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ABSTRACT
Immune checkpoint inhibitors (ICIs) as monotherapy in different solid tumors showed an early detrimental 
effect in a subset of patients reflected by the early crossover of the progression-free survival (PFS) curves. 
Currently, combination therapies with ICIs added to chemotherapy or targeted therapy are expanding the 
landscape of metastatic solid tumors. We have examined the benefits and risks of adding ICIs to the 
standard of care (SOC) versus SOC alone.

A search of randomized clinical trials (RCTs) comparing ICIs combinations versus the corresponding 
SOC in different metastatic tumors according to the PRISMA guidelines was performed. Selected end
points included PFS, time-to-response (TTR), overall survival (OS), overall response rate (ORR), and ≥ grade 
3 adverse events (AEs). Subgroup analyses based on backbone treatment and tumor type were included.

A total of 10536 patients (19 studies) were included (ICIs-arm: 5596 patients; SOC-arm: 4940 patients). 
Globally, PFS, OS, and ORR results favored ICIs-arm. No differences in terms of TTR were found between 
arms. ICI-arm was associated with a slight increase of ≥ G3 AEs (relative risk: 1.07). The results in multiple 
myeloma patients are controversial in favor of ICIs combinations.

Adding ICIs to SOC benefits a greater number of patients, prolonging survival with no early detrimental 
effect. The toxicity profile is safe, with a mild increase of high-grade manageable AEs.
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Introduction

Overall survival (OS) remains the gold-standard efficacy end
point for the development of new treatments in oncology.1 To 
accelerate its development, other fast endpoints, known as sur
rogate endpoints of OS, such as progression-free survival (PFS), 
objective response rate (ORR), or pathological complete 
response (pCR), have been used in different solid tumors. 
A good correlation with OS is desired to employ these endpoints.

Immune checkpoint inhibitors (ICIs) targeting programmed 
death-1/programmed death-ligand 1 (PD-1/PD-L1) or cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4) have shaken the 
oncological therapeutic landscape up in the last decade. Despite 
the great benefit noted with these new drugs, many of the trials 
comparing ICI as monotherapy with the standard of care (based 
on chemotherapy) showed an early detrimental effect in a subset 
of patients. This phenomenon is reflected by the early crossover 
of the Kaplan–Meier curves representing PFS in several trials. 
Disease progression and death have been shown to happen at 
a higher proportion in a subgroup of patients treated with ICI 
during the first months of treatment.2,3 Interestingly, some trials 
have failed to show an improvement in terms of median PFS 
values despite the gain observed for OS, suggesting that those 
measures could not be as good surrogate markers as previously 
thought in the case of new ICIs.2

The intrinsic delayed effect, different patterns of evolution, 
such as pseudo-progression or hyper-progression phenomena 
as well as long-term shift in the host, could justify the impact in 
OS without differences in other short-term endpoints.4

Conversely, tumor shrinkage is usually associated with 
a longer duration of response (DOR) among patients treated 
with ICIs compared to chemotherapy. Thus, this effect would 
justify the long-term benefits characteristically attached to 
these new drugs.2,3,5 Taken into consideration the singularities 
of ICIs, ORR, complete response (CR) rates or PFS rates at 
specific time-points (6-months-rate, 12-months-rate) have 
been shown to better capture the benefit with the use of these 
therapies.6,7

Despite certain misinterpretations in this issue, it remains 
unclear whether time-to-response (TTR) could be used as 
a predictor of response.8,9 The response to ICIs usually occurs 
in the same timeframe as people treated with chemotherapy, 
with no clear differences in TTR between arms, limiting its 
usefulness as an early predictive marker for benefit.2,3

In the last years, combination therapy with ICIs and che
motherapy is increasingly being tested as a synergistic 
strategy.10–13 Whether PFS and/or TTR could be improved 
through this combinatory approach, and potentially represent 
an additional very short-term predictive marker for benefit 
with this strategy, remains to be elucidated.
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Therefore, we decided to perform a meta-analysis consider
ing trials in the metastatic setting comparing ICIs- 
chemotherapy/targeted therapy combinatory strategy versus 
the standard of care (chemotherapy schemes or targeted ther
apy without immunotherapy, as properly indicated) to assess 
the differences in terms of PFS/TTR between arms. Moreover, 
to strengthen this analysis, we have also assessed the differences 
in other efficacy (OS, ORR) and safety (grade 3 or more adverse 
events (AEs)) endpoints compared to standard of care.

