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The prognosis of patients with stage [lIC non-small-cell lung cancer (NSCLC) is
poor due to the loss of surgical treatment opportunities. Improving the
prognosis of these patients with IIIC NSCLC urgently needs to be addressed.
Here, we report a stage IIIC (T4AN3MO IIIC (AJCC 8th)) NSCLC patient treated
with 2 cycles of anti-PD-1 immunotherapy combined with chemotherapy and
anti-angiogenesis therapy; after two cycles of treatment, the patient achieved a
partial response and obtained the opportunity for surgical treatment. After the
operation, the patient achieved a pathological complete response and
successfully transformed from unresectable stage IIIC lung cancer to radical
surgery (ypTONOMO). Our study is expected to provide new ideas for treating
patients with unresectable stage IIIC NSCLC in the future.
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Introduction

Lung cancer has a high incidence rate and mortality; surgical
treatment is an essential radical cure for lung cancer. However,
only I-IITA stage and partial IIIB stage non-small-cell lung
cancer (NSCLC) patients can obtain the chance of complete
surgical resection, and the five-year survival rate is 36%-92%.
Approximately 50% of ITIC stage and distant metastasis NSCLC
patients have a poor quality of life and short survival time (1-3).
In recent years, due to the application of new antitumor drugs,
such as immunotherapy and targeted agents, the overall survival
(OS) and quality of life have been effectively improved in
patients with locally advanced and distant metastatic NSCLCs.
Neoadjuvant chemotherapy also significantly improved the
prognosis of patients with stage IB-IIIA lung cancer (4-6).
However, for locally advanced lung cancer patients with
unresectable stage IIIC lung cancer, the 5-year OS remains
suboptimal (7, 8). Improving the survival time and quality of
life of those patients needs to be further explored. This study
reported a case of unresectable stage IIIC NSCLC that achieved
pathological complete response (pCR) and obtained the
opportunity for complete resection after 2 cycles of anti-PD-1
immunotherapy combined with chemotherapy and anti-
angiogenesis therapy. We also reviewed relevant works in
the literature.

Case presentation

A 74-year-old male patient visited our hospital on June 29,
2021, with the chief complaint of “finding a pulmonary mass for
over 3 months”. The PET-CT showed a size of 7.7 cm X 6.8 cm x
5.7 cm irregular soft tissue mass in the right hilum, standardized
uptake value (SUV) max: 14.0; enlarged lymph node in the right
hilar with a size of 1.6 cm x 1.2 cm, SUVmax 3.6; enlarged lymph
node in the left hilar with a size of 1.9 cm x 1.3 cm, SUVmax 9.2;
which indicated that the patient suffered from right lung cancer
with bilateral hilar lymph node metastasis (Figure 1). Brain
enhanced MRI showed no signs of intracranial metastasis. Then,
percutaneous transthoracic needle biopsy of the pulmonary
mass under CT guidance was performed. The pathological
results showed NSCLC, most likely lung squamous cell
carcinoma. Immunohistochemistry: CK5/6 (+), p63 (+), P40
(+), p53 (-, mutant), Ki67 (+), approximately 50%, CK7 (-),
TTF-1 (-), CD56 (-), ALK (-), programmed cell death ligand 1
(PD-L1) expression was positive, tumor Proportion Score: 83%
(Figure 2). Molecular pathologic analysis results showed that
EGFR mutations and ALK rearrangement were negative. The
patient was diagnosed with stage IIIC [cT4N3MO (AJCC 8th)]
lung squamous cell carcinoma based on imaging examination
and pathological results.
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Then, on July 7, 2021, and July 29, 2021, the patient received
2 cycles of anti-PD-1 immunotherapy (tirelizumab 200 mg, q3w)
combined with chemotherapy (lobaplatin 60 mg, q3w and
albumin paclitaxel 400 mg, q3w) and antiangiogenic therapy
(recombinant human endostatin 180 mg, q3w), respectively.
After 2 cycles of therapy, the chest and abdomen enhancement
CT showed the following: 1. The neoplastic lesions in the upper
lobe of the right lung were smaller than before, with a size of
approximately 2.3 cm x 2.6 cm. The enlarged lymph nodes in the
mediastinum and hilar were smaller than before. The efficacy
was evaluated as partial response (PR), and the clinical stage was
redivided into ITA (crT1cN1MO) according to the chest and
abdomen enhancement CT image, which opened up the
opportunity for surgical treatment (Figure 3). The patient
reported no level 3 or worse adverse events during previous
treatment. On September 13, 2021, “lobectomy (right middle-
upper lobectomy) + Brachioplasty + thoracoplasty + pleural
adhesion lysis” was performed for this patient. The postoperative
pathological examination showed that the primary cancer lesion
was located in the right middle and upper lung lobe without
tumor thrombus and nerve invasion. Anastomotic margin and
the broken bronchial end were negative. The neoadjuvant effect
of the primary tumor was as follows: total tumor collection: 0%
of live tumor cells, 5% of necrosis, and 95% of stroma (fibrosis
and inflammation). Residual tumor load grade: pCR. Lymph
nodes sent for examination (Groups 2,4, 7, 9, 10, 11, and 12) (0/
5, 0/4, 0/5, 0/1, 0/6, 0/3, 0/2) showed no cancer metastasis.
Additionally, no cancer metastasis was found in the
parabronchial lymph nodes (0/1), which indicated that this
patient had successfully transformed from unresectable stage
IIIC lung cancer to radical surgery (ypTONOMO) (Figure 4). To
date, the patient was in follow-up with maintenance
immunotherapy after the operation, and related examination
showed no sign of relapse or metastasis. The related diagnosis
and treatment information of this patient are shown in Figure 5.

