
Introduction

Patients with locally advanced non-small cell lung cancer 
(stage IIIA N2) usually undergo neoadjuvant chemotherapy 
in order to reduce the tumor size, address micrometastatic 
disease and improve clinical outcome. In these patients, 
a standard platinum-based treatment results in a 
pathological downstaging in 40%–60% [1-4] of the cases 
and a pathological complete response in 5%–10% [5], 
but the effect on the overall survival is still modest, with 
an estimated benefit of 4% to 8% at 5 years. Favourable 
prognostic factors for survival are complete pathological 
response and downstaging of mediastinal lymph nodes in 
the resection specimen. Therefore more active agents given 
as induction treatment could improve the clinical outcome 
of patients with locally advanced disease. In the last year, 
epidermal growth factor receptor (EGFR) tyrosine-kinase 
inhibitors (TKI) and tyrosine kinase inhibitor (TKI) of ALK 
have demonstrated considerable activity for the cure of 
the specific subgroup patients with tumors harboring EGFR 
mutations or ALK translocations. There is limited evidence 
for use of EGFR targeted therapy in a neoadjuvant setting 
and very limited case of use of ALK targeted therapies in 
a neoadjuvant setting. Rearrangements of the ALK gene 
are present in 3% to 5% of non-small cell lung cancers 
(NSCLCs) [6, 7]. They define a distinct subgroup of NSCLC 
that typically occurs in younger patients, never smoked 
and that has adenocarcinoma histologic characteristics 
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Abstract

A 65-year-old non-smoker female was diagnosed with lung adenocarcinoma clinically staged as IV M1a because of bilateral pulmonary 
lesions. After a differential response to chemotherapy, further analyses allowed us to re-stage the tumor as a synchronous bilateral 
local disease with unilateral ALK (Anaplastic lymphoma kinase) rearrangement. Combined treatment with chemotherapy, crizotinib and 
surgery, with clinical and pathological tumor-response to pre-operative crizotinib, obtained complete tumors remission, and the patient 
is still disease free after 11 months since the last tumor resection. As far as we know this is the first report of a clinical and pathological 
regression of an early-stage ALK-rearranged NSCLC treated with neo-adjuvant crizotinib. This report supports further studies to assess 
activity and efficacy of ALK–inhibitors in neoadjuvant setting.
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[8-10]. Crizotinib is an oral small-molecule tyrosine kinase 
inhibitor (TKI) of ALK, MET, and ROS1 kinases [11]. In phase 
1 and 2 studies, crizotinib treatment resulted in objective 
tumor responses in approximately 60% of patients with 
ALK-positive NSCLC and in progression-free survival of 
7 to 10 months [12-14]. In a randomized phase 3 trial 
involving patients with advanced ALK-positive NSCLC who 
had received previous platinum-based chemotherapy, 
crizotinib was superior to single-agent second-line 
chemotherapy with either pemetrexed or docetaxel [15]. 
PROFILE 1014 study compared crizotinib vs chemotherapy 
in 343 patients ALK-positive who had no previous 
treatment for advanced NSCLC. They were randomized 
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to either receive crizotinib vs pemetrexed plus platinum. 
Progression-free survival for crizotinib group (n  172) was 
10.9 months and for chemotherapy group (n  171) was 
7.0 months. The overall response rate (ORR) was 74 % (95 
% CI 67–81) for crizotinib group vs 45 % (95 % CI 37–53) for 
chemotherapy (P  0.001) [16]. Crizotinib was approved 
for ALK positive, locally advanced, and metastatic NSCLC. 
However, there has been no data about the preoperative 
crizotinib treatment in NSCLC patients. We report the case 
of a 45-year-old female who underwent surgical resection 
after neo-adjuvant treatment with crizotinib. The patient 
presented with what was thought initially to be stage IV 
non-small cell lung cancer involving both lungs but she was 
then re-staged as having two localized primary bilateral 
lung cancers rather than metastatic malignancy.

