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Abstract: The treatment landscape has changed since the immune checkpoint inhibitors were approved
in the treatment of non-small cell lung cancer (NSCLC). Although the promising clinical benefit from
programmed death-1/programmed death ligand-1 (PD-1/PD-L1) inhibitors was observed in the second or
subsequent line treatment of patients who progressed on chemotherapy, it has a long way for single PD-1/
PD-L1 inhibitor to move forward to the frontline without a predictive biomarker. Tumor response is far
from satisfactory without selection and primary or acquired resistance to PD-1/PD-L1 inhibitors hampered
their utility. Therefore, it is crucial to determine a strategy that can optimize the application of immune
checkpoint inhibitors and increase the numbers of the responders. Multiple combination approaches based
on PD-1/PD-L1 inhibitors are designed and aimed to boost anti-tumor response and benefit a broader
population. In this review, we will integrate the updated clinical data to highlight the four most promising
combination strategies in advance NSCLC: combination of checkpoint inhibition with chemotherapy, anti-
angiogenesis, immunotherapy and radiotherapy. We further discuss the issues needed to be addressed and

perspectives in the context of “combination era”.
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Introduction treatment of advanced NSCLC for their promising anti-

tumor effect compared with standard chemotherapy (1-4).

Recent success in cancer immunotherapy has revolutionized .
by However, only pembrolizumab was approved for the first-

the treatment landscape for patients with advanced non- line therapy for those patients with PD-L1 expression >50%

small cell lung cancer (NSCLC), especially the rapid
development of immune checkpoint inhibitors. There are
three programmed death-1/programmed death ligand-1
(PD-1/PD-L1) inhibitors monotherapy approved in the
treatment of NSCLC since 2015, namely nivolumab
(PD-1 inhibitor), pembrolizumab (PD-1 inhibitor) and
atezolizumab (PD-L1 inhibitor). At present, all of the three
have been approved for second-line or subsequent line
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and long-lasting response rate only achieves in 20-45%
highly molecularly selected patients (5,6). Besides, there
are several limitations of using PD-L1 expression as a
predictive biomarker for clinical use. Firstly, PD-L1 is
not an absolute biomarker to predict the response to
PD-1/PD-L1 inhibitors since tumor response could be
observed in PD-L1 negative patients and even patients
with high PD-L1 expression could be non-responders
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(7,8). Secondly, focal PD-L1 expression will be inaccurately
interpreted in small specimens, such as needle biopsies.
Moreover, owing to the tumor heterogeneity, PD-L1
expression in multiple lesions from individual patient and
multiple sites in one tumor lesion varies over time (9).
Finally, the timing of biopsy collection influences the PD-
L1 status and before application of immune checkpoint
inhibitors, other therapies may alter the PD-L1 expression.
There is no standardized assay for PD-L1 testing and
acknowledged cut-off to define the positive PD-L1
expression (10-12). In the context of the lack of biomarker
to predict the response to single immune checkpoint
inhibitor and the primary resistance and the emergence of
the acquired resistance in initial responders to PD-1/PD-
L1 blockade (13), it is urgent to focus on rationalizing and
broadening the utility of immune checkpoint inhibitors.
The idea about combination based on PD-1/PD-L1
inhibitors comes up then (14,15).

According to statistics, there are 1,105 combination
clinical trials that combine anti-PD-1/PD-L1 agents with
other therapies. Among them, anti-CTLA-4 agents and
chemotherapies are the two most prevalent classes of
therapies being combined with anti-PD-1/PD-L1 agents,
with 251 and 170 studies, respectively. Radiotherapies
and anti-VEGFA agents are also top prevalent partners
as well, with 64 and 43 studies, respectively (16). In this
current review, we will mainly discuss these four most
promising and prevalent combinations in the treatment of
advanced NSCLC: combination of checkpoint inhibition
with chemotherapy, anti-angiogenesis, immunotherapy and
radiotherapy. Finally, we will further discuss the matters
needed to be concerned and future directions on the
combination strategies.

Combination of checkpoint inhibition with
chemotherapy

Chemotherapy has been the standard first-line treatment
strategy for advanced NSCLC patients without molecular
selections for decades. Most chemotherapeutic agents are
considered to be immuno-suppressants and triggered the
cytotoxic death of the cancer cells all this time, however,
accumulating data suggested that the success of conventional
chemotherapeutics is depending on the ability to stimulate
the anti-tumor immune response (17). The immunological
mechanisms behind the application of chemotherapy,
including induction of immunogenic cell death ICD) (18),
the elimination of immunosuppressive cells (MDSCs,
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T-regulatory cell) (19), upregulation of MHCI and PD-L1
expression on tumor cells (20,21), enhancement of cross-
presentation of tumor antigens, and better penetration of
T cells into the tumor (22), prompt the attempt to combine
the conventional chemotherapy with PD-1/PD-L1
inhibitors (17,23). In addition, pemetrexed, which is a
normal chemotherapeutic agent applied in the treatment
of non-squamous NSCLC has been reported that it exerts
positive effects on the intra-tumor T cell-mediated immune
response independently of platinum agents and hence,
enhances the effects of PD-L1 antibody in mouse tumor
model (24).

