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Background: Currently, blockade of the programmed cell death 1 (PD-1)/PD-1 ligand 1 (PD-L1)
signaling pathway has been proved one of the most promising immunotherapeutic strategies against cancer.
Several antibodies have been developed to either block the PD-1 or its ligand PD-L1 are under development.
So far, a series of phase I trials on PD-1/PD-L1 antibodies for non-small cell lung cancer (NSCLC) have
been completed, without reports of results from phase II studies. Thus, we sought to perform a meta-analysis
incorporating all available evidences to evaluate the efficacy and safety of PD-1 or PD-L1 inhibition therapy.
Methods: Electronic databases were searched for eligible literatures. Data of objective respond rate (ORR)
and rate of adverse effects (AEs) with 95% confidence interval (CI) evaluated by immunohistochemistry (IHC)
was extracted. The outcomes were synthesized based on random-effect model. Subgroup analyses were
proposed.

Results: In overall, ORR in the whole population with PD-1 blockage treatment is 22.5% (95% CI: 17.6%
to 28.2%). Additionally, the rate of Grade 3-4 AEs is 16.7% (95% CI: 6.5% to 36.8%) and drug-related
death rate is 2.5% (95% CI: 1.3% to 4.6%). As for patients with PD-L1 inhibition therapy, an overall ORR
is 19.5% (95% CI: 13.2% to 27.7%). A higher rate of Grade 3-4 AEs (31.7%, 95% CI: 14.2% to 56.5%)
is observed with a lower drug-related death rate (1.8%, 95% CI: 0.4% to 8.3%). In exploratory analyses of
anti-PD-1 agents, we observed that greater ORR was presented in the median-dose cohort (3 mg/kg) than
that of both low-dose (1 mg/kg) and high-dose (10 mg/kg) cohort (low-dose vs. median-dose: OR =0.12,
P=0.0002; median-dose vs. high-dose: OR =1.47, P=0.18).

Conclusions: Anti-PD-1 and anti PD-L1 antibodies showed objective responses in approximately one
fourth NSCLC patients with a tolerable adverse-effect profile. In addition, median-dose (3 mg/kg) might be

a preferential dosage of anti-PD-1 agents.
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non-small cell lung cancer (NSCLC)
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Introduction

Radiotherapy, chemotherapy and targeted agents have been
widely accepted as standard treatments for patients with
non-small cell lung cancer (NSCLC) (1,2). Despite new
treatment options over the last decade, progress in lung
cancer treatment in the broader population has reached a
plateau, with limited additional benefits for patients lacking
a driver mutation or translocation (3-6).

Under the particular circumstance, immune checkpoint
inhibition therapy came into our sight as a new optional
therapeutic approach for patents insensitive to those standard
treatments, which acts directly on the tumor cells by restoring the
immune system’ capacity to recognize and eradicate tumors (7).
Of many molecularly defined checkpoint ligands and receptors,
only blockers to cytotoxic T-lymphocyte-associated protein
4 (CTLA-4), programmed cell death 1 (PD-1) and PD-1 ligand
1 (PD-L1) have been tested clinically to date (8,9).

Unlike melanoma, ipilimumab, an anti-CTLA-4 blocking
mAb, doesn’t provide significant benefits in NSCLC
patients as a single agent (10). Thus, PD-1 pathway has been
extensively investigated. PD-1 predominantly regulates later
effector T-cell activity within tissues and tumors. Tumor cells
can suppress the activity of T cells in tissues and the tumor
microenvironment by binding to PD-L1 on the T cells with
its upregulating PD-L1 (11). PD-1 is also induced on other
activated non-T-lymphocyte subsets, including B cells and NK
cells, which may be inhibited by tumors expressing PD-L1
or PD-L2, as well (12). Several antibodies have been
developed to either block the PD-1 or its ligand PD-L1.
PD-1 inhibitors that are currently under development include
Nivolumab (BMS-936558), the most clinically studied
anti-PD-1 agent, and Pembrolizumab (MK-3475).
As for PD-L1 inhibitors, BMS-936559, MPDIL.3280A and
MEDI4736 have been in evaluation (13,14).

