 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 participants 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 one or 

more high risk domains.  A continuous score of quality of PRO reporting was used, with higher 

scores indicating better reporting quality.  Meta-regression analyses were used to determine the 

impact of moderators on the association between ICI and global QOL.  Models examined 

individual study-level moderators of effect size.  To reduce risk of Type 1 error, only ICI regimen 

was included in moderator analyses for the secondary outcomes of physical functioning and 

symptomatology.  Random-effects models were selected due to the heterogeneous nature of the 
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studies.  Sensitivity moderator analyses were conducted that retained only published 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 6,434 were duplicates, resulting in 13,889 unique publications.  

After removing 12,230 during initial screening, full-text reviews were conducted for the remaining 

1,659 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 compute mean change for 28 abstracts (e.g., after requesting 

information from study authors/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/II (k=2), phase II (k=4), phase II/III (k=1), and phase III (k=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 nivolumab 

(k=10), followed by pembrolizumab (k=6), ipilimumab (k=4), atezolizumab (k=2), durvalumab 

(k=2), and avelumab (k=1).  Among the 19 publications with a comparator group, ICI was 

compared to chemotherapy in 10 studies.  The remaining publications compared ICIs to other ICI-

based regimens (k=4), a mix of non-ICI regimens (k=2), placebo (k=2), and gp100 plus placebo 

(k=1).  As shown in Supplementary Table 2, 9 publications were judged to have overall low risk 

of study bias and 17 had high risk.  Ratings of quality of PRO reporting are presented in 

Supplementary Table 3. 
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Participant Characteristics 

The number of participants in each publication ranged from 72 to 1,394. Patient 

populations included those with melanoma (k=10), NSCLC (k=7), urothelial cancer (k=3), renal 

cell carcinoma (k=1), hepatocellular carcinoma (k=1), head and neck cancer (k=1), Merkel cell 

carcinoma (k=1), bladder cancer (k=1), and Hodgkin’s lymphoma (k=1).  For intervention arms, 

the mean sample age ranged from 37 to 70 years old 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 

studies and 6,974 patients.  Global QOL did not change statistically significantly from baseline to 

follow-up (mean change=1.13; 95% CI = -0.54 to 2.81; P=0.19).  Statistically significant 

heterogeneity was observed across studies (Q=442.0, P<0.001, I2=94.3%).  Moderators 

associated with change in global QOL were ICI regimen, cancer type, sex, mean age, and risk of 

bias (Ps<0.03); 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=-7.47, 95% CI = -12.09 to -

2.86, P<0.001), whereas patients treated with atezolizumab, avelumab, nivolumab, and 

pembrolizumab reported no change (mean change range = 1.70 – 1.96, Ps>0.14) and those 

treated with durvalumab reported small improvements in global QOL (mean change = 7.15, 95% 

CI = 1.40 to 12.89, P=0.01).  Regarding cancer type, melanoma patients reported trivial reduction 

in global QOL (mean change=-3.09, 95% CI = -5.16 to -1.03, P=0.003).  NSCLC and urothelial 

cancer patients reported small improvement in QOL (mean change range=3.55 – 4.49, 

Ps<0.007).  Head and neck, hepatocellular, Hodgkin’s lymphoma, Merkel cell carcinoma, renal 
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cell carcinoma patients did not report statistically significant change in QOL (mean change 

range=1.70 – 3.73, Ps>0.19).  Studies with a greater percentage of men (P=0.003), older age 

(P=0.03), and higher risk of bias (P=0.003) reported improved global QOL.  Duration of follow-up 

and quality of PRO reporting were not associated with change in global QOL (Ps≥0.10). 

Figure 3 presents results of the meta-analysis comparing differences in mean change in 

global QOL from baseline to follow-up in patients treated with ICIs versus non-ICI regimens.  This 

meta-analysis encompassed 16 studies and 6,536 patients (i.e., ICI n=3,588, non-ICI n=2,948).  

Patients receiving ICIs reported larger improvements in global QOL than patients receiving non-

ICI regimens in the trivial range (mean change difference=3.44; 95% CI = 2.00 to 4.89; P<0.001).  

Statistically significant heterogeneity was observed across studies (Q = 145.4, P<0.001, I2 = 

89.7%). Moderators of group differences in change in global QOL included ICI regimen, mean 

participant age, and risk of bias (Ps<0.05); 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 controls (mean change difference=-3.84, 95% 

CI = -7.54 to -0.13, P=0.04), whereas patients treated with atezolizumab and durvalumab reported 

no difference (mean change differences range=1.98 – 2.90, Ps>0.20) and those treated with 

nivolumab (mean change difference = 6.35, 95% CI = 3.57 to 9.13, P<.001) and pembrolizumab 

(mean change difference = 5.17, 95% CI = 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 participant age and 

higher risk of bias (Ps<0.03).  Cancer type, type of comparator group, sex, duration of follow-up, 

and quality of PRO reporting were not statistically significant moderators (Ps>0.07). 