Discussion

This was a T4N3MO stage IIIC (AJCC 8th) NSCLC patient
who was unresectable according to the latest NCCN guide;
however, after 2 cycles of anti-PD-1 immunotherapy
combined with chemotherapy and anti-angiogenesis therapy,
the primary tumor and metastatic lymph nodes were
significantly reduced, and a radical surgical treatment
opportunity was obtained. The postoperative pathological
results showed that neoadjuvant treatment efficacy evaluation
was pCR; we successfully transformed this patient into an early-
stage lung cancer lesion (ypTONOMO) via anti-PD-1
immunotherapy combined with chemotherapy and anti-
angiogenesis, which may be of great significance in improving
the prognosis of unresectable stage IIIC lung cancer patients.
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FIGURE 1

PET/CT scan image before treatment. (A) PET/CT scan image of chest and abdomen; (B) PET/CT scan image of irregular soft tissue mass in the
right hilum; (C) PET/CT scan image of the enlarged lymph node in right hilar; (D) PET/CT scan image of the enlarged lymph node in left hilar.

Approximately 20% to 30% of NSCLC patients are classified
as stage III, and treatment for stage IIT NSCLC is complex and
controversial (9, 10). Neoadjuvant chemotherapy before
surgery and adjuvant chemotherapy or definitive concurrent
chemoradiotherapy after the operation were the standard
therapies for resectable IITA and partial stage IIIB patients
(8, 11). For unresectable stage IIIB and IIIC NSCLC patients,
multiple therapeutic measures were taken to prolong the lifespan
of these individuals. The PACFIC trial showed that for
unresectable stage IIIB and IIIC NSCLC patients, those who
received durvalumab after chemoradiotherapy had a median OS
of 47.5 months, and almost half of those patients lived longer
than 4 years. Based on this evidence, platinum-based
chemoradiotherapy following durvalumab treatment was
recommended as first-line treatment for unresectable stage
ITIB and IIIC NSCLC patients without EGFR or ALK
mutations (12). Despite unresectable stage IIIB and IIIC
NSCLC patients receiving survival benefits from the PACIFIC
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trial, unresectable locally advanced lung cancer patients still have
a poorer prognosis than resectable lung cancer patients. Further
improving the prognosis of unresectable locally advanced lung
cancer patients is a great challenge, and new antitumor drugs,
such as immunotherapy, might be viable options.

Although checkpoint blockade immunotherapy has played a
significant role in improving the OS of lung cancer patients, the
objective response rate of single immunotherapy was only
approximately 20% in lung cancer patients; therefore, single
immunotherapy was not recommended in lung cancer patients
with PD-L1<50% (13, 14). Multiple studies have shown that
there is crosstalk between chemotherapy and immunotherapy.
MHC class I chain-related molecule A and B expression was
associated with better prognosis for lung cancer patients. The
cytotoxic drug cisplatin could upregulate MHC class I chain-
related molecule A and B expression in NSCLC cell lines,
antigen-presenting cells and dendritic cells, increase the
infiltration of CD4+ and CD8+ T cells and NK cells, and
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FIGURE 2
Histopathological and immunohistochemical examinations of primary tumor focus in the right lung before operation (100x) (A) HE-stained
image of primary tumor focus; (B) p40 (+); (C) ALK (-); (D) PD-L1 (+).

boost the secretion of IFN-y and TNF-o,, thus modulating the
tumor immune microenvironment (15-17). Additionally,
patients treated with cytotoxic drugs had a higher ratio of
effector T cells (Teffs) to Tregs and increased IL-2 levels (18,
19). In addition, cytotoxicity enhanced the expression of the
T-cell costimulatory ligands CD70, CD80, and CD86 while
stimulating tumor infiltration of APCs, thus improving the
antitumor effects (20). PD-L1 expression was an efficacy
predictive index for immunotherapy in cancer patients.
Ludovic (21) and Li Zhou (22) found that cisplatin could
upregulate PD-L1 staining in both tumor and immune cells in
NSCLC mouse models and cohorts of patients. This evidence
indicated that chemotherapy could modulate the tumor immune
microenvironment to transform the “cold” tumor into a “hot”
tumor, thus enhancing the treatment effect of immunotherapy.