Early results presented in a randomized, phase 1/11
clinical trial, KEYNOTE-021 cohort A-C demonstrated
that pembrolizumab in combination with different
chemotherapy regimens, including carboplatin/paclitaxel
(cohort A, with any histology), carboplatin/paclitaxel +
bevacizumab (cohort B, with non-squamous histology) and
carboplatin/pemetrexed (cohort C, with non-squamous
histology) were well-tolerated and yielded promising anti-
tumor efficacy regardless of PD-L1 status and dose of
pembrolizamab 2 or 10 mg/kg (25). Particularly, 71% of
patients (17/24) in cohort C achieved overall response.
Therefore, based on the substantial clinical activity,
KEYNOTE-021 cohort G was performed to further explore
the synergy of pembrolizumab plus carboplatin/pemetrexed.
According to the published data in 2016 (26), 123 patients
were enrolled to receive either concurrent combination
strategy with 24 months of pembrolizumab and indefinite
pemetrexed maintenance therapy or chemotherapy
alone followed by indefinite pemetrexed maintenance
therapy. The incidence of grade 3 or worse treatment-
related adverse effects was higher in the pembrolizumab +
chemotherapy arm (39% in combination arm vs. 26% in
control arm) and the adverse events were manageable.
Moreover, the higher ORR (55% wvs. 29%) and significant
clinical benefit were observed in combination arm with
longer PFS (13.0 vs. 8.9 months). This promising strategy
thus prompted FDA to grant an accelerated approval
to pembrolizumab in combination of pemetrexed/
carboplatin as a first-line treatment for advanced non-
squamous NSCLC, regardless of PD-L1 expression. In
2017, updated data from KEYNOTE-021 G was reported
with 18.7 months of median follow-up. Fifty-seven percent
patients in pembrolizumab + chemotherapy achieved
overall response, whereas, 32% in the chemotherapy
group. In the subgroup analysis, regardless of PD-L1
expression, patients in combination arm had higher ORR
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rate. Particularly, 62% of patients with PD-L1 expression
less than 1% achieved overall response in combination
arm whereas 17% of the same level of PD-L1 expression
achieved the overall response in chemotherapy arm. PFS
was significantly improved in combination arm (19.0 vs.
8.9 months, HR =0.54, P=0.0067). Patients in the
combination arm got OS benefit as well with longer follow-
up statistics (NR vs. 20.9 months, HR =0.59, P=0.0344) (27).
However, this promising combination has not been
approved by European Medicines Agency (EMA), possibly
because it was the phase II results and needed further
evaluation in larger population. Hence, two phase III
trials, namely KEYNOTE-189 (NCT02578680) and
KEYNOTE-407 (NCT02775435) which compared
pembrolizumab + platinum/pemetrexed in non-squamous
population and pembrolizumab + carboplatin-paclitaxel/
nab-paclitaxel in squamous population, respectively are
ongoing and mature data are warranted.

In terms of nivolumab, the preliminary clinical benefit
from a phase I study, CheckMate 012 was firstly reported
in 2016 (28). 56 patients received nivolumab plus standard
chemotherapy concurrently and 4 different regimens were
set: nivolumab 10 mg/kg + gemcitabine/cisplatin (for
squamous histology), nivolumab 10 mg/kg + pemetrexed/
cisplatin (for adenocarcinoma histology), nivolumab
10 mg/kg + paclitaxel/carboplatin (for any histology)
and nivolumab 5 mg/kg + paclitaxel/carboplatin (for any
histology). Encouraging response was achieved regardless
of PD-L1 expression with ORR ranged from 33% to 47%
and 24 weeks PFS ranged from 51% to 71%. Of note,
2-year OS rate (62%) was highest in the nivolumab plus
paclitaxel/carboplatin group. After that, 3-year updated
survival data reported in 2017 WCLC showed that for all
patients, ORR has achieved 46% with 6 months of median
PFS and 19.2 months of median OS. ORR and OS were
similar in patients with positive PD-L1 expression or not
(<1% vs. >1%). The 3-year OS rate of 25% in the enrolled
patients. This prolonged survival data supported the further
exploration in this combination as first-line treatment of
advanced NSCLC regardless of PD-L1 expression and
CheckMate 227 (NCT02477826) which is an ongoing
randomized, phase III study.

