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Abstract

The T‐cell Lymphoma Project is an international registry prospective study that

enrolled patients with newly diagnosed peripheral T‐cell and NK‐cell lymphomas

(PTCL). The main objective was to define the clinical features and outcomes,

establishing a robust benchmark for future clinical trials. Seventy‐four institutions

from 14 countries in North America, South America, Europe, and Asia collected data

on patients diagnosed and treated at their respective centers between September

2006 and February 2018. Among 1553 PTCL patients, 131 (8.4% of the total cohort)

were confirmed to have anaplastic large cell lymphoma ‐ kinase positive (ALCL,

ALK+). The median age of the patients was 39 years (18–84). Sixty‐five patients

(66%) had advanced‐stage disease, although majority (45 patients, 54%) had a
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low‐risk International Prognostic Index (IPI) score (0–1). Of 97 patients treated with

chemotherapy, 97% received anthracycline‐containing regimens. The overall

response rate was 81%, with 69 patients (70%) achieving complete remission.

Estimated OS and PFS at 3 years were 77% (95% CI: 54%–99%) and 68% (95% CI:

46%–90%), respectively, and at 5 years were very similar, 77% of OS (95% CI: 62%–

92%) and 64% of PFS (95% CI: 34%–94%). Multivariate analysis for PFS showed

advanced stage (hazard ratios [HR]: 4.72, 95% CI: 1.43–23.9, p = 0.015), elevated

lactate dehidrogenade (LDH) (HR 4.85; 95% CI: 1.73–13.60, p = 0.001), and Eastern

Cooperative Oncology Group Performance Status scale (ECOG‐PS) ≥2 (HR: 5.25;

95% CI: 1.68–16.4, p = 0.024). For OS, elevated LDH (HR: 3.77; 95% CI: 1.98–14.17,

p = 0.014) and ECOG‐PS ≥2 (HR: 4.59; 95% CI: 1.46–14.39, p = 0.004) were

identified. In summary, although the outcome of ALK+ ALCL is superior to that of

other PTCLs, it remains sufficiently favorable, given the young median age of the

patients. Our results confirm the usefulness of both IPI and Prognostic Index for

T‐cell Lymphoma (PIT) in identifying groups of patients with different outcomes.

Clinical Trials ID: NCT01142674.

K E Y W O R D S

ALCL ALK+ lymphoma, outcomes, prospective international T‐cell lymphoma project, PTCL

1 | INTRODUCTION

Anaplastic large cell lymphoma kinase‐positive (ALCL, ALK+) is a

distinct lymphoid neoplasm whose malignant cells express CD30

(TNFR8) and carry translocations of anaplastic lymphoma kinase.1

Stein et al. first described ALCL in 1985, pointing out the pleomorphic

anaplastic features of these malignant lymphocytes, along with their

cohesive growth pattern, tendency to invade lymph node sinuses, and

uniform CD30 expression.1–3 Most frequently, ALCL carries the t(2;

5) (p23; q35) translocation that fuses the ALK gene to the nucleo-

phosmin gene, resulting in aberrant chimeric nuclear NPM‐ALK
protein expression.4 ALK fusions lead to deregulated/constitutive

expression of chimeric ALK kinase proteins which can be detected by

immunohistochemical staining.2 Multiple ALK translocations

involving different partners have been described, leading to

numerous ALK chimeras with unique intracellular distributions.

These latter ALCL represent less than 15% of all ALCL, ALK+ cases.5,6

Downstream ALK signaling cascades modulate both anti‐apoptotic
signals and growth patterns, fostering lymphoma proliferation, and

ultimately promoting aggressive clinical behavior.6 Recent gene

expression and comparative genomic hybridization (CGS) studies

have demonstrated unique expression patterns, further consolidating

ALCL, ALK+ as a unique genetic, histological, and clinical entity.7–9

A large retrospective cohort study suggested that ALCL, ALK+
represents approximately 12% of all peripheral T‐cell lymphomas

