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Impact of the combined timing of PD-1/PD-L1 inhibitors and chemotherapy
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Background: PD-1/PD-L1 inhibitors in combination with chemotherapy are widely used in clinical practice. However, the
ideal combined timing of them has not been fully explored.
Methods: In this study, simulation experiments to explore the impacts of the combination of anti-PD-1 antibody (anti-
PD-1 Ab) on the cytotoxic effects of chemotherapeutic drugs in peripheral blood mononuclear cells were performed. In
addition, the effects of the combined timing of PD-1/PD-L1 inhibitors and chemotherapy on efficacy and safety were
retrospectively analysed in patients with refractory lung cancer.
Results: Experiments in vitro showed that administering the anti-PD-1 Ab 3 days after chemotherapy (represented by
dicycloplatin) resulted in significantly weaker cytotoxic effects on lymphocytes, compared with administering the anti-
PD-1 Ab before or concurrent with chemotherapy. Moreover, data from 64 lung cancer patients treated with PD-1/
PD-L1 inhibitors plus chemotherapy as a second- or higher-line therapy were retrospectively analysed. The results
showed that administering PD-1/PD-L1 inhibitors 1-10 days (especially 3-5 days) after chemotherapy was associated
with longer overall survival [17.3 months versus 12.7 months; hazard ratio (HR) ¼ 0.58, 95% confidence interval (CI)
0.28-1.19, P ¼ 0.137 in univariate analysis; HR ¼ 0.36, 95% CI 0.16-0.80, P ¼ 0.012 in multivariate analysis] and a
trend of improved progression-free survival (5.1 months versus 4.2 months; HR ¼ 0.81, 95% CI 0.42-1.54,
P ¼ 0.512) compared with administering PD-1/PD-L1 inhibitors before or concurrent with chemotherapy.
Conclusion: Our findings suggest that administering PD-1/PD-L1 inhibitors 1-10 days (especially 3-5 days) after
chemotherapy is superior to administering PD-1/PD-L1 inhibitors before or concurrent with chemotherapy in
patients with refractory lung cancer, but this result needs to be further explored by prospective studies.
Key words: immune checkpoint inhibitor, chemotherapy, combined timing, PBMC, lung cancer
INTRODUCTION

Immune checkpoint inhibitors (ICIs) have shown promising
efficacy in the treatment of many types of cancers; how-
ever, only a small proportion of patients can benefit from
ICI monotherapy.1,2 Therefore, various combination strate-
gies have been designed to enhance and broaden the
clinical benefits of ICIs. Accumulating evidence indicates
that chemotherapy can regulate antitumour immunity by
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inducing immunogenic cell death, modulating tumour-
infiltrating lymphocytes, changing the expression of PD-L1
and so on, which provides a rationale for combining
chemotherapy with immunotherapy to exert a synergistic
effect.3-7

In recent years, numerous clinical studies have demon-
strated that PD-1/PD-L1 inhibitors plus chemotherapy can
exert a very good synergistic effect in patients with lung
cancer, improving the objective response rate (ORR) and
clinical outcomes.8-14 These combination therapies are
standard first-line treatment options for patients with lung
cancer now and are widely used in clinical practice. How-
ever, the optimal sequencing and dosage of agents have not
been fully explored.5,6,15-19 Most, if not all, combination
therapies are currently administered simultaneously and in
standard doses, although the available evidence suggests
that the timing and dosage of combined treatment may
influence the eventual benefits of the treatment.6,7,15,20
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For example, in a phase II trial of metastatic triple-
negative breast cancer patients, upregulation of immune-
related genes and increased T-cell infiltration in the
tumour microenvironment were observed after low-dose
induction of doxorubicin and cisplatin.21 In two other
phase II trials of carboplatin and paclitaxel combined with
concurrent or phased ipilimumab, improved progression-
free survival (PFS) and a trend towards an overall survival
(OS) benefit were observed in the phased treatment group
(carbo/taxol for two cycles followed by carbo/taxol/ipi for
four cycles) but not in the concurrent group compared with
chemotherapy alone in patients with small-cell lung cancer
(SCLC) and non-small-cell lung cancer (NSCLC).22,23 These
studies suggest that administering chemotherapy up front
to prime the immune system may be advantageous to
maximize the efficacy of ICIs and may be superior to
beginning chemotherapy and ICIs at the same time.

