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ORIGINAL ARTICLE
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†Both authors contributed equally as senior authors.

Background: T-cell prolymphocytic leukemia (T-PLL) is a rare and aggressive disease. In this study, we report our experience
from 119 patients with T-PLL.

Patients and methods: We reviewed the clinico-pathologic records of 119 consecutive patients with T-PLL, who presented to
our institution between 1990 and 2016.

Results: One hundred and nineteen patients with T-PLL were analysed. Complex karyotype and aberrations in chromosome 14
were seen in 65% and 52% patients, respectively. Seventy-five patients (63%) were previously untreated and 43 (37%) were initially
treated outside our institution. Sixty-three previously untreated patients (84%) received frontline therapies. Overall, 95 patients
(80%) have died. Median overall survival (OS) from diagnosis was 19 months [95% confidence interval (CI) 16–26 months]. Using
recursive partitioning (RP), we found that patients with hemoglobin< 9.3 g/dl, lactate dehydrogenase (LDH)� 1668 IU/l, white
blood cell � 208 K/l and b2M� 8 mg/l had significantly inferior OS and patients with hemoglobin< 9.3 g/dl had inferior
progression-free survival (PFS). In multivariate analysis, we identified that presence of pleural effusion [hazard ratio (HR) 2.08 (95% CI
1.11–3.9); P¼ 0.02], high LDH (� 1668 IU/l) [HR 2.5 (95% CI 1.20–4.24); P< 0.001)], and low hemoglobin (< 9.3 g/dl) [HR 0.33 (95% CI
0.14–0.75); P¼ 0.008] were associated with shorter OS. Fifty-five previously untreated patients received treatment with an
alemtuzumab-based regimen (42 monotherapy and 13 combination with pentostatin). Overall response rate, complete remission
rate (CR) for single-agent alemtuzumab and alemtuzumab combined with pentostatin were 83%, 66% and 82%, 73% respectively.
In patients who achieved initial CR, stem cell transplantation was not associated with longer PFS and OS.

Conclusion: Outcomes in T-PLL remain poor. Multicenter collaborative effort is required to conduct prospective studies.

Key words: T-PLL, prolymphocytic leukemia, prolymphocytes

Introduction

T-cell prolymphocytic leukemia (T-PLL) is an uncommon,

mature lymphoid leukemia that is typically associated with a

poor prognosis. T-PLL is diagnosed based on characteristic clini-

cal, morphologic, immunophenotypic [1], cytogenetic and

molecular features which may explain its aggressive clinical

course [2]. Cytogenetic features [3] include chromosome 14

aberrations involving gene rearrangements of proto-oncogenes

TCL1 (T-cell leukemia 1) or MTCP1 (mature T-cell proliferation

1; on chromosome X), aberration in chromosomes 8 (especially

isochromosome 8 potentially leading to overexpression of MYC),

deletion chromosome 11q22.3 (ATM gene deletion), or high

prevalence of complex karyotype. Approximately 70%–80% of

patients with T-PLL show an overexpression of TCL-1 by
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immunohistochemistry (IHC) or by chromosomal analysis using

FISH and/or karyotyping. TCL1 belongs to beta barrel family of

proteins localized in the cytoplasm. TCL1 and MTCP1 oncopro-

tein are structurally similar with 40% identical amino acid resi-

dues [4]. TCL1 is shown to promote kinase activity and

transphophorylation of AKT and promotes the nuclear transport

of AKT [5, 6]. Furthermore, overexpression of TCL-1 has been

shown to modulate and amplify the AKT activation mediated by

stimulation of T-cell receptor (TCR) in cells from T-PLL patients

and induce hyperproliferation [7]. A recent study [8] has demon-

strated gain-of-function mutations of IL-2RG, JAK-1/JAK-3 and

STAT5B using whole-genome and whole-exome sequencing in

T-PLL [9, 10]. Specifically, shorter survival was noted in patients

with JAK-3 p.M11I mutations. Inhibition of STAT5B promoted

apoptosis of T-PLL cells.

Despite an improved understanding into the molecular biology

of T-PLL, the disease continues to present a therapeutic challenge

for clinicians. In a recent analysis of SEER database [11], the

median survival was 21 months and better outcomes were noted

after the introduction of alemtuzumab (after 2000) for the ther-

apy of T-PLL. None of the currently available therapies are very

effective in producing durable remissions in patients with T-PLL

[12]. Overall response rates (ORR) with alemtuzumab-based reg-

imens vary from 50% to 90% and complete remission rates (CR)

vary from 60% to 80% in different studies, with short duration of

response [13–16]. Other chemotherapies such as nelarabine, sin-

gle-agent bendamustine [17], combination of pentostatin with

alemtuzumab [18], fludarabine, mitoxantrone cyclophospha-

mide followed by alemtuzumab consolidation [19] have been

used with limited success. Allogenic stem cell transplantation

(SCT) may induce longer relapse-free survival in few patients [20,

21]. Patients who received total body irradiation and shorter time

from diagnosis to SCT had better relapse-free survival; however,

treatment-related mortality and relapses remain common [22–

24]. Rarity of this disease precludes the development of large-

scale prospective clinical trials. Here, in this analysis, we are

reporting the clinical experience of the largest series of patients

with T-PLL from a single institution.

Methods

We reviewed the clinico-pathologic records of 119 consecutive patients with
T-PLL, at our institution. Survival distributions was estimated by Kaplan–
Meier method. Cox proportional hazard model for survival was analysed.
We also carried out classification and regression tree analysis of various
parameters to identify the optimal cut off points for predicting survival.
Details are available in supplementary, available at Annals of Oncology online.