So far, a series of phase I trials on PD-1/PD-L1
antibodies for NSCLC have been completed, without final
reports of results from phase II studies (15). Considering the
limited sample size of these phase I studies, it is important
and interested to conduct a timely summarization. Thus,
we sought to perform a meta-analysis incorporating all
available evidences to evaluate the efficacy and safety of
PD-1 or PD-L1 inhibition therapy (14-28).

Material and methods
Literature search

All relevant articles were retrieved by searching PubMed,
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Embase and the Central Register of Controlled Trials of the
Cochrane Library using a combination of the terms “PD-1”,
“PD-L1”, “B7-1”, “Lung”, “non-small-cell lung cancer”,
“NSCLC” and “anti-PD-1". An additional search through
Google Scholar and a manual search through reference
lists of relevant reviews were additionally performed.
Two authors (M Jia and W Feng) carried out the search
independently. No restriction by language or year was set in
the search.

Inclusion and exclusion criteria

Eligible studies should meet the following criteria:
(I) clinical trials which investigate or report NSCLC
patients with PD-1 antibody or PD-L1 antibody treatment;
(II) the primary outcome was available. Studies failed to
meet the inclusion criteria will be excluded.

Outcomes measures, data extraction and quality assessment

The primary outcome for this meta-analysis was objective
respond rate (ORR). Data of ORR were extracted from the
primary outcomes of each article. Other outcomes were rate
of Grade 3-4 adverse effects (AEs) and rate of drug-related
death. The data collection and assessment of methodological
quality followed the Quorum and the Cochrane
Collaboration guidelines (http://www.cochrane.de).
The data on lead author, drug, patient status, study
category, exon of epidermal growth factor receptor (EGFR)
mutation, smoking status, ORR, disease control rate (DCR),
and progression-free survival (PFS) were extracted by two
investigators (W Feng and W Liang) independently. Three
reviewers (S Kang, Y Zhang and J Shen) used a modified
Newcastle-Ottawa scale to assess all the prospective and
retrospective studies. Discrepancies were discussed by all
investigators to reach consensus.

Statistical analysis

Odds ratios (ORs) for dichotomous data (ORR, rate
of Grade 3-4 AEs and rate of drug-related death) with
95% CI were pooled. Heterogeneity across studies was
assessed with a forest plot and the inconsistency statistic
(I*). Random-effects model was employed in case of
potential heterogeneity and to avoid underestimation of
standard errors of pooled estimates in our meta-analyses.
All calculations were performed using Meta-Analysis Beta
3.13 (Tufts medical center, Boston, Massachusetts, USA)

www.jthoracdis.com F Thorac Dis 2015;7(3):455-461



Journal of Thoracic Disease, Vol 7, No 3 March 2015

Citation identified primary search (n=543)

Y

Articles reviewed in detail (n=92)

>
>

Y

Potentially relevant studies (n=25)

Y

Y
Eligible studies involved in the
meta-analysis (n=16)

Figure 1 Profile summarizing the trial flow.

and STATA 11.0 (StataA Corp, College Station, TX, USA).
Subgroup analysis was conducted according to agent dosage
and pathological type respectively. An OR value greater
than 1 reflected a better ORR in higher dosage group. All
CIs had two-sided probability coverage of 95%. A statistical
test with P value less than 0.05 was considered as significant.

Publication bias

An extensive search strategy was made to minimize the
potential for publication bias. Graphical funnel plots were
generated to visually assess a publication bias. The statistical
methods to detect funnel plot asymmetry were the rank
correlation test of Begg and Mazumdar and the regression
asymmetry test of Egger (29,30).

Results
Eligible studies

A total of 543 records were identified according to the
search strategy and finally we enrolled 12 studies featured
on PD-1 inhibition therapy involving 892 NSCLC patients
and four studies about PD-L1 inhibition therapy involving
156 NSCLC patients. Figure 1 summarized the flow chart. Data
of rate of Grade 3-4 AEs were not available in three studies and
drug-related death rate were not available in seven studies, so
that they were excluded in related analysis. 7zble I summarized
the characteristics of involved studies for meta-analysis.
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Meta-analyses of PD-1 and PD-L1 inhibition therapy in
terms of ORR, rate of Grade 3-4 AEs and rate of
drug-related death

In overall, ORR in the whole population with PD-1
blockage treatment is 22.5% (95% CI: 17.6% to 28.2%).
Additionally, the rate of Grade 3-4 AEs is 16.7% (95% CI:
6.5% to 36.8%) and drug-related death rate is 2.5% (95%
CI: 1.3% to 4.6%).

