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Abstract

Background In patients with resectable stage Ill non-small cell lung cancer (NSCLC), induction chemoimmuno-
therapy followed by surgical resection has shown unprecedented rates of pathological response and event-free sur-
vival. However, a triple-induction including radiochemotherapy and immunotherapy followed by surgical resection
has not been routinely established in clinical practice.

Case presentation We report the case of a 47-year-old patient with stage IlIA NSCLC who was treated in a combined
concept including induction concurrent radiochemotherapy, followed by 4 cycles of pembrolizumab and subsequent
intrapericardial left-sided pneumonectomy. Histological analysis revealed a pathological complete response.

Conclusions The case demonstrates that the combination of neoadjuvant chemo-, radio- and immunotherapy

in advanced NSCLC may lead to a relevant down-staging and may enable a RO-resection of a borderline resectable
tumor. However, the combination of four different treatment modalities requires resilience and a good performance
status. A triple induction treatment may be a promising option for selected patients with locally advanced NSCLC
and good performance status.
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at initial diagnosis [1]. The treatment of patients at this
stage remains challenging due to the local extension of
the primary tumor and the increased risk of metastatic
progress. It is not surprising, that with the increased risk
of local or distant recurrence in this stage, the historically
reported 5-year survival in resected stage III NSCLC is
below 36% despite conventional chemotherapy [2]. While
neoadjuvant chemoimmunotherapy has become the pre-
ferred treatment of resectable stage III NSCLC in many
countries, the addition of neoadjuvant radiotherapy is
not commonly used in clinical practice.
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Here, we report the case of a patient with stage IIIA
NSCLC who was treated in a quadrimodal concept by
combining the neoadjuvant chemoradiotherapy with
immunotherapy and subsequent surgery.

Case presentation

A 47-year-old male patient with a smoking history of
70 pack years presented with shortness of breath and
minor hemoptysis. A computed tomography (CT) of
the chest revealed a large tumor of the left hilum with
infiltration into the upper- and lower main bronchus,
infiltration into the left pulmonary artery and sub-
carinal extension. Upon subsequent bronchoscopy
and transbronchial biopsy, a squamous cell carcinoma
was diagnosed. PD-L1 immunohistochemistry (clone
E1L3N®, Cell Signaling Technology, Cambridge, UK)
revealed a positivity in 40% of the tumor cells and in
70% of the tumor-infiltrating immune cells. A staging
by positron emission computed tomography (PET-CT)
showed normal-sized mediastinal lymph nodes with-
out increased FDG-uptake, but metabolically active left
axillary lymph nodes. The axillary lymph nodes were
thus resected and histological analysis showed focal
lymphadenitis, but no malignancy. After a cranial mag-
netic resonance tomography had displayed no signs
of brain metastases, a clinical T4 NO MO status was
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defined, corresponding to UICC stage IIIA. Therefore,
an induction concurrent radiochemotherapy was initi-
ated. Induction chemotherapy consisted of three cycles
of carboplatin and paclitaxel. The concurrent neoad-
juvant hyperfractionated radiotherapy was adminis-
tered to a cumulative dose of 50 Gy in 25 fractions of
2 Gy, given 5 days a week. The subsequent CT showed
a partial morphological response. Considering the high
PD-L1 expression, the patient subsequently received 4
cycles of pembrolizumab. The re-staging by PET-CT
(Fig. 1) revealed a further reduction in tumor size with
only minimal residual metabolic activity and no rel-
evant new lesions.

The patient was then admitted for surgical resection
as definitive local treatment 5 weeks after the last cycle
of immunotherapy. Pre-operative spirometry showed
sufficient functional reserve (forced expiratory volume
in one second: 2.75L (75% of set), diffusing capacity 64%
of set) and the perfusion of the diseased left lung (V/Q-
scan) was reduced to 29%. Due to the central location
of the tumor with contact to the left main pulmonary
artery and bronchus, an intrapericardial left-sided
pneumonectomy was performed, followed by medias-
tinal lymphadenectomy. Upon histological analysis, a
pathological complete response (pCR) was found, cor-
respondent to a ypT0 ypNO (0/25) status (Fig. 2). The
patient was discharged after an uneventful recovery on
the 11" postoperative day. Postoperatively, the patient

After neoadjuvant treatment

Fig. 1 Positron-emission computed tomography (PET-CT) and computed tomography (CT) before initiation of neoadjuvant treatment (left)
and after administration of neoadjuvant chemoradiotherapy and immunotherapy (right). The contrast-enhanced CT (left, below) depicts the left

main pulmonary artery encircled by the residual tumor mass
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Fig. 2 Image A shows an overview of the former tumor bed
composed of necrotic tissue in the center (top left) surrounded

by a rim of sparse fibrosis and a more prominent inflammatory
infiltrate. At higher magnification (B), isolated structures such

as indicated vessels and completely necrotic tumor nests can be
seen within the necrosis zone (right). The adjacent transition zone
between necrosis and normal lung tissue shows a high proportion
of partially haemosiderin-laden macrophages and scattered
lymphocytes

reported a mildly to moderately impaired respiratory
reserve upon physical exertion. In the last regular clini-
cal and radiological follow-up 24 months after surgery,
no signs of relapse were present.