Another important aspect is that chemotherapeutic drugs
are toxic to dividing cells, such as cancer cells and haema-
topoietic stem cells.24,25 Meanwhile, lymphocytes also
proliferate rapidly when activated, so they may also be
damaged by chemotherapy. Moreover, we observed a sig-
nificant increase in the cytotoxic effect of platinum in
activated lymphocytes in vitro compared with unactivated
lymphocytes. Given that PD-1/PD-L1 inhibitors can increase
the proportion of activated lymphocytes in patients,26,27 we
speculated that chemotherapy, if used after or concurrent
with PD-1/PD-L1 inhibitors, might abolish proliferating
antitumour T cells activated by ICIs. By contrast, if chemo-
therapy was administered first and PD-1/PD-L1 inhibitors
were given a few days later when the blood concentration
of the chemotherapeutic drugs drops to a relatively low
level, then the cytotoxic effect of chemotherapy on lym-
phocytes might be significantly weaker and the synergistic
effect may be stronger. We suspect that there is a time
point (or ‘window’ period) offering the best chance of
combining PD-1/PD-L1 inhibitors and chemotherapy.

To test our hypothesis, we performed simulation experi-
ments to explore the associations between the cytotoxicity
of chemotherapeutic drugs and the activation states of
peripheral blood mononuclear cells (PBMCs), and the effect
of the combined timing of anti-PD-1 antibody (Ab) on the
cytotoxicity of chemotherapy. Furthermore, 64 lung cancer
patients treated with chemotherapy and PD-1/PD-L1 in-
hibitors as a second- or higher-line therapy were retro-
spectively analysed to verify our hypothesis and determine
the best combined timing.
MATERIALS AND METHODS

In vitro study

Cells. Six sets of PBMCs were harvested from healthy do-
nors and isolated by Ficoll-Paque Plus (GE Healthcare, Bei-
jing, China) following the manufacturer’s instructions. The
Ethics Committee of PLA General Hospital approved the
study, and written informed consent was provided by all
donors.
2 https://doi.org/10.1016/j.esmoop.2021.100094
Antibodies and reagents. The following antibodies were
used for flow cytometric analyses: anti-CD45-KO, anti-CD3-
FITC, anti-CD4-PC5, anti-CD8-APC, anti-PD-1-PE, and PD-1
isotype. The anti-PD-1-PE and PD-1 isotype antibodies
were purchased from BD Pharmingen (San Diego, CA, USA).
All the other antibodies were purchased from Beckman
Coulter (Brea, CA, USA). The purified mouse anti-human
CD3 monoclonal Ab (anti-CD3 Ab) was purchased from BD
Pharmingen. Pembrolizumab was purchased from Merck &
Co. (Shanghai, China) and was used as an anti-PD-1
monoclonal Ab (anti-PD-1 Ab) in vitro. Human recombi-
nant PD-L1 proteins were purchased from Sino Biotech-
nology (BDA, Beijing, China). The CellTiter-Glo Luminescent
Cell Viability Assay reagent and the Cytotoxicity LDH Assay
Kit were purchased from Promega (Madison, WI, USA)
and Dojindo (Shanghai, China), respectively. Dicycloplatin
(DCP),28 albumin-bound paclitaxel, and docetaxel were
purchased from Beijing Xingda Pharmaceutical Research
Cooperation (Beijing, China), CSPC (Shanghai, China), and
Sanofi (Hangzhou, China), respectively. Cisplatin, peme-
trexed, and etoposide were all purchased from Qilu Phar-
maceutical (Jinan, China).

Cell culture and treatment. PBMCs were resuspended in
RPMI-1640 medium (Gibco, Suzhou, China) supplemented
with penicillin (100 U/ml), streptomycin (100 U/ml), and
10% fetal bovine serum (Biological Industries, Beit Haemek,
Israel) and incubated at 37�C for 24 h before use in ex-
periments. The culture plates were coated with the anti-
CD3 Ab at 2 mg/ml overnight at 4�C. Precultured PBMCs
were seeded at 1 � 105/ml in different types of culture
plates according to the experimental needs and incubated
at 37�C before being collected for flow cytometry analysis
or other experiments.

Flow cytometry analysis. PBMCs stimulated by the anti-
CD3 Ab were collected and incubated at room tempera-
ture with surface staining antibodies in phosphate-buffered
saline for 30 min before being analysed on the BD FACS-
Canto II instrument. All data were analysed with FlowJo
software (Tree Star, Inc.).29

Cell viability assay. Cell proliferation was examined using
the CellTiter-Glo Luminescent Cell Viability Assay (Dojindo,
Japan). In brief, pretreated PBMCs were seeded at 1 � 104

per well in 96-well culture plates coated with the anti-CD3
Ab, and chemotherapeutic drugs were added simulta-
neously at a full range of concentrations. After 72 h,
CellTiter-Glo reagent was added to the culture medium, and
the optical density was measured using a microplate lumi-
nescent detector (Centro XS3 LB 960, Berthold Technolo-
gies, Bad Wildbad, Germany).

