Neoadjuvant PD-1 blockade in non-small cell lung cancer: what
else do we need to do?
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For decades, systemic therapy for non-small cell lung cancer
(NSCLC) was subjected to cytotoxic agents. For patients
with locally advanced NSCLC (stages IIIA-B) not suitable
to surgical resection, the current standard of regimen is
concurrent chemoradiotherapy, which induces median
survival time in excess of 2- and 5-year survival of 15-20% (1).
For advanced NSCLC patients, the application of third-
generation of chemotherapy drugs such as docetaxel,
paclitaxel and gemcitabine, had improved the overall
survival to 8 months (2). For resectable NSCLC patients,
neoadjuvant chemotherapy would significantly improve the
overall survival (HR =0.84; 95% CI, 0.77-0.92; P=0.0001).
With regard to stage III NSCLC, the result was similar
(HR =0.84; 95% CI, 0.75-0.95; P=0.005) (3). However, in
2002, Carney concluded that we had reached a plateau of
efficacy in NSCLC, which cannot be improved further with
conventional chemotherapeutic drugs (4).

In 2009, the approval of gefitinib for advanced
NSCLC in all lines of treatment for patients harboring
EGFR mutations opening the age of molecularly targeted
drugs in NSCLC. Targeted therapy is a very important
component of precision medicine, a medical model that
proposes the customization of diagnostic tests, treatments
and medical practices based on patients’ genetic mutation
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or other molecular or cellular subtypes. For this, targeted
therapy is limited by the gene mutation status. Dr. Tsao
predicted up to 69% patients with NSCLC could have a
potentially actionable target (5), but so far, only EGFR
and ALK mutation subgroups could have FDA approved
targeted therapy, which accounting 24% of NSCLC
patients (6).

Fortunately, the emergence of immune checkpoint
inhibitors has tremendously improved the treatment for
patients with solid tumors, such as NSCLC and melanoma.
Programmed death 1 (PD-1) is a key immune checkpoint
receptor expressed by activated T cells and mediates
immunosuppression (7). In physiological conditions,
programmed death-ligand 1 (PD-L1) could bind to its
receptor PD-1, resulting in cytotoxic T cell apoptosis
and prevent autoimmune diseases of heart, lung, thymus,
spleen, kidney, etc. However, the overexpression of PD-
L1 on tumor cells, dampening immunosurveillance (8).
Blockade of PD-1, including PD-1 antibodies and PD-
L1 antibodies, such as nivolumab (PD-1 Ab, Bristol-
Myers Squibb), pembrolizumab (PD-1 Ab, Merck Sharp
& Dohme) and atezolizumab (PD-L1 Ab, Hoffmann-La
Roche) helps overcome immune resistance, representing a
major breakthrough therapy across multiple malignancies
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including NSCLC. Since the conduction of first PD-1
blockade randomized controlled trial (RCT) at 2006, more
and more RCTs have demonstrated durable responses,
improved survival and reduced treatment-related adverse
events (TRAEs) in patients with previously treated and
untreated advanced NSCLC (9-15). Among the numerous
advantages of immunotherapy, the most distinct one
is long OS after response. According to Dr. Gettinger,
the estimated 5-year OS rate was 16% for all pretreated
advanced NSCLC patients (N=129) received nivolumab,
compared with 5% 5-year OS rate in this population
without immunotherapy (16).

Just as the emergence of neoadjuvant chemotherapy,
neoadjuvant immunotherapy was also raised after
successfully applied to advanced stage NSCLC.
Neoadjuvant immunotherapy for NSCLC patients was first
reported by Dr. Patrick Forde at EMSO 2016 congress (17).
And this study group published their initial experience with
lung resection after treatment with immune checkpoint
inhibitors for 5 advanced stage NSCLC at 2017 (18). Of
these 5 patients, 4 received lobectomy and mediastinal
lymph node dissection, one received wedge resection and
mediastinal lymph node dissection. All patients had RO
resection and uncomplicated hospital course except one
minor chest tube air leak. This initial experience suggests
that pulmonary resection after checkpoint inhibitor therapy
is feasible, even in patients who experience pneumonitis or
other immune-related toxicities during their treatment. The
main limitation of this study is small sample size and lack of
survival data.