Case report

We present the case of a 65-year-old non-smoker female 
who was diagnosed in July 2013 with bilateral lung tumors. 
Presenting symptoms were a moderate dyspnea on exertion, 
anorexia and asthenia. A total body CT-scan showed a left 
perihilar and a right lower lobe lesion together with many 
small bilateral nodules and ground glass opacities. A 18-
fluordeoxyglucose (FDG) positron emission tomography 
(PET) showed pathologic accumulations of the radiotracer 
in the area of parenchymal thickening in the left lower lung 
and in many further areas at the posterior basal segment 
of the right lower lobe. Left bronchial biopsies showed 
a TTF1-positive p40-negative adenocarcinoma with ALK 
genetic rearrangements (FISH analysis Abbott Vysis break-
apart probe) in 25% of the tumor cells (Figure 1).

According to a clinical tumor stage IV M1a (7th TNM), being 
ALK-inhibitors not approved in Italy for first-line treatment, 
the patient received systemic chemotherapy with cisplatin 
and pemetrexed. A Response Evaluation Criteria in Solid 
Tumors (RECIST) stable disease (minor tumor reduction) 
of the left lesion together with a slight progression of the 
larger contralateral lesions were observed in a CT-scan 
evaluation performed after three cycles. According to this 
differential response, we performed a biopsy of the major 
right lung lesion. A different histology was found: well-

Figure 1 ALK genetic rearrangements (FISH analysis Abbott Vysis break-
apart probe) in 25% of the tumor cells.

differentiated adenocarcinoma with a bronchioloalveolar 
pattern of growth, without ALK rearrangement, EGFR wild 
type. In the light of the finding of two different lung cancers 
with different molecular patterns, the multidisciplinary 
team decided to surgically manage the ALK-negative right-
tumor, unresponsive to systemic chemotherapy, with the 
aim of giving a subsequent ALK-inhibitor for treating the left 
residual ALK-positive tumor. On January 2014, the patient 
underwent video-thoracoscopic right lower lobectomy and 
radical lymphadenectomy. Pathological report described a 
3,3 cm sub-pleural TTF-1 positive invasive adenocarcinoma 
with prevalent lepidic growth (Figures 2 and 3) without any 
other cancer lesions in the whole lobe. The tumor was 
therefore staged ypT2aypN0. No EGFR (exon 18,19,20 and 
21) and KRAS gene (codon 12, 13 and 61) mutations were 
found by Sanger bi-directional sequencing. FISH analysis 
for ALK rearrangement (Abbott Vysis break- apart probe) 
was negative. From February to August 2014 the patient 
received crizotinib 250 mg twice daily, with no relevant 
toxicity.

Figure 2 Pathological report described a 3,3 cm sub-pleural TTF-1 positive 
invasive denocarcinoma with prevalent lepidic growth.

Figure 3 Left bronchial biopsies showed a TTF1-positive p40-negative 
adenocarcinoma.

A subsequent FDG-PET tumor reassessment showed a 
clinical response of the residual left tumor, with tumor 
reduction and a lower tumor uptake (Figure 4). Therefore, 
after 6 months of crizotinib administration, on august 
2014 the patient underwent a left lower lobectomy and 
radical lymphadenectomy with curative intent with any 
complications during and following surgery. Histological 
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report showed a solid 2,2 cm sub-pleural tumor prevalently 
made by poorly cellulated fibrous tissue containing rare 
acinar structures lined by atypical glandular cells. Scarred 
fibrosis was the predominant morphological finding. Only 
at the periphery of the lesion areas of adenocarcinoma with 
lepidic growth could be seen (Figures 5 and 6). Aggregates 
of foamy macrophages were present in the central areas 
of the tumor. Tumor cells strongly expressed TTF-1. The 
atypical glandular structures within the scarred fibrosis 
expressed ALK fusion protein (Figure 7); more than 30% 
of the tumor nuclei showed ALK rearrangement at FISH 
analysis. After 11 months of follow up, the patient is still 
disease free.

Figure 4a Pre crizotinib: FDG-PET tumor reassessment.

Figure 4b Post crizotinib: FDG-PET tumor reassessment showed a clinical 
response of the residual left tumor, with tumor reduction and a lower 
tumor uptake.

Figure 5 After 6 months of crizotinib administration; sub-pleural tumor 
prevalently made by poorly cellulated fibrous tissue containing rare 
acinar structures lined by atypical glandular cells. Scarred fibrosis was the 
predominant morphological finding. Only at the periphery of the lesion 
areas of adenocarcinoma with lepidic growth could be seen.