For the PD-L1 blocking assay, the recombinant PD-L1
protein was added at a range of concentrations along
with PBMCs, and detection was performed 6 days later.30

For the anti-PD-1 Ab blocking assay, the recombinant PD-
L1 protein and the anti-PD-1 Ab were added sequentially to
final concentrations of 2 and 10 mg/ml, respectively, and
PBMCs were cultured for up to 6 days and detected daily.
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For the combination therapy assay, PBMCs were cultured
in anti-CD3 Ab-coated 6-well plates and incubated with the
recombinant PD-L1 protein at 2 mg/ml (and the anti-PD-1
monoclonal Ab at 10 mg/ml for the DCP þ aPD-1 group)
for 6 days in advance. Then, pretreated PBMCs were seeded
at 1 � 104 per well in 96-well culture plates. DCP was added
at a full range of concentrations, and the cells were cultured
for 72 h before detection.

Cytotoxicity assay. Cytotoxicity was examined using the
CellTiter-Glo Luminescent Cell Viability Assay and the Cyto-
toxicity LDH Assay kits. Three treatment groups were set ac-
cording to the combined timing of anti-PD-1 Ab and
chemotherapy: the immuno-advanced, concurrent, and
immuno-delayed treatment groups. Each treatment group
contained a combination (DCP þ aPD-1) subgroup and a
control (aPD-1) subgroup. PBMCswere seeded at 1� 104 per
well in 96-well culture plates coated with the anti-CD3 Ab,
and the recombinant PD-L1 protein was added at a final
concentration of 2 mg/ml simultaneously. The anti-PD-1
monoclonal Ab was added on day 0, day 3, and day
6 (2 hours before detection) to the immuno-advanced, con-
current, and immuno-delayed treatment groups, respec-
tively, for a final concentration of 10 mg/ml. DCP was added
on day 3 to the three combination subgroups for a final
concentration of 10 mM. Finally, the cytotoxicity assay was
performed using CellTiter-Glo reagent and the LDH Assay Kit
following the manufacturer’s instructions on day 6.
Retrospective study

Patients. Patients with metastatic lung cancer who received
PD-1/PD-L1 inhibitors between June 2015 and June 2019 at
Chinese People’s Liberation Army General Hospital were
screened. The inclusion criteria were as follows: (a) patients
with histologically confirmed advanced lung cancer
(adenocarcinoma, squamous cell carcinoma, or small-cell
carcinoma) and (b) patients treated with PD-1/PD-L1 in-
hibitors plus chemotherapy as a second- or higher-line
treatment. The exclusion criteria were as follows: (a) pa-
tients treated with any other drugs combined with
chemotherapy and PD-1/PD-L1 inhibitors (such as anti-
angiogenic drugs); (b) patients treated with chemotherapy
and PD-1/PD-L1 inhibitors for less than two cycles; and (c)
patients without an efficacy evaluation. This study was
approved by the Ethics Committee of Chinese People’s
Liberation Army General Hospital (S2018-203-01), and
written informed consent was obtained from all patients.

Study objectives. The objectives of this retrospective analysis
were to assess the impact of the combined timing of PD-1/PD-
L1 inhibitors and chemotherapy on patient OS and PFS, the
ORR, and the safety profile. We collected the actual starting
time of treatment with ICIs and chemotherapy from the
physician’s order sheets and determined the combined timing
of ICIs and chemotherapy as the ICI starting time minus the
chemotherapy starting time. OS was calculated as the time
from the initiation of treatment to death from any cause or the
last follow-up visit. PFS was calculated as the time from the
Volume 6 - Issue 2 - 2021
initiation of treatment to disease progression, death from any
cause, or the last follow-up visit. The clinical response was
evaluated as complete response, partial response, stable dis-
ease, or progressive disease according to the RECIST criteria
(version 1.1). Adverse events were graded according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.0. All patients were followed up by
telephone counselling and medical records review.

Statistical analysis

Numerical variables are expressed as the mean � SD. The
statistical significance of differences was evaluated by
Student's t-test or ANOVA. Categorical variables are re-
ported as frequencies and percentages and were compared
using the chi-square test or Fisher's exact test. Receiver
operating characteristic (ROC) curves were used to calculate
the optimal cut-off value for the combined timing of PD-1/
PD-L1 inhibitors and chemotherapy,30 and the endpoint was
based on OS in this study. Survival curves were estimated by
KaplaneMeier analysis, and comparisons between different
groups were assessed by the log-rank test. Variables with
P � 0.2 were included in the multivariate analysis. A Cox
proportional hazards regression model was used to deter-
mine the independent prognostic factors. The data were
analysed using SPSS statistical software (version 25.0; SPSS,
IBM Corporation, USA) and GraphPad Prism (version 5.01;
GraphPad Software, USA). All tests were two sided, and a
P value � 0.05 was considered statistically significant.