The emergence of immune checkpoint inhibitor anti-PD-1
therapy has brought significant changes to the treatment of
cancer patients. Many clinical studies, such as KEYNOTE-024,
KEYNOTE-042, IMPOWERI150, and KEYNOTE-189, have
shown that anti-PD-1 immunotherapy alone or combined
with other antitumor therapies, such as targeted therapy or
chemotherapy, exhibits significant effects in the treatment of
locally advanced and advanced NSCLC (23-26). Keynote 024
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and Keynote 042 showed that compared with platinum-based
chemotherapy, pembrolizumab monotherapy could significantly
improve the OS of untreated advanced or metastatic NSCLC
patients with PD-L1 positivity without EGFR or ALK alterations
(23, 24, 27). Keynote 189 aimed to explore the efficacy and safety
of first-line pembrolizumab plus pemetrexed-platinum in
patients with metastatic nonsquamous NSCLCs. The results
showed that in metastatic nonsquamous NSCLC patients,
combined therapy significantly improved the prognosis,
including OS and progression free survival, despite the
expression of PD-L1 (25). The IMPOWERI150 study included
1202 patients diagnosed with stage IV metastatic nonsquamous
NSCLC who had not received chemotherapy before; the results
showed that the median OS of atezolizumab and chemotherapy
with or without bevacizumab was improved compared with
chemotherapy alone (28). This evidence showed that
immunotherapy had become an indispensable standard
therapy for advanced or metastatic NSCLC patients with wild-
type EGFR and ALK genes.

In addition to unresectable advanced or metastatic NSCLC
patients, anti-PD-1 immunotherapy has also demonstrated critical
progress in the neoadjuvant treatment of patients with resectable
IB-IIIB NSCLC. At present, the main modes of neoadjuvant
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FIGURE 3

Chest CT scans before and after two cycles of anti-PD-1 immunotherapy combined with anti-angiogenesis therapy and chemotherapy (A, B)
Chest CT scans of primary tumor focus in the right lung before and after two cycles of anti-PD-1 immunotherapy combined with anti-
angiogenesis therapy and chemotherapy respectively; (C, D) Chest CT scans of the metastatic lymph node in left hilar before and after two
cycles of anti-PD-1 immunotherapy combined with anti-angiogenesis therapy and chemotherapy respectively.

immunotherapy are neoadjuvant monoimmunotherapy, resectable stage IB-IIIB NSCLC patients. The results showed that
neoadjuvant double immunotherapy, and neoadjuvant immune 43% of the patients achieved downstaging, 7% achieved pCR, and
combined with chemotherapy (29, 30). LCMC3 is a phase II study 92% achieved RO resection (31). After neoadjuvant
that explored the efficacy of neoadjuvant monoimmunotherapy in monoimmunotherapy achieved positive results, NEOSTAR

s

FIGURE 4

Surgical tissue specimen and postoperative histopathological HE-stained picture of the tumor tissue (A) Surgical tissue specimen; (B) HE-stained
image of resected tumor tissue (100x).
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FIGURE 5
Diagnosis and treatment information of this patient.

research results showed that compared with neoadjuvant
monoimmunotherapy, neoadjuvant double immunotherapy had a
higher major pathological response (MPR) (50% vs. 24%)
and pCR rate (38% vs. 10%), suggesting that neoadjuvant
monoimmunotherapy might be insufficient (32). Compared with
single neoadjuvant immunotherapy or double immunotherapy,
more attention is given to the treatment of neoadjuvant
immunotherapy combined with chemotherapy. Checkmate-159 is
an open-label, multicenter, single-arm clinical study exploring the
safety and efficacy of neoadjuvant immunotherapy combined with
chemotherapy in resectable NSCLC. Twenty-three patients over 18
years old with clinically diagnosed stage ITA-IIIB NSCLC were
enrolled in the study. After receiving 3-4 cycles of neoadjuvant
immunotherapy combined with chemotherapy, the subjects
underwent surgery. The study showed that the overall effective rate
was 73.9%, including 73.9% of patients with PR and 26.1% of
patients with stable-disease, of which 50% reached MPR and 30%
reached pCR (33). NADIM is an open-label, multicenter, single-arm
phase II clinical study. Forty-six patients with stage ITTA NSCLC were

TABLE 1 Representative neoadjuvant immunotherapy in resectable NSCLC.

Redivided into
ITA(crT1eN1IMO)

included in the study. The subjects underwent 3 cycles of
neoadjuvant immunotherapy and chemotherapy, and
postoperative immunotherapy was maintained for one year. The
results indicated that 76% of patients showed ORR with 72% PR and
4% complete-response, and no patients had disease progression
during neoadjuvant therapy. In terms of progression free survival,
patients with neoadjuvant efficacy evaluation of MPR and pCR were
significantly better with efficacy evaluation of PR and stable-disease
(34). Catherine, a Shu (35) reported that after treatment with
atezolizumab plus carboplatin and paclitaxel, 57% of patients with
resectable stage IB-IITA NSCLC showed MPR, and 33% of patients
achieved pCR; in particular, 50% of patients with N2-lymph nodes
achieved a descending stage. Although the above studies are single-
arm studies, the addition of neoadjuvant immunotherapy
significantly improves the efficacy of neoadjuvant therapy
compared with previous neoadjuvant chemotherapy, with only a
5-8% pCR rate (36-38). CheckMate 816 is a phase III trial, and 358
resectable IB-IITA NSCLC patients were randomly divided into a
chemotherapy arm or a nivolumab plus chemotherapy group.