Results

Patient characteristics

We analysed the characteristics, prognostic factors, outcomes

and treatments of 119 patients with T-PLL. Supplementary Table

S1, available at Annals of Oncology online, provides the summary

of the clinical and laboratory characteristics of the patients

according to the treatment status. At the initial presentation, 20

patients (17%) presented with performance status 2 or higher.

Lymphadenopathy, splenomegaly, skin lesions, pleural effusion

and hepatomegaly were seen in 58%, 38%, 28%, 12% and 11%,

of patients, respectively. Small-cell variant of T-PLL was detected

in 21/106 patients (20%) and 57% patients with small-cell variant

co-expressed CD4 and CD8. Overall, 108 patients had karyotype

data available for analysis. Complex karyotype and aberrations in

chromosome 14 were seen in 70 (65%) and 56 (52%) patients,

respectively.

Treatments and survival outcomes

Overall median survival from initial diagnosis was 19 months

[95% confidence interval (CI), 16–26 months] (Figure 1A). At

initial presentation to our center, 75 patients (63%) were previ-

ously untreated and 43 patients (36%) were previously treated.

Treatment and follow-up information were available in 67/75

(89%) previously untreated patients.

Frontline patients

Among these 67 previously untreated patients, 4 patients

remained in observation and 63 received treatment (55 with

alemtuzumab-based regimens and 8 with non-alemtuzumab-

based therapy). The median time from initial diagnosis to first

treatment of these 63 patients was 2.3 months (range, 0.1–

52 months). Fourteen patients were considered to have an indo-

lent disease, 10 with treatment requirement after� 19 months

after initial diagnosis and 4 patients remained under observation.

For the 55 patients treated with alemtuzumab-based therapy, 42

(76%) were treated with single-agent alemtuzumab and 13 (24%)

with a combination of alemtuzumab and pentostatin. ORR and

CR in patients who received frontline single-agent alemtuzumab

(n¼ 42) and alemtuzumab combined with pentostatin (n¼ 13)

were 81% and 61% in single-agent alemtuzumab cohort while

82% and 73% in alemtuzumab combined with pentostatin

cohort, respectively. Non-alemtuzumab-based therapies are

described in supplementary, available at Annals of Oncology

online.

Patients with relapsed or refractory disease

We next analysed the response to salvage treatments in previously

treated patients (before presentation at our center). Information

for salvage treatments was available in 29 patients. Relapses

occurred in 25/29 patients with a median time to relapse of

2.5 months (0.3–31 months). The ORR with salvage combination

alemtuzumab with pentostatin (n¼ 5) was 75% compared with

46% with single-agent alemtuzumab (n¼ 15), summarized in

Table 1. There was no difference in PFS or OS according to the

type of salvage therapy (single-agent alemtuzumab versus alem-

tuzumab with pentostatin versus single-agent nelarabine) (sup-

plementary Figure S1A and B, available at Annals of Oncology

online).

The median overall survival (OS) and progression-free sur-

vival (PFS) of patients are summarized in Table 1. Patients who

received frontline treatment had a significantly longer PFS

and OS compared with those who were treated with the first sal-

vage (P¼ 0.0002 and 0.01, respectively; Figure 1B and C.

Furthermore, patients who received frontline therapy with

alemtuzumab-based regimens (monotherapy or combined with
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chemotherapy) had significantly longer PFS when compared

with patients treated with non-alemtuzumab-based therapies

(P¼ 0.03 for PFS and 0.09 for OS; Figure 1D and E. Moreover,

patients who received single-agent alemtuzumab had signifi-

cantly longer PFS and OS when compared with patients treated

with pentostatin and alemtuzumab (P¼ 0.01 and 0.03, respec-

tively; Figure 1F and G.

Sixteen patients underwent allogeneic SCT in first CR, 73% of

16 patients received an unrelated donor SCT. None of the

patients received autologous SCT. We did not observe any signifi-

cant difference in PFS or OS (Figure 1H and I) among patients

who did or did not undergo SCT after achieving initial CR with

any frontline therapies. We have summarized the details of SCT

in supplementary Table S2, available at Annals of Oncology online.

Eight patients (50%) relapsed after SCT.

For the total cohort, 43 patients were treated before initial pre-

sentation to our center. Details of treatment responses, follow

ups outside our center was not available for review; however, the

median number of prior treatments was 2 (range, 1–6); 46% of

prior therapies were fludarabine based, 12% with single-agent

chlorambucil, 14% with single-agent pentostatin, 16% with sin-

gle-agent alemtuzumab and 12% with miscellaneous regimen.
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Figure 1. Survival outcomes in patients with T-PLL—overall and according to the treatment status at the time of initial presentation to
MDACC—frontline versus salvage treatment. (A) All patients from the time of initial diagnosis, median OS was 19 months. (B) PFS is signifi-
cantly longer in patients treated in frontline setting (P¼ 0.0002). (C) OS is significantly longer in patients treated in frontline setting (P¼ 0.01).
Survival outcomes according to the type of frontline therapy. (D and G) PFS and OS in patients who received therapy with alemtuzumab (sin-
gle-agent alemtuzumab or in combination with pentostatin) versus other therapies (P¼ 0.03 for PFS and P¼ 0.09 for OS). (E and H) PFS and
OS in patients who received alemtuzumab (single agent alemtuzumab versus alemtuzumab with pentostatin (P¼ 0.01 for PