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Progress in immunotherapy 

The past decade has shown considerable promise in 
immune-checkpoint blockade as a means of augmenting 
antitumor immunity, placing immunotherapy alongside 
traditional modalities as a pillar of cancer treatment. 
Current checkpoint-blockade strategies are centered 
either on cytotoxic T lymphocyte-associated antigen-4  
(CTLA-4) or programmed cell death protein-1 pathway 
(PD-1/PD-L1) (1).

CTLA-4 and PD-1 facilitate T-cell attenuation at 
different stages of the T-cell response. Immediately 
following T-cell receptor ligation, CTLA-4 is translocated 

to the T-cell surface, where it competes for binding to 
CD80 and CD86, ligands that could otherwise provide 
positive co-stimulation to the T-cell via CD-28 (2). As a 
result, CTLA-4 increases the activation threshold of T 
cells, impeding antitumor immunity by dampening the 
sensitivity of T-cells to self and tumor antigens (3). The 
PD-1 pathway, by contrast, is induced later during T cell 
activation, attenuating TCR signaling following binding by 
PD-L1. Cancer cells expressing PD-L1 are thereby able to 
evade immune detection, while tumor-infiltrating immune 
cells can themselves express PD-L1 in response to cytokines 
such as IFN-γ (3). PD-L1 expression throughout the 
inflammatory tumor microenvironment can therefore lead 
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to PD-1-mediated T-cell exhaustion (2).
Whereas anti-CTLA-4 monoclonal antibody therapy 

has earned FDA-approval for treating advanced melanoma, 
CTLA-4 blockade has shown minimal activity in the 
treatment of non-small cell lung cancer (NSCLC). 
Meanwhile, agents targeting the PD-1/PD-L1 axis have 
shown considerable efficacy in treating advanced NSCLC (4).  
Currently, there is significant interest in determining the 
therapeutic potential of combined CTLA-4 and PD-1 
blockade. In CheckMate 227, a randomized, open-label, 
phase 3 trial by Hellman et al. first-line treatment of stage 
IV or recurrent NSCLC with nivolumab (anti-PD-1) plus 
ipilimumab (anti-CTLA-4) resulted in a longer duration of 
overall survival than did chemotherapy (5).

In light of the evidence for immunotherapy in treating 
advanced cancers, interest has risen in determining the 
role of immunotherapy in treating earlier stages of disease. 
Currently, surgical resection, often paired with neoadjuvant 
or adjuvant therapies, remains the most effective means of 
treating resectable disease. While anti-CTLA-4 and anti-
PD-1 were first examined as potential adjuvant therapies 
in resectable cancer, recent attention has turned towards 
the use of immunotherapy in a neoadjuvant role (6). In 
preclinical mouse studies, Liu and colleagues demonstrated 
improved  long- te rm surv i va l  w i th  neoad juvan t 
immunotherapy and surgical resection, as opposed to 
resection followed by adjuvant immunotherapy (7).  
It is thought the presence of the full tumor mass at the 
start of immunotherapy, as is the case in neoadjuvant 
immunotherapy, allows for a broader and more robust T-cell 
response.

Immunotherapy in resectable NSCLC

Given that PD-1 blockade has been shown to improve 
survival in patients with advanced lung cancer, the role of 
immunotherapy in resectable NSCLC has been a subject of 
recent interest. 

In their 2018 report, Forde and colleagues describe the 
results of their phase II prospective trial, in which patients 
with resectable NSCLC received a dose of intravenous 
nivolumab every two weeks, with surgery scheduled four 
weeks after the first dose (8). In addition to evaluating 
the safety and feasibility of nivolumab in patients with 
resectable NSCLC, Forde and colleagues also examined 
the relationships between tumor mutational burden, tumor 
microenvironment, peripheral immune cell activity, and 
final tumor pathology. 