GP28328 (NCT01633970), was a phase Ib study
designed to assess the safety, pharmacology and preliminary
efficacy of atezolizumab administered in combination with
bevacizumab and/or with chemotherapy in multiple types
of solid tumors. Arm C, D, E (Arm C: atezolizumab +
carboplatin/paclitaxel; Arm D: atezolizumab + carboplatin/
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pemetrexed; Arm E: atezolizumab + carboplatin/nab-
paclitaxel) were set for NSCLC patients with no prior
chemotherapy. Updated to August 2016, 76 patients were
enrolled and evaluated. Patients who were enrolled in Arm
D achieved the highest ORR (64%) with most significant
clinical benefit. However, this result needs to be carefully
interpreted for small numbers of participants (25 patients)
and wide 95% CI. Several phase III trials are ongoing
(Tible 1).

Combination of checkpoint inhibition with
angiogenesis inhibitors

VEGE, a proangiogenic molecule plays a key role in
the process of angiogenesis, however, it also acts as a
key mediator in a development of immunosuppressive
microenvironment (29,30). Given that the immunosuppressive
property of VEGE, it is evident that the anti-angiogenesis
agents not only normalize the vascular formation but also
stimulate the immune response (31,32). Our previous
study showed that anti-angiogenesis agent could eliminate
the immune suppressive immune cells, including Tregs
and MDSCs in lung cancer murine model which were
consistent with results from other types of tumor (33,34),
however, the number of those suppressive immune cells
will increase after a transient decrease which means that,
single antiangiogenic agent is not supposed to produce the
durable anti-tumor effect (unpublished data). To achieve
the maximum anti-tumor response and considering the
reciprocal effect between VEGF/VEGFR pathway and
immune system, combining anti-angiogenesis and immune
checkpoint inhibitors is possible to re-educate the tumor
microenvironment from the suppressive status to an
activated status.

A preclinical study from our team reported in 2016
WCLC showed that the combination of low-dose apatinib
(60 mg/kg) and PD-L1 antibody demonstrated most
significant anti-tumor effect by eliminating the number of
suppressive immune cells and increasing the infiltration of
CDS8" T cells (unpublished data). This promising preclinical
result provided the rationale to combine these two blockades
together and built a solid theory foundation for an ongoing
clinical trial carried out in our center, combination of
SHR-1210, a PD-1 antibody and apatinib in the treatment
of advanced NSCLC. The preliminary result will be
reported in 2018 ASCO.

Recently, the late-breaking results from a phase III trial,
IMpower 150 reported in 2017 ESMO Immuno Oncology

7 Thorac Dis 2018;10(Suppl 13):S1534-51546



$1537

Journal of Thoracic Disease, Vol 10, Suppl 13 May 2018

‘Adeisyioipel papinb-abewr payeuonoeljodAy ‘I HOIH ‘Adesayl uoneipel Apoq 2130e108.191S
‘149S ‘esop pales|ol wnwixew ‘LN ‘erel asuodsal aA1108[qo ‘YHO ‘10940 asianpe ‘Jy ‘AL0IX01 palwi-asop ‘1 {BAIMNS [[BJBA0 ‘SO ‘[BAIANS daJj-uoissalbold ‘S4d

¥66£9¥201ON Hdo 1494  ond qewnz||ozayy
¥1800¥20LON Sdd ‘44O ‘s3v 148s I gewnzIjozeyy
F2120%20LON 1a 14as gewnzijojquiad
Adeisyjoipes yum pauiquio)
(ANNLd3aN) €62275201ON SO qewnuwijswall 1] qewnjering
(DILSAIN) 282€5720LON S4d ‘SO qewnuwiswall 1] qewnjering
(01L0dv) 87625€2010N S4d ‘SO qewnuwijswall 1] qewnjering
/¥60002010ON HHO ‘174 ‘s3v qewnwipwall gl qewnjering
(L20-3LONAIM) 7296€020L0N HHO qewnuwid; i/ gewnzijojquiad
(Lzz ¥reNMo9UD) 928/ /72010N SO ‘S4d qewnuwi|d] 1] Qewn|oAIN
AdeJayjounwiwi yum pauiquiod
70€80€0LON HHO ‘s3v quuyedy Il 0LZL-4HS
0/6€€9L01ON gewnz|jozeyy Jo QLN ‘s3V ‘sI1a qewnzioensq qal qewnzI|ozeyy
G279982010ON qiuepsjulu 4o 1IN qIuepsuIN ql gewnzijojquiad
¥2eerrZ0LON sI1a qewnionwey I gewnzijojquiad
¥296€02010N sia qewnzioersg  I/| gewnzijojquiad
(210 ®reINY99UD) 207G LOLON Aujgess|os pue Aees gewnzioensg I gewn|oAIN
sisauabolbue-jjue yum pauiquion)
2/8YELE01ON Sdd unejdogued/pexaewed I 0l2L-4HS
(NOQI3sod) 9+9791€010N SO ‘Sdd  unejd-/pexenswad ‘une|d-/suiqe)owsn I qewnuwijpwall —/+ qewnfeang
(ee1 1omodN|) ¥€172592010N SO ‘S4d uye|d-/pexaiiowad I qewnzijozeyy
(e L Jomod|All) ¥6229E€201ON SO ‘Sdd uryejdoqued/ [exeyoed-geu Jo [xey|oed I qewnz|jozeyy
(o€t Jomodin|) 18229€201ON SO ‘s4d uryejdoged;/jexeyjoed-geN I qewnzijozeyy
(L0¥7-3LONATM) GE7S22L20LON SO ‘S4d unejdogues; [exeyjoed-geu Jo [oxel|oed 1] gewnzijojquiad
(681-3LONAIM) 0898252010N SO ‘S4d uiye|d-/pexalieLed 1] gewnzijoiquiad
(V16 @1.INM99YD) 902G HZE0LON SO unejdoaued/jexeyjoed tuije|dsio/paxaliowad 1] qewnuwi|idi + qewn|oAIN
(¢ oreiNmo9yD) LG2v982010N Sdd ulye|d-/poxaliewad I qewn|oAIN
(L2z oreNmo9UD) 928/ /17201ON SO ‘Sdd  uneld-/pexanswad ‘uie|d-/suigeHowsn I qewn|oAIN
Adeisyjowayo yum pauiquio)
oouaIojey juiod-pus Aewd UHM pauIquio) aseuyd Jouquyur |-ad/-ad