Material and methods

Literature search and inclusion criteria

The literature search was accomplished by August 1, 
2020. Two different databases were reviewed: MEDLINE 
and EMBASE. Only combination strategies including 
agents targeting PD-1/PD-L1 studied in the metastatic 
setting (in both solid tumors and myeloma) were included 
in the search: a) anti-PD-1 antibodies: nivolumab 
(Opdivo®) and pembrolizumab (Keytruda®), b) anti-PD- 
L1 antibodies: atezolizumab (Tecentric®), durvalumab 
(Imfinzi®) and avelumab (Bavencio®). The specific words 
used during the search, filtered by article type (clinical 
trial), were: “nivolumab” OR “pembrolizumab” OR “ate
zolizumab” OR “durvalumab” OR “avelumab” OR “PD-1” 
OR “PD-L1.” Additionally, the manufacturers’ package 
inserts for drugs included in the meta-analysis were also 
analyzed to spot original or different data not reported in 
published trials.

All randomized clinical trials (RCTs) performed in the 
metastatic setting of solid tumors and myeloma that compared 
anti-PD-1/PD-L1 plus chemotherapy or targeted therapy, 
according to each malignancy, versus the standard of care, 
involving different chemotherapy/targeted therapy schemes 
without ICI-based therapy (depending upon the type of 
tumor), were included. Only the most complete report of the 
RCTs was included when duplicate publications were identi
fied. The studies had to be carried out in ≥18 years-old 
humans, in any line of treatment, and be published in 
English. Those studies not yet published/peer-reviewed were 
not considered for inclusion in this analysis to assure the 
highest quality of the available data.

To increase the homogeneity of the selected studies, we 
decided to exclude RCTs including anti-CTLA-4 antibodies, 
which are far less used in clinical practice. Neither ICI–ICI 
combinations were included as they involve potentially differ
ent mechanisms of action compared to our selected combina
tions. Strategies involving sequential administration of drugs 
(induction treatment followed by maintenance therapy) were 
not considered either because of the same reasons.

We selected PFS, TTR, OS, and ORR as endpoints for efficacy, 
as well as ≥ grade 3-AEs as safety endpoints to be compared 
between arms. Trials that met the following criteria were included 
in the meta-analysis: randomized phase II or III trials, prospective 
clinical studies in patients with metastatic solid tumors and mye
loma, and trials with at least one of the previous endpoints 

mentioned above available. Two reviewers (A. C-G. and G.d.V.) 
independently evaluated studies for eligibility.

Data extraction and clinical endpoints

Two investigators (A. C-G. and G. d. V.) extracted the data 
individually, discordances were resolved by consensus. Data 
was reported agreeing to Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) 
guidelines.14 Collected variables included first author’s 
surname, year of publication, National Clinical Trials (NCT) 
registry number, type of primary tumor, study phase, number 
of previous treatment lines received, number of enrolled sub
jects, criteria used for assessing efficacy (Response Evaluation 
Criteria In Solid Tumors (RECIST) or others) and safety 
(National Cancer Institute Common Terminology Criteria for 
Adverse Events (CTCAE)) endpoints, blinding (yes/no), treat
ment arms, number of patients per treatment arms, and med
ian age. The efficacy endpoints selected for the analysis (hazard 
ratios (HR) with confidence intervals (CI) for PFS and OS 
between treatment arms, median time values in each arm for 
PFS, OS and TTR, and percentages in each arm for ORR and ≥ 
G3 AEs) were also obtained when available.

Statistical analysis

The assessment of heterogeneity was evaluated using the chi- 
square, p-value lower 0.05 was considered significant heterogene
ity, and quantified with the I2 statistic15 with values lower 40%, 
30% to 60%, 50% to 90%, and upper 75% interpreted as low, 
moderate, high, and extreme levels of heterogeneity. Due to the 
heterogeneity of the studies included, random effects models were 
used to estimate the pooled effect: HR for PFS and OS, time-to- 
event outcome data, risk ratio for ORR and ≥ G3 AEs, and mean 
difference for PFS, OS, and TTR between arm.