Discussion and conclusions

Our case demonstrates that the combination of radio-
chemotherapy and immunotherapy in a neoadjuvant set-
ting of a patient with stage IIIA NSCLC may result in a
PCR and enable an RO-resection of an otherwise unre-
sectable tumor. In the past years, the use of immune
checkpoint inhibitors that act by restoring the antitu-
mor immune response have shaped the treatment land-
scape in locally advanced NSCLC with unprecedented
response rates. Especially in the neoadjuvant setting,
immunotherapy may enhance the immune response by
using the primary tumor bulk as an antigen source for
activation of cancer-specific T-cells [3]. Similarly, after
cancer irradiation an increased systemic anti-tumor
immune response is seen by the so-called abscopal effect
that defines a radiotherapy-induced release of tumor
neoantigens and modulation of the tumor immune
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microenvironment [4]. Both neoadjuvant chemoimmu-
notherapy and neoadjuvant radiotherapy not only help
to down-stage the tumor before surgery, but also aim to
treat micrometastatic disease by generating a systemic
antitumor response [3, 4]. The benefit of neoadjuvant or
perioperative chemoimmunotherapy in resectable stage
II to IIIB patients has recently been demonstrated by
several phase III trials: in the treatment arms, the Check-
mate 816 trial [3], Checkmate 77t trial [5], Keynote-671
trial [6], AEGEAN trial [7] and Neotorch trial [8] report
exceptional pCR rates of 24%, 25.3%, 18.1%, 17.2% and
24.8%, respectively and event-free survival rates of 62.4%
to 73.2% at 2 years. While definitive radiochemotherapy
followed by immunotherapy is regularly used in the clini-
cal practice for treatment of locally advanced, unresect-
able NSCLC according to the PACIFIC trial’s protocol
[9], the combination of these treatment modalities in the
neoadjuvant setting of resectable disease is not routinely
used in clinical practice. Molecular analyses of the tumor
microenvironment before and after chemo- or radio-
therapy have demonstrated that induction strategies may
create a more immunogenic microenvironment, includ-
ing higher densities of helper T-cells and tumor-associ-
ated macrophages, as well as an increased infiltration of
CD8+ cytotoxic T-cells [10]. By priming a non-inflamed
(“cold”) tumor, the efficacy of a subsequent immune
checkpoint inhibition may therefore be improved. This
effect is clinically shown by the sustained and durable
5-year survival benefit reported in the PACIFIC trial with
a 5-year OS of 42.9% in the group receiving durvalumab
as consolidation treatment in unresectable stage III
NSCLC [9]. The effect of an immune-modulatory radio-
therapy for an enhanced effect of neoadjuvant immune
checkpoint inhibition after neoadjuvant chemotherapy
for stage III (N2) NSCLC is currently investigated in the
SAKK 16/18 trial [11].

In our reported case, the treatment response and
the patient’s performance status directed the multi-
disciplinary tumor board to recommend a surgical
resection within a salvage approach. The excellent path-
ological response however raises the question in retro-
spect, whether surgical resection was indeed needed.
Pathological response currently holds the highest predic-
tive value for event-free survival when compared to the
radiographic response or circulating tumor DNA clear-
ance, and may ultimately guide subsequent adjuvant
therapy in the perioperative setting [12]. A biopsy-guided
pathological response assessment has been recently
investigated in other cancer entities and is an insufficient
predictor of pCR [13, 14]. In our case, the good functional
reserve and the reduced perfusion of the left lung in the
V/Q scan indicated that a left pneumonectomy was safe
and feasible. Nevertheless, these decisions always need to
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be made by a multidisciplinary tumor board, taking the
patient’s performance status, as well as other local treat-
ment approaches into consideration.

In consideration of the excellent pathological response
in our described case, the triple induction treatment may
be a promising option for selected patients with locally
advanced NSCLC and good performance status. Further
research is required to identify pathological response
before surgery.

Abbreviations

cT Computed tomography

NSCLC  Non-small cell lung cancer

(&N Overall survival

pCR Pathological complete response

PFS Progression-free survival

PET-CT  Positron emission computed tomography

Acknowledgements
None.

Authors’ contributions

Conceptualization by 10 and RSW. Writing and original draft preparation by
RSW and OL. Review and editing by all authors. Supervision and administra-
tion by 0. All authors read and approved the final manuscript.

Funding
No funding was received.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
For the review of clinical records and the publication of this case, a written
informed consent was obtained from the patient.