And at 2018, Dr. Matthew published their study about
safety and feasibility of lung resection after administration
of immune checkpoint inhibitors for metastatic or
unresectable tumors (19). This retrospective study reviewed
19 patients who received lung resection within 6 months of
treatment with PD-1 or CTLA-4 (T-lymphocyte-associated
protein 4) blockade for metastatic or unresectable cancer.
The primary tumors include lung cancer, melanoma,
breast cancer and sarcoma. Results showed high RO
resection rate (95%), acceptable operation time, acceptable
complication rate (32%) and satisfactory 2-year OS and
DES (77%, 42%). This study also revealed common
posttreatment adhesions at hilum or the chest wall as
similar as neoadjuvant chemotherapy, which was technically
challenging to the surgeons. Confounding factors such as
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various drugs, unequal doses, inconsistent duration from
administration drug to surgery, affected the quality of this
study. Other limitations of this study were its retrospective
nature and small sample size.

Just one month after Dr. Matthew’s publication, Dr.
Patrick Forde published their study about neoadjuvant PD-1
blockade in resectable lung cancer on the New England
Journal of Medicine (20). Quite different from previous
two studies (18,19), this study only enrolled stage I, II, or
IITA NSCLC. Confounding factors were well controlled.
Nivolumab (at a dose of 3 mg per kilogram of body weight)
was administered intravenously every 2 weeks, with surgery
conducted approximately 4 weeks after the first dose. As a
result, neoadjuvant nivolumab showed few TRAEs, did not
delay surgery and induced a major pathological response in
45% of resected tumors. A significant correlation between
tumor mutation burden (TMB) and percentage of residual
tumor was detected (Spearman’s rho, -0.75, P=0.008). This
study gave us an insight about neoadjuvant immunotherapy.
But as a pilot study, it was also limited by small number of
patients and lack of long-term follow-up.

Furthermore studies with big sample size and long-term
follow-up are warranted to define the role of neoadjuvant
immunotherapy in reducing recurrences and improving
survival of NSCLC. For the moment, there are 5 active
RCTs focusing on neoadjuvant immunotherapy of NSCLC
are recruiting patients (7able 1). Before neoadjuvant anti
PD-1 immunotherapy could be added to guideline, some
questions are necessary to be solved. First, which population
should receive neoadjuvant immunotherapy? Second,
what is the best marker to predict the patients’ response to
immunotherapy. TMB, microsatellite instability (MSI), PD-
L1 expression level, tumor infiltrating lymphocyte (TIL)
or other factors? It seems that TMB and PD-L1 expression
level is feasible to nivolumab and pembrolizumab,
respectively. But what about atezolizumab, avelumab, and
durvalumab? Third, in consideration of pseudoprogression,
what is best way to evaluate the effect of immunotherapy
before surgery? Furthermore, right now it is unclear when
to stop the immunotherapy. Fourth, about TRAEs of
immunotherapy. Will treatment related pneumonitis delay
the surgery? How to prevent and treat immunotherapy
associated myocarditis? These questions are very important
to the widely application of neoadjuvant anti PD-1
immunotherapy.
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Table 1 Active RCTs about neoadjuvant immunotherapy for NSCLC

Guo et al. Neoadjuvant immunotherapy in NSCLC

No Identifier Study title Conditions  Drug Institutions Status
1 NCT03197467  Neoadjuvant anti PD-1 NSCLC Pembrolizumab Universitatsklinikum  Recruiting
immunotherapy in resectable NSCLC Heidelberg
2 NCT02938624  Anti PD-1 neo-adjuvant treatment for Stage |, Il Pembrolizumab Sheba Medical Recruiting
NSCLC NSCLC Center
3 NCT02259621 Neoadjuvant nivolumab, or NSCLC Nivolumab; Sibley Memorial Recruiting
nivolumab in combination with ipilimumab Hospital and 3 more
ipilimumab, in resectable NSCLC
4 NCT02716038  Neoadjuvant MPDL3280A, nab- NSCLC Atezolizumab; Massachusetts Recruiting
paclitaxel and carboplatin (MAC) in carboplatin; nab-  General Hospital;
NSCLC paclitaxel Columbia University
5 NCT02998528 A neoadjuvant Study of nivolumab NSCLC Nivolumab, Arizona Oncology Recruiting
plus ipilimumab or nivolumab plus ipilimumab, Assoc and 138 more
chemotherapy versus chemotherapy cisplatin and 5
alone in early stage NSCLC more
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