Neoadjuvant immunotherapy Clinical Phase Stage Drugs Surgery MPR pCR
model trial rate
Single immunotherapy LCMC3 I IB- Atezolizumab 1200 mg Q3 W 88% 21% 7%
111B
Checkmate-159 11 1A- Nivolumab 3 mg/kg Q2 W 90.9% 45%  15%
IIIA
Double immunotherapy NEOSTAR 11 I-IITA  Nivolumab 3 mg/kg Q2 W 84% 50%  38%
Lplilimumab 1 mg/kg Q2 W
Nivolumab 3 mg/kg Q2 W 84% 24%  10%
Immunotherapy combined with NADIM I IIA Nivolumab 360 mg/kg Q3 W 89% 829% 63%
chemotherapy Paclitaxel plus platinum
Catherine et al. 1I IB- Atezolizumab 1200 mg Q3 W Carboplatin and 97% 57%  33%
JUID:N paclitaxel
Checkmate 816 III 1B- Nivolumab 360 mg Q3 W 83.2% 36.9% 24%
TIA Chemotherapy
Chemotherapy 75.4% 89%  2.2%
MPR, major pathological response; pCR, pathological complete response.
Frontiers in Oncology 06 frontiersin.org
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Surgery was performed after 3 cycles of treatments. Results showed
that more patients in the nivolumab plus chemotherapy group
received radical surgery than in the chemotherapy group (83.2%
vs. 77.8%), and the pCR rate in the nivolumab plus chemotherapy
group was 10 times higher than that in the chemotherapy group
(24.0% vs. 2.2%). Nivolumab plus chemotherapy group patients also
had longer event-free survival than chemotherapy alone (31.6
months vs. 20.8 months) without causing more adverse events
(39). Results of representative neoadjuvant immunotherapy clinical
trials in resectable NSCLC were shown in Table 1. More phase III
clinical studies of neoadjuvant immunotherapy, such as IMPOWER
030, are ongoing; we hope that these studies will provide more
precise evidence for neoadjuvant immunotherapy in lung cancer. In
this case, we applied two cycles of neoadjuvant immunotherapy
combined with chemotherapy and anti-angiogenesis to successfully
transform this unresectable stage ITIC lung cancer patient into radical
surgery (ypTONOMO), which significantly improved this unresectable
stage ITIC lung cancer patient’s prognosis. In terms of the safety of
neoadjuvant immunotherapy, most clinical research results show
that the side effects of neoadjuvant immunotherapy are slight and
well tolerated. Similarly, this patient showed no grade 3-4 adverse
reactions during treatment, but there were no related data about
adverse events of immunotherapy in preoperative IIIC patients. We
still need to be vigilant for possible or unpredictable adverse events
before the safety of conversion immunotherapy can be confirmed by
large-scale phase III clinical studies. Presently, adjuvant therapy after
neoadjuvant immunotherapy is still inconclusive. According to the
patient’s adverse reactions, clinical evaluation, adjuvant
immunotherapy, adjuvant chemotherapy with or without
radiotherapy were optional adjuvant therapy. As for this case, he
had a good treatment effect to immunotherapy and without adverse
reactions of immunotherapy, moreover, he had a PD-L1 tumor
Proportion Score > 50%, which indicated he might benefit more
from adjuvant immunotherapy. Therefore, according to clinical
evaluation and relevant literatures, 12 months adjuvant
immunotherapy were prepared to maintain after surgery for
this patient.

As we mentioned before, neoadjuvant immunotherapy or
neoadjuvant immunotherapy combined with chemotherapy
greatly enhanced the pCR rate in patients with resectable IB-
ITA NSCLC compared with neoadjuvant chemotherapy alone,
which might change the method of neoadjuvant treatment for
resectable NSCLC in the future. Partial stage IIIB and IIIC
NSCLC were classified as unresectable lung cancer according
to the latest NCCN guidelines. In our study, we used 2 cycles of
anti-PD-1 immunotherapy combined with chemotherapy and
anti-angiogenesis to successfully transform unresectable stage
IIIC NSCLC into radical surgery (ypTONOMO), which brought
about the opportunity for a cure. Similarly, Huali Hu (40) also
reported an N3-unresectable lung adenocarcinoma patient who
received radical surgery after immunotherapy with platinum-
based chemotherapy. This reminded us that IIIC patients also
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had an opportunity for a cure; however, selecting the “right
patient” and the subsequent treatment needs more studies.

