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Successful salvage surgery followed
by second ALK-TKI after alectinib failure
in a patient with ALK-positive NSCLC
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Abstract

Background: Anaplastic lymphoma kinase (ALK)-tyrosine kinase inhibitors (TKIs) have been approved for the
therapy of locally advanced non-small cell lung cancer (NSCLC) caused by ALK rearrangement. However, its treatment
after failure of initial ALK-TKI therapy remains controversial.

Case presentation: A 47-year-old woman with a hemosputum was diagnosed with adenocarcinoma of the left lung
(cT2bN3MO, stage IlIB). Gene mutation analysis indicated positive ALK translocation. Alectinib was selected as the first-
line treatment. Although the treatment effect was determined as a partial response, the main tumor regrew. Alectinib
was discontinued, and salvage surgery was performed without causing morbidity. The pathological diagnosis was
pleomorphic carcinoma without lymph node metastasis (yp-T2bNO0). After surgery, lorlatinib was administered as the
second-line treatment for 8 months until the patient could not tolerate continuation. Computed tomography scan
revealed no lung cancer recurrence 14 months after discontinuation.

Conclusions: Our experience with this case suggests that salvage surgery after alectinib treatment followed by lorla-
tinib therapy may be effective for initially unresectable ALK-positive NSCLC.
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Background

Although anaplastic lymphoma kinase (ALK)-tyros-
ine kinase inhibitors (TKIs) have been approved for the
treatment of locally advanced non-small cell lung cancer
(NSCLC) caused by ALK rearrangement [1], its treat-
ment after failure of initial ALK-TKI therapy remains
controversial.

Here, we report the case of a patient who had ALK-pos-
itive locally advanced lung cancer with multiple lymph
node metastases and was successfully treated with sal-
vage surgery between the ALK-TKI sequential therapy.
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Case presentation

A 47-year-old woman, who was a current smoker (1.25
pack-years), was referred to our hospital with a long-
term cough followed by hemosputum. Chest radiography
revealed a large mass in the upper lung field. Computed
tomography (CT) and positron emission tomography
findings were suggestive of lung cancer with mediastinal,
left subclavian, and right hilar lymph node metastases
(Fig. 1). No evidence of distant metastasis, including to
the brain, was observed. Tumor marker levels were not
elevated (carcinoembryonic antigen: 1.9 ng/ml, cytoker-
atin 19 fragment: 3.3 ng/ml, and progastrin-releasing
peptide: 21.2 pg/ml), whereas serum p53 antibody level
was elevated (183 U/ml). She underwent CT-guided
percutaneous core-needle biopsy of the left upper lobe
tumor. Hematoxylin and eosin staining revealed adeno-
carcinoma cells with positive immunostaining for thyroid
transcription factor-1. Gene mutation analysis showed
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Fig. 1 Chest computed tomography (CT) and positron emission tomography (PET) suggest a primary lung tumor in the left upper lobe with

negative epidermal growth factor receptor (EGFR) muta-
tions, c-ros oncogene-1 rearrangement, and v-Raf murine
sarcoma viral oncogene homolog B1 mutations. Tumor
cells were positive for staining with the ALK antibody, as
seen during immunohistochemical analysis (ALK iScore
5 by iAEP immunohistochemistry). ALK break apart
fluorescence in situ hybridization verified the occurrence
of ALK rearrangement with a rearrangement-positive
cell rate of 76.0%. The patient was treated with alectinib,
an ALK-TKI. CT scan showed a marked improvement
in both the main tumor and metastatic lymph nodes
2 months after the treatment. However, the lung tumor
regrew, while the lymph nodes continued to shrink
after 6 months of treatment (Fig. 2). Salvage surgery
was planned, and left upper lobectomy with mediastinal
lymph node dissection was conducted. The hilar region
could not be easily expanded due to the presence of bulky
mass and strong adhesion around pulmonary artery
branch A3 because of prior alectinib treatment; never-
theless, the operation was completed safely. Her postop-
erative course was uneventful. The pathological diagnosis
of the surgical specimen was pleomorphic carcinoma

with adenocarcinoma features without any lymph node
metastases (ypT3NOMO, stage IIB; Fig. 3). Approximately
50% residual viable tumor cells were found in the primary
lesion site (Ef Ib). After salvage surgery, lorlatinib was
administered as a second-line ALK-TKI for 8 months
until the patient could not tolerate continued therapy
because of adverse effects. CT scan revealed no lung can-
cer recurrence 14 months after discontinuation.

