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Introduction

Chromosomal rearrangements resulting in oncogenic
fusions and activation of the tyrosine kinase domain of
anaplastic lymphoma kinase (ALK) drive the tumorigenesis
in many cancers. About 50 to 70% of patients with anaplastic
large cell lymphoma (ALCL) have ALK fusions. ALK-positive
ALCL (ALKþ ALCL) is unique in theway that it has its origin in
the thymus like T lymphoblastic lymphoma but has a pe-
ripheral distribution like peripheral T lymphoblastic lym-

phoma.1 A specific translocation t(2;5) (p23,q35) involving
the fusion of the gene of the nucleolar shuttling protein
nucleophosmin (NPM1) to the gene of the receptor tyrosine
kinase ALK is detected inmore than 85% of ALKþALCL cases.2

ALKþ ALCL has a 5-year overall survival of 70 to 80% and is
generally chemo-sensitive. However, relapses do occur and
they portend a bad prognosis. All conventional salvage
chemotherapies have shown poor outcomes. Only brentux-
imab vedotin (anti-CD30 monoclonal antibody toxin conju-
gate) had shown a complete response (CR) rate of 57% and a
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Abstract Anaplastic large cell lymphoma (ALCL) is the secondmost common type of peripheral T
cell lymphoma and an aggressivemature T cell lymphoma. About 50 to 70% of systemic
ALCLs are anaplastic lymphoma kinase positive (ALK þ), the proportion even higher in
the pediatric population. The 5-year survival after chemotherapy is around 70 to 80%.
But there is a subgroup of ALKþ ALCL patients who are refractory to chemotherapy.
Brentuximab vedotin is an approved agent for such patients. The activity of ALK
inhibitors in ALKþ non-small cell lung cancer is well known and has been approved for
use. The efficacy and safety of ALK inhibitors in ALKþ ALCL are largely under-reported.
Here we have reported our experience in the use of ALK inhibitors in relapsed refractory
ALKþ ALCL.
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median progression-free survival of 14.6months.3 Crizotinib
has been approved for use in relapsed refractory ALKþ ALCL
by the U.S. Food and Drug Administration in pediatric
patients of 1 year of age and older and young adults based
on a multicenter single-arm open-label phase I/II study.4

Other ALK inhibitors have not been approved in ALCL. In
this case series, we have reported our experience of ALK
inhibitors—crizotinib and ceritinib in relapsed refractory
ALKþ ALCL.

Methods

This is retrospective case series. We have included ALCL
patients who have received ALK inhibitors as treatment.
The cases were identified by keyword search in our hospital
software in lymphoma patients with the prescription of ALK
inhibitors. After identification of the patients, the data
collection was done from the case records regarding the
stage at presentation, previous lines treatment, response,
toxicity, and survival. The follow-up of these patients was
made as per institutional protocol. Clinical examination was
done once in 3 months for 3 years and once in 6 months
subsequently. After demonstration of CR, imaging was done
if there was a suspicion of relapse. In addition to these
complete blood counts, liver function tests were done
monthly for the initial 3 months and thereafter if clinically
indicated.

Off-label consent has been taken from all patients as
ALK inhibitors have not been approved for use in ALCL in
our country. Crizotinib was used at a dose of 250mg per os
(PO) twice daily (pediatric patients were given at the dose
of 280mg/m2). Ceritinib was used at a dose of 450mg PO
once daily in adults and 150mg PO once daily in one
pediatric patient. As per our institutional policy, retrospec-
tive case series do not require an ethical committee
approval.

Results

Wehave identified aboutfive patients between 2015 an 2019
and one patient in 2022 who have been prescribed ALK
inhibitors for ALKþ ALCL. The median age at diagnosis was
27.5 years (range: 10–44). Four patients were adult and two
were pediatric. Therewere two patients eachwith Stage II, III
and IV disease.

Five out of six patients were chemo-refractory to their
previous line of treatment. ALK inhibitors were used
in fourth line in two patients, third line in three patients,
and second line in one patient. One adult patient had
bone marrow involvement with hemophagocytic lympho-
histiocytosis and was in a poor performance status.
He was given crizotinib in the second line due to poor
chemo-tolerance and progression on the low-intensity
chemotherapy.

All the six patients who were chemo-refractory achieved
CR within 2 to 3 months of starting ALK inhibitors and
continued to be in CR till the last follow-up. One had a
consolidation allogenic matched sibling transplant after

3 months of ALK inhibitor and he was not continued on
ALK inhibitor posttransplant. One other patient could not
continue the ALK inhibitors due to financial reasons after
2 years and hence the patient was taken up for consolidation
allogenic haploidentical stem cell transplantation but unfor-
tunately the patient expired due to transplant-related mor-
tality. The median follow-up of the study series was 3.79
years (range: 0.25–8.08 years). Five patients were disease
free and alive at the time of study.