Iooued un| [[99 [[RUIS-UOU UT SIOIQIYUI [ T-([J/]-(d UO Paseq S[eLN UONBUIqUIOD [eNUNOJ | IqE],

7 Thorac Dis 2018;10(Suppl 13):S1534-51546

jtd.amegroups.com

© Journal of Thoracic Disease. All rights reserved.



S$1538

Congress confirmed the synergistic effect through a
triple-therapy, namely atezolizumab, bevacizumab and
chemotherapy. A total of 1,202 patients were enrolled
and three Arms were designed in IMPOWER 150
(Arm A: atezolizumab + carboplatin/paclitaxel; Arm B:
atezolizumab + bevacizumab + carboplatin/paclitaxel;
Arm C: bevacizumab + carboplatin/paclitaxel). The
results showed that compared with patients who received
chemotherapy plus bevacizumab, patients who received
additional atezolizumab without any genetic aberrations
had longer PFS (6.8 vs. 8.3 months, HR =0.62, P<0.001)
and higher 12-month PFS rate (18% vs. 37%). In the
subgroup analysis, when the study population was
broadened to include those with EGFR mutations and ALK
rearrangements, the PFS benefit could be still observed
(HR =0.61, 95% CI, 0.52-0.72). The combination
delineated a safety profile without significantly increasing
the incidence of serious AEs (Arm B vs. Arm C: 25.4%
vs. 19.3%). IMPOWER 150 is the first positive phase III
combination trial applied in the first-line that showed the
immuno-oncology strategy could reduce the risk of the
disease getting worse in an unselected population with
advanced non-squamous NSCLC.

The investigation of combining PD-1/PD-L1 inhibitor
and anti-angiogenesis agent in the context of maintenance
therapy seems dismal (35). Rizvi er al. reported that PFS
data from nivolumab monotherapy (16 weeks in squamous
and 21.4 weeks in non-squamous) or nivolumab plus
bevacizumab group (37.1 weeks) were similar with other
standard agents approved as maintenance therapy after
chemotherapy. The exploration in another combination,
ramucirumab, a VEGFR2 inhibitor and pembrolizumab in
the treatment of NSCLC is still ongoing. The preliminary
safety results from the dose-limiting toxicity (DLT)
were reported in 2016 ASCO. Only three patients were
evaluated in the cohort of NSCLC and no DLTs were
observed. Therefore, 25 NSCLC patients were enrolled
for the expansion of the phase Ib study. Eighty percent of
patients had a decrease in target lesion and only one patient
experienced grade 3 or 4 AEs. We are looking forward to
more mature data about this combination in the treatment

of NSCLC in a larger population (36).

Combination of checkpoint inhibition with
immunotherapies

The rationale for combining of two immune checkpoint

inhibitors, PD-L1/PD-1 inhibitors and CTLA-4 blockade
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is that two inhibitors act at different steps of the immune
cycle, CI'LA-4 at the initial phase of T-cell activation and
PD-1/PD-L1 inhibitors inhibit the activation of effector T
cell 37-39). Block the CTLA-4 pathway act in lymphoid
compartment to expand the number and repertoire of
tumor-reactive T cells (40) and block the PD-1/PD-L1
pathway act in the tumor microenvironment to
re-activate the suppressive effector T cells. Additionally,
gene analysis in vivo revealed that CTLA-4 blockade
induces the proliferative signature predominantly in
subset of transitional memory T cells and PD-1/PD-L1
inhibitors produce the gene changes in cytolysis and natural
killer cell function (41). Thus, this complementary and
non-overlapping mechanisms support the rationale and
highlight the potential synergic anti-tumor effect when
combining them together.