 

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.  This meta-
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analysis encompassed 14 studies and 3,169 patients.  Across all ICI regimens, there was no 

statistically significant change in physical functioning from baseline to follow-up (mean 

change=0.46; 95% CI = -0.79 to 1.71; P=0.47).  Patients treated with pembrolizumab reported 

worsening physical functioning in the trivial range (mean change=-3.13, 95% CI = -6.12 to -0.14, 

P=0.04), those treated with durvalumab (single study) reported improved physical functioning in 

the trivial range (mean change=2.30, 95% CI = 0.73 to 3.87, P=0.004), and those treated with 

atezolizumab, ipilimumab, or nivolumab reported no change (Ps >0.05). 

Results of the meta-analysis comparing differences in mean change in physical functioning 

from baseline to follow-up in patients treated with ICIs versus those treated with non-ICI regimens 

are shown in Supplementary Figure 2.  This meta-analysis encompassed 11 studies and 4,630 

patients (i.e., ICI n=2,495, non-ICI n=2,135).  Across all ICI regimens, there were no group 

differences in change in physical functioning between patients treated with ICIs versus those 

treated with non-ICI regimens (mean difference=-0.03; 95% CI = -0.75 to 0.70; P=0.94).  However, 

patients treated with pembrolizumab reported better physical functioning relative to comparator 

regimens in the trivial range (mean difference=3.96; 95% CI = 1.07 to 6.86; P=0.007).  There were 

no other group differences in physical functioning by ICI regimen (Ps >0.05). 

 

Symptomatology 

Results of meta-analyses examining change from baseline to follow-up in symptomatology 

among patients receiving ICIs are shown in Supplementary Figure 3.  The meta-analysis of 

fatigue encompassed 15 studies and 3,499 patients; meta-analyses of other symptoms 

encompassed 14 studies and 3,243 to 3,249 patients.  Across ICI regimens, results indicated 

improved appetite loss, insomnia, and pain but worsening dyspnea (all in trivial range; Ps<0.001).  

Patients treated with ipilimumab reported worsening appetite loss (small range), dyspnea (small 

range), fatigue (small range), and nausea and vomiting (trivial range; Ps<0.007).  Patients treated 

with nivolumab or pembrolizumab reported improved insomnia (both in trivial range; Ps<0.007).  
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All other symptoms demonstrated improvement in single studies (i.e., 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 versus those treated with non-ICI regimens are 

presented in Supplementary Figure 4.  The meta-analysis of fatigue encompassed 12 studies 

and 5,252 patients (i.e., ICI n=2,825, non-ICI n=2,427).  The meta-analyses of other symptoms 

encompassed 11 studies and 4,789 to 4,802 patients (i.e., ICI n=2,618-2,627, non-ICI n=2,170-

2,175).  Across ICI regimens, patients treated with ICIs reported less insomnia than controls 

(trivial range; P<0.001).  Patients treated with atezolizumab reported less dyspnea, fatigue, and 

pain and more insomnia (Ps<0.008) than those treated with non-ICI regimens.  Patients treated 

with durvalumab (k=1) reported more appetite loss, diarrhea, dyspnea, fatigue, nausea and 

vomiting, and pain than controls (Ps<0.003).  Patients treated with ipilimumab reported more 

insomnia than those treated with non-ICI regimens (P<0.001).  Patients treated with nivolumab 

reported less nausea and vomiting than those treated with non-ICI regimens (P=0.04).  Patients 

treated with pembrolizumab reported less appetite loss, constipation, diarrhea, dyspnea, fatigue, 

insomnia, nausea and vomiting, and pain than those treated with non-ICI regimens (Ps<0.03). 

 

Potential Publication Bias 

Results of the funnel plots examining publication bias are presented in Figure 4.  For 

studies that examined change in QOL since baseline in patients treated with ICIs, the funnel plot 

indicated larger effects to the right of the mean.  The trim and fill procedure imputed two studies, 

the estimate is 0.38 (95% CI = -1.52 to 2.29), which suggests a slightly smaller estimate of the 

observed effect of 1.13 (95% CI = -0.54 to 2.81).  Similarly, for studies that compared QOL at 

follow-up in ICIs versus non-ICI regimens the funnel plot indicated larger effects to the right of the 

mean.  The trim and fill procedure imputed two studies, the estimate is 3.11 (95% CI = 0.58 to 
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5.64), which suggests a slightly smaller estimate of the observed effect of 3.44 (95% CI = 2.00 to 

4.89) but does not indicate statistically significant bias of the effect. 