Biomarkers of neoadjuvant immunotherapy are also the focus
of current research. At present, it is considered that the efficacy of
neoadjuvant immunotherapy is related to the expression of PD-L1
while pathological tumor type (CheckMate 816 showed that
squamous cell carcinoma has better neoadjuvant therapy
efficacy than adenocarcinoma), EGFR/ALK state (the
effectiveness of neoadjuvant immunotherapy in patients with
EGFR/ALK mutation is poor), and more markers for predicting
the treatment effect are still being explored (32, 34, 39). Our
patient had a PD-L1 tumor proportion score = 50%. The
pathological type was squamous cell carcinoma, which may
partly explain why this unresectable locally advanced NSCLC
could be successfully transformed to pCR.

Antiangiogenic drugs play an antitumor role mainly by
inhibiting tumor angiogenesis. Studies have shown that
antiangiogenic drugs can also promote the normalization of
blood vessels in tumor tissues, improve the tumor
microenvironment, increase the infiltration of effector immune
cells in tumor tissues, promote the arrival of chemotherapeutic
drugs to tumor tissues, and cooperate with other antitumor
drugs in antitumor treatment (41, 42). As mentioned earlier, the
patient was unresectable at the initial diagnosis, and we used
antiangiogenic agents combined with immunotherapy and
chemotherapy to convert this patient to radical surgery.
IMPOWER 150 demonstrates that immunotherapy combined
with antiangiogenic chemotherapy has been successfully applied
to patients with metastatic NSCLC. Nevertheless, the evidence-
based medical evidence of neoadjuvant anti-vascular therapy is
limited; whether antiangiogenic drugs can enhance the
therapeutic effect of neoadjuvant immunotherapy combined
with chemotherapy and their safety remain to be
further explored.

Our study had some limitations. First, due to the patient’s
reasons, we did not perform a biopsy on the hilar lymph nodes of
the patient at initial diagnosis, but the PET-CT of the patient
showed that the bilateral hilar lymph nodes were enlarged and
complicated with hypermetabolism (SUVmax 9.2). Additionally,
the bilateral hilar lymph nodes decreased significantly after
antitumor treatment, which proves that the enlargement of left
hilar lymph nodes is caused by tumor metastasis. On the other
hand, studies have shown that tumor mutational burden,
circulating tumor DNA, and other indicators may be related
to the efficacy of immunotherapy. We did not detect these
associated indicators in this patient.

Conclusion

In conclusion, at present, neoadjuvant immunotherapy
clinical research mainly includes IB-IIIA and partially
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resectable stage IIIB patients. We innovatively applied anti-PD-1
immunotherapy combined with chemotherapy and anti-
angiogenesis therapy and successfully transformed a resectable
stage IIIC NSCLC patient into radical surgery (ypTONOMO),
which brought about an opportunity for a cure and was of great
significance in improving the patient’s prognosis. Our results
might bring some changes to the treatment of stage IIIC lung
cancer patients in the future.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by Human and Research Ethics committees of the
Renmin Hospital of Wuhan University. The patients/
participants provided their written informed consent to
participate in this study.

References

1. Lu T, Yang X, Huang Y, Zhao M, Li M, Ma K, et al. Trends in the incidence,
treatment, and survival of patients with lung cancer in the last four decades. Cancer
Manag Res (2019) 11:943-53. doi: 10.2147/CMAR.S187317

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin
(2020) 70(1):7-30. doi: 10.3322/caac.21590

3. ShiY, Zhang X, Wu G, Xu J, He Y, Wang D, et al. Treatment strategy, overall
survival and associated risk factors among patients with unresectable stage ITIB/IV
non-small cell lung cancer in China (2015-2017): A multicentre prospective study.
Lancet Reg Health West Pac (2022) 23:100452. doi: 10.1016/j.lanwpc.2022.100452

4. Reck M, Mok TSK, Nishio M, Jotte RM, Cappuzzo F, Orlandi F, et al.
Atezolizumab plus bevacizumab and chemotherapy in non-small-cell lung cancer
(IMpower150): key subgroup analyses of patients with EGFR mutations or baseline
liver metastases in a randomised, open-label phase 3 trial. Lancet Respir Med (2019)
7(5):387-401. doi: 10.1016/S2213-2600(19)30084-0

5. Zheng Y, Jaklitsch MT, Bueno R. Neoadjuvant therapy in non-small cell lung
cancer. Surg Oncol Clin N Am (2016) 25(3):567-84. doi: 10.1016/j.50¢.2016.02.010

6. Group NM-aC. Preoperative chemotherapy for non-small-cell lung cancer: a
systematic review and meta-analysis of individual participant data. Lancet (2014)
383(9928):1561-71. doi: 10.1016/S0140-6736(13)62159-5

7. Kim HC, Ji W, Lee JC, Kim HR, Song SY, Choi CM, et al. Prognostic factor
and clinical outcome in stage III non-small cell lung cancer: A study based on real-
world clinical data in the Korean population. Cancer Res Treat (2021) 53(4):1033—
41. doi: 10.4143/crt.2020.1350

8. Evison M, AstraZeneca UKL. The current treatment landscape in the UK for

stage ITII NSCLC. Br J Cancer (2020) 123(Suppl 1):3-9. doi: 10.1038/s41416-020-
01069-z

