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Introduction

• Immunotherapy  has revolutionized the management of advanced metastatic NSCLC with 

significantly improved progression free survival and overall survival.

• Around 20-25% of new diagnosed patients with NSCLC have resectable disease. Despite surgery 

and adjuvant therapy, about 20–30% of patients with stage I, 50% with stage II, and 60% with 

stage IIIA die within 5 years. 

• Neoadjuvant chemotherapy improves the 5 year survival by only 5%

• This inspired trial of immunotherapy (IO) in the adjuvant and neoadjuvant setting to improve 

overall survival



Basics of Immunotherapy 



Mechanism of T cell activation

• T cell activation requires recognition of neoantigens on APC’s, activation by co-stimulatory molecules and 

cytokine stimulation. 

• T-cells also express inhibitory pathways called immune checkpoints that negatively regulate the T-cell 

activation which is essential to maintain  self-tolerance.

• Cytotoxic T Lymphocyte Antigen-4 (CTLA-4) and Programmed Cell Death Protein 1 (PD-1) are examples of 

immune checkpoints on the T cells

• The ligands of CTLA-4 are CD80/86, present on the surface APC’s  and the ligands of PD-1 are  PD Ligand 

Protein 1 and 2 (PDL-1 and PDL-2),  present on the surface of both APCs and tumour cells. 



Mechanism of T-cell activation

Waldman AD,et al. Nat Rev Immunol.2020;20:651–668



Mechanism of immunotherapy

• Tumor-induced suppression of  T-cell activation, mediated by activating  above immune 

checkpoints represents one of the major mechanisms by which tumors avoid recognition and 

rejection by the immune system.

• Immunotherapy  utilizes body’s own defence system to kill cancer cells 

• Antibodies interacting either with CTLA- 4, PD-1 or PD-L1 have revolutionized the field of cancer 

treatment.

• PD-1 inhibitors: Nivolumab, pembrolizumab, cemiplimab.

• PD-L1 inhibitors : Atezolizumab, durvalumab, Avelumab

• CTLA-4 inhibitors : Ipilimumab, Tremelimumab



Effect of PD-1 /PD-L1 antibodies 

Waldman AD,et al. Nat Rev Immunol.2020;20:651–668



Effect of CTLA-4 antibodies

Waldman AD,et al. Nat Rev Immunol.2020;20:651–668



Management algorithm for resectable  NSCLC

Stage I-II

Surgical resection + SLND

Stage III
(Pathological N2 )

Stage IB/II A (high risk)
IIB 

Stage IA or 
IB/II A (low risk )

No adjuvant therapy Adjuvant therapy Chemo-radiation

Pathological staging



Stage III 
potentially resectable NSCLC

Invasive mediastinal staging 

N0/N1 disease N2 disease N3 disease

concurrent 
chemoradiation

Single station
non bulky 

Surgery 
multi station

bulky

NACT
progressionno progression



Stage III
Unresectable: 
Durvalumab

Stage IV
PD-L1 ≥50%:

PD-1/PD-L1i
or

PD-1/PD-L1i + 
Chemotherapy

or
PD-1i + CTLA-4i + 
Chemotherapy 

or
PD-1i + CTLA-4i

Stage I
≥4 cm

Stage II

Stage IV
PD-L1 <50%:

PD-1/PD-L1i + 
Chemotherapy

or
PD-1i + CTLA-4i + 
Chemotherapy 

or
PD-1i + CTLA-4i

Stage III 
Resectable

Immunotherapy in NSCLC

Newly Diagnosed 
NSCLC



Role of IO as neo-adjuvant therapy



Immunotherapy as neo-adjuvant therapy 

• Neoadjuvant therapy is defined as any therapy delivered prior to definitive local therapy intended 

to increase the cure rate.

• It can downstage tumour, improve  the resection rate and more promptly treat subclinical  micro-

metastases 

• Rationale : IO may be superior as neoadjuvant therapy compared to adjuvant therapy as the 

presence of the full tumour mass at the initiation of immunotherapy allows the induction of a 

stronger adaptive antitumour response and early development of immune memory that might 

provide long-term protection.