RESULTS

In vitro study

Kinetics of cell viability and surface PD-1 expression during
PBMC activation. PD-1 is an inducible costimulatory mole-
cule expressed on many kinds of immune cells (including
T cells) upon activation.15-17 As an initial step to understand
the states of the anti-CD3 Ab-stimulated PBMCs we used in
our experiments, the dynamic changes in cell viability and PD-
1 expression during PBMC activation were analysed for 6
days. The results showed that the proliferation rate reached a
peak on day 3 and was reduced in the next few days
(Figure 1A and B). The dynamic changes in PD-1 expression on
CD3þ T cells were analysed by flow cytometry. The data
showed that PD-1 expression on resting CD3þ T cells was very
low, but after stimulation, both the positive proportion and
mean fluorescence intensity were upregulated and reached a
peak on day 3 (on a par with the cell proliferation rate), fol-
lowed by a reduction in the next few days (Figure 1C and D).

Association between the activation state and cytotoxic
effect of DCP in PBMCs. The cytotoxic effect of DCP in
PBMCs was examined by a luminescent cell viability assay.
PBMCs stimulated with the anti-CD3 Ab for different
lengths of time were used to represent lymphocytes in
different activation states. As shown in Figure 1E and F, DCP
inhibited PBMC proliferation in a concentration-dependent
manner, and the 50% inhibitory concentration (IC50) of
DCP in PBMCs decreased as the stimulation time increased
https://doi.org/10.1016/j.esmoop.2021.100094 3
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Figure 1. Association between the activation states and cytotoxic effects of dicycloplatin (DCP) in peripheral blood mononuclear cells (PBMCs) stimulated by the
anti-CD3 antibody (anti-CD3 Ab).
(A, B) Proliferation of anti-CD3 Ab-stimulated PBMCs. Proliferation rate (day n) ¼ MFI (day n)/MFI (day n�1). (C, D) PD-1 expression in anti-CD3 Ab-stimulated PBMCs.
Dynamic changes in (C) the positive percent of PD-1 expression compared to the isotype control, and (D) the MFI of PD-1 expression on CD3þ T cells after stimulation
were detected by flow cytometry. (E, F) Cytotoxic effect of DCP in anti-CD3 Ab-stimulated PBMCs. PBMCs stimulated with the anti-CD3 Ab for different lengths of time
were used to represent different activation states, and the cells were exposed to a full range of concentrations of DCP for 72 h before detection. (F) The 50% inhibitory
concentration (IC50) values of DCP in PBMCs stimulated for 2-6 days were compared with those in PBMCs stimulated for 1 day. The data are presented as mean � SD of
three independent experiments. *P < 0.05, statistically significant. MFI, mean fluorescence intensity.

ESMO Open W. Yao et al.
and reached a minimum at days 3-4 followed by an increase
in the next few days, indicating that the cytotoxic effect of
DCP reached a peak at days 3-4, which is consistent with the
trend observed in the PBMC proliferation rate and PD-1
expression. Therefore, the cytotoxic effect of DCP is posi-
tively correlated with the activation state in PBMCs.

Association between’ the activation state and cytotoxic
effect of multiple chemotherapy drugs in PBMCs. On the
basis of the aforementioned findings, we chose day 0 and
day 3 as our next experimental time points in the multiple
chemotherapy drug studies. As shown in Supplementary
Figure S1, available at https://doi.org/10.1016/j.esmoop.
2021.100094, the IC50 values of DCP, cisplatin,
4 https://doi.org/10.1016/j.esmoop.2021.100094
pemetrexed, albumin-bound paclitaxel, docetaxel, and eto-
poside (drugs commonly used to treat lung cancer) in
PBMCs activated for 3 days were all obviously lower than
those in PBMCs activated for 0 days. Therefore, the cyto-
toxic effect of chemotherapy drugs commonly used in lung
cancer is positively correlated with the activation state in
PBMCs (i.e. chemotherapy drugs have a stronger cytotoxic
effect on PBMCs in more active states).