As for patients with PD-L1 inhibition therapy, an overall
ORR is 19.5% (95% CI: 13.2% to 27.7%). A higher rate
of Grade 3-4 AEs (31.7%, 95% CI: 14.2% to 56.5%) is
observed with a lower drug-related death rate (1.8%, 95%
CI: 0.4% to 8.3%, P<0.01) (Table 2). Rates of common
AEs of anti-PD-1 agents were analyzed, including 4.6%
fatigue (95% CI: 1.5% to 13.2%), 6.7% gastrointestinal
disorders (95% CI: 2.2% to 18.7%), 11.8% skin disorders
(95% CI: 7.2% to 18.7%), and 3.2% pneumonitis (95% CI:
1.2% to 8%). No Grade 3 or higher pneumonitis was seen
in patients with anti-PD-L1 agents (Table 3).

Subgroup analyses, sensitivity analyses and publication bias

When stratifying patients according to agent dose of anti-
PD-1 agents, we observed that greater ORR was presented
in the median-dose cohort (3 mg/kg) than that of both low-
dose (1 mg/kg) and high-dose (10 mg/kg) cohort (low-dose
vs. median-dose: OR =0.12, 95% CI: 0.04 to 0.37, P=0.0002;
median-dose vs. high-dose: OR =1.47, 95% CI: 0.83 to
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No. of
patients

References Agents

Grade 3/4 Drug-related

ORR (%
06) AEs (%) death

Anti-PD-L1 antibody therapy

Brahmer [2012] (25) BMS-936559 49  5(10.20)  Squamous 1/13 (7.69) NA NA
Non-squamous  4/36 (11.11)

Horn [2013] (26) MPDL3280A 41  9(21.95) 12

Spigel [2013] 27)  MPDL3280A 53 9 (24.32)* 18 0

Brahmer [2014] (28) MEDI4736 13 3(23.08)

|

2.60, P=0.18) (Figure 24,B). In terms of pathological type, a
trend of higher ORR were found in patients with squamous
carcinoma (squamous vs. non-squamous: OR =1.46, 95%
CI: 0.83 to 2.58, P=0.18) (Figure 2C). With regard to the
publication bias, no significant bias was observed for all
outcomes through both Begg’s test and Egger’s test (P>0.05).
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Discussion

For NSCLC patients, the efficacy and safety of PD-1 and
PD-L1 inhibition agents are still under initial investigation.
A meta-analysis incorporating all available data from
correlative studies is a good way to examine the current
evidence. We conducted this study and found that both
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Table 2 Meta-analyses of PD-1 and PD-L1 inhibition therapy in
terms of ORR, rate of Grade 3-4 AEs and drug-related death