 

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 patient education 

about what to expect when receiving these therapies.  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 differences in change in outcomes from baseline to 

follow-up in patients treated with ICIs compared to non-ICI regimens.  Results indicated stable 

global QOL among patients treated with ICIs and statistically significantly better global QOL at 

follow-up compared to 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 to 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 reviews22-24 and a meta-analysis4 

on this topic.  However, the only previous meta-analysis available did not examine CTLA-4 

inhibitors, 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 interventional 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 

significantly worsening global QOL over time, whereas patients treated with other ICI regimens 
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for other cancer types reported improved or stable global QOL.  Worsening global QOL in 

melanoma patients was secondary to receipt of ipilimumab, as post-hoc analyses indicated that 

melanoma patients treated with ipilimumab, but not pembrolizumab or nivolumab, reported 

worsening 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, dyspnea, 

fatigue, and nausea and vomiting than patients treated with non-ICI regimens.  More 

symptomatology may account for worse global QOL in ipilimumab-treated patients.  Because only 

one study of combined ipilimumab/nivolumab for melanoma met criteria for inclusion,25 we were 

unable to assess the effects of combination ICI on global QOL.  This study, a randomized, double-

blind, Phase III trial comparing single agent ipilimumab, single-agent nivolumab, and combination 

nivolumab/ipilimumab for advanced melanoma (i.e., CheckMate 067), reported comparable 

global QOL across all three groups despite better disease outcomes in the combination group.25  

These findings are surprising in light of the higher incidence of AEs in the combination group.  

They suggest that global QOL benefits of the combination due to 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 improvements in studies with a 

higher percentage of men, greater group differences 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 observed in both global QOL meta-analyses, 

they are consistent with previously-published reports suggesting that ICIs may be more 

efficacious in improving survival in men26,27 and older cancer patients tend to report better QOL 

during active treatment than younger patients.28  The finding that better global QOL was reported 

in studies with higher risk of bias underscores the importance of assessing global QOL in blinded 

randomized trials.  Nevertheless, it is also recognized that participants in clinical trials tend to be 
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younger, healthier, and have higher socioeconomic status than patients treated outside of clinical 

trials,29,30 which can introduce its own bias.  Lastly, attrition in the included studies due to 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 worsening of 7.48 points, which corresponds to slight 

worsening.31  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.31  Group differences in QOL at follow up between patients 

treated with ICI versus non-ICI regimens ranged from -3.84 (ipilimumab) to 10.18 (nivolumab), 

below the cutoff of 12.8 (i.e., 0.5 SD) for clinically significant differences in recurrent/metastatic 

cancer patients.32,33  Thus, although patients treated with ICIs reported statistically better global 

QOL than patients treated with non-ICI regimens, this difference was not clinically significant. 

 Notably, comparison regimen (i.e., 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 regimens across studies (e.g., different 

types of chemotherapy) and even within the same study (e.g., investigator’s choice).  The finding 

may also be due in part to the fact that chemotherapy may result in better disease 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 due to the fact that the various toxicities of ICIs tend to appear 

at different times after 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.34,35 

 The current study is characterized by numerous strengths, including 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 
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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 because 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 heterogeneous in terms of regimens (e.g., 

investigator’s choice).  Regarding secondary outcomes, in several of the analyses atezolizumab 

and durvalumab were represented by only one 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 additional 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 empirically.36  

Nevertheless, a growing number of patients are receiving 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 intersection of three trends in 

oncology: 1) the paradigm shift of targeting 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 families that they can expect stable 

or improved global QOL on average with PD-1/PD-L1 inhibitors and slight decrements in global 

QOL in CTLA-4 inhibitors. 
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Table 1. Characteristics of Included Studies 

Reference Trial Name Phase NCT Number 
Cancer 
Type 

Study Type 
QOL 

Measure 
Follow-

Up 

Intervention Arm Comparison Arm 

Description No. Description No. 