Effect of the anti-PD-1 Ab on cell proliferation and the
cytotoxic effect of DCP in PBMCs. The anti-PD-1 Ab showed
no significant stimulatory effect on anti-CD3 Ab-stimulated
PBMCs over a full range of concentrations (Figure 2A). The
recombinant PD-L1 protein could significantly inhibit the
Volume 6 - Issue 2 - 2021
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Figure 2. Impacts of the anti-PD-1 antibody (Ab) on cell proliferation and the cytotoxic effect of dicycloplatin (DCP) in peripheral blood mononuclear cells (PBMCs).
(A) Effect of the anti-PD-1 Ab on anti-CD3 Ab-stimulated PBMCs. (B) Effect of the recombinant PD-L1 protein on anti-CD3 Ab-stimulated PBMCs. (C) Effect of the anti-PD-
1 Ab on PD-L1-inhibited PBMCs. The recombinant PD-L1 protein and anti-PD-1 Ab were used at 2 mg/ml and 10 mg/ml, respectively, and cells were incubated for 6 days
before detection. The graph shows a representative case from six sets of PBMCs, four of which demonstrated recovery from PD-L1-induced proliferation inhibition. (D)
Effect of the anti-PD-1 Ab on the cytotoxicity of DCP in PD-L1-inhibited PBMCs. PBMCs pretreated with the PD-L1 protein (and anti-PD-1 Ab for the DCP þ aPD-1 group)
for 6 days were incubated with DCP for 72 h before detection. The graph shows the relative cytotoxicity of DCP at 1 mM. (E, F) Effect of the combined timing of anti-PD-1
Ab on the cytotoxicity of DCP in PD-L1-inhibited PBMCs. The cytotoxicity of DCP was measured by a (E) luminescent cell viability assay and (F) lactate dehydrogenase
(LDH) assay. The relative cytotoxicity of DCP ¼ [MFI (aPD-1) � MFI (DCP þ aPD-1)]/MFI (aPD-1) for the cell viability assay. Each column indicates the mean � SD of
triplicate tests. ns, not statistically significant. *P < 0.05, **P < 0.01, statistically significant. ATP, adenosine triphosphate.
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proliferation of anti-CD3 Ab-stimulated PBMCs when its
concentration was >1 mg/ml (Figure 2B), so we chose
2 mg/ml as the next experimental concentration. As shown
in Figure 3C and Supplementary Figure S2A, available at
https://doi.org/10.1016/j.esmoop.2021.100094, the addi-
tion of 10 mg/ml anti-PD-1 Ab restored the proliferation
inhibition caused by the PD-L1 protein, especially on day 6,
and the difference was statistically significant in four of six
sets of PBMCs. We next evaluated whether the promotion
of proliferation caused by the anti-PD-1 Ab affects the
cytotoxicity of chemotherapy drugs (represented by DCP) in
Volume 6 - Issue 2 - 2021
PD-L1-inhibited PBMCs. Simulated experiments were
performed, and the results showed that utilization of the
anti-PD-1 Ab increased the cytotoxic effect of DCP in PD-L1-
inhibited PBMCs, as we hypothesized (Figure 2D and
Supplementary Figure S2B, available at https://doi.org/10.
1016/j.esmoop.2021.100094).

Effect of the combined timing of anti-PD-1 Ab on the
cytotoxic effect of DCP in PD-L1-inhibited PBMCs. Finally, a
simulation experiment with different combined timing of
anti-PD-1 Ab and chemotherapy (represented by DCP) was
https://doi.org/10.1016/j.esmoop.2021.100094 5
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Figure 3. Survival analyses.
(A, B) Receiver operating characteristic (ROC) curve analyses of (A) overall survival and (B) progression-free survival for the optimal cut-off value of the combined timing
of PD-1/PD-L1 inhibitors and chemotherapy. (C-F) Patient survival. KaplaneMeier survival curves comparing overall survival and progression-free survival between
different combined-timing groups. CI, confidence interval; HR, hazard ratio; mOS, median overall survival; mPFS, median progression-free survival.
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performed, and the schematic diagram of the treatment is
shown in Supplementary Figure S2C, available at https://
doi.org/10.1016/j.esmoop.2021.100094. The cytotoxic ef-
fect was measured by two different assays: the luminescent
6 https://doi.org/10.1016/j.esmoop.2021.100094
cell viability assay and lactate dehydrogenase assay. As
shown in Figure 2E and F, the cytotoxic effect of DCP was
reduced as the combined timing of anti-PD-1 Ab was
delayed, and the immuno-delayed treatment group
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Table 1. Analysis of clinical characteristics between patients with
different combined timing of PD-1/PD-L1 inhibitors and chemotherapy

Characteristics All
patients

Combined timing
(days)

P value

�2 to 0 1 to 10

Patients, n 64 13 51
Age (years), n (%) 0.153
<60 31 (48.4) 4 (30.8) 27 (52.9)
�60 33 (51.6) 9 (69.2) 24 (47.1)

Sex, n (%) 0.485
Male 49 (76.6) 9 (69.2) 40 (78.4)
Female 15 (23.4) 4 (30.8) 11 (21.6)

Smoking status, n (%) 0.203
Never 22 (34.4) 7 (53.8) 15 (29.4)
Former 33 (51.6) 4 (30.8) 29 (56.9)
Current 9 (14.1) 2 (15.4) 7 (13.7)

Performance status
(KPS), n (%)

0.528

<90 11 (17.2) 3 (23.1) 8 (15.7)
�90 53 (82.8) 10 (76.9) 43 (84.3)

TNM stage, n (%) 0.557
III 8 (12.5) 1 (7.7) 7 (13.7)
IV 56 (87.5) 12 (92.3) 44 (86.2)

Brain metastasis, n (%) 0.878
No 55 (85.9) 11 (84.6) 44 (86.2)
Yes 9 (14.1) 2 (15.4) 7 (13.7)