459

Table 3 Meta-analyses of PD-1 and PD-L1 inhibition therapy

in terms of rate of common AEs

Therapy type Items for evaluation Rate (%) 95% Cl Types of common AEs Rate (%) 95% ClI
PD-1 ORR 225 17.6-28.2% Fatigue 4.6 1.5-13.2%
inhibition Rate of 3-4 Grade AEs 16.7 6.5-36.8% Gastrointestinal disorders 6.7 2.2-18.7%
therapy Rate of drug-related death 2.5 1.3-4.6% Skin disorders 11.8 7.2-18.7%
PD-L1 ORR 195 13.2-27.7% Pneumonitis 3.2 1.2-8.0%
inhibition Rate of 3-4 Grade AEs 31.7 14.2-56.5% AEs: adverse effects; PD-1, programmed cell death 1; PD-L1,
therapy Rate of drug-related death 1.8  0.4-8.3% PD-1 ligand 1.
AEs, adverse effects; ORR, objective respond rate; PD-1,
programmed cell death 1.
A 1.0mg/kg 3.0mg/kg Odds Ratio Odds Ratio
udy or Subgroup e a en al Weig ] 0 andom,95%CI
Brahmer JR ASCO 2012 1 18 5 18 23.5% 0.15[0.02, 1.47] = B
Brahmer JR ASCO 2013 1 18 6 19 24.1% 0.13[0.01, 1.19] = i
Brahmer JR WCLC 2013 1 33 9 37 26.6% 0.10[0.01, 0.82] =
Suzanne LT 2012 1 31 7 33 25.8% 0.12[0.01, 1.07] = |
Total (95% Cl) 100 107 100.0% 0.12[0.04, 0.37] -
Total events 4 27
Heterogeneity: Tau? = 0.00; Chi? = 0.08, df = 3 (P = 0.99); I2 = 0% f f y y
Test for overall effect: Z = 3.74 (P = 0.0002) 0.01 01 ! 10 100
1.0mg/kg 3.0mg/kg
3.0mg/kg 10.0mg/kg Odds Ratio Odds Ratio
B r I Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Brahmer JR ASCO 2012 5 18 7 37 18.6% 1.65[0.44, 6.17] ]
Brahmer JR ASCO 2013 7 33 10 57 27.8% 1.27 [0.43, 3.72]
Brahmer JR WCLC 2013 9 37 12 59 33.5% 1.26 [0.47, 3.36]
Suzanne LT 2012 6 19 7 39 20.1% 2.11[0.59, 7.49] N
Total (95% CI) 107 192 100.0% 1.47 [0.83, 2.60] ’
Total events 27 36
Heterogeneity: Tau? = 0.00; Chi? = 0.51, df = 3 (P = 0.92); I = 0% f f y y
Test for overall effect: Z=1.33 (P = 0.18) 0.01 01 1 10 100
3.0mg/kg 10.0mg/kg
C Squamous Non-squamous Odds Ratio Odds Ratio
UG O Uogroup en Old e d eign J 0
Brahmer JR 2013 ASCO 9 48 73  34.5% 1.30[0.49, 3.42]
Brahmer JR 2013 WCLC 9 54 13 74 371% 0.94 [0.37, 2.39]
Gettinger SN 2014 4 11 2 9 8.1% 2.00[0.27, 14.70] -
Suzanne LT 2012 6 18 7 56 20.3% 3.50[0.99, 12.34] =
Total (95% Cl) 131 212 100.0% 1.46 [0.83, 2.58] <&
Total events 28 33
Heterogeneity: Tau? = 0.00; Chi? = 2.87, df = 3 (P = 0.41); 12 = 0% f f t ’
Test for overall effect: Z = 1.30 (P = 0.19) 0.01 0.1 ! 10 100
Squamous Non-squamous

Figure 2 Meta-analysis on ORR among advanced NSCLC patients according to agent dose of anti-PD-1 agents. CI, confidence interval

NSCLC, non-small cell lung cancer; ORR, objective response rate.
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PD-1 and PD-L1 blockers showed durable outcome of
ORR with a tolerable AEs and drug-related death rate in
NSCLC patients. Additionally, a relatively optimal dosage
and promising benefit population was explored in our work.

We found that both anti-PD-1 and anti-PD-L1 therapy
showed a relatively lower ORR, higher 3-4 Grade AEs rate
and higher drug-related death, compared to chemotherapy
or TKIs (31-33). A possible explanation may be that the
benefit population wasn’t screened in these clinical trials.
In addition, duration of response/stable disease, as well as
long-term survival outcomes are not available at present.
This implies that further exploration on recognition of
advantage group for PD-1/PD-L1 blockers is needed.
Besides, although the maximum safe dose wasn’t reached, a
dose of 3 mg/kg for PD-1 blockers was believed to be of the
most efficacy and the less side effects among three types of
dosage in our subgroup analysis of dose escalation.

Immune checkpoint inhibitors have shown promising
activity with manageable toxicity in patients with NSCLC
and may have an important role in the future treatment
spectrum with broad patient applicability. Because of limited
time and data, a complete evaluation of the anti-PD-1
and anti-PD-L1 agents is not yet possible. A preemptive
approach to managing irAEs and sharing experience
regarding understanding the clinical response patterns with
immunotherapy with the melanoma community will help
facilitate the introduction of this treatment approach to the
lung cancer setting.
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