Clinical data regarding the assessment of safety and
activity of combination nivolumab plus ipilimumab as first-
line therapy was initially reported in 2016 (42). Seventy-
eight patients were enrolled to either receive nivolumab
3 mg/kg every 3 weeks (q3w) plus ipilimumab 1 mg/kg
every 12 weeks (q12w) or the same dose of nivolumab
but ipilimumab 1 mg/kg every 6 weeks (q6w). Confirmed
ORR was 47% and 48% in q12w group and q6w group,
respectively. Median PFS was longer in the group of
nivolumab plus ipilimumab (q12w) in comparison with
nivolumab plus ipilimumab (q6w) [8.1 (5.6-13.6) vs.
3.9 (2.6-13.2) months]. This combination had a tolerable
safety profile without any treatment-related deaths
occurring. Additionally, when compared with nivolumab
monotherapy, combination resulted in higher ORR
(42% wvs. 23%), longer PFS (8 vs. 3.6 months) and
numerically higher 1-year OS rate (76% vs. 73%) (43). In
the updated data reported in 2017 ASCO, promising results
were shown in the subgroup analysis stratified by PD-L1
expression. The higher PD-L1 expression, the higher 1-year
OS rate and ORR. Of note, patients who had 50% PD-L1
expression or higher, 1-year OS was 100% and 92% of them
achieved overall response. Activity was observed in patients
with <1% PD-L1 expression. More investigations on the
survival outcome with longer follow-up are participated.
Additionally, this combination has been investigated cross
multiple circumstances in the treatment of lung cancer, for
instance, as neoadjuvant attempt in patients with early stage
of lung cancer or patients with diagnosis of small cell lung
cancer (SCLC).

For those who have high-risk of recurrence NSCLC
patients after surgery, adjuvant chemotherapy is a standard
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regimen, however, only 5% OS benefit at 5 years.
This unsatisfying data prompts to explore the role of
neoadjuvant setting in IB-IITA NSCLC patients. Higher
tumor mutation burden and abundant tumor antigens are
presented before the surgery which has been identified
as the potential predictive biomarker for PD-1/PD-L1
inhibitors. Preliminary results from an ongoing study which
aimed to explore the role of nivolumab in the neoadjuvant
setting demonstrated the effective induction of pathological
response without delaying the surgery. Additionally,
combination of nivolumab and ipilimumab demonstrated
promising antitumor activity in advanced NSCLC.
Therefore, it is feasible to evaluate this combination in
the neoadjuvant setting and we are looking for the data
from CheckMate 816 (NCT02998528). This combination
also showed promising anti-tumor activity with durable
responses and manageable safety profiles in the treatment
of SCLC (44) with 26% of 2-year OS updated in the
2017 ASCO. Hence, nivolumab-ipilimumab combination
regimen has been incorporated into NCCN guidelines for
SCLC as second line treatment recommendation. Taken
together, nivolumab-ipilimumab is the most promising
combination so far, and hopefully, it can optimize the first-
line strategy in the treatment of advanced NSCLC in the
future.

There are several investigations on another
combination of PD-L1 inhibitor and CTLA-4 blockade,
termed durvalumab and tremelimumab. A phase I dose-
escalation study demonstrated that durvalumab 20 mg/kg
every 4 weeks (q4w) plus tremelimumab 1 mg/kg exhibited
tolerated profile and regardless of PD-L1 expression,
different dose combinations have shown anti-tumor
activity (45). However, the phase III study on this
combination (MYSTIC, NCT02453282) did not meet
the primary endpoint of PFS compared to chemotherapy
but this combination will continue to assess whether the
combination extends the OS compared with standard of care
(SoC) (46) (https://www.astrazeneca.com/). 'Two more phase
IIT clinical trials regarding this combination are ongoing and
mainly focusing on its effect on those patients with negative
PD-L1 expression NEPTUNE: NCT02542293; ARCTIC:
NCT02352948) (47,48) (Tuble 1).

The results reported in 2016 ASCO from
KEYNOTE-021 cohort D and H concerning combination
of pembrolizumab and ipilimumab as second-line therapy
in NSCLC seems dismal with 7 months of follow-up.
Compared with pembrolizumab alone, this combination
increased the incidence of treatment-related AEs (67% of
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patients suffered) without increasing the ORR (24%). No
link was observed between PD-L1 status and outcome.
Longer follow-up is warranted to help define whether this
combination merits further exploration (49).