Ascierto, et al. 2017 (37) Not Reported III NCT01515189 Melanoma Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
12 

Ipilimumab 10mg/kg 
Q3W 

365 Ipilimumab 3mg/kg Q3W 362 

Barlesi, et al. 2019 (11) KEYNOTE-010 II/III NCT01905657 Non-Small 
Cell Lung 
Cancer 

Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
12 

Pembrolizumab 
2mg/kg Q3W 

344 Docetaxel 75mg/m2 Q3W 343 

Pembrolizumab 10 
mg/kg Q3W 

346 

Bordoni, et al. 2017 (38) OAK III NCT02008227 Non-Small 
Cell Lung 
Cancer 

Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
15 

Atezolizumab 
1200mg Q3W 

425 Docetaxel 75mg/m2 Q3W 425 

Brahmer, et al. 2017 
(39) 

KEYNOTE-024 III NCT02142738 Non-Small 
Cell Lung 
Cancer 

Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
15 

Pembrolizumab 200 
mg/kg Q3W 

151 Investigator-choice 
platinum-doublet 

chemotherapy Q3W 

148 

Cella, et al. 2016 (40) CheckMate 025 III NCT01668784 Renal Cell 
Carcinoma 

Randomized 
Trial 

EQ-5D Week 
12 

Nivolumab 3 mg/kg 
Q2W 

362 Everolimus 10 mg daily 344 

Coens, et al. 2017 (41) EORTC 18071 III NCT00636168 High Risk 
Stage III 

Melanoma 

Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
24 

Ipilimumab 10mg/kg 
4x Q3W 

475 Placebo 10 mg/kg 4x Q3W 476 

El-Khoueiry, et al. 2017 
(42) 

CheckMate 040 I/II NCT01658878 Hepatocellu
lar 

Carcinoma 

Single Group 
Trial 

EQ-5D Week 
25 

Nivolumab (dose-
expansion phase) 

214 NA  

Harrington, et al. 2017 
(43) 

CheckMate 141 III NCT02105636 Squamous 
Head and 

Neck 

Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
15 

Nivolumab 3 mg/kg 
Q2W 

240 Chemotherapy 
(Methotrexate, Docetaxel, 

or Cetuximab) 

121 

Hui, et al. 2019 (44) PACIFIC III NCT02125461 Non-Small 
Cell Lung 
Cancer 

Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
52 

Durvalumab 10 
mg/kg Q2W 

476 Placebo 10 mg/kg 2W 237 

Kaufman, et al. 2017 
(45) 

JAVELIN Merkel 
200 

II NCT02155647 Merkel Cell 
Carcinoma 

Single Group 
Trial 

EQ-5D Week 
13 

Avelumab 10 mg/kg 
Q2W 

72 NA 

Larkin, et al. 2018 (46) CheckMate 037 III NCT01721746 Melanoma Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
12 

Nivolumab 3 mg/kg 
Q2W 

272 Investigator's choice 
(Dacarbazine 1000 mg/m2 

or Carboplatin AUC 6 + 
Paclitaxel 175 mg/m2) 

Q3W 

133 

Long, et al. 2016 (47) CheckMate 066 III NCT01721772 Melanoma Randomized 
Trial 

EORTC 
QLQ-C30 

Weeks 
61 

Nivolumab 3 mg/kg 
Q2W 

210 Dacarbazine 1000 mg/m2 
Q3W 

208 

Mathias, et al. 2015 

(48)a 

IMAGE N/A NCT01511913 Advanced 
Cutaneous 
Melanoma 

Observationa
l 

EORTC 
QLQ-C30 

Week 

26 

Ipilimumab 196 Non-Ipilimumab treated 
cohort 

100 

Mazieres, et al. 2018 

(49)a 

KEYNOTE-407 III NCT02775435 Non-Small 
Cell Lung 
Cancer 

Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
18 

Pembrolizumab 200 
mg + Investigator's 
Choice (Pacitaxel 

254 Placebo 200 mg + 
Investigator's choice 

(Pacitaxel 200 mg/m2 on 

264 
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200 mg/m2 on Day 1 
or NAB-Paclitaxel 

100 mg/m2 on Days 
1, 8, 15) + 

Carboplatin AUC6 
Day 1, Q3W 

Day 1 or NAB-Paclitaxel 
100 mg/m2 on Days 1, 8, 
15) + Carboplatin AUC6 

Day 1, Q3W 

O'Donnell, et al. 2018 

(50)a 

MEDI4736 I/II NCT01693562 Urothelial 
Carcinoma 

Single Group 
Trial 

EORTC 
QLQ-C30 

Week 
16 

Durvalumab, 
10mg/kg Q2W 

182 NA 

Perol, et al. 2019 (51)a EVIDENS N/A NCT03382496 Non-Small 
Cell Lung 
Cancer 

Observationa
l 

EQ-5D Week 

36 

Nivolumab 1394 NA 

Petrella, et al. 2017 (12) KEYNOTE-006 III NCT01866319 Melanoma Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
12 

