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Anaplastic large T-cell ymphoma (ALCL) is an aggressive disease that presents in pediatric or adult patients
with advanced stage disease, extranodal involvement, and constitutional symptoms.’ Approximately 50% of
ALCLs are characterized by constitutive activity of the anaplastic lymphoma kinase (ALK) gene because of
chromosomal translocations, most frequently a t(2;5) leading to an NPM1-ALK gene fusion.” ALK alterations
can be detected also in other lymphoma histotypes, histiocytosis, and nonhematological cancers.® In rare
cases, ALK fusions with NPM1 or other partners can be driver events also in diffuse large B-cell lymphoma
(DLBCL) and plasmablastic lymphoma (PBL),*® but the optimal management of these rare diseases is
unknown. In ALK™ ALCLs, anthracycline-based chemotherapy regimens are associated with an overall
response rate (ORR) of 80% to 85% ' and a 3-year overall survival (OS) of 82% is reported in patients attaining
complete remission (CR). However, more than 50% of patients relapse and need further therapies.® Platinum-
based chemotherapy and the anti-CD30 immunoconjugate brentuximab vedotin (BV) achieve CR in 50% to
60% of cases in patients with relapsed/refractory (R/R) disease."®® However, 75% of patients treated with
BV develop severe peripheral neuropathy that requires discontinuing treatment.® Nevertheless, a significant
proportion of patients eventually relapse, even after autologous stem cells transplantation (SCT), with rapidly
progressive disease and death. Crizotinib is an ALK inhibitor that showed a rapid antitumoral effect on ALK*
ALCLs with acceptable toxicity and a 2-year OS and PFS of 66% and 65%° and was recently approved by the
US Food and Drug Administration in ALK* ALCL in pediatric and young adult patients; in Italy, crizotinib
obtained reimbursement for all ALK* ALCL, regardless of age, in 2022. Our center at Monza's San Gerardo
Hospital has been using crizotinib for the treatment of ALK* lymphomas since 2010. We present here a long-
term efficacy and safety analysis of crizotinib in the 27 patients affected by ALK* lymphomas at this center.

We collected baseline clinical, radiological, molecular data on 27 patients with ALK* lymphomas
relapsed/refractory to at least 1 prior chemotherapy. The study population included patients who received
at least 1 dose of crizotinib at our institution: 2 patients received crizotinib for compassionate use, 24
patients were enrolled in 2 different phase 2 studies from 2010 to 2019 (NCT02419287 and EudraCT
2010-022978-14), and 3 patients were treated outside protocols. Radiologic response was assessed
through full-body computed tomography/positron emission tomography scan or full body computed
tomography scan at 4 weeks and 12 weeks after crizotinib start, and then every 12 weeks. Radiological
response was evaluated according to Response Evaluation Criteria in Lymphoma 2017.'° Molecular
response was evaluated through qualitative real-time polymerase chain reaction (RT-PCR) assay for
NPM-ALK transcript in peripheral blood after 4 and 12 weeks of therapy, and then every 12 weeks. ORR,
defined as the achievement of CR or partial remission after crizotinib initiation, median follow-up (FU),
PFS, OS, and crizotinib's toxicity profile were evaluated according to an intention-to-treat strategy.
Descriptive statistics were used to summarize patient characteristics, treatment administration, antitumor
activity, and safety. PFS and OS were calculated using GraphPad Prism 8 (GraphPad Software,
San Diego, CA). Additional information about patients and pathological and molecular diagnosis is
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reported in supplemental materials. San Gerardo Hospital (ASST
Monza) provided the institutional review board approval to our study
in accordance with the Declaration of Helsinki.

Twenty-five patients were affected by ALK* ALCL, 1 by ALK*
DLBCL, and 1 by ALK* PBL. Median age at diagnosis was 24
years (range, 15-82). Twenty-one patients had advanced stage
disease (3-4) at diagnosis, no patient had active central nervous
system disease before starting crizotinib. Median previous lines of
chemotherapy were 2 (range, 1-6). Six patients were treated with
BV before crizotinib start. Seven patients underwent autologous
SCT, and 1 patient underwent allogeneic SCT before crizotinib.
Patients’ baseline characteristics are summarized in supplemental
Table 1.

Crizotinib was started at standard dose of 250 mg twice per day,
by oral administration. One patient died of septic shock 4 hours
after the first dosing. Only 1 patient developed signs of tumor lysis
syndrome a few days from crizotinib start.

Of the 27 patients analyzed, 15 (56%; 95% confidence interval
[CI], 37-72) are still alive today in radiological and molecular CR on
crizotinib treatment, 1 (3%) received allogeneic transplantation
after 2 months of therapy and thus was censored from further
survival analyses, and 11 (41%; 95% CI, 24-59) eventually died of
progressive disease.

Among 25 evaluable patients, ORR after 1 month of therapy was
80% (20/25; 95% Cl, 61-91). Relapses always presented within 3
months from treatment start, as previously reported.” Most of these
patients had a very high tumor burden at baseline and were in poor
clinical conditions. Six of the 11 patients who eventually died
obtained an initial but transient radiological response and then
progressed. Three patients developed central nervous system
(CNS) disease, isolated in 2 cases and in the context of systemic
relapse in 1 case. The patient affected by DLBCL was treated with
crizotinib for 2 months, but eventually progressed and died. The
patient affected by PBL achieved a prompt CR and is still on
treatment after 124 months. Two-year PFS and OS were 57%
(95% CI, 36-74) and 58% (95% Cl, 37-74), respectively. The
same value is calculated at the last available follow-up since all
progressions developed within 3 months and all deaths happened
within 6 months after crizotinib start (Figures 1 and 2).