Figure 6 After 6 months of crizotinib administration; sub-pleural tumor 
prevalently made by poorly cellulated fibrous tissue containing rare 
acinar structures lined by atypical glandular cells. Scarred fibrosis was the 
predominant morphological finding. Only at the periphery of the lesion 
areas of adenocarcinoma with lepidic growth could be seen.

Figure 7 Aggregates of foamy macrophages were present in the central 
areas of the tumor. Tumor cells strongly expressed TTF-1. The atypical 
glandular structures within the scarred fibrosis expressed ALK fusion 
protein.

Discussion

Target therapy has changed the prognosis of patients 
with NSCLC harboring druggable molecular targets, 
such as ALK rearrangement, being more effective than 
chemotherapy with regards to both overall response rate 
and progression-free survival [17, 18]. Missing recognition 
of these targets could strongly affect the patient’s outcome. 

An interesting aspect of this case was the ability of the 
multidisciplinary team to understand that the patient 
was affected by two different tumors, with different 
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molecular profiles, which led to a restaging from M1a to 
two synchronous primary tumors supporting a curative 
bilateral surgical approach. Furthermore, we underline 
the major activity of pre-operative crizotinib observed in 
this case. At present, although crizotinib showed a major 
and sustained antitumor activity in patients with advanced 
ALK-rearranged NSCLC, its role as a pre-operative systemic 
treatment has not been adequately investigated. As a 
matter of fact, molecular profiling of early stage NSCLC 
is not advised by international guidelines and the current 
standard of induction treatment is chemotherapy i.e., 
according to the last European Society for Medical 
Oncology (ESMO) guidelines, neo-adjuvant regimens with 
at least three cycles of platinum-based chemotherapy 
should be administered. Notably, favorable prognostic 
factors for survival in the subset of patients treated with 
induction chemotherapy are a complete pathological 
response and/or down-staging of mediastinal lymph 
nodes in the resection specimen. In this case, despite only 
6-months of crizotinib administration, we obtained both a 
radiological response and a pathological evidence of major 
signs of tumor regression, with no tumor relapse after an 
11-months follow up. The development of target therapy 
offers a luxury option to improve the outcome of patients 
with curable advanced NSCLC, but there are still few studies 
exploring this opportunity. Eva E. Schaake et al., evaluated 
tumor response to 3 weeks of neo-adjuvant erlotinib 
administration in an enriched population (never-smoker, 
female sex, nons-quamous histology, or Asian ethnicity) of 
60 patients with early-stage NSCLC. At surgery, pathologic 
examination showed more than 50% necrosis in 23% 
patients, of whom 5% had more than 95% tumor necrosis. 
This pilot experience demonstrated that this tyrosine 
kinase inhibitor has good activity in a neo-adjuvant setting 
[19]. Consistently, EGFR-TKI activity was reported also in 
short course of pre-operative treatment in stage I-II EGFR 
mutated NSCLC. Lara- Guerra et al. reported a 100% tumor 
reduction in 6 patients with clinical stage I EGFR-mutated 
NSCLC treated with 28-days cycle of gefitinib. Rizvi NA and 
colleagues reported an 81% RECIST tumor response in 18 
pts with EGFR-mutated stage I-II NSCLC after a 21-days 
gefitinib administration [20].

There is a paucity of information in regards to crizotinib as 
neo-adjuvant therapy for NSCLC and this case report could 
be of benefit to the medical community. There is only one 
published case report presented a patient with EML4/
ALK fusion gene-positive lung cancer who was treated 
with ALK inhibitor followed by surgery [21]. Favorable 
prognostic factors for survival are complete pathological 
response and down-staging of mediastinal lymph nodes 
in the resection specimen and more active agents given 
as induction treatment could improve the clinical outcome 
of patients with locally advanced disease. We report a 
clinical and pathological regression of an early-stage ALK-
rearranged NSCLC treated with neo-adjuvant crizotinib.

Conclusion

This case supports prospective studies to assess activity and 
efficacy of ALK–inhibitors in neoadjuvant setting in patients 
with ALK-rearranged, locally advanced NSCLC, evaluating 
both the rate of complete pathological response/ tumor 
downstaging and the patients outcome.
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