Toxicities were recorded. Out of six patients, two patients
had pedal edema. Two patients had grade ½ diarrhea. There
was no dose-limiting toxicity. The detailed characteristics of
all the patients have been described in ►Table 1.

Discussion

ALCL is a unique subset of T cell lymphomas, occurring
predominantly in the younger population and constitutes
approximately 15% of non-Hodgkin’s lymphoma in children.
It is more common inmales than in females. According to the
2016 WHO classification, ALCL can be classified into ALKþ
ALCL, ALK negative (ALK� ) ALCL, primary cutaneous ALCL,
and breast implant-associated ALCL. About 50 to 70% of ALCL
are ALKþ .

ALKþ ALCL generally has good prognosis than their ALK�
counterparts. The 5-year overall survival is around 70 to 80%.
Anthracycline-containing regimens like CHOPE are the treat-
ment regimen commonly used in adults and in the pediatric
population short pulse, high intensity chemotherapy like LMB
protocol is used. Since the overall prognosis of ALKþ ALCL is
good, unlike other T cell lymphomas, consolidation with
autologous stem cell transplantation is not recommended
after first remission. Frontline treatment of brentuximab
vedotin with CHP has also been approved with an improve-
ment in overall survival. Relapses occur frequently in around
30 to 40% of patients, which portends a bad prognosis.5 ALK
inhibitors have been tried in a relapsed refractory setting,
especially in the pediatric population.6,7 Crizotinib is an orally
available small-molecule tyrosine kinase inhibitor that inhib-
its ALK, cMET (mesenchymal-epithelial transition factor), and
ROS1 (receptor tyrosine kinase). Ceritinib is a selective and
more potent ALK inhibitor.

Our study is unique in a way that it has shown 100% CR
rates in the population that is refractory to two lines of
treatment. It has also shown a durable complete remission in
all the patients.

There are only a few case series demonstrating the activity
of crizotinib in ALKþALCL. In a case series of 11 patients with
advanced chemoresistant ALKþALCL/DLBCL, crizotinib usage
has been associated with an overall response rate (ORR) of
90.2%; responses were seen in 10 out of 11 patients within
1 month of starting treatment. Four patients were in com-
plete remission with crizotinib administration, four had
disease progression, one patient underwent an allogeneic
transplant after attaining CR with crizotinib, and two other
patients had used crizotinib before and/or after allogenic
transplant and are currently not on crizotinib usage. The
common side effects noted were ocular flashes, skin rash, and
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peripheral edema. Laboratory abnormalities included neu-
tropenia, thrombocytosis, and liver function test elevation.8

The response rates were 100% in our study series as com-
pared with other studies may be explained by the small
number of population in our series. In another case series by
Mossé et al of 40 pediatric patients with ALKþ tumors (26
with relapsed refractory ALKþALCL and 14 patients with
metastatic or inoperable inflammatory myofibroblastic tu-
mor, the ORR for patients with ALKþALCL treated with
Crizotinib doses at 165mg/m2 and 280mg/m2 were 83%
and 90% respectively, CR rates were around 80% in both
doses. The most common grade ¾ adverse event was neutro-
penia.7 But in our series, we did not find any neutropenia
both in adult and pediatric populations. The comparison of
the above studies has been showed in ►Table 2.

The main mechanism of resistance to crizotinib in ALCL is
the overexpression of ALK-NPM1 fusion kinase, unlike in
non-small cell lung cancer, where resistance is mainly due to
activation of alternate pathways or second-site kinase-do-
main mutations. This resistance pattern also leads to toxic
signaling overdose uponwithdrawal of TKI. This is the reason
why most patients develop abrupt disease symptoms upon
withdrawal of ALK inhibitors in ALCL. Interferon-gamma
(through its inhibition of STAT 3 by activating STAT 1), along
with ALK inhibitors, can be tried in such cases to overcome
the resistance to ALK inhibitors.9

ALK inhibitors induce long-term remission in patients
with relapsed refractory ALKþ ALCL, but these drugs have
to be continued till progression. Most ALK inhibitors are very
costly and patients do not afford them for a longer duration.
Consolidation with allogeneic stem cell transplantation
after achieving complete remission with ALK inhibitors is a

strategy to reduce the cost burden of the long-termuse of the
drugs. Nevertheless, the toxicities of allogeneic stem cell
transplantation would obscure the benefit of cost-effective-
ness like one patient in our serieswhodied due to transplant-
related mortality.

Conclusion

This is thefirst case series about the usage of ALK inhibitors in
ALKþALCL from India. In relapsed refractory ALCL post mul-
tiple lines of therapy ALK inhibitors have shown to induce
complete response in both adult and pediatric patients within
6 months of starting treatment. The adverse events were very
minimal and ALK inhibitors very well tolerated.
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