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Figure 2  (A) The waterfall plot for pathological response (top row), shows that 15 (60%) out of 25 operated patients with 
NSCLC (excluding the patient with melanoma) achieved a pCR (dark blue bars), another 4/25 (16%) achieved an MPR (light 
blue bars), the remaining 6 (24%) patients had more than 10% residual viable tumor cells left (orange bars). In operated non-
squamous cell lung cancers, genomic alterations associated with resistance to immunotherapy (EGFR, ERBB2, STK11 and 
NRAS) were seen in eight patients, all of which had no pCR. An STK11 mutation was seen in the only patient who developed 
PD on induction therapy (ie, patient 15). TP53 was seen in 81% (13/16) of operated patients where genomic analysis was 
performed, while only one tested patient had a KRAS mutation. Only 28% (7/25) of operated patients with NSCLC had 
squamous cell histology (dark green). All, except for one patient, were current or former smokers. The only never-smoker 
(patient 03) had an EGFR exon 21 (L858R) mutation, which was found post-surgery. High tumor PD-L1 expression rates were 
observed in 56% (14/25) of patients with resected NSCLC (bottom row). (B) Radiological tumor responses to the induction 
therapy, that is, change in the sum of longest diameters according to RECIST V.1.1, are shown in the patients with NSCLC. 
Partial response was seen in 11 patients and stable disease in 16 patients. In patient 32, pseudo-progression with new lung 
nodules were seen, while the primary tumor shrunk. In patient 15, PD was seen due to the appearance of new pleural lesions 
on induction therapy, while the treated baseline tumor lesions shrunk. Patient 19 did not complete induction therapy and 
could therefore not be evaluated. Patients with pCR (dark blue), MPR (light blue) and no MPR (orange) can be seen among 
the patients with radiological partial response and stable disease. KGA, key genomic alterations; MPR, major pathological 
response; NSCLC, non-small cell lung cancer; pCR, pathological complete response; PD, progressive disease; PD-L1, 
programmed death ligand-1; VTC, viable tumor cell.
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and stable disease in 16 (53%) patients (SD). pCR 
was not different between patients with PR and those 
without (p=0.096). Two patients developed new lesions 
on induction therapy while the treated baseline tumor 
lesion shrunk. Of these, one patient developed pleural 
lesions that were scored as progressive disease (PD), and 
one patient developed bilateral new pulmonary lesions 
during therapy, which were initially scored as PD, but 
subsequently regressed spontaneously, and were scored 
as pseudo-progression.

Figure  3 illustrates the radiological and metabolic 
responses observed in an adult patient with an adenocar-
cinoma in the left upper lobe invading adjacent thoracic 
vertebra and extrathoracic tissues. The post-surgical 
pathology specimen revealed a pCR. The patient was 
discharged 11 days after surgery, and remains free of 
disease 16 months after resection, without a need for pain 
medication.

Survival outcomes
Per August 2023, at a median follow-up time of 25.8 
months (range 1.0–42.3), in 8 out of 30 patients, disease 
recurrence was seen, and 7 patients died. These initial 
survival outcomes, including their respective events, are 
shown in online supplemental figure 6 and table 8.

Immunological responses
As resected tumor tissues were mostly necrotic, these were 
found to be unsuitable for substantive analysis.

Peripheral blood immune monitoring
Figure  4A displays the baseline immune checkpoint 
expression as a percentage of the CD8+T cell and Treg 
populations. Alongside this, the mean fluorescence inten-
sity is presented, which aligns well with the percentages, 
highlighting relative differences in immune checkpoint 
expressions. At baseline, CD8+T cells predominantly 
expressed PD-1 and T cell immunoreceptor with immu-
noglobulin and ITIM domain (TIGIT) over Lymphocyte 
Activation Gene 3 (LAG3) and CTLA-4. In Tregs, LAG3 
had the least expression, followed by PD-1, then TIGIT, 
with CTLA-4 being the highest. Among patients without 
pCR, most immune checkpoint expressions were similar 
or higher (non-significant) than in those with pCR, both 
in CD8+T cells as well as Tregs. Notably, only CTLA-4 
expression in Tregs was significantly higher in patients 
without pCR.