Of the 22 patients enrolled in the study, one patient 
was deemed ineligible upon discovery of small cell lung 
carcinoma. Of 21 remaining patients, 20 received two doses 
of nivolumab prior to surgical resection, with one patient 
developing pneumonia and undergoing tumor resection 
after only one dose of nivolumab. Of the 20 patients to 
receive two doses of nivolumab, one patient underwent 
an incomplete tumor resection, following the discovery of 
tracheal invasion intraoperatively. 

In their examination of safety and feasibility, Forde et al. 
reported adverse events in 5 of 22 patients, with no delays in 
planned surgery. Radiographic response was determined to 
be partial in 2 (10%), stable disease in 18 (86%), and disease 
progression in 1 (5%). In two patients for whom the tumor 
appeared to increase in size, pathological evaluation of the 
surgical specimen demonstrated minimal or no residual 
tumor, suggesting that immunotherapy may be effective 
despite the lack of radiographic response, with immune-cell 
infiltration contributing to mass size. 

Of the 20 patients who underwent complete surgical 
resection, one patient experienced an incidental death 
unrelated to the study, while 16 (80%) were alive and 
recurrence-free at 12 months, and 3 (15%) experienced 
disease progression. In evaluating surgical specimens from 
the 20 complete surgical resections, a major pathological 
response (mPR) to therapy was seen in 9 of the resected 
specimens (45%), with 3 patients’ specimens demonstrating 
a complete pathological response (pCR). A significant 
number of inflammatory cells were discovered in the tumor 
specimens, including lymphocytes, macrophages, necrotic 
tumor, and fibrotic tissue. 

In reviewing the pathology of 15 patients who underwent 
pre-treatment biopsy for PD-L1, Forde et al. found major 
pathologic responses in both PD-L1-positive and PD-L1-
negative tumors. Following whole-exome sequencing of 
11 patients’ pre-treatment tumors, studied alongside their 
corresponding final pathology, higher tumor mutational 
burden was significantly associated with a major pathological 
response. An inverse relationship between tumor mean 
mutational burden and the percentage of residual tumor on 
final pathology was noted, suggesting that mutation burden 
is a primary determinant in the pathological response to 
PD-1 blockade. 

To determine the effect of PD-1 blockade on T-cell 
activity, Forde et al. examined T-cells found both in resected 
tumors and peripheral blood of 9 patients, sequencing T-cell 
receptor-β chain CDR3 regions (TCRseq) to determine 
the repertoire of T-cell clones. In contrast to tumors that 
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did not show a major pathological response, tumors that 
demonstrated a major pathological response were found to 
have a higher frequency of T-cell clones shared between 
the intratumoral and peripheral compartments, as well 
as increased clonality among T-cells. Meanwhile, in 8 of 
9 patients, peripheral blood demonstrated expansion of 
multiple T-cell clones that were also found in the tumor, yet 
had not been detected in blood before treatment.

In their analysis of peripheral blood of one patient who 
had demonstrated a complete pathological response, T-cells 
within post-operative peripheral blood samples responded 
to a broader range of sample candidate neoantigens than 
did T-cells from pre-treatment blood samples. The authors 
hypothesized that neoadjuvant PD-1 blockade leverages 
the primary tumor’s abundance of antigen in enabling the 
activation and clonal expansion of antitumor T-cells. It 
is thought that such T-cells can then travel systemically 
to various tissues, providing systemic surveillance for 

micrometastases. 

Pulmonary resection after immunotherapy 

Induction immunotherapy poses unique technical challenges 
during lung resection (see Video 1). Dense fibrosis of the 
hilum or lymph node stations may obscure tissue planes and 
make structures adherent. A limited number of series have 
reported perioperative outcomes after immunotherapy. In 
general, these studies report comparable results to resection 
after neoadjuvant chemotherapy and/or chemoradiation. 
Minimally invasive approaches to resection, including the 
use of robotic systems, reveal a 20–54% rate of conversion 
to open thoracotomy. A complete resection, however, is 
achieved in the majority of patients and postoperative 
morbidity is limited in severity. 