9. Jazieh AR, Zeitouni M, Alghamdi M, Alrujaib M, Lotfi S, Abu Daff S, et al.
Management guidelines for stage III non-small cell lung cancer. Crit Rev Oncol
Hematol (2021) 157:103144. doi: 10.1016/j.critrevonc.2020.103144

10. Chaft JE, Rimner A, Weder W, Azzoli CG, Kris MG, Cascone T. Evolution
of systemic therapy for stages I-III non-metastatic non-small-cell lung cancer. Nat
Rev Clin Oncol (2021) 18(9):547-57. doi: 10.1038/s41571-021-00501-4

Frontiers in Oncology

10.3389/fonc.2022.954685

Author contributions

All authors contributed to the study conception and design.
Material preparation, data collection, and analysis were
performed by GJ, SZ, XT, YH, and XL. The first draft of the
manuscript was written by GJ, and all authors commented on
previous versions of the manuscript. All authors contributed to
the article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

11. Wu YL, Herbst RS, Mann H, Rukazenkov Y, Marotti M, Tsuboi M.
ADAURA: Phase III, double-blind, randomized study of osimertinib versus
placebo in EGFR mutation-positive early-stage NSCLC after complete surgical
resection. Clin Lung Cancer (2018) 19(4):e533-6. doi: 10.1016/j.cllc.2018.04.004

12. Faivre-Finn C, Vicente D, Kurata T, Planchard D, Paz-Ares L, Vansteenkiste
JF, et al. Four-year survival with durvalumab after chemoradiotherapy in stage IIT
NSCLC-an update from the PACIFIC trial. ] Thorac Oncol (2021) 16(5):860-7.
doi: 10.1016/.jth0.2020.12.015

13. Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello F, von Pawel J,
et al. Atezolizumab versus docetaxel in patients with previously treated non-small-
cell lung cancer (OAK): a phase 3, open-label, multicentre randomised controlled
trial. Lancet (2017) 389(10066):255-65. doi: 10.1016/S0140-6736(16)32517-X

14. Brahmer J, Reckamp KL, Baas P, Crino L, Eberhardt WE, Poddubskaya E,
et al. Nivolumab versus docetaxel in advanced squamous-cell non-Small-Cell lung
cancer. N Engl ] Med (2015) 373(2):123-35. doi: 10.1056/NEJMoa1504627

15. Zheng H, Zeltsman M, Zauderer MG, Eguchi T, Vaghjiani RG, Adusumilli
PS. Chemotherapy-induced immunomodulation in non-small-cell lung cancer: a
rationale for combination chemoimmunotherapy. Immunotherapy (2017) 9
(11):913-27. doi: 10.2217/imt-2017-0052

16. Pfirschke C, Engblom C, Rickelt S, Cortez-Retamozo V, Garris C, Pucci F,
et al. Immunogenic chemotherapy sensitizes tumors to checkpoint blockade
therapy. Immunity (2016) 44(2):343-54. doi: 10.1016/j.immuni.2015.11.024

17. van der Hoorn IAE, Florez-Grau G, van den Heuvel MM, de Vries IJM, Piet
B. Recent advances and future perspective of DC-based therapy in NSCLC. Front
Immunol (2021) 12:704776. doi: 10.3389/fimmu.2021.704776

18. Koufos N, Michailidou D, Xynos ID, Tomos P, Athanasiadou K, Kosmas C,
et al. Modulation of peripheral immune responses by paclitaxel-ifosfamide-
cisplatin chemotherapy in advanced non-small-cell lung cancer. J Cancer Res
Clin Oncol (2013) 139(12):1995-2003. doi: 10.1007/s00432-013-1514-1

19. Roselli M, Cereda V, di Bari MG, Formica V, Spila A, Jochems C, et al.
Effects of conventional therapeutic interventions on the number and function of
regulatory T cells. Oncoimmunology (2013) 2(10):e27025. doi: 10.4161/0onci.27025

frontiersin.org


https://doi.org/10.2147/CMAR.S187317
https://doi.org/10.3322/caac.21590
https://doi.org/10.1016/j.lanwpc.2022.100452
https://doi.org/10.1016/S2213-2600(19)30084-0
https://doi.org/10.1016/j.soc.2016.02.010
https://doi.org/10.1016/S0140-6736(13)62159-5
https://doi.org/10.4143/crt.2020.1350
https://doi.org/10.1038/s41416-020-01069-z
https://doi.org/10.1038/s41416-020-01069-z
https://doi.org/10.1016/j.critrevonc.2020.103144
https://doi.org/10.1038/s41571-021-00501-4
https://doi.org/10.1016/j.cllc.2018.04.004
https://doi.org/10.1016/j.jtho.2020.12.015
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.2217/imt-2017-0052
https://doi.org/10.1016/j.immuni.2015.11.024
https://doi.org/10.3389/fimmu.2021.704776
https://doi.org/10.1007/s00432-013-1514-1
https://doi.org/10.4161/onci.27025
https://doi.org/10.3389/fonc.2022.954685
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Jia et al.