Pembrolizumab 
10mg/kg Q2W 

270 Ipilimumab 3mg/kg Q3W 240 

Pembrolizumab 
10mg/kg Q3W 

266 

Powles, et al. 2018 (52) IMvigor211 III NCT02302807 Urothelial 
carninoma 

Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
12 

Atezolizumab 1200 
mg Q3W 

467 Investigator's choice: 
Docetaxel 75 mg/m2 or 
Paclitaxel 175 mg/m2 or 
Vinflunine 320 mg/m2 

Q3W 

464 

Reck, et al. 2018 (53) CheckMate 017 III NCT01642004 Non-Small 
Cell Lung 
Cancer 

Randomized 
Trial 

EQ-5D Week 
66 

Nivolumab 3 mg/kg 
Q2W 

135 Docetaxel 75 mg/m2 Q3W 137 

Revicki, et al. 2012 (13) MDX010-20 III NCT00094653 Melanoma Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
12 

Ipilimumab (3 
mg/kg) + gp 100 (1 

mg) Q3W 

403 gp100 (1 mg) + placebo 
Q3W 

136 

Ipilimumab (3 
mg/kg) + placebo 

Q3W 

137 

Schadendorf, et al. 2016 
(14) 

KEYNOTE-002 II NCT01704287 Melanoma Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
12 

Pembrolizumab 
2mg/kg Q3W 

180 Investigator's choice: 
carboplatin+paclitaxel, 

paclitaxel, dacarbazine, or 
temozolomide 

179 

Pembrolizumab 
10mg/kg Q3W 

181 

Schadendorf, et al. 2017 
(15) 

CheckMate 067 III NCT01844505 Melanoma Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
55 

Nivolumab 3 mg/kg 
Q2W + Placebo for 
Ipilimumab W 1 and 

W 4+ Placebo for 
Nivolumab W 4 

270 Ipilimumab 3 mg/kg Q3W 
+ Placebo matching with 

Nivolumab W 3, 5 

259 

Nivolumab 1 mg/kg 
Q3W + Ipilimumab 3 

mg/kg Q3W 

274 

Sharma, et al. 2017 (54) CheckMate 275 II NCT02387996 Bladder 
Cancer 

Single Group 
Trial 

EORTC 
QLQ-C30 

Week 
17 

Nivolumab 3 mg/kg 
Q2W 

270 NA 
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Vaughn, et al. 2018 (55) KEYNOTE-045 III NCT02256436 Urothelial 
Carcinoma 

Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
15 

Pembrolizumab 200 
mg Q3W 

266 Paclitaxel 175 mg/m2 IV or 
Docetaxel 75 mg/m2 IV or 
Vinflunine 320 mg/m2 IV, 

Q3W 

253 

Weber, et al. 2017 (16) CheckMate 238 III NCT02388906 Melanoma Randomized 
Trial 

EORTC 
QLQ-C30 

Week 
17 

Nivolumab and 
Placebo matching 

Ipilimumab 3 mg/kg 
Q2W 

453 Ipilimumab and Placebo 
matching Nivolumab 10 

mg/kg Q3W 

453 

Younes, et al. 2016 (56) CheckMate 205 II NCT02181738 Hodgkin's 
Lymphoma 

Clinical Trial EORTC 
QLQ-C30 

Week 
17 

Nivolumab 3 mg/kg 
Q2W 

80 NA 

a Published abstract. NA = not applicable; QOL = quality of life; Q2W = every 2 weeks; Q3W = every 3 weeks; IV = intravenous
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Figure Legends 

Figure 1.  Study selection. PRO = patient-reported outcome; ICI = immune checkpoint inhibitor.  

PRO = patient-reported outcome.  ICI = immune checkpoint inhibitor. 

Figure 2.  Meta-analysis of within-group change in global QOL in patients receiving immune 

checkpoint inhibitor therapy.  Positive values indicate improvement.  Random effect models 

were used with a two-sided alpha level of .05.  Error bars indicate the 95% confidence intervals 

(CIs).  IO = immune checkpoint inhibitor.  NSCLC = non-small cell lung cancer. 

Figure 3.  Meta-analysis of differences in mean change in global QOL from baseline to follow-

up in patients treated with immune checkpoint inhibitors versus other regimens.  Positive values 

favor immune checkpoint inhibitors.  Random effect models were used with a two-sided alpha 

level of .05.  Error bars indicate the 95% confidence intervals (CIs).  IO = immune checkpoint 

inhibitor.  

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 IO group change. Panel B shows the comparisons of between-

group differences in QOL at follow-up in patients treated with immune checkpoint inhibitors 

versus other regimens. 
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