(PTCL), translating into an overall relative frequency of 1%–3%

among all non‐Hodgkin lymphomas.10 ALCL, ALK+ most often affects

young patients (median age: 34 years), and frequently presents with

advanced stage and extensive extranodal involvement. The most

frequent extranodal sites include the bone, liver, lungs, and gastro-

intestinal tract. Moreover, most ALCL, ALK+ patients will respond to

initial anthracycline‐containing regimens, and up to 60%–70% will be

cured of their disease after front‐line therapy.11 Savage et. al. also

demonstrated that the International Prognostic Index (IPI) could

identify high‐risk patients with an age cut‐off of 45 years.11,12 Thus,

further studies might facilitate a molecular predictive model to

identify patients with a high risk of relapse after CHOP‐like therapies

at the time of diagnosis and might foster alternative approaches in

ALCL, ALK‒ and ALK+.12–14

While several studies reported on epidemiology, clinical features,

and outcomes of ALCL, ALK+, these analyses were retrospective data

collections. Here, we investigated whether data generated in a large

prospective study could confirm these findings. The T‐cell Lymphoma

Project (TCP) is the largest prospective multicentre cohort study

conducted in patients with newly diagnosed PTCL. Herein, we report

the analysis of demographics, initial clinical characteristics, treatment

patterns, and outcomes of patients with ALCL, ALK+ enrolled in the

TCP database. To the best of our knowledge, these results are based

on the largest prospective cohort of patients with ALCL, ALK+
confirmed with central pathology, and enrolled in numerous in-

stitutions across four continents.

2 | METHODS

The T‐Cell Project (NCT01142674), sponsored by the International

T‐Cell Lymphoma Project, was incepted in 2006 and builds on the

prospective collection of data from a cohort of 1553 cases of

954 - CHIATTONE ET AL.
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PTCL and Natural Killer T‐cell Lymphoma, representing the largest

study to date of these patients. Adult patients with aggressive,

mature, nodal, and extra‐nodal PTCL subtypes from the WHO

2001 or WHO 2008 were registered at the time of initial diag-

nosis.15,16 The study was devised as a prospective collection of

information potentially relevant to outline clinical characteristics

and outcomes of the more uncommon PTCL subtypes and better

define prognosis for the more frequent subtypes of PTCL; that is,

PTCL not otherwise specified (PTCL‐NOS), angioimmunoblastic T‐
cell lymphoma, and ALCL‐. Additional eligibility criteria included

age ≥18 years, tissue biopsies adequate for diagnosis and classi-

fication, as well as availability for centralized review, clinical data,

including baseline information on disease localization, and labora-

tory parameters at staging. Data were collected during front‐line
treatment, response evaluation at the end of treatment, and

updated follow‐up for at least 5 years in living patients. The

participating institutions were asked to provide information on

consecutive series of cases without any selection. Patients who did

not receive any treatment were also included. Data collection was

performed using a web‐based platform via electronic case report

forms on a dedicated website (www.tcellproject.org). It adopted

appropriate technology to ensure protection during web commu-

nications of the clinical data. Data access and management were

regulated using passwords with different levels of admittance,

provided that subject confidentiality was respected. Data collection

and study management were performed at the study trial office in

Modena, Italy. Registration was based on a locally established

histological diagnosis; a panel of expert hematopathologists was

planned to review the diagnosis of all patients enrolled in the

study.

The T‐Cell Project was conducted in compliance with the

Declaration of Helsinki. The study was approved by the appropriate

research ethics committee or institutional review board at each

participating institution. Each patient provided written informed

consent before registering.

2.1 | Endpoint definition

The primary endpoint of the analysis was overall survival (OS),

measured from the date of diagnosis until the date of last contact

with living patients or death from any cause. The secondary endpoint

was the Progression‐Free Survival (PFS), defined as the time from

diagnosis until the first documentation of disease progression,

relapse, or death for any cause.

Conventional response assessments after the first treatment

were adapted from the standardized response criteria for non‐
Hodgkin's lymphoma and recommendations for the revised response

criteria for malignant lymphoma.17

Other characteristics, such as demographic data, epidemiology,

clinical presentation, and treatment options, were included as sec-

ondary endpoints.

2.2 | Statistical analysis

Data were analyzed using Fisher's exact test to identify associations

between categorical variables. Two‐sided p values <0.05 were

considered statistically significant. OS and PFS distributions were

calculated using the Kaplan–Meier method. Their curves were

compared using the log‐rank test. To evaluate the influence of

different variables on time‐to‐event outcome variables, Cox regres-

sion analyses were performed, and the results were expressed as

hazard ratios (HR) with 95% confidence interval. For univariate

analysis, variables with p < 0.05 were included in the multivariate

Cox regression model. Statistical analyses were performed using

Stata version 14·2 (StataCorp. LLC), and SPSS v20.0 (IBM Corp.).

3 | RESULTS

In a period of 12 years, between September 2006 and February

2018, 1553 reports were analyzed by the CPT project. They were

collected from 74 institutions in 13 countries in Europe, South

America, United States of America (USA), and Asia. Most patients

(689/1553) were obtained from European sites.