Krishnamoorthy M, et al. J Natl Cancer Inst. 2021 Jul; 113(7): 823–832



Lancet Oncol 2020. S1470-2045(20)30453-8



Study design 

I.V paclitaxel (200 
mg/m²), carboplatin 
(AUC 6) + nivolumab 

(360 mg) on day 1 of 21 
days cycle × 3 cycles

Nivolumab for 1 year 
(240 mg every 2 weeks ×

4 months, F/B 480 mg 
every 4 weeks × 8 

months)
n=37

open-label, 
multicentre, single-arm 

phase 2 trial
treatment naive, 

resectable stage IIIA
n=46

Primary endpoint was progression-free survival at 24 months
Secondary endpoints were overall survival at 3 years

surgery within 42-49 days from 
1st day of 3rd cycle, n=41

3-8 weeks
after surgery



Baseline demographics     

• ECOG 0-1

• Included 77% of patients with N2 disease

• EGFR/ALK + patients were excluded 



PFS  was 95·7% (95% CI 83·7–98·9) at 12 months , 
87·0% (73·3–93·9) at 18 months, and 77·1% (59·9–87·7) 
at 24 months

OS was 97·8% (95% CI 85·5–99·7) at 12 months, 
93·5% (81·1–97·8) at 18 months, and 89·9% (74·5–
96·2) at 24 months



Adverse events 

• 43/46 (93%)  patients had TRAE’s   

and 14 (30%) had ≥ grade 3

•

• None of the adverse events were 

associated with surgery delays or 

deaths

• The most common grade 3 TRAE’s 

were increased lipase (three [7%]) 

and febrile neutropenia (three [7%]).



Cascone T, et al.  Nat Med. 2021 Mar;27(3):504-514



Study design 

operable NSCLC
I-IIIA ( N2 single 

station )
n=44

nivolumab  3mg/kg 
D1,15,29 

+
 ipilmumab 1mg/kg 

D1
n=21

neoadjuvant 
nivolumab 3mg/kg 

D1,15,29
n= 23

MPR 
ITT : 8/21 (38%)

Post resection
50% (8/16)
pCR: 38%

MPR 
ITT : 5/23 (22%)

Post resection
24% (5/21) 
pCR : 10%

37 underwent resection

R

Met primary 
endpoint 



• 39 (89%) patients underwent resection. None deferred due to TRAEs

• Compared to historical results of NACT ( MPR -7-27%, pCR -4%), dual therapy had better 

MPR and pCR (however wide CI’s). Hence, larger studies needed.

• 3 patients could not complete treatment , 1 in nivolumab group ( grade III hypoxia due 

to large non-malignant effusion ), 2 in dual group ( grade III colitis and grade II 

pneumonitis)



Chaft JE,et al. Nature Medicine | VOL 28 | October 2022 | 2155–2161



Study design 

stage IB-IIIB
n=181

two doses of 
neoadjuvant 
atezolizumab 
monotherapy

n=171

primary end point:  
MPR

was 20% (29/143; 95% 
CI 14–28%) 

and the  (pCR) rate was 
6% (8/143;

95% CI 3–11%)

surgery 
n=159

Surgery was accomplished in 159 patients, at a median time of 
22 days after completion of ATZ, and the R0 resection rate was 
92%.





Immune-related AEs were reported in 75 (41%) patients, most commonly increases in AST (9%, n=16), ALT (8%, 

n=15), maculopapular rash (8%, n=15), 



Lancet Oncol 2020.S1470-2045(20)30146-7



Study design 

IB=IIIA
n=30

atezolizumab (1200 mg) on 
D1, nab_x0002_paclitaxel 
(100 mg/m²) on D1, 8, and 
15 + carboplatin (AUC 5) on 

D1, of 
3wk cycle
x 4 cycles 

Primary endpoint
MPR

17 /30 (57%; 95% CI 37–
75)





Adverse events



Lancet Oncol 2021; 22: 824–35



Study design 

stage IB-IIIA 
n=60

durvalumab plus 
stereotactic body 

radiotherapy (8 Gy × 3 
fractions) before IO

n=30

durvalumab (1.12g) 2 
cycles of  3 wks apart 

MPR 
2/30 (6∙7% [95% CI 0∙8–

22∙1]) 