Reliable post-induction PD-1 measurements were 
hindered by interference from therapeutic anti-PD-1 
with the Fluorescence-activated cell sorting (FACS) anti-
body. This was not a problem for intracellularly measured 
CTLA-4. Figure 4B presents longitudinal immune check-
point changes. LAG3 was consistently low, with a slight 
drop in CD8+T cells of non-pCR patients from baseline 
to surgery. TIGIT was stable initially but increased post-
surgery, significantly so in pCR Tregs. While CTLA-4 
expression in CD8+T cells was low at baseline and stayed 
low, its expression in Tregs was notably higher and 
showed an increasing trend over time. Notably, CTLA-4 

Figure 3  The FDG PET/CT images of an adult patient (23), before (top row) and after (bottom row) induction chemo-
immuno-radiotherapy are shown, using fused PET/CT images (A,E) and CT-attenuation corrected PET images of axial 
(B,F), sagittal (C,G) and coronal view (D,H) reconstructions. This patient had a tumor in the left upper lobe with, at baseline, 
ingrowth in the thoracic wall and adjacent structures such as the musculature and left ribs (red arrows). The tumor had a 
necrotic center (N), and there was no apparent mediastinal lymph node involvement. CTAC, CT-attenuation correction; FDG, 
fluorodeoxyglucose; PET, positron emission tomography; RECIST, Response Evaluation Criteria in Solid Tumors.
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Figure 4  Peripheral blood T-cell subset analysis and its correlation with pathological response. The tests used and the exact 
p values are shown in the (online supplemental data chapter 6 figures 2–5), here, asterisks indicate significant differences 
(p<0.05). (A) Immune checkpoint expression in CD8+T cells (red, first two panels) and regulatory T cells (blue, last two panels) 
from 13 patients at baseline. Data is shown as a “percentage of the T cell population”, which indicates the proportion of cells 
expressing a marker within the total CD8+T cell or Treg population, as well as the “mean fluorescence intensity” for each T-cell 
subset. Solid symbols denote patients with pCR (N=7) and hollow symbols denote those without pCR (N=6). Medians and 
ranges are displayed for each immune checkpoint. (B) Longitudinal expression of LAG3, TIGIT, and CTLA-4 in CD8+T cells (red) 
and Tregs (blue) for 11 patients at baseline, surgery, and 12 weeks post-surgery as a percentage of the total population of T-
cell subsets (either CD8 or Treg). Solid symbols represent patients with pCR (N=6) and hollow symbols represent those without 
pCR (N=5). (C–D) Markers for proliferation (Ki67), activation (HLA-DR), and tumor association (CD39) in CD8+T cells (figure 4C) 
and Tregs (figure 4D) are shown for 11 patients at baseline, surgery, and 12 weeks post-surgery as a percentage of the total 
population of T-cell subsets (either CD8 or Treg). Solid symbols denote patients with pCR (N=6) and hollow symbols represent 
those without pCR (N=5). CTLA-4, cytotoxic T-lymphocyte associated protein 4; LAG3, Lymphocyte Activation Gene 3; pCR, 
pathological complete response; TIGIT, T cell immunoreceptor with immunoglobulin and ITIM domain; Treg, regulatory T cells.
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expression was significantly higher in patients without 
pCR compared with those with pCR, both at baseline and 
overall (p=0.0197).

Figure 4C–D displays Ki67+, HLA-DR+, and CD39+ex-
pression on CD8+T cells and Tregs at baseline, surgery, 
and 12 weeks post-surgery. Ki67 indicates cell prolifera-
tion, HLA-DR signals T-cell activation, and CD39 suggests 
tumor-reactivity.20 Post-induction, CD8+T cells showed 
increased Ki67 and HLA-DR levels, both reverting to 
baseline post-surgery. CD39+CD8+ T cells rose post-
induction and remained elevated 12 weeks post-surgery, 
especially in patients with pCR (p=0.0476). Ki67+Treg 
levels remained stable during induction therapy and post-
surgery. However, upregulation of HLA-DR was observed 
in patients who failed to achieve a pCR, and CD39+Treg 
frequencies showed a trend towards an increase 
throughout treatment and follow-up (non-significant).

Further testing details are in the supplementary data, 
namely online supplemental figures 2–5 and the PBMC 
test comparison tables.

DISCUSSION
To the best of our knowledge, the INCREASE study is the 
first to investigate the safety and efficacy of adding dual 
immunotherapy, using a PD-1 and a CTLA-4 blocker, to 
high-dose concurrent CRT in the neoadjuvant setting 
for locally advanced NSCLC. Our main findings were a 
pCR and MPR in 50% (15/30) and 63% (19/30) of the 
ITT population, and in 58% (15/26) and 73% (19/26) 
of patients who underwent surgery, respectively. The 
addition of dual immunotherapy to CRT substantially 
increased pCR rates above historical rates after CRT, 
which vary from 21% to 45%.5 6 8 A summary of patho-
logical responses to various neoadjuvant regimens are 
provided in table 3.

The rationale and results of our study closely align with 
those of the recently published platform NEOSTAR study, 
which reported increased pathological responses using 
the combination of NIVO and IPI with chemotherapy 
in resectable stage IB-IIIA NSCLC.21 The study success-
fully met its primary endpoint of MPR, with 32.1% (7/22, 
80% 95% CI: 18.7% to 43.1%) in the NIVO+CT arm 
and 50% (11/22, 80% 95% CI: 34.6% to 61.1%) in the 
IPI+NIVO+CT arm.

While MPR or pCR are not a survival endpoint, 
following neoadjuvant therapy, they have been found to 
potentially predict DFS and OS, regardless of the neoad-
juvant treatment modality. Pataer et al showed that in 
patients with resectable NSCLC, MPR following neoad-
juvant chemotherapy was associated with a longer OS.22 
Analysis of our previous institutional outcomes for sulcus 
superior tumors treated with CRT and surgery identified 
pCR as predictive for improved 5-year OS, with an HR 
of 0.27 (95% CI: 0.15 to 0.50; p<0·001).6 In the phase-III 
CheckMate-816 study, investigating neoadjuvant chemo-
therapy with or without NIVO in resectable NSCLC, the 
residual percentages of vital tumor cells also predicted 

for event-free survival at 2 years in the chemo-NIVO arm 
(area under the curve (AUC)=0.74).23 Of note, although 
the high PD-L1 expression levels that were observed in 
63% of patients in this study might be expected to influ-
ence pathological responses, pCR were observed in 
tumors expressing high, low, and absent PD-L1 expres-
sion levels. This is also in line with the observations in 
the IPI-NIVO-CT arm of the NEOSTAR platform study, 
but also CheckMate-9LA and CheckMate-227, where the 
efficacy of IPI-NIVO-CT was irrespective of tumor PD-L1 
expression levels.21 24 25

Despite excluding patients with an identified targe-
table oncogenic driver before study inclusion, surgical 
specimens revealed the presence of such drivers. One 
patient with an EGFR exon 21 (L858R) mutation had 
30% residual viable tumor cells in the resected tumor, 
and another patient with an ERBB2 mutation had 70% 
residual viable tumor cells post-induction therapy. In 
addition, four patients with STK-11 mutations were 
identified, one of whom had a pCR and one developed 
disease progression post-induction therapy. These find-
ings suggest that genomic features associated with immu-
notherapy resistance may adversely influence the efficacy 
of the IPI-NIVO-CRT combination. However, caution is 
warranted in view of the limited number of patients.

As reported previously for neoadjuvant NSCLC studies, 
radiological responses observed to this induction therapy 
did not correlate with pCR.26 27 Indeed, INCREASE 
patients with a pCR showed a best radiological response 
of PR in 53%, and SD in 47%. These findings highlight a 
need for improving response evaluation to neoadjuvant 
therapies.

In the ITT population, 83% suffered grade ≥3 TEAEs 
and 73% encountered TRAEs. However, these toxicities 
did not prevent surgery, and toxicity rates aligned with 
CRT studies like the PROCLAIM study, where 64% and 
76.8% grade 3–4 toxicities were reported.28 The current 
study identified immune-related events, with 23% being 
grade ≥3, including one fatal pneumonitis. A recent 
study combining CRT with IPI and NIVO reported a 
63% pulmonary toxicity rate.29 Our lower pneumonitis 
rate might be the result of resecting irradiated lung 
tissues and using lower radiation doses (50 Gy in 86% of 
patients). The influence of unresected irradiated lung 
tissue on high-grade pulmonary toxicity needs further 
exploration.30

The remarkable improvement in pathological tumor 
response observed with the IPI/NIVO and CRT combi-
nation might be a result of enhanced immunogenic 
cell death, caused by the proliferation and activation of 
effector T cells and the suppression of Tregs. Indeed, 
PBMC analysis revealed a noticeable post-induction surge 
in proliferative and activated CD8+effector T cells, as 
evidenced by increased Ki67+and HLA-DR+populations. 
However, this surge returned to baseline levels post-
surgery. Intriguingly, CD39, a marker linked to tumor-
reactivity, demonstrated a post-induction rise that was 
sustained for up to 12 weeks post-surgery, suggesting the 
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continuing presence of tumor-reactive effector T cells. 
Meanwhile, suppressive Tregs did not proliferate, and 
interestingly, their activation was notably less in patients 
achieving a pCR.

Baseline data revealed that CD8+T cells expressed CTLA-4 
less than other immune checkpoints, whereas Tregs had a 
markedly high CTLA-4 expression. Also, CTLA-4 expression 
in Tregs was even higher in patients without a pCR compared 
with those achieving pCR. When observing longitudinal 
changes, CTLA-4’s expression pattern stood out. While its 
levels in CD8+T cells remained consistently low, Tregs exhib-
ited a pronounced and increasing expression over time, 
suggesting that IPI’s blockade of CTLA-4 could be of consid-
erable therapeutic importance in reducing the immune 
suppressive effects of Tregs.

These findings align well with the results of the NEOSTAR 
study, particularly the IPI-NIVO-chemotherapy arm, 
showing increased CD3+CD8+ tumor-infiltrating T cells 
and heightened antigen-activated T cells post-therapy.21 
However, NEOSTAR also showed some interesting leads 
into other cell lines such as B-cell abundance and its 
inverse correlation with viable tumor cells, suggesting 
an association with immunotherapeutic response. Addi-
tionally, CXCL9+tumor-associated macrophages exhib-
ited a functional role in response to immune checkpoint 
therapy, indicating enhanced immune activation, effector 
memory, cytotoxic function, and reduced immunosup-
pressive cell subsets in treated tumors.

Some limitations of this exploratory single-center, 
single-arm study are acknowledged. Despite a significant 
increase in pathological response, namely pCR rates, it is 
unclear whether pCR alone could function as a reliable 
surrogate endpoint, even though data from large neoad-
juvant studies is suggestive of this.23 31 32

A substantial number of TRAEs was observed, which, 
although manageable, suggests that critical assess-
ment of patient selection, drug dosage and therapy 
de-escalation all deserve further study. Other trials 
are currently investigating the immune-modulatory 
effects of different fractionation regimens of radio-
therapy to enhance the effects of neoadjuvant PD-L1 
blockade after neoadjuvant chemotherapy in patients 
with resectable stage III (N2) NSCLC.

The expected outcome of this trial was a 60% pCR 
rate, this was not achieved in the ITT and resected 
populations, the operated NSCLC population did 
reach this rate, with 15 out of 25 patients achieving 
pCR (60%). However, the initial sample size calcula-
tion was powered at 90%, but when considering an 
80% power, both the ITT and resected populations 
meet the criteria. It is important to emphasize that this 
was an exploratory single-arm phase 2 study designed 
to assess the impact of adding dual immunotherapy 
to CRT rather than strictly meeting the 60% pCR 
benchmark.

The postoperative resection specimens, collected 
on average 6 weeks post-radiotherapy, were predomi-
nantly necrotic. This timing likely led to the loss of 

tumor immune dynamics and profiles typical of dual 
immunotherapy with CRT within the resection spec-
imens. Consequently, the remaining tissue primarily 
consisted of mainly necrotic tumor beds, unsuitable 
for meaningful translational analysis.

This regimen is unlikely to be adopted in routine 
clinical practice due to its complexity and the neces-
sity for it to be conducted in highly specialized centers 
that are proficient in complex surgeries post-CRT 
and managing severe toxicities. Despite this, the 
regimen fills a critical knowledge gap and provides 
valuable insights into the multimodality treatment 
landscape. There is an ongoing need to enhance 
treatment outcomes while minimizing toxicity and 
patient burden. The ultimate goal within the scien-
tific community is to refine the dose, sequence, and 
frequency of these multimodality treatment compo-
nents, including various immunotherapies combined 
with chemotherapy, radiotherapy, and surgery, to 
achieve optimal local and distant control with the least 
amount of adverse events.

CONCLUSION
This study revealed that the use of neoadjuvant dual 
immunotherapy with CRT in T3-4N0–2 NSCLC resulted 
in enhanced pCR and MPR with acceptable surgical 
morbidity. Patients with pCR demonstrated higher prolif-
eration and activation rates of CD8+ T cells and lower rates 
in Tregs, these observations warrant further investigation.
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