3.1 | Patients' characteristics

Of the 1553 patients registered in the study, a diagnosis of ALCL,

ALK+ was centrally confirmed in 131 patients. Patient characteristics

are described in Table 1. ALCL ALK+ represented 8.4% of all cases,

with similar distribution around the world; except for Asia, where the

incidence was 5% (Figure 1). The median age of patients with ALCL,

ALK+ patients was 39 years (range, 18–84). Only 13 patients (10%)

were aged ≥60 years, and there was a slight male predominance

(1:1.5).

Despite most patients (66%) presenting with advanced stage

disease, only 16% had high‐risk IPI scores. Bone marrow involvement

was found in 15%, whereas 7% had bulky disease and extra‐nodal
involvement was observed in 37%. Despite the missing values,

other non‐IPI defining high‐risk features included elevated C‐
reactive protein in 72% and 47% of elevated Beta‐2 microglobulin.

The most common hematologic abnormalities were anemia

(Hb < 12 g/dL [37.5%]) and elevated absolute neutrophil count (ab-

solute neutrophil count (ANC) > 6.5 � 103/mm3 [58%]). Thrombo-

cytopenia and leukopenia were uncommon.

3.2 | Treatment characteristics

Data on treatment were available for 99 patients, with two patients

receiving the best supportive care only. Majority of the patients

(82%, 81/99) received chemotherapy alone, and 10% received com-

bined modality treatments (chemotherapy + radiotherapy). Only 6%

CHIATTONE ET AL. - 955
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of patients received consolidative autologous stem cell trans-

plantation (ASCT) in first remission. Chemotherapy regimen included

anthracycline in most of the cases (95%, 94/97), and etoposide was

added to intensify treatment in 18% of the cases (18/99). Table 2

describes the chemotherapy regimens by geographic region.

3.3 | Patient outcomes

The overall response rate was 81%, with 70% (69/131) of complete

responses. The median follow‐up time was 43 months (1–140), and

101 patients (77%) were alive at the time of this study. Twenty‐seven
(20%) died, and 3 (3%) patients were lost to follow‐up. The main

causes of death were progressive lymphoma (79%), followed by

infection (11%), and solid tumor (4%). Treatment toxicity‐related
death was reported in 4 cases (3%), and 3% were unknown.

The median OS and PFS for patients with ALK+ ALCL from the

entire cohort were not reached. However, OS and PFS estimated in

3 years were 77% (95% CI: 54%–99%) and 68% (95% CI: 46%–90%),

respectively. Results estimated in 5 years were very similar at 77%

OS (95% CI: 62%–92%) and 64% PFS (95% CI: 34%–94%) (Figure 2).

Patients with localized disease (stage I−II) had higher OS at

87% (95% CI: 77–97) versus advanced stage disease 71% (95% CI:

51%–91%). Meanwhile, PFS was 82% (95% CI: 69%–95%) for

localized and 55% (95% CI: 39%–71%) for advanced disease,

p = 0.012 (Figure 3 A,B).

3.4 | Outcomes in low‐versus high‐risk disease

Eighty‐three patients were stratified using IPI, whereas 79 were

stratified using PIT. Forty‐six percent of patients were high‐risk by

IPI (IPI ≥2), and 19% were high risk by PIT (PIT ≥2).
Median PFS was not reached at 5 months for patients with low

or high risk according to PIT or IPI (95% CI: 0–48 and 95% CI: 0–49,

respectively).

Comparing high‐risk versus low‐risk patients using both IPI and

PIT, high‐risk patients had the worst OS (not‐reached, estimated at

43% vs. 75% in 5 years), Figure 4.

Most patients (76/99) received anthracycline‐based chemo-

therapy as first‐line treatment while another 18% received

anthracycline‐based chemotherapy combined with etoposide (18/

99). Median OS and PFS were not reached when comparing

anthracycline and anthracycline/etoposide regimens.

Analyzing the impact of adding etoposide to therapy is not

feasible, considering the small sample size of the etoposide group.

Univariate analyses assessed different clinical and laboratory

features, and consequently evaluated their impact on OS and PFS

(Table 3). Significant predictive values in univariate analysis for OS

were ECOG‐PS ≥2 (p = 0.008), elevated LDH (p = 0.001), and

Platelets (PTL) > 150� 109 rate (p = 0.006). Meanwhile, those for PFS

were advanced stage (III‐IV) [p = 0.012], ECOG‐PS ≤2 (p = 0.005),

elevated LDH (p = 0.001), and PTL > 150 � 109 rate (p = 0.007).