Twenty-five patients were evaluable for molecular assessment at
baseline: 7 patients (28%; 95% ClI, 14-48) were negative and 18
patients (72%; 95% CI, 52-85) were positive by RT-PCR for the
known ALK fusion transcripts. Among the 18 patients with a pos-
itive RT-PCR before treatment, 10 (56%; 95% CI, 33-76) con-
verted to negativity after 1 month of therapy. Only 1 patient with
negative PCR at the 1-month assessment eventually progressed.
On the contrary, 5 of 7 patients with positive RT-PCR at the 1-
month assessment eventually progressed. After 3 months of ther-
apy, 9 patients had a negative RT-PCR (50%; 95% CI, 29-71) and
are still in stable CR. On the contrary, 4 patients had a positive RT-
PCR after 3 months of therapy: 3 were in overt clinical and
radiological progression and 1 patient converted to negative PCR
after 6 months of therapy and is still in CR. This confirms that
molecular assessment in peripheral blood is a reliable method to
predict long-term survival and to monitor.'’ Data on crizotinib
radiological and molecular response are summarized in
supplemental Table 2.

€ blood advances 14 FeBrRUARY 2023 - VOLUME 7, NUMBER 3

100 57% (95% Cl 43%—-74%)

g -

E

=

3

[<+] 1 1 1 1 1 1 1 1 1 1 1 L

@ .

T 50 A

K= h

7] -

8 ]

= -

S ]

a- -

o S — ————————r— S — .
0 50 100 150
Time (months)

Figure 1. Progression-free survival (PFS) in 27 R/R ALK * patients with
lymphoma.

Ten of 27 patients (37%; 95% CI, 22-56) developed a drug-related
hematological adverse event (AE), particularly neutropenia (2
patients G1/2, 8 patients G3/4). Most of these neutropenias
resolved within few weeks, spontaneously or with a short course of
oral steroids because they can increase neutrophil count. Neu-
tropenia usually developed within 6 months from crizotinib start,
probably representing a late effect of cytotoxic treatment rather than
a direct effect of crizotinib. A drug-induced neutropenia mediated by
the immune system in patients treated with ALK inhibitors was
hypothesized in some studies. Short courses of steroids resulted in
complete resolution of neutropenia in these cases.'”'® Only 2 late
neutropenia were reported 8 and 60 months after therapy introduc-
tion; these 2 cases required temporary therapy interruption. The most
common nonhematological AEs were gastrointestinal disturbances
(nausea and/or vomiting), visual disturbances, peripheral edema,
paraesthesia, muscle cramps, mostly G1/2, usually within few weeks
from treatment introduction and self-limiting. Some patients devel-
oped transient G3/4 elevation of creatinine kinase and transaminases
of unknown relationship with crizotinib, requiring a temporary therapy
interruption. The most frequently reported long-term AEs are
peripheral edema, abdominal disturbances, usually well-controlled
with symptomatic therapy or with dose reductions. At the current
time, no patients discontinued crizotinib for any AE. Six patients are
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Figure 2. Overall survival (OS) in 27 R/R ALK * patients with lymphoma.

RESEARCH LETTER 315

€20z AN Z|. uo 1s8Nb Aq Jpd-UlBLI-8EG/00-220Z-APE BPOOIQ/SIEEE0Z/¥ L E/E/L/APd-O[oILE/SBOUBAPEPOOQ/BI0°SUONEDlGNdYS.//:dRY WOl papeojumoq



assuming a dose of 250 mg/d, 5 patients are at 400 mg/d, and 4
patients remain on the starting dose of 500 mg/d of crizotinib. More
data about adverse events and dose reductions are listed in detail in
supplemental Table 3.

Overall, by considering the whole cohort, analyzed using intention-
to-treat strategy, the median FU is 31 months (range, 0-140).
However, by considering only alive patients on crizotinib, the
median FU is 61 months (range, 6-140); this represents to our
knowledge the longest follow-up available in the literature.

The results of this study indicate that crizotinib represents an
effective therapeutic option for long term therapy of patients with
R/R ALK" aggressive lymphomas, a condition that generally carries
a very poor prognosis. The present results represent the longest
follow-up to our knowledge. Crizotinib showed a good tolerability
profile, with only mild collateral effects, easily manageable with
symptomatic therapies short treatment interruptions or dose
reductions down to 250 mg/d. This dosage was tried in 6 patients
and no disease relapse was observed. This is particularly important,
as duration of treatment is still unknown and some cases of early
and abrupt disease relapses after crizotinib discontinuation were
reported.’® Further studies are needed to understand if it will be
possible to interrupt crizotinib therapy permanently.

As we previously observed, patients who developed early crizotinib
molecular response then obtained stable long-term remission,
whereas patients who eventually progressed and died generally did
not obtained early molecular remission. The introduction of crizo-
tinib early in the treatment appears to increase the possibility to
achieve an early radiological and molecular response that is pre-
dictive of long-term remission.

In conclusion, crizotinib was able to obtain durable remissions of R/
R ALK* lymphomas in almost 2/3 of treated patients, with negli-
gible adverse events. Future directions of research will involve
either the combination of crizotinib with other drugs, the use of
more potent ALK inhibitors such as lorlatinib (NCT03505554), and
the early use of crizotinib to treat this condition. In our series, 3
patients developed CNS relapse. Because other ALK inhibitors,
such as alectinib and lorlatinib, have typically a better penetration in
CNS, they might be considered to treat patients with CNS relapse.
Specific studies are needed to establish the potential role of cri-
zotinib as first-line treatment for ALK* lymphomas.
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