The assessment of reporting biases was evaluated using 
funnel plots and quantified by Egger’s linear regression test.16 

The output was obtained using Stata version 16 (https://www. 
stata.com).

Statistical analysis and figures were performed with the 
meta17 package of R software version 3.4.1 (R Foundation for 
Statistical Computing, Vienna, Austria)

Subgroup analyses were conducted by the type of treatment 
combined with ICIs (chemotherapy/targeted therapy) and type 
primary tumor. As in the overall analysis, the purpose of these 
subgroup analyses was to compare ICI-based therapy with 
regard to the corresponding standard of care in different sub
sets of cancer patients.

Results

Study selection

The studies that met the criteria for the final analysis are shown in 
the flow chart (Figure 1). A total of 855 studies were reviewed 
through our screening process for RCTs. We did not include (i) 
non-clinical trial-type studies or studies involving treatment 
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strategies not considered in our review (ICI-ICI combinations, 
anti-CTLA-4 antibodies, inadequate control arm) (n = 778) and 
(ii) early phase I/II or non-RCTs, studies performed in primary 
tumors (mainly lymphomas) or settings (early disease) different 
from our previous criteria (n = 58). Nineteen RCTs met the 
standards for inclusion in the meta-analysis.

The baseline characteristics of each trial are displayed in 
Supplementary Table 1.10–13,18–32 The tumor types included 
were: non-small cell lung cancer (NSCLC) (five studies), renal- 
cell carcinoma (RCC) (four studies), small cell lung cancer 
(SCLC) (two studies), BRAF-mutated melanoma (two stu
dies), myeloma (two studies), head and neck squamous 
cell carcinoma (HNSCC) (one study), triple-negative 
breast cancer (TNBC) (one study), hepatocellular carci
noma (one study), and urothelial carcinoma (one study). 
All trials but one22 were performed in the first-line setting 
(treatment naïve). All studies had two treatment arms 
except three,10,24,30 which had three arms (including ICI 
monotherapy, not considered in our analysis); in addition, 
two other trials are expected to show results of a third arm 
(ICI plus chemotherapy combinations) not yet 
available.13,26 Twelve studies were based on different che
motherapy regimens with or without anti-PD-1/PD-L1 
antibodies10–13,18,19,22,23,25,26,28,30 while eight involved tar
geted therapy;20,21,24,26,27,29,31,32 in one trial, a combination 
including chemotherapy and targeted therapy (bevacizu
mab) was tested.26 None of the studies restricted eligible 

populations according to PD-L1 expression, outcomes col
lected in this analysis were independent of PD-L1 status.

A total of 10536 patients were available for the meta-analysis 
: 5596 patients were assigned to the combination therapy with 
ICIs arm (3515 to chemotherapy plus ICI and 2081 to targeted 
therapy plus ICI), and 4940 were assigned to the control arm 
(3022 received chemotherapy and 1918 received targeted ther
apy). In all trials, efficacy endpoints (PFS, TTR, ORR) were 
assessed according to the RECIST v1.1 criteria. AEs were 
evaluated according to CTCAE v4.0 or v4.3. All RCTs were 
sponsored by pharmaceutical companies.

Efficacy endpoints: PFS and TTR

The PFS results favored ICI-based combinatory therapy. The 
HR for PFS was improved in those patients treated with this 
strategy compared to standard of care (HR 0.74; 95% CI 0.67–
0.81, p < .0001). Intriguingly, the benefit in terms of this 
parameter for multiple myeloma patients seems to be less 
clear (Figure 2a).

On the other hand, no differences were found between arms 
in relation to the TTR results (mean difference (MD) −0.19; 
95% CI −0.73–0.36, p = .50). Despite a trend for a faster 
response with ICI-based combinatory therapy, this difference 
was not statistically significant (Figure 2b). Of note, TTR data 
were found in only six studies.

Figure 1. Flow diagram for identification and selection of studies.
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Efficacy endpoints: OS and ORR
The OS results showed a benefit supporting the ICI-based 
combinatory therapy concerning the standard of care (HR 
0.76; 95% CI 0.69–0.84, p < .0001). Again, the results in mye
loma patients concerning this analysis are more controversial 
(Figure 3a).