20. Beyranvand Nejad E, van der Sluis TC, van Duikeren S, Yagita H, Janssen
GM, van Veelen PA, et al. Tumor eradication by cisplatin is sustained by CD80/86-
mediated costimulation of CD8+ T cells. Cancer Res (2016) 76(20):6017-29.
doi: 10.1158/0008-5472.CAN-16-0881

21. Fournel L, Wu Z, Stadler N, Damotte D, Lococo F, Boulle G, et al. Cisplatin
increases PD-L1 expression and optimizes immune check-point blockade in non-small
cell lung cancer. Cancer Lett (2019) 464:5-14. doi: 10.1016/j.canlet.2019.08.005

22. Zhou L, Xu Q, Huang L, Jin ], Zuo X, Zhang Q, et al. Low-dose carboplatin
reprograms tumor immune microenvironment through STING signaling pathway
and synergizes with PD-1 inhibitors in lung cancer. Cancer Lett (2021) 500:163-71.
doi: 10.1016/j.canlet.2020.11.049

23. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T, Fulop A, et al.
Updated analysis of KEYNOTE-024: Pembrolizumab versus platinum-based
chemotherapy for advanced non-Small-Cell lung cancer with PD-L1 tumor
proportion score of 50% or greater. ] Clin Oncol (2019) 37(7):537-46.
doi: 10.1200/JCO.18.00149

24. Mok TSK, Wu YL, Kudaba I, Kowalski DM, Cho BC, Turna HZ, et al.
Pembrolizumab versus chemotherapy for previously untreated, PD-L1-expressing,
locally advanced or metastatic non-small-cell lung cancer (KEYNOTE-042): a
randomised, open-label, controlled, phase 3 trial. Lancet (2019) 393(10183):1819—
30. doi: 10.1016/S0140-6736(18)32409-7

25. Garassino MC, Gadgeel S, Esteban E, Felip E, Speranza G, Domine M, et al.
Patient-reported outcomes following pembrolizumab or placebo plus pemetrexed
and platinum in patients with previously untreated, metastatic, non-squamous
non-small-cell lung cancer (KEYNOTE-189): a multicentre, double-blind,
randomised, placebo-controlled, phase 3 trial. Lancet Oncol (2020) 21(3):387-97.
doi: 10.1016/S1470-2045(19)30801-0

26. Herbst RS, Baas P, Kim DW, Felip E, Perez-Gracia JL, Han JY, et al
Pembrolizumab versus docetaxel for previously treated, PD-L1-positive, advanced
non-small-cell lung cancer (KEYNOTE-010): a randomised controlled trial. Lancet
(2016) 387(10027):1540-50. doi: 10.1016/S0140-6736(15)01281-7

27. Nosaki K, Saka H, Hosomi Y, Baas P, de Castro GJr., Reck M, et al. Safety
and efficacy of pembrolizumab monotherapy in elderly patients with PD-L1-
positive advanced non-small-cell lung cancer: Pooled analysis from the
KEYNOTE-010, KEYNOTE-024, and KEYNOTE-042 studies. Lung Cancer
(2019) 135:188-95. doi: 10.1016/j.lungcan.2019.07.004

28. Socinski MA, Nishio M, Jotte RM, Cappuzzo F, Orlandi F, Stroyakovskiy D,
et al. IMpowerl50 final overall survival analyses for atezolizumab plus
bevacizumab and chemotherapy in first-line metastatic nonsquamous NSCLC.
J Thorac Oncol (2021) 16(11):1909-24. doi: 10.1016/j.jtho.2021.07.009

29. Pall G. Neoadjuvant immunotherapy in nonsmall cell lung cancer. Curr
Opin Oncol (2021) 33(1):59-63. doi: 10.1097/CC0O.0000000000000699

30. Asamura H, Chansky K, Crowley J, Goldstraw P, Rusch VW, Vansteenkiste
JF, et al. The international association for the study of lung cancer lung cancer
staging project: Proposals for the revision of the n descriptors in the forthcoming
8th edition of the TNM classification for lung cancer. ] Thorac Oncol (2015) 10
(12):1675-84. doi: 10.1097/JT0O.0000000000000678

Frontiers in Oncology

09

10.3389/fonc.2022.954685

31. Kwiatkowski DJ, Rusch VW, Chaft JE, Johnson BE, Carbone DP.
Neoadjuvant atezolizumab in resectable non-small cell lung cancer (NSCLC):
Interim analysis and biomarker data from a multicenter study (LCMC3).
J Clin Oncol (2019) 37(15_suppl):8503-3. doi: 10.1200/JCO.2019.
37.15_suppl.8503

32. Cascone T, William WNJr., Weissferdt A, Leung CH, Lin HY, Pataer A,
et al. Neoadjuvant nivolumab or nivolumab plus ipilimumab in operable non-small
cell lung cancer: the phase 2 randomized NEOSTAR trial. Nat Med (2021) 27
(3):504-14. doi: 10.1038/s41591-020-01224-2