Multivariate analysis for OS identified elevated LDH (HR 3.77,

95% CI: 1.98–14.1, p = 0.014) and ECOG‐PS ≥2 (HR: 4.59; 95% CI:

1.46–14.3 p = 0.004). For PFS, the advanced stage (HR: 4.72; 95% CI:

1.43–23.9, p = 0.015), elevated LDH (HR: 4.85; 95% CI: 1.73–13.6,

p = 0.001), and ECOG‐PS ≥2 (HR: 5.25 95% CI: 1.68–16.4, p = 0.024).

The effects of the presenting clinical features on PFS and OS are

summarized in Table 3.

T A B L E 1 Clinical characteristics of patients included in the
analysis

Parameter Ntot N (%)

Median follow‐up 131 43 months (1–140)

Median age (y) 131 39 years (18–84)

Age ≥60 years 131 13 (10)

Gender (male) 131 78 (60)

ECOG >1 113 25 (22)

B‐symptoms 117 69 (59)

Bone marrow involvement 99 15 (15)

Stage I−II 98 33 (34)

Stage III−IV 65 (66)

Extranodal involvement 131 49 (37)

LDH > ULN 111 41 (37)

HB < 12 g/dL 112 42 (37.5)

Platelets <150 K/mm3 111 9 (8)

Bulky disease (>10 cm) 131 9 (7)

Monocyte >800/mm3 103 37 (36)

ANC >6.5 � 103/mm3 109 63 (58)

Beta2‐microglubulin > ULN 58 27 (47)

CRP > ULN 57 41 (72)

IPI

0–1 83 45 (54)

2 25 (30)

3–5 13 (16)

PIT

0–1 79 64 (81)

2–4 15 (19)

Supportive care only 99 02 (2%)

Chemotherapy alone 81 (82)

Combined CT modality 10 (10)

Radiotherapy alone ‐‐‐‐‐

Chemotherapy + ASCT 6 (6)

Complete response 99 69 (70)

Partial response 11 (11)

Disease relapsed 17 (17)

Indeterminated response 02 (2)

Abbreviations: ANC, absolute neutrophil count; HB, hemoglobin; LDH,

lactate dehidrogenade; ULN, upper limit normal.

956 - CHIATTONE ET AL.
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F I G U R E 1 Geographic distribution
according to the subtype

T A B L E 2 Chemotherapy regimens
between geographic regions

CT regimens
Europe (48)
n (%)

USA (22)
n (%)

South America (22)
n (%)

Asia (7)
n (%)

Anthracycline 41 (85) 17 (77) 13 (59) 5 (71)

Anthracycline/Etoposide 5 (10) 4 (18) 7 (32) 2 (29)

Etoposide 2 (5) 0 (0) 1 (4.5) 0

Best care therapy 0 1 (5) 1 (4.5) 0

F I G U R E 2 (A,B) Overall survival (OS) and Progression‐free Survival (PFS) ALCL‐ALK+

F I G U R E 3 (A,B) Overall survival (OS) and Progression‐free Survival (PFS) by stages

CHIATTONE ET AL. - 957
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4 | DISCUSSION

ALCL, ALK+ has remained a sufficiently favorable disease for the

past 3 decades. In the last edition of the WHO classification, ALCL,

ALK+ is recognized as an independent entity within other types of

ALCL (ALCL ALK neg, primary cutaneous ALCL, and breast implant‐
associated ALCL).1 Compared to other aggressive types of T‐cell
lymphomas, there is a good tendency to achieve a tumor response

with first‐line standard treatment; however, ALCL, ALK+ should be

identified as a separate disorder from more aggressive types of PTCL.

F I G U R E 4 (A,B) OS by International Prognostic Index (IPI) and Prognostic Index for T‐cell Lymphoma (PIT); (C,D) PFS by IPI and PIT

T A B L E 3 Univariate and multivariate analyses

Univariate analysis Multivariate analysis

OS PFS
OS PFS

p Value p value Hazard ratio (95% CI) p Value Hazard ratio (95% CI) p Value

Stage III/IV 0.129 0.012 ‐ ‐ 4.72 (1.43–23.9) 0.015

PTL >150 � 109 0.006 0.007 ‐ ‐

LDH >normal 0.001 0.001 3.77 (1.98–14.1) 0.014 4.85 (1.73–13.6) 0.001

ECOG PS (≥2) 0.008 0.005 4.59 (1.46–14.3) 0.004 5.25 (1.68–16.4) 0.024

Abbreviations: ECOG‐PS, Eastern Cooperative Oncology Group Performance Status scale; LDH, lactate dehidrogenade; PTL, Platelets.

958 - CHIATTONE ET AL.
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The results of our prospective study confirmed. The differences

in patients with ALCL, ALK+ in age distribution, outcomes, and

clinical behavior compared to ALCL, ALK‐negative, and PTCL NOS.