Discussion

ALK rearrangement is detected in 2-5% of NSCLC
patients [2]. Crizotinib, an ALK-TKI, has shown clinical
efficacy in the treatment of NSCLC with ALK rearrange-
ment [1]. However, most patients develop resistance to
crizotinib within 1 year of therapy. Second-generation
ALK inhibitors such as alectinib and brigatinib have been
developed to overcome resistance to crizotinib. Treat-
ment with these second-generation ALK inhibitors has
been well tolerated and has shown efficacy in crizotinib-
resistant lung cancers with ALK rearrangement [3].
These ALK inhibitors can also be used as first-line treat-
ment for NSCLC with ALK rearrangement [4].
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Fig. 2 Computed tomography showed that the lung tumor had regrown, while the lymph nodes had shrunk after 6 months of the alectinib
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Lorlatinib, a third-generation ALK inhibitor, has the
broadest coverage of ALK resistance mutations that have
been identified. It has been a standard treatment option
for ALK-positive patients who have experienced failure
of one or more ALK inhibitors [5].

Although the mechanisms of acquired resistance to
initial ALK-TKIs have been elucidated, treatment meth-
ods after failure of initial ALK-TKI therapy remain
controversial. Some of the treatment options after ini-
tial ALK-TKI treatment failure include ALK sequential
therapy (switching to lorlatinib or brigatinib) and cyto-
toxic chemotherapy with or without immune checkpoint
inhibitors.

Salvage surgery has been recognized as a surgical
treatment for patients with residual tumors or recurring
tumors even after definitive chemotherapy and/or radia-
tion therapy.

Shimizu et al. [6] reported that salvage surgery for
NSCLC patients after chemoradiotherapy and conven-
tional radiotherapy can cause minimal complications and
reasonable outcomes in selected patients. Their patients’
3-year overall survival (OS) is 67.3%, and the overall 30-
and 90-day mortality are 0 and 0.9%, respectively [6].
Although salvage surgery is a feasible therapeutic modal-
ity for advanced NSCLC, its survival benefits remain
unclear. To date, some salvage surgery trials have been

attempted. Ohtaki et al. [7] reported that salvage sur-
gery after TKI treatment may be beneficial for NSCLC
patients. They included 36 patients who underwent TKI
treatment followed by salvage surgery [7]. They obtained
grade 3 adverse events, 3 year OS, and 90 day mortality
of 5.6, 75.1, and 0%, respectively. However, many of these
patients’ driver gene alterations were EGFR mutations.
Only three patients had ALK rearrangement.

We have done research on PubMed and also looked
up on the internet using lung cancer, ALK, and sal-
vage surgery as key words. Several reports have also
described salvage surgery for initially unresectable
NSCLC treated with ALK-TKIs [8, 9]. To the best of
our knowledge, this report is the first to indicate that
salvage surgery after first-line ALK-TKI treatment
and subsequent switching to second-line ALK-TKI
is effective in a patient with ALK-rearranged locally
advanced pleomorphic carcinoma of the lungs. Our
patient was first treated with alectinib for 6 months.
The lung tumor regrew, while the metastatic lymph
nodes exhibited remarkable improvement. The thera-
peutic response showed a dissociation between the
main lung tumor and the metastatic lymph nodes.
Salvage surgery was planned, and left upper lobec-
tomy with mediastinal lymph node dissection was per-
formed. Subsequently, second-line ALK-TKI lorlatinib
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Fig. 3 Microscopic findings of the tumor indicated pleomorphic carcinoma with adenocarcinoma features. a Hematoxylin and eosin staining
(x 200). b TTF-1 immunostaining. ¢ Vimentin immunostaining. d ALK immunostaining. TTF-1 thyroid transcription factor-1, ALK anaplastic

was administered for 8 months, and no evidence of
recurrence was found 22 months after salvage sur-
gery. Ohtaki et al. [7] showed the possible benefits of
salvage surgery after TKI treatment; however, recur-
rence-free survival after surgery was only 22%. Such
findings suggested that initially unresectable muta-
tion-positive NSCLCs were still systemic diseases even
after salvage surgery and postoperative systemic ther-
apy was important for managing the patients. Some
postoperative treatment options include restarting
initial TKI treatment, using other TKIs, and adminis-
tering cytotoxic chemotherapy. In our case, lorlatinib
was selected as postoperative therapy because of its
efficacy after failure of a first-line, second-generation
ALK-TKI

Our case suggested that salvage surgery after first-
line ALK-TKI treatment followed by second-line
ALK-TKI provides a favorable clinical benefit to the
treatment of patients with ALK-rearranged locally
advanced NSCLC.

Conclusions

Our experience with this case suggests that salvage
surgery after alectinib treatment followed by lorlatinib
therapy may be effective for initially unresectable ALK-
positive NSCLC.
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