Combination of checkpoint inhibition with
radiotherapies

Radiotherapy plays a vital role in management of advanced
NSCLC. It is widely known that radiotherapy not only
exerts cytotoxic effects on tumor cells, but also alter the
tumor microenvironment (50). The interaction between
radiotherapy and immune response is complicated and
multifactorial (51), and can be possibly concluded as
followings: (I) enhances the expression of MHC-I on tumor
cells (52); (I) produces more danger-associated molecular
patterns (DAMPs) for cross-presentation (53); (I) activates
the antigen-presenting cells (APCs); (IV) elicits the
differentiation of M1 macrophages (54). Moreover, abscopal
effect during the radiotherapy is defined as the response
occurred in the tumors distant from the radiation site in the
clinical setting. This phenomenon can be partly explained
as systemic immune response which is triggered by the
radiotherapy (55). However, the incidence of abscopal effect
is comparatively low in radiotherapy alone but increases
when combing with immunotherapy. Early in 2012, a
clinical case reported the abscopal effect in a patient with
melanoma treated with ipilimumab and radiotherapy (56).
Besides, in preclinical models, combining PD-1 blockade
and radiotherapy also induced abscopal effect (57,58). It also
demonstrated that PD-1 expression restrains the abscopal
effect and a growing body of evidence have suggested
that the PD-L1 expression is upregulated after radiation
treatment (59,60).

Our previous study demonstrated that combined
conventionally fractionated radiotherapy and PD-L1
inhibitor synergistically enhance the anti-tumor immunity
via eliminating the local accumulation of suppressive
immune cells, such as Tregs and MDSCs and stimulating
the infiltration of CD8"T cells in NSCLC (61), and hence,
resulting in a highly inflamed tumor. This synergistic effect
was also observed in many types of cancer (62,63).

Preclinical evidence suggested that proper dose and high
quality of radiotherapy is acting as an in-situ vaccination that
boosts immune response. However, the optimal sequence,
the appropriate population and the clinical strategy to deal
with the increasing risk of toxicity remain unclear.

Currently, multiple clinical trials are in design and
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ongoing in NSCLC, evaluating the combination of
PD-1/PD-L1 inhibitors and radiotherapy, but to date, the
data are not yet available (Table I).

Issues and perspectives
Issues—is combination a perfect choice?

Toxicity

Accumulating evidence has proved that monotherapy with
PD-1/PD-L1 inhibitor is well-tolerated, however, the risk of
immune-related adverse effects increases with combination
strategies owing to the emergence of immune cascades.
In the published data from CheckMate 021 (28), 95% of
patients who received the nivolumab plus chemotherapy had
any grade of adverse effects and 45% of them reported grade
3 or worse treatment-related AEs. However, in CheckMate
026 (64), 71% patients in nivolumab group occurred any
grade of AEs whereas, grade 3 or worse AEs were only
observed in 18% patients. Similar data was also observed
in updated safety data from KEYNOTE-021-G (27),
93% of patients had any grade of events with treatment
of pembrolizumab plus chemotherapy whereas 76.6%
of patients with treatment of pembrolizumab alone
occurred AEs according to the updated analysis of
KEYNOTE-024 (65). Nivolumab plus ipilimumab
(q12w) or (q6w) also doubled the risk incidence of grade
3—4 treatment related AEs compared with nivolumab
monotherapy (42% vs. 31% vs. 19%) (43). It is not surprising
to observe such data on safety profile in combination
exploration based on the immune checkpoint inhibitors
and some trials were suspended for the high incidence
of toxicity. For instance, TAT'TON, an exploratory trial
with the aim of combining osimertinib and durvalumab
in the treatment of EGFR-mutant NSCLC (66).
However, the interstitial lung disease was incredibly high,
with 38% patients suffered. No doubt, immune checkpoint
inhibitors are systemic therapy and immune-related
adverse-effects could not be avoided. Combing two systemic
therapies possibly lead to the clinical benefit but also the
unexpected toxicity which could decrease the life quality of
the patients who had already suffered from the advanced
cancer and pain. In a word, toxicity is the major concern and
hurdle in front of us. The toxicities are not simply imagined
and different from traditional chemotherapy. When caught
early, the toxicities can be managed, however, if severe or
identified late and managed not properly, the toxicities could
be life-threatening, such as pneumonitis, colitis, nephritis, etc.
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Is combination a good choice? Is combination a right path to
cure cancer? Good or bad, hard to say.