The first study that explored the use of neoadjuvant 
immunotherapy in the resection of lung malignancies was 
performed by Chaft et al. who reported a case series of five 
patients (Table 1) (9). The investigators address the initial 
concerns about the use of neo-adjuvant immunotherapy, 
which was centered on potential side-effects such as the 
development of pneumonitis and fibrosis, which could make 
the procedures more technically difficult. Although one of 
the patients had their surgery delayed by the development 
of pneumonitis, all five patients underwent successful 
tumor resection. Two patients underwent a minimally-
invasive resection, include one robotically. One of these 
patients converted to open thoracotomy due to “dense hilar 
fibrosis.” The report, presented in a series of case vignettes, 
detail limited treatment and postoperative morbidity, 
without a postoperative mortality within 30-days. 

The  f ea s ib i l i t y  o f  pu lmonary  re sec t ion  a f t e r 
immunotherapy as was further explored by Bott et al. who 
described their experience in 22 patients with primary 

Table 1 Pulmonary resection after immunotherapy - perioperative safety and complications

Authors Year
N, 

total*

Minimally 
invasive 

approach

Conversion 
to open (%)

Operative 
time (mean)

Complications
Mortality at 
30 days (%)

Comment

Chaft et al. (9) 2017 5 2 1 (50%) NR 1 (20%) 0 (0%) Data interpreted from case vignettes

Bott et al. (10) 2018 22 15 1 (25%) 168 min 7 (32%) 0 (0%) 11 (50%) underwent non-anatomic 
wedge resection

Bott et al. (11) 2018 20 13 7 (54%) 228 min 10 (50%) 0 (0%) Most common complication was atrial 
arrhythmia (30%)

Yang et al. (12) 2018 13 12 3 (23%) NR 9 (69%) 0 (0%) 10 (77%) patients underwent lobectomy

*, total patients resected. R0, complete resection; min: minutes; NR, not reported.

Video 1 Robotic left upper lobectomy after immunotherapy with 
suture reconstruction and reinforcement of the left upper lobe 
bronchus.
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or metastatic lung malignancies who were treated with 
nivolumab, an anti-PD-1 antibody (10). Primary lung 
cancer was the most common diagnosis. A minimally-
invasive approach as attempted in 15 patients with only 
one conversion to open thoracotomy. Of note, a substantial 
number of patients (11, 50%) underwent a non-anatomic 
wedge resection. Surgical complications occurred in 32% 
of the patients, the most common of which was prolonged 
air leak. Only one patient developed pneumonitis, which 
occurred in the contralateral lung. Complete resection 
was achieved in all but one patient, and there were no 
mortalities at 30 and 90 days. The two-year overall and 
disease-free survival were 77% and 42% respectively. 

This initial experience was followed by a second study 
in 21 patients, all with NSCLC, who were treated with 
two cycles of nivolumab at two and four weeks pre-
operatively (11). One patient had their surgery moved up 
after developing of post-obstructive pneumonia after their 
first dose of nivolumab. All other procedures occurred as 
scheduled, 2 weeks after the final dose. Of the 13 procedures 
that were planned as minimally invasive (VATS or robotic), 
54% were converted to open due to dense, vascularized 
hilar or mediastinal adhesions—this was more common 
in patients with advanced disease. These initial studies 
demonstrated that lung resection after immunotherapy 
was both safe and feasible, even in patients who develop 
pneumonitis or mediastinal fibrosis.

In addition to reporting on surgical outcomes, the second 
report by Bott et al. also describes the pathological response 
of the tumors to nivolumab. On pre-operative CT imaging, 
86% had stable disease, 5% with disease progression, and 
only 10% showing a partial response to the immunotherapy. 
However, post-operative pathology revealed that 10% of 
the cohort had a complete pathological response, 45% had a 
major pathological response (MPR), defined as <10% viable 
residual tumor, and an additional 40% showing pathological 
down-staging. 