33. Duan H, Wang T, Luo Z, Tong L, Dong X, Zhang Y, et al. Neoadjuvant
programmed cell death protein 1 inhibitors combined with chemotherapy in
resectable non-small cell lung cancer: an open-label, multicenter, single-arm
study. Transl Lung Cancer Res (2021) 10(2):1020-8. doi: 10.21037/tlcr-21-130

34. Provencio M, Nadal E, Insa A, Garcia-Campelo MR, Casal-Rubio J, Domine
M, et al. Neoadjuvant chemotherapy and nivolumab in resectable non-small-cell
lung cancer (NADIM): an open-label, multicentre, single-arm, phase 2 trial. Lancet
Oncol (2020) 21(11):1413-22. doi: 10.1016/S1470-2045(20)30453-8

35. Shu CA, Gainor JF, Awad MM, Chiuzan C, Grigg CM, Pabani A, et al.
Neoadjuvant atezolizumab and chemotherapy in patients with resectable non-
small-cell lung cancer: an open-label, multicentre, single-arm, phase 2 trial. Lancet
Oncol (2020) 21(6):786-95. doi: 10.1016/S1470-2045(20)30140-6

36. Hellmann MD, Chaft JE, William WN]Jr., Rusch V, Pisters KM, Kalhor N,
et al. Pathological response after neoadjuvant chemotherapy in resectable non-
small-cell lung cancers: proposal for the use of major pathological response as a
surrogate endpoint. Lancet Oncol (2014) 15(1):e42-50. doi: 10.1016/S1470-2045
(13)70334-6

37. Mouillet G, Monnet E, Milleron B, Puyraveau M, Quoix E, David P, et al.
Pathologic complete response to preoperative chemotherapy predicts cure in early-
stage non-small-cell lung cancer: combined analysis of two IFCT randomized trials.
J Thorac Oncol (2012) 7(5):841-9. doi: 10.1097/JTO.0b013e31824c7d92

38. Chaft JE, Shyr Y, Sepesi B, Forde PM. Preoperative and postoperative
systemic therapy for operable non-Small-Cell lung cancer. J Clin Oncol (2022) 40
(6):546-55. doi: 10.1200/JCO.21.01589

39. Forde PM, Spicer J, Lu S, Provencio M, Mitsudomi T, Awad MM, et al.
Neoadjuvant nivolumab plus chemotherapy in resectable lung cancer. N Engl ] Med
(2022) 386(21):1973-1985. doi: 10.1056/NEJM0a2202170

40. Hu H, Zou S, Xu R, Ichiki Y, De Ruysscher D, Yu F, et al. Conversion
therapy from N3 unresectable lung adenocarcinoma to radical surgery: a case
report. Ann Transl Med (2019) 7(20):590. doi: 10.21037/atm.2019.09.113

41. Tian L, Goldstein A, Wang H, Ching Lo H, Sun Kim I, Welte T, et al. Mutual
regulation of tumour vessel normalization and immunostimulatory
reprogramming. Nature (2017) 544(7649):250-4. doi: 10.1038/nature21724

42. Ren S, Xiong X, You H, Shen J, Zhou P. The combination of immune
checkpoint blockade and angiogenesis inhibitors in the treatment of advanced non-
small cell lung cancer. Front Immunol (2021) 12:689132. doi: 10.3389/
fimmu.2021.689132

frontiersin.org


https://doi.org/10.1158/0008-5472.CAN-16-0881
https://doi.org/10.1016/j.canlet.2019.08.005
https://doi.org/10.1016/j.canlet.2020.11.049
https://doi.org/10.1200/JCO.18.00149
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S1470-2045(19)30801-0
https://doi.org/10.1016/S0140-6736(15)01281-7
https://doi.org/10.1016/j.lungcan.2019.07.004
https://doi.org/10.1016/j.jtho.2021.07.009
https://doi.org/10.1097/CCO.0000000000000699
https://doi.org/10.1097/JTO.0000000000000678
https://doi.org/10.1200/JCO.2019.37.15_suppl.8503
https://doi.org/10.1200/JCO.2019.37.15_suppl.8503
https://doi.org/10.1038/s41591-020-01224-2
https://doi.org/10.21037/tlcr-21-130
https://doi.org/10.1016/S1470-2045(20)30453-8
https://doi.org/10.1016/S1470-2045(20)30140-6
https://doi.org/10.1016/S1470-2045(13)70334-6
https://doi.org/10.1016/S1470-2045(13)70334-6
https://doi.org/10.1097/JTO.0b013e31824c7d92
https://doi.org/10.1200/JCO.21.01589
https://doi.org/10.1056/NEJMoa2202170
https://doi.org/10.21037/atm.2019.09.113
https://doi.org/10.1038/nature21724
https://doi.org/10.3389/fimmu.2021.689132
https://doi.org/10.3389/fimmu.2021.689132
https://doi.org/10.3389/fonc.2022.954685
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Conversion therapy from unresectable stage IIIC non-small-cell lung cancer to radical surgery via anti-PD-1 immunotherapy combined with chemotherapy and anti-angiogenesis: A case report and literature review
	Introduction
	Case presentation
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