Histology, n (%) 0.087
Adenocarcinoma 27 (42.2) 9 (69.2) 18 (35.3)
Squamous cell carcinoma 18 (28.1) 2 (15.4) 16 (31.3)
Small-cell carcinoma 19 (29.7) 2 (15.4) 17 (33.3)

EGFR mutation
status, n (%)

0.189

Negative 27 (42.2) 8 (61.5) 19 (37.2)
Positive 8 (12.5) 2 (15.4) 6 (11.8)
Unknown 29 (45.3) 3 (23.1) 26 (51.0)

ALK rearrangement
status, n (%)

0.182

Negative 29 (45.3) 8 (61.5) 21 (41.2)
Positive 2 (3.1) 1 (7.7) 1 (2.0)
Unknown 33 (51.6) 4 (30.8) 29 (56.9)

PD-L1 TPS, n (%) 0.105
<1% 4 (6.2) 0 (0.0) 4 (7.8)
1%-49% 9 (14.1) 3 (23.1) 6 (11.8)
�50% 9 (14.1) 4 (30.8) 5 (9.8)
Unknown 42 (65.6) 6 (46.2) 36 (70.6)

Line of therapy, n (%) 0.953
Second 30 (46.9) 6 (46.2) 24 (47.1)
Third or higher 34 (53.1) 7 (53.8) 27 (52.9)

Type of chemotherapy, n (%) 0.291
Single-agent chemotherapy 36 (56.3) 9 (69.2) 27 (52.9)
Platinum-based doublet
chemotherapy

28 (43.8) 4 (30.8) 24 (47.1)

Immune checkpoint
inhibitors, n (%)

0.817

Pembrolizumab 33 (51.6) 8 (61.5) 25 (49.0)
Nivolumab 22 (34.4) 4 (30.8) 18 (35.3)
Other anti-PD-1 agents 8 (12.5) 1 (7.7) 7 (13.7)
Atezolizumab 1 (1.6) 0 (0.0) 1 (2.0)

PD-L1 TPS, PD-L1 tumour proportion score.
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(combined timing: 3 days after chemotherapy) had the
weakest cytotoxic effect on PD-L1-inhibited PBMCs. More-
over, the results from the two different assays were
consistent.

Retrospective study

Patient characteristics. The baseline patient characteristics
are summarized in Table 1. A total of 64 patients were
Volume 6 - Issue 2 - 2021
included in the study. The median age was 60 (range 38-86
years) years; 49 (76.6%) patients were male, and 15
(23.4%) were female. Among these patients, 27 (42.2%)
had adenocarcinoma, 18 (28.1%) had squamous cell car-
cinoma, and 19 (29.7%) had small-cell carcinoma. All
patients were treated with PD-1/PD-L1 inhibitors plus
chemotherapy, and the most commonly used chemo-
therapy regimen was taxane (especially albumin-bound
paclitaxel). Before the combination therapy, all 64 pa-
tients had received one or more lines of therapy:
30 (46.9%) had received one frontline therapy and 34
(53.1%) had received two or more lines of therapy. Follow-
up ended on 20 September 2020, with a median follow-up
time of 13.5 (range 1.3-54.6) months.

Selection of the optimal cut-off value for the combined
timing of PD-1/PD-L1 inhibitors and chemotherapy. We
attempted to establish the optimal cut-off value for the
combined timing of PD-1/PD-L1 inhibitors and chemo-
therapy through ROC curve analysis. As shown in Figure 3A
and B, the areas under the curves for OS and PFS were
0.626 (P ¼ 0.089) and 0.544 (P ¼ 0.563), respectively. The
optimal cut-off value for the prediction of OS was 0 days,
and thus, the patients were divided into two groups: 13
(20.3%) patients treated with ICIs � 0 days (�2 to 0 days)
after chemotherapy and 51 (79.7%) patients treated with
ICIs > 0 days (1-10 days) after chemotherapy. To explore the
optimal combined timing, we further classified the patients
into four treatment subgroups, �2 to 0 days, 1-2 days,
3-5 days, and 6-10 days, according to the trend of the
ROC curve.

Association between survival and the combined timing of
PD-1/PD-L1 inhibitors and chemotherapy. The clinical
characteristics were comparable between the two treat-
ment groups (Table 1). The correlation between the com-
bined timing and survival is shown in Figure 3. A trend of
longer OS was observed in patients from the 1-10-day
treatment group versus those from the �2- to 0-day
treatment group [median 17.3 months versus
12.7 months; hazard ratio (HR) ¼ 0.58, 95% confidence
interval (95% CI) 0.28-1.19; P ¼ 0.137; Figure 3C]. The
median PFS rates of patients in the 1-10-day and �2- to
0-day treatment groups were 5.1 and 4.2 months, respec-
tively, and the difference was not statistically significant
[HR ¼ 0.81, 95% CI 0.42-1.54; P ¼ 0.512; Figure 3D].