ICI-based therapy increased the response rate compared to 
standard of care (relative risk (RR) 1.27; 95% CI 1.13–1.43, 
p < .0001) (Figure 3b).

Safety endpoints: ≥ G3 AEs

Concerning the safety profile of this new combined strategy, 
the ICI-based therapy showed a slight, but statistically signifi
cant, increase of ≥ G3 AEs compared to standard of care (RR 
1.07; 95% CI 1.01–1.14, p = .03) (Figure 4).

All p-value of the Egger test was higher than 0.05, there was 
no evidence of small-study effects.

Subgroup analysis by backbone treatment (chemotherapy 
versus targeted therapy)

The type of treatment combined with ICIs did not seem to impact 
any selected endpoints. Both subgroups (chemotherapy or tar
geted therapy) presented similar results to those obtained in the 
global analysis without any difference between them (Table 1).

Subgroup analysis by primary tumor type

Concerning TTR, no differences were found between treatment arms 
regarding the primary tumor type (Table 1).

Multiple myeloma patients treated with the ICI-based com
binatory therapy seemed to present a potentially deleterious 
effect in terms of PFS and OS when compared to the control 
arm; this difference reached statistical significance when con
sidering all primary tumor types (Table 1).

The ORR results according to tumor type were more hetero
geneous: hepatocellular carcinoma and NSCLC patients 

Figure 2. Forrest plot diagrams: Hazard ratio (HR) with 95% confidence interval (CI) for progression-free survival between arms (a); Mean difference (MD) with 95% CI for 
time-to-response between arms (b).

Figure 3. Forrest plot diagrams: Hazard ratio (HR) with 95% confidence interval (CI) for overall survival between arms (a); Risk ratio (RR) with 95% CI for overall response 
rate between arms (b).
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presented the most favorable data with the ICI-based combina
tory therapy while the benefits in myeloma, BRAF-mutated 
melanoma, and HNSCC patients in favor of ICI-based arm are 
no so clear (Table 1).

Concerning ≥ G3 AEs, multiple myeloma and, to a lesser 
extent, TNBC patients treated with ICI-based therapy experi
mented a higher number of these events in comparison with 
other tumor types (Table 1).

Discussion

The combinations of ICIs with chemotherapy/targeted 
therapy improve PFS and RR without harm on TTR

Our report evaluating 19 RCTs with ICIs-chemotherapy/tar
geted therapy combinatory strategy versus standard treatment 
(chemotherapy or targeted therapy without ICIs as appropri
ate) in advanced cancer patients shows that the combination 
therapy led not only to a significantly better OS but also an 
improvement in PFS and ORR.

Although ICIs have shown to be an active treatment in multi
ple tumor types, highlighting long-lasting responses, one of the 
concerns is the early mortality rate when using it as monother
apy. This early detrimental effect may be due to a slow onset of 

action of ICIs resulting in higher disease progression and death 
during the first months of treatment. Conversely, chemotherapy 
is characterized by a more rapid anti-tumor response but often 
followed by tumor re-growth; therefore, combining both thera
pies could overcome these limitations. An important finding of 
this study is that the combinations with ICIs did not have 
a detrimental effect on TTR or delay in response. As mentioned 
above, the percentage of patients who achieved an objective 
response is also superior with the combination treatment arm, 
supporting the benefit of this strategy even in highly sympto
matic patients where ICIs alone could be insufficient. All the 
efficacy endpoints are suggesting an overall benefit for the com
binatory strategy in the absence of predictive biomarkers for 
a better selection of the population.

Minimal increase of manageable toxicities

The addition of ICIs to chemotherapy/targeted therapy 
appears to slightly increase the frequency of ≥ G3 AEs (7%), 
although they seem to be manageable and consistent with the 
known toxicity profile of chemotherapy or ICI as monother
apy. No limiting overlapping toxicities seem to harm the 
administration of these kinds of combinations.