Checkpoint inhibitors have also been studied when used 
in combination with neo-adjuvant chemotherapy. Yang et al. 
reported the results of the TOP1201 trial, a phase II trial 
that treated NSCLC patients with neoadjuvant paclitaxel 
and cisplatin/carboplatin followed by ipilimumab, an anti-
CTLA-4 antibody (12). The 24 patients enrolled in the 
study had minimal toxicity, the most common of which were 
pneumonitis, adrenal insufficiency, or diarrhea. Most other 
adverse effects seen in the group were known effects of the 
other chemotherapeutic agents used. Only 13 of the initial 
24 patients went on to have a lung resection, however, of 

the 11 excluded patients, only one was excluded due to a 
treatment-related adverse effect. The ipilimumab group had 
good post-operative outcomes, with a two-year survival rate 
of 73%, and similar morbidity and mortality to the patients 
treated with neo-adjuvant chemotherapy alone. 

Nivolumab has also been used in combination with pre-
operative chemotherapy (13). The results of combination 
therapy are reported in the NADIM trial, an ongoing 
phase II clinical trial of patients with resectable stage IIIA 
N2-NSCLC. Current outcomes in 13 patients who have 
undergone surgical resection after nivolumab reveal no 
delays in surgery with 83% of patients having either a major 
or complete pathological response. Perioperative outcomes 
have not yet been reported. 

The optimal timing of surgical intervention after 
neoadjuvant immunotherapy has not been well defined. In 
the previously mentioned trials, patients were scheduled 
for resection approximately 3–5 weeks after completion of 
induction therapy. Delays in this treatment schedule were rate, 
although a small number of patients had a protracted time to 
surgery, in part due to immunotherapy toxicities. The rationale 
for a relatively expedient resection is based on the premise of a 
transition from inflammation to fibrosis over time. 

Toxicity of immunotherapy 

The toxicity of immunotherapies creates new challenges for 
both oncologists and thoracic surgeons. Early experience of 
neoadjuvant immunotherapy for NSCLC provided insights 
into the safety profile of immune checkpoint inhibitors. In 
general, morbidity and mortality did not appear to increase 
in patients treated with neoadjuvant immunotherapy when 
they were compared with historical data in which induction 
chemotherapy was used. In a series of 20 lung resections 
after neoadjuvant nivolumab therapy for NSCLC, the 
rates of pneumonia, reintubation, prolonged air leak, 
and respiratory failure were lower whereas the rate of 
atrial fibrillation was higher than those in the Southwest 
Oncology Group S9900 trial, a study evaluating neoadjuvant 
therapy with carboplatin and paclitaxel (11,14). Similarly, 
Bott et al. reported 22 lung resections for suspected residual 
pulmonary disease following immunotherapy for advance-
stage cancers with a morbidity profile comparable to that of 
lung resections for NSCLC following neoadjuvant chemo- 
or chemoradiotherapy at the same institution (10,15). 

In the report of surgical outcomes of TOP1201 trial 
that investigated neoadjuvant ipilimumab for NSCLC, 
participants were compared with a historical cohort of 
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NSCLC patients who underwent preoperative chemotherapy 
alone (TOP1201) (16). There was no trend of increased 
morbidity or mortality observed. An additional safety aspect 
of the neoadjuvant immunotherapy specific to lung resection 
is whether its adoption would increase technical difficulty 
of surgery. Dense fibrosis formed as a result of the immune 
response may pose significant challenge to mediastinal and 
hilar dissections. The operative time, a possible surrogate for 
technical difficulty, has not seemed to depart from reported 
experience with induction chemotherapy. These data offered 
prospects of safely employing immune checkpoint inhibitors 
as induction therapy, however, we anticipate the results from 
the ongoing large-scale trials to better characterize safety in 
randomized patients. 