Further analysis of the four treatment subgroups showed
that patients treated with PD-1/PD-L1 inhibitors 3-5 days
after chemotherapy had a significantly prolonged OS
compared with patients treated with PD-1/PD-L1
inhibitors �2 to 0 days after chemotherapy [median
40.9 months versus 12.7 months; HR ¼ 0.27, 95% CI 0.09-
0.82; P ¼ 0.021; Figure 3E]. There was also a trend of longer
PFS rates in patients from the 3-5-day group than in those
from the �2- to 0-day group (median 7.6 months versus
4.2 months; HR ¼ 0.51, 95% CI 0.21-1.22; P ¼ 0.131;
Figure 3F).
https://doi.org/10.1016/j.esmoop.2021.100094 7
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Table 2. Univariate and multivariate analyses of overall survival

Parameter Univariate analysis Multivariate analysis

Model 1 Model 2

HR 95% CI P value HR 95% CI P value HR 95% CI P value

Performance status
90 versus <90 2.800 0.996-7.870 0.051 3.677 1.277-10.591 0.016 2.870 0.94-8.768 0.064

Brain metastasis
Yes versus no 2.358 1.078-5.156 0.032 2.149 0.873-5.288 0.096 1.962 0.785-4.905 0.149

Histology
SCLC versus NSCLC 1.664 0.875-3.165 0.121 2.088 0.951-4.586 0.067 2.042 0.922-4.521 0.078

Combined timing-1
1-10 versus �2 to 0 days 0.578 0.280-1.191 0.137 0.360 0.162-0.800 0.012

Combined timing-2 0.125 0.062
1-2 versus �2 to 0 days 0.663 0.299-1.469 0.311 0.398 0.166-0.957 0.040
3-5 versus �2 to 0 days 0.272 0.090-0.818 0.021 0.230 0.072-0.731 0.013
6-10 versus �2 to 0 days 0.781 0.326-1.870 0.579 0.454 0.174-1.182 0.106

HR, hazard ratio; 95% CI, 95% confidence interval; NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer.
The bold values, which were statistically significant in multivariate analysis.

ESMO Open W. Yao et al.
From the univariate Cox regression analyses, Karnofsky
performance status (KPS; P ¼ 0.051), brain metastasis
(P ¼ 0.032), histology (P ¼ 0.121), and combined timing
(P ¼ 0.137) were more correlated with OS (P < 0.2, Table 2)
and were further investigated in multivariate analyses. In
the multivariate analyses, KPS (P ¼ 0.016) and combined
timing of PD-1/PD-L1 inhibitors and chemotherapy
(P ¼ 0.012) were both independent indictors for OS in
model 1. In addition, in multivariable model 2, combined
timing of 3-5 days (HR ¼ 0.23, 95% CI 0.07-0.73; P ¼ 0.013)
and 1-2 days (HR ¼ 0.40, 95% CI 0.17-0.96; P ¼ 0.04) was
also an independent indictor for superior OS compared with
the �2- to 0-day treatment group (Table 2). Moreover, the
trend of the OS benefit in the 1-10-day treatment group
was observed in all the subgroup analyses, although most
of the differences were not statistically significant
(Supplementary Figure S3, available at https://doi.org/10.
1016/j.esmoop.2021.100094).

Tumour response and adverse events. There was no sig-
nificant difference between the two combined-timing
groups in ORR (35.3% versus 38.5%, P ¼ 0.832) or disease
control rate (DCR, 86.2% versus 84.6%, P ¼ 0.878). How-
ever, the ORR of the 3-5-day treatment subgroup was
higher than that of the other combined-timing subgroups,
as shown in Supplementary Table S1, available at https://
doi.org/10.1016/j.esmoop.2021.100094 (50.0% versus
38.5%, 34.6% and 23.1%). Immune-related adverse events
of grade 3-4 occurred in 0 of 13 patients (0.0%) who
received PD-1/PD-L1 inhibitors �2 to 0 days after chemo-
therapy and in 4 of 51 patients (7.8%) who received PD-1/
PD-L1 inhibitors 1-10 days after chemotherapy (P ¼ 0.297).
The granulocyte colony-stimulating factor utilization rates of
the �2- to 0-day and 1-10-day groups were comparable
(38.5% and 33.3%, P ¼ 0.728).

DISCUSSION

This study represents the first exploration of the best
combined timing of PD-1/PD-L1 inhibitors and chemo-
therapy in patients with refractory lung cancer.
8 https://doi.org/10.1016/j.esmoop.2021.100094
In simulation experiments in vitro, we observed that the
cytotoxic effects of chemotherapeutic drugs (commonly
used in lung cancer) were all positively correlated with the
activation state in PBMCs. Thus the promotion of prolifer-
ation caused by the anti-PD-1 Ab increased the cytotoxic
effect of chemotherapeutic drugs (represented by DCP) in
PD-L1-inhibited PBMCs, as we had surmised. Subsequently,
combined-timing experiments were performed, which
showed that administering the anti-PD-1 Ab 3 days after
DCP resulted in significantly less damage to lymphocytes,
compared with administering the anti-PD-1 Ab 3 days
before or concurrent with chemotherapy, indicating that
administering the anti-PD-1 Ab a few days after chemo-
therapy may exert a better synergistic effect in patients.