Table 1. Subgroup analyses according to backbone treatment (chemotherapy versus targeted therapy) and primary tumor type. 
p-values for subgroup differences concerning progression-free survival (PFS), time-to-response (TTR), overall survival (OS), overall 
response rate (ORR), and grade 3 or more adverse events (≥ G3 AEs).

p-value for subgroup differences

By backbone treatment By primary tumor type
PFS 0.8605 < 0.0001
TTR 0.5623 0.3459
OS 0.6849 0.0151
ORR 0.6035 < 0.0001
≥ G3 AEs 0.097 < 0.0001

Figure 4. Forrest plot diagram: Risk ratio (RR) with 95% confidence interval (CI) for grade 3 or more adverse events between arms.
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Still a long way to go: better combinations in properly 
selected populations

Given the bad prognosis of advanced cancer, several combination 
treatments have been investigated over the years. However, many 
of them have failed in showing a significant benefit in efficacy 
outcomes. For example, the combination of chemotherapy plus 
hormone therapy33 or poly-ADP ribose polymerase (PARP) 
inhibitors34 in breast or ovarian cancers, respectively, or che
motherapy and cyclin-dependent kinases (CDK) four-sixths 
inhibitors35 do not have shown a meaningful improvement in 
survival but an increased risk of significant toxicities.

However, the distinct and probably synergistic mechanisms 
of action of chemotherapy and immunotherapy have been 
investigated for years. At present, several preclinical studies 
have suggested an immunomodulatory role of cytotoxic agents. 
Chemotherapy has been shown to induce depletion of immu
nosuppressive cells, such as regulatory T cells, tumor- 
associated macrophages, and myeloid-derived suppressor 
cells. Additionally, the cytotoxic effect of chemotherapy may 
trigger an immunogenic tumor cells death, enhancing T-cell 
infiltration and immune response, making chemotherapy an 
ideal partner to combine with immunotherapy.36

Unfortunately, the benefit of ICI as well as that of the combinations 
with other agents differs significantly among patients. This variety of 
responses37 along with the higher toxicity and exponential costs should 
highlight the requirement of the development of predictive biomarkers 
associated with drug improvements. Several investigations have been 
carried out to identify biomarkers to select patients who will best 
respond to ICI. Tumor-infiltrating lymphocytes, PD-L1 expression, 
tumor mutational burden, or DNA mismatch repair gene deficiency 
have been related with clinical benefit in cancer patients. However, 
several other factors that could also predict response to ICI, such as gut 
microbial diversity and composition or certain transcriptomic and 
epigenetic signatures, are under investigation.38 In addition, it would 
be interesting to investigate not only which patients benefit the most 
from the combination but also determine which drugs are the best 
partners, along with the optimal dose (i.e., full dose or metronomic 
administration) or even the timing (sequential or concurrent) of 
administration.39,40 The optimal dose is a topic of special interest 
since most trials have been developed empirically.

The study has numerous boundaries. It includes a rather hetero
geneous population, especially multiple tumor types (highlighting the 
comparison between multiple myeloma and the rest of solid tumors) or 
types of treatment (different compounds). The purpose was to obtain 
a wide effect of the profile of ICI-based therapy. Each study offers its 
relative results compared to its corresponding control arm; however, 
the comparability among the different studies is controversial. In addi
tion, there are no shared stratification factors or useful biomarkers 
employed among the studies included; worryingly, any of the data 
showed here take into consideration the PD-L1 expression status in the 
treated population. Subgroup analyses by treatment and tumor type 
were performed to avoid bias: no differences were found regarding the 
backbone treatment (chemotherapy versus targeted therapy); on the 
other hand, the results obtained in multiple myeloma patients treated 
with ICI-based therapy raised doubts about the current benefit of the 
combinatory arm in this tumor type. The comparison between anti-PD 
-1 versus anti-PD-L1 antibodies was not conducted. As mentioned 
before, all studies but one were performed in the metastatic first-line 

setting. Finally, other promising approaches as maintenance strategies 
have not been considered despite their interesting results in terms of 
efficacy and toxicity.

Taking together, all these data suggest that the addition of ICI 
(anti-PD-1/PD-L1 antibodies) to chemotherapy/targeted therapy 
could benefit a greater number of patients, achieving fast and 
more durable responses as well as prolonging survival without 
the early detrimental effect seen with ICI monotherapy; toxicity 
profile is safe, with a mild increase of ≥ G3 manageable AEs.
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