Cost-effectiveness

There is no doubt that several months extension of PFS
or OS is the substantial progress in the treatment of lung
cancer. However, before this particular treatment strategy
is applied in the real world, there is an integrated factor
including three critical elements (clinical benefit, toxicity,
and cost) that needs to be evaluated, termed ‘value’. “Value’
is defined as a measure of outcomes achieved per monetary
expenditure (67). As the rapid development of medicine,
we aim to deliver the high-quality and affordable cancer
care (68). Despite scientists and oncologists have tried
their best on the way to design a perfect strategy in the
treatment of lung cancer with comparatively high efficacy
and safety profile, as for patients, they consider not only
efficacy, but also the quality of life and financial burden (69).
From their perspectives, they won’t choose a regimen with
high out-of-pocket costs but only extend life by only weeks
or months or not at all (70). Additionally, combination
therapies based on the immune checkpoint inhibitors not
only lead to the improvement in the anti-tumor efficacy,
but also the increased toxicity and unprepared financial
distress. Whether the out-of-pocket costs on combination
strategies is proportionally to extend the lifetime needs
to be addressed. Hence, ASCO Board has developed a
framework which put the patients at the center to forge
a broad consensus on how to define the value of a cancer
treatment—comparing the relative clinical benefit, toxicity,
and cost of treatment in the medical oncology setting. By
using the specific calculation methods, three parts of the
scores are included and finally, the Net Health Benefit
(NHB) score is presented to comprehensively demonstrate
the value of the regimen compared to the SoC (71). Taken
pembrolizumab as monotherapy (KEYNOTE-024) and
as combination with chemotherapy (KEYNOTE-021-G)
versus chemotherapy alone as an example (5,27).
According to the updated ASCO value framework (72),
the combination regimen got +41 points/130 points in
NHB whereas the cost of this regimen was 2.5 times
(618,889 USD) of chemotherapy and the pembrolizumab
as monotherapy got +51 points/130 points in NHB whereas
the cost was 1.7 times (368,917 USD) of chemotherapy.
This NHB score illustrated the comprehensive value of
a potential strategy and assisted in decision making in
the clinical scenarios. We hope that, in the future, the
framework will allow the patients to decide the weight of
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each elements according to their own preferences to achieve
the real “personalized” treatment strategy.

Perspectives

The optimal sequence and the timing for each possible
combination are crucial and the outcome of the
combination might be dismal if dose of each agent is
wrongly applied. For instance, it has been shown that
lower dose of antiangiogenic agents instead of higher dose
have superior immune-stimulating effects when combined
with immunotherapy (73). In terms of combination of
radiotherapy and anti-PD-L1 blockade, Dovedi et al.
pointed out that concurrent radiation and anti-PD-L1
treatment, but not sequential treatment, resulted in durable
tumor control and were well-tolerated by patients (74).
However, the ideal fraction or dose of radiation that
combined with immunotherapy to exert better effects is
still not determined. The success of a combination relies
on the proper timing, dose and mode which should be
investigated by adequate and solid preclinical support.
Additionally, extrapolation of radiation dose from animal
to human studies is not straightforward (75). Interpretation
of the preclinical results should be based on the deep
understanding of tumor biology.

Although PD-L1 expression has been paid most
attention (5), not all people with inflamed immune profile,
high PD-L1 expressing status are responsive to PD-1/
PD-L1 inhibitors. Tumor-infiltrating lymphocytes,
tumor mutational burden (TMB), immune gene signature
including those encoding interferon y (IFNG), granzyme
A and B (GZMA and GZMB), and perforin 1 (PFR1),
etc., are developing to become new biomarkers (76-78).
Single biomarker seems weak and unreliable to predictive
the response rate to immune checkpoint inhibitors, while
when used in combination with PD-L1 expression, the
predictive power might be enhanced. It is urgent to create a
biomarker-based model to guide the selection of individuals
who are most likely to respond to PD-1/PD-L1 inhibitors
as single agent or combination regimens, particularly, which
combination is the most appropriate for individual patient.
It requires that we should have deeper understanding of
tumor immune microenvironment and the key step of
limiting the normal operation of immune cycle in each
immune status.