In a relevant in vivo study, the antitumour effect of
cyclophosphamide combined with a CTLA-4 inhibitor was
examined in murine tumour models with immunogenic
CT26 colon carcinoma. Drastic tumour regression was
observed when the anti-CTLA-4 Ab was injected 1-3 days
after cyclophosphamide (100 mg/kg). However, when the
injection order was reversed, the antitumour effect dimin-
ished, and apoptosis of tumour-specific CD8þ T cells
increased.31 The observations from this study support the
results we obtained in vitro, that is, administering ICIs a few
days after chemotherapy could cause less damage to lym-
phocytes (especially T cells activated by ICIs) and might
result in a better synergistic effect than administering ICIs
before or concurrent with chemotherapy.

To further validate the results obtained in vitro, we
retrospectively analysed the associations between the
combined timing of PD-1/PD-L1 inhibitors and chemo-
therapy and the treatment efficacy and safety in patients
with refractory lung cancer. The results showed that
administering PD-1/PD-L1 inhibitors 1-10 days (especially
3-5 days) after chemotherapy was associated with signif-
icantly improved OS (17.3 months versus 12.7 months;
HR ¼ 0.58, 95% CI 0.28-1.19, P ¼ 0.137 in univariate
analysis; HR ¼ 0.36, 95% CI 0.16-0.80, P ¼ 0.012 in
multivariate analysis) and a trend of longer PFS
(5.1 months versus 4.2 months; HR ¼ 0.81, 95% CI
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0.42-1.54, P ¼ 0.512) compared with administering PD-1/
PD-L1 inhibitors before or concurrent with chemotherapy
as a second- or higher-line therapy, although there was no
significant difference in ORR between the two groups
(35.3% versus 38.5%, P ¼ 0.832). The observations from
the retrospective study were consistent with the results of
the in vitro experiments that administering PD-1/PD-L1
inhibitors after chemotherapy was superior to adminis-
tering PD-1/PD-L1 inhibitors before or concurrent with
chemotherapy, which indicated the importance of the
combined timing in combination therapy and the neces-
sity to further explore this topic.

There have been many clinical trials of chemotherapy in
combination with ICIs in lung cancer, which have demon-
strated a median OS of 15.9-18.6 months and a median PFS
of 6.4-7.0 months, as a first-line therapy in NSCLC.9,14 In
addition, a median OS of 12.3 months and a median PFS of
5.2 months have been reported in extensive SCLC from the
IMpower133 trial.10 In our study, chemotherapy plus ICIs
reached a median OS of 13.8 months (95% CI 9.5-18.1
months), a median PFS of 4.7 months (95% CI 3.5-5.8
months), and an ORR of 35.9% in all patients. The median
OS and PFS in our study were shorter than those in the
aforementioned clinical trials, mainly because the combi-
nation treatment was performed as a second- or higher-line
therapy in our study, rather than as a first-line therapy. In
addition, 56.3% of the total population (36 out of 64) was
treated with single-agent chemotherapy in the combination
therapy rather than platinum-based doublet chemotherapy,
which also contributed to the inferior survival.

There are some limitations in this study. First, in the basic
research, we only performed in vitro experiments to simu-
late the treatment of chemotherapy combined with PD-1/
PD-L1 inhibitors and its effect on lymphocytes and did not
have a chance to perform in vivo experiments to verify the
findings. The good thing is there was a relevant in vivo study
which confirmed our findings.31 Second, the clinical study
was retrospective, and the sample size was small because of
the limited application time of the combination therapy;
thus some bias and confounding factors were inevitable.
The association between the combined timing of treatment
and OS did not reach statistical significance (P ¼ 0.137) in
the univariate analyses, likely due to the small sample size.
Third, we included both NSCLC and SCLC patients in our
study to expand the sample size, although histology type is
an important factor affecting survival. Nevertheless, we
performed multivariate and subgroup analyses to exclude
the influence of histology on survival, and the trends in the
histology subgroups were all consistent with the results
observed in all patients. However, whether the combined
timing of PD-1/PD-L1 inhibitors and chemotherapy has a
similar association with OS in first-line treatment needs
further investigation.

In conclusion, we observed that administering PD-1/PD-
L1 inhibitors 1-10 days (especially 3-5 days) after chemo-
therapy was superior to administering PD-1/PD-L1
Volume 6 - Issue 2 - 2021
inhibitors before or concurrent with chemotherapy as a
second- or higher-line therapy in refractory lung cancer
patients. These findings need to be further explored by
prospective studies.
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