The adverse effects of CTLA-4 and PD-1 axis inhibitors 
involving multiple organ-systems have been extensively 
described in the trials for the treatment of advanced 
melanoma, NSCLC, head and neck squamous cancers, 
and urothelial cancers (17). Some of the toxicities may 
adversely impact surgical outcomes or potentially delay 
timing to surgical interventions. Pneumonitis is estimated 
to have an overall incidence of 5% in patients treated with 
checkpoint inhibitors for melanoma or NSCLC and tends 
to be more common in those who received combined anti-
PD-1 and anti-CTLA-4 therapies (18). The incidence 
of endocrinopathies was found to be approximately 10% 
in one meta-analysis, though the ones that could lead to 
perioperative hemodynamic consequences such as adrenal 
insufficiency were rare (19). Nonetheless, these toxicities 
in neoadjuvant immunotherapy for NSCLC have been 
reported to be scarce in the currently available literature 
and warrant further attention as the outcomes of ongoing 
trials are revealed. 

Future trials in immunotherapy and surgery 

Given the encouraging results from the pilot studies, 
we are awaiting several ongoing larger trials that will 
further establish the safety and effectiveness profiles of 
neoadjuvant immunotherapy in treating resectable NSCLC. 
CheckMate 816 (NCT02998528) is a multicenter, phase III, 
randomized controlled trial that compares adding an anti-
PD-1 agent, nivolumab, to platinum doublet chemotherapy 
with chemotherapy alone (20). It was initiated in January 
2017 with a current enrollment of 350 patients who have 
Stage IB to IIIA diseases (20,21). The primary outcome 
measures are event-free survival (EFS) up to 69 months 
and pCR at the time of surgery. It is estimated to complete 

final data collection for primary outcome measures by April 
2020. Another study investigating neoadjuvant nivolumab is 
the single-center (M.D. Anderson Cancer Center), phase II, 
NEOSTAR trial (NCT03158129) (22,23). Additionally the 
study will explore combining nivolumab with ipilimumab, 
a CTLA-4 inhibitor that modulates T-cell activation via 
mechanisms distinct from and complementary to those of 
PD-1 axis inhibitors. The design was based on the result 
of CheckMate 012 trial, which suggested high response 
rate and durable response in treating advanced NSCLC 
using this combination (17). With an estimated enrollment 
of 66 patients, the trial randomizes patients into receiving 
neoadjuvant nivolumab, nivolumab plus ipilimumab, or 
nivolumab plus platinum doublet chemotherapy. The 
primary outcome is the mPR defined as less than or 
equal to 10% viable tumor cells in the resected specimen 
up to eight weeks. This study is expected to compete 
primary outcome measure data collection by July 2021. 
Pembrolizumab, an anti-PD-1 antibody that has been used 
in combination with chemotherapy as the standard therapy 
in PD-L1 low advanced NSCLC, is currently being studied 
as a neoadjuvant and adjuvant agent in the MK-3475-671/
KEYNOTE-671 trial (24,25). This phase-III study plans 
to recruit 786 patients with Stage II to IIIB (N2) NSCLC 
and will complete data collection by January 2024. The 
experimental arm of the study adds perioperative treatment 
with pembrolizumab (versus placebo in the comparator arm) 
to neoadjuvant chemotherapy with the primary outcome 
measures of EFS and overall survival up to 5 years (26). 

Several other ongoing trials are examining anti-PD-L1 
antibodies such as atezolizumab and durvalumab. The 
phase-III IMpower030 trial that involves atezolizumba 
recruits from the same patient population as the MK-
3475-671/KEYNOTE-671 trial with an enrollment goal 
of 374 patients. The neoadjuvant therapies in the study 
arms consist of platinum doublet chemotherapy and either 
atezolizumab or placembo comparator. The primary 
outcome of the study measures mPR at the time of surgery, 
as well as investigator-assessed EFS at approximately seven 
years, projecting the completion of data collection in 2025. 
A similar study using durvalumab is being conducted in 
the trial identified as NCT03800134, where only mPR at 
approximately 15 weeks after first dose will be examined as 
the primary outcome measure (27).
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