Competing interests

Olivia Lauk, Georg Tscherry and Sylvia Héller have no competing interests.
Raphael S. Werner has the following disclosures: Consultation/advisory role:
Bristol-Myers Squibb. Alessandra Curioni-Fontecedro has the following disclo-
sures: Consultation/advisory role: Amgen, AstraZeneca, Boehringer Ingelheim,
Bristol-Myers Squibb, Janssen, Merck Sharp and Dohme, Roche/Genentech,
Takeda. Talk in a company’s organized public event: Amgen, AstraZeneca,
Bristol-Myers Squibb, Foundation Medicine, Medscape, Merck Sharp and
Dohme, Roche/Genentech, Takeda. Receipt of grants/research supports: (Sub)
investigator in trials (institutional financial support for clinical trials) sponsored
by Amgen, AstraZeneca, Boehringer Ingelheim, Bristol-Myers Squibb, Merck
Sharp and Dohme, Roche/Genentech. Isabelle Opitz has the following
disclosures: Consulting or Advisory Role: AstraZeneca, MSD, BMS, Medtronic,
Intuitive (Proctorship). Speaker Bureau: Roche, AstraZeneca. Institutional
grants: Roche, Medtronic.

Received: 30 September 2022 Accepted: 30 March 2024
Published online: 15 April 2024

References
1. Aupérin A, Le Péchoux C, Rolland E, Curran WJ, Furuse K, Four-
nel P, et al. Meta-analysis of concomitant versus sequential

Page 4 of 4

radiochemotherapy in locally advanced non-small-cell lung cancer. J Clin
Oncol. 2010;28(13):2181-90.

2. Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura H, Eberhardt
WE, et al. The IASLC Lung Cancer Staging Project: Proposals for Revision
of the TNM Stage Groupings in the Forthcoming (Eighth) Edition of the
TNM classification for lung cancer. J Thorac Oncol. 2016;11(1):39-51.

3. Forde PM, Spicer J, Lu S, Provencio M, Mitsudomi T, Awad MM, et al.
Neoadjuvant nivolumab plus chemotherapy in resectable lung cancer. N
EnglJ Med. 2022;386(21):1973-85.

4. Nelson BE, Adashek JJ, Lin SH, Subbiah V. The abscopal effect in patients
with cancer receiving immunotherapy. Med. 2023;4(4):233-44.

5. CasconeT, Awad M, Spicer J,He J, Lu S, Sepesi B, et al. Abstract LBAT:
CheckMate 77T: Phase Il study comparing neoadjuvant nivolumab
(NIVO) plus chemotherapy (chemo) vs neoadjuvant placebo plus
chemo followed by surgery and adjuvant NIVO or placebo for previously
untreated, resectable stage Il-Illo NSCLC. Ann Oncol. 2023;34:S2.

6. Wakelee H, Liberman M, Kato T, Tsuboi M, Lee SH, Gao S, et al. Periopera-
tive pembrolizumab for early-stage non-small-cell lung cancer. N Engl J
Med. 2023;389:491-503.

7. Heymach JV, Harpole D, Mitsudomi T, Taube JM, Galffy G, Hochmair M,
et al. Perioperative durvalumab for resectable non-small-cell lung cancer.
N Engl J Med. 2023;389(18):1672-84.

8. LusS, Zhang W, Wu L, Wang W, Zhang P, Fang W, et al. Perioperative
toripalimab plus chemotherapy for patients with resectable non-
small cell lung cancer: the neotorch randomized clinical trial. JAMA.
2024,331(3):201-11.

9. Spigel DR, Faivre-Finn C, Gray JE, Vicente D, Planchard D, Paz-Ares L, et al.
Five-year survival outcomes from the PACIFIC trial: durvalumab after
chemoradiotherapy in stage Ill non-small-cell lung cancer. J Clin Oncol.
2022;40(12):1301-11.

10. Parra ER, Villalobos P, Behrens C, Jiang M, Pataer A, Swisher SG, et al. Effect
of neoadjuvant chemotherapy on the immune microenvironment in
non-small cell lung carcinomas as determined by multiplex immuno-
fluorescence and image analysis approaches. J Immunother Cancer.
2018;6(1):48.

11. Mauti L, Finazzi T, Holer L, Bettini A, Kénig D, Frih M, et al. SAKK 16/18:
immune-modulatory radiotherapy to enhance the effects of neoadjuvant
PD-L1 blockade after neoadjuvant chemotherapy in patients with resect-
able stage Il (N2) non-small cell lung cancer (NSCLC)—a multicenter
phase Il trial. J Clin Oncol. 2023;41(suppl 16):abstr 8547.

12. Deutsch JS, Cimino-Mathews A, Thompson E, Provencio M, Forde PM,
Spicer J, et al. Association between pathologic response and survival after
neoadjuvant therapy in lung cancer. Nat Med. 2024;30(1):218-28.

13. van Hemert AKE, van Duijnhoven FH, van Loevezijn AA, Loo CE, Wiersma
T, Groen EJ, et al. Biopsy-guided pathological response assessment in
breast cancer is insufficient: additional pathology findings of the MICRA
trial. Ann Surg Oncol. 2023;30(8):4682-9.

14. Hariharan N, Rao TS, Rajappa S, Naidu CCK, Raju KVVN, Koppula V, et al.
Accuracy of tumor bed biopsy for predicting pathologic complete
response after chemotherapy among women with breast cancer: com-
plete responders in the breast study. JCO Glob Oncol. 2023;9:22300014.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Triple-induction treatment for locally advanced non-small cell lung cancer: a case report of pathological complete response
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