Reasonable interpretation from the clinical trials and
the intermediate end points are the underpinnings for
the development of potential immuno-combinations.
Stephen J. Gould, who was diagnosed in 1982 with
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abdominal mesothelioma. He was informed after the
surgery that this type of cancer is incurable with median
mortality of 8 months after discovery. Three years later,
in his famous essay, ‘The median isn’t the message’, he
firstly mentioned that it was necessary to distinguish
the medians from milestones since the medians could
diminish the hope of the individual patient (79). Although
the medians could capture the clinical benefit offered
by a particular therapy, such as EGFR-TKIs (80),
however, it also bias us to ignore the efficacy of a class
of drug which produced a delayed effect and long-term
benefits, such as immunotherapy. The advantage of the
immunotherapy is often missed in the median outcomes and
only manifests when examining the tail of the survival curve.
Therefore, focus on the tail of the curve and determine the
milestone in the analysis of survival curve in the clinical
trials that included the immunotherapy as an arm are of vital
importance. In a meta-analysis performed by Blumenthal et
al, there was an association between the milestone rate of
OS at 12 months and OS HR (R=0.80, 95% CI, 0.63-0.91),
but lack of association with other parameters, such as PFS
milestone ratio at 9 months and ORR milestone ratio at
6 months (81). It is not appropriate to use the milestone
rate as the primary end-point in the pivotal study. However,
the milestone rate should be incorporated into secondary
end-point in long-term follow up, particular for those
trials comparing two immuno-combinations or versus
immunotherapy alone. For instance, KEYNOTE-021-G
also reported the 18-month OS rates in both combination
and control group (70% wvs. 56%) (27). Besides, different
combinations that have integrated the immune checkpoint
inhibitors may demonstrate the unique pattern of response,
progression and survival curve, hence, it is urgent to define
the optimal milestones in each combination setting to
identify the early signal of the anti-tumor activity and guide
for decision-making in whether continuing or not (82).
Research on immunotherapy is not supposed to limit
to the immune checkpoint inhibitors and combination
based on the immune checkpoint inhibitors. Investigation
on more forms of immunotherapy is required. Chimeric
antigen receptor (CAR) T-cell therapy is a special and
effective form of adoptive cell transfer (ACT). T cells are
obtained from patients and after genetically modified, those
T cells express the CAR that directly and specifically target
the tumor-associated antigen, such as CD19 in patients
with leukemia or lymphoma (83,84). CAR-T cell therapy
has demonstrated remarkable success in hematologic
malignancies and FDA has approved the first CAR-T
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product in the treatment of acute lymphoid leukemia
(ALL). Despite favorable responses of CAR-T in patients
with non-solid malignancies, the outcome in solid tumor
is far from satisfactory partly owing to the lack of unique
antigens, antigen loss in cancer cells, the suppressive
tumor microenvironment and modified T cells are rarely
accumulating in tumors (85,86). Many investigations are
ongoing on converting this gloomy option in solid tumor.
A previous study illustrated that combination of PD-1
inhibitor and anti-HER2 CAR-T cells enhanced the
anti-tumor effect in breast carcinoma mouse model (87).
However, given the high cost of CAR-T and PD-1/PD-
L1 inhibitor, Li et al. reported that they generated an anti-
PD-1 self-secreting CAR. aPD-1-T cells model which are
efficient in tumor eradication (88). Moreover, Milner et al.
recently found that tissue-resident memory T cell (Tyy)
and circulating memory T cell (T,,) population have
different gene expression and chromatin accessibility and
the transcription factor, Runx3 is a key regulator of Ty cell
differentiation and homeostasis. High expression of Runx3
in Tyy enhanced tumor-specific CD8" T cell abundance and
promotes residency. This finding prompts us that Runx3
might be an ideal partner in modification of circulating T
cells extracted from the patients (89). Taken together, no
absolute gain or in vain. As much deeper understanding
of immune system and tumor biology, there is always a
solution to overcome the barriers. Hopefully, CAR-T could
act as the leading role in the treatment of NSCLC in the
upcoming decades.

Immune responses against cancer are highly heterogeneous,
indicating that individualized immunotherapy should be
employed, based on the immune status of the individual
patient. Chen and Mellman (90) have analyzed that there are
three basic immune profiles in the TME, namely immune-
inflamed phenotype, immune-excluded phenotype and
immune-desert phenotype. The latter two phenotypes can
be classified as uninflamed phenotypes. Therefore, to make
the personalized immunotherapy strategy, the first step is
to evaluate the immune profiles in patients before receiving
the therapy. For those with inflamed immune phenotypes
(‘hot’ tumors), anti-tumor immune response was arrested
in tumor microenvironment, (I) maximize the functions of
T cells: combined with immunostimulatory agents, such as
IL-2, CSF-1R, etc.; (II) unleash the immune-block in the
TME, such as combined with other immune checkpoint
inhibitors, CTLA-4 blockade or antagonists to co-inhibitory
molecules, such as TIGIT, LAG-3, TIM-3, etc. For those
with uninflamed immune phenotypes (‘cold’ tumors), the
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strategy should be made based on the following aspects:
(I) promote the peripheral T cells infiltrate or penetrate to
tumor sites: combined with anti-angiogenic agents or CAR-T
cell therapy; (II) recruit more effector T cells: combined
with agonists to stimulatory molecules, such as OX-40,
CD137, CDA40, etc. For those with lack of identified immune
profiles, combined with chemotherapy might work owing
to chemotherapeutic agents enhance immune response in
multiple steps of cancer-immunity cycle (91).

Concluding remarks

It is the best of the times for the progress of immuno-
oncology ever since. With the purpose of benefiting broader
population without restriction of PD-L1 expression,
combination strategy is the certain trend of further
investigation. The promising results from KEYNOTE-
021-G and IMPOWER 150 reported in 2017 shined the
light on the advanced NSCLC, however, in the upcoming
2018, we urge more discussion to define optimal biomarkers
to guide future personalized immunotherapy and the clinical
trials that take aim at raising the tail of the survival curve.
Dickens once said in the ‘A Tile of Two Cities', We bad everything
before us, we had nothing before us. Hopefully, with the deeper
understanding of complicated immune system, our ultimate
cancer goal—‘cure’ can be achieved in the near future.
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