Several prior studies have also confirmed this higher percentage of

young patients (median age, 39 years) and good disease prognosis.

We also established a male predominance and high rate of advanced

disease stages, as previously reported.11,12,18

According to several studies, 70%–90% of patients respond well

to anthracycline‐based regimens, when approximately 60%–70% of

patients are disease‐free within 5 years. These data confirmed a

favorable outcome for this group of patients. For example, the

German High‐Grade Non‐Hodgkin's Lymphoma Study Group retro-

spectively analyzed 191 patients with ALCL; among them, 78 patients

had ALK + status. Three year OS and EFS were 89.8% and 75.8%,

respectively.12 In 2012, the GELA group presented a retrospective

analysis with a long‐term follow‐up. Here, 138 patients with systemic

ALCL were included and 46% had ALCL, ALK+. In this study, the

median follow‐up duration was 8 years. Results showed that this

group of patients had excellent OS and PFS (82% and 72%,

respectively).19

Despite bright prospects in first‐line treatment, up to 30%–40%

of ALCL, ALK+ patients undergo relapsed/refractory disease and

belong to an unfavorable group. Therefore, we still do not know the

specific group of patients who will benefit from improving treatment

strategies.

Regarding the consolidation of the first remission, recent data

suggest that ASCT remains an option, mostly for high‐risk
patients.20,21

In our analysis, 5 year OS and PFS for patients with advanced‐
stage ALCL, ALK+ were 75% and 55%, respectively. However,

interesting results were obtained after assessing the patients with

IPI and PIT. Historically, IPI has been performed for diffuse large

B‐cell lymphoma, whereas PIT has been proposed for PTCL.22,23

Our results showed an effective influence of IPI and PIT on risk‐
group identification. The 5 year OS and PFS in the high‐risk IPI

and PIT groups were approximately the same (Figure 4A–D)

compared to those with more aggressive types, such as PTCL

(NOS) or ALCL ALK‐negative. These data are comparable with

previous results (5 year FFS only 25%–30%).19 CHOP remains the

backbone of the induction regimen for different subtypes of PTCL;

therefore, different entities have distinct outcomes. Moreover,

based on the current data, we postulate that this regimen is not

fully satisfactory for patients with ALCL ALK+ and high‐risk IPI or

PIT. To this end, adding etoposide (CHOEP) was tested, although

there was no benefit in OS with only a slightly improved PFS in

young patients, despite high toxicities.24 In our study, only 18

patients (19%) received etoposide containing regimens; this limited

number of patients did not allow us to carry out further significant

analyses to evaluate the added value of etoposide. Nevertheless,

multiple studies have shown high activity in patients with ALCL

ALK+ receiving novel agents targeting CD30 or ALK. The phase 3

ECHELON‐II study showed encouraging results for treating

patients with CD30‐expression PTCL; mainly in systemic ALCL

when combining brentuximab‐vedotin with CHP (BV+CHP) versus
CHOP as first‐line, with manageable security, and without exces-

sive toxicities. In this study, 22% of patients were diagnose with

ALCL, ALK+. The data showed superior results for OS and PFS in

the BV–CHP arm.25 After a 5 year follow‐up, the brentuximab

group continued to be superior compared to CHOP, for the ALCL,

ALK+ subgroup; the HR was 0.4 (95% CI: 0.17–0.98).25

To improve the inferior outcome of ALCL, ALK+, crizotinib, a
selective ALK inhibitor, has been introduced, demonstrating a good

response value in patients with relapsed/refractory ALCL, ALK +. The
downregulation of BCL2 after crizotinib treatment, leading to auto-

phagy and tumor cell death,26 confirms the ALK experimental models.

For this, ALK‐driven activation of STAT3 and PI3K signaling supports

novel regimens.27,28 New clinical trials and introducing selective

STAT3 degraders are expected to quickly assess new regimens in

refractory/relapsed patients29–31

Finally, new agents are emerging (i.e., velemetostat, idelalisib,

new potent IMIs, STAT3 degraders, etc.), and we expect that their

introduction will further increase our arsenal and likely improve

patient management.

5 | CONCLUSION

Considering the low incidence of PTCL and its heterogeneity be-

tween subgroups, diagnosis and therapeutics remain a challenge. For

this reason, huge studies, with high‐risk patients is essential to

improve our knowledge about this kind of lymphoproliferative

diseases.

CHOP‐like regimens still remain as the backbone of treating

ALCL ALK+, despite its favorable outcomes, up to 30% of patients

will need a second line therapy (refractory or relapse patients). This

makes it necessary to develop more specific therapies with better

long‐term response rates, preserving safety profile.
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