MPR 
16 (53∙3% [34∙3–71∙7])

odds ratio 16∙0 [95% CI 3∙2–79∙6]; p<0∙0001





n engl j med 386;21



Study design

open-label, phase 3 trial, 
IB-IIIA
n=358

Nivolumab + platinum 
doublet chemo 

x 3 cycles 
n= 179

platinum doublet 
chemo 

x 3 cycles
n=179

31.6 months (95% CI, 
30.2 to not reached)

surgery within 6 
wks of last dose 

20.8 months (95% CI, 
14.0 to 26.7)

HR: 0.63; (CI, 0.43 to 0.9)

Primary endpoint : 
event free survival

















Role of IO as adjuvant therapy 



Lancet 2021; 398: 1344–57



Study design 

Stage IB-IIIA
NSCLC post resection 
after platinum based 

CT
(1-4 cycles)
(n= 1005)

Atezolizumab 
1200 mg every 21 
days × 16 cycles or 

1 year
(n= 507)

Best supportive 
care

(observation and 
regular scans )

(n=498)

Primary endpoint 

1. DFS in II-IIIA group with 
PD-L1> 1%

2. DFS in entire II-IIIA  group 
3. DFS in ITT group 

(IB-IIIA)

DFS: Disease free survival
open label

Inclusion criteria : R0 resection, ECOG 0-1, surgery before 28-84 days of enrolment
EGFR /ALK positive cases were allowed 



Baseline 
demographics 





Results 

• At a median follow-up of 32·2 months, atezolizumab improved DFS vs BSC in patients in the stage 

II–IIIA ( PD-L1 > 1%) (HR 0·66; 95% CI 0·50–0·88) and in all patients in stage II–IIIA group (0·79; 

0·64–0·96; p=0·020). 

• In the ITT population, HR for DFS was 0·81 (0·67–0·99; p=0·040). 

• The 3-year DFS rates were 60% in the atezolizumab group and 48% in the BSC care group

• For the secondary endpoint of DFS in patients stage II–IIIA group with PD-L1 on 50% or more,  HR 

was 0·43 (95% CI 0·27–0·68)

• Atezolizumab-related grade 3 and 4 adverse events occurred in 53 (11%) of 495 patients and 

grade 5 events in  four patients (1%).



Results 

Disease free survival in stage II-IIIA with PD-L1 >1%



Disease free survival in all stage II-IIIA patients  



Disease free survival in ITT population 





Adverse events 



Lancet Oncol 2022; 23: 1274–86



Stage IB (>4cm)-IIIA
NSCLC patients post 

resection 
n=1177

Inclusion criteria  : R0 resection, no N2 disease, known PD-L1 status , no previous radiotherapy
No evidence of disease within 3 months of surgery(CT chest + abdomen + brain )

EGFR/ALK testing not mandatory

Saline placebo 
(n=581)

i.v every 3 weeks
× 18 cycles 

Pembrolizumab 200 
mg  ( n=580)

i.v every 3 weeks
× 18 cycles

300 completed 
treatment 

(PD-L1 >50% =168) 

381 completed 
treatment

(PD-L1 >50% =165) 

86% had received adjuvant    
chemotherapy

Study design 



Baseline characteristics 



Results

overall ITT PD-L1 ≥ 50%

Primary endpoint : Disease-free survival in the overall population and in the population with PD-L1 tumour 

proportion score (TPS)  of 50% or greater







Adverse events





KEYNOTE-091

• Adjuvant chemotherapy not mandatory

• Triple blind , placebo controlled

• Stage III ( only 30%)

• Similar benefit across all subgroups of PD-L1 

(even  PD-L1 <1%)

IMPOWER-010

• Adjuvant chemotherapy mandatory

• Open label, no placebo arm

• Higher proportion of stage III and non 

smokers 

• No improvement in stage IB and PD-L1 <1 % 

population



Take Home message

• Patients with stage IB-IIIA NSCLC without EGFR/ALK mutation benefit from neoadjuvant chemo-

immunotherapy with improved event free survival

• Patients with stage IB-IIIA post resection and adjuvant chemotherapy can benefit from adjuvant 

immunotherapy given for 16-18 cycles with acceptable safety profile. 

• However more data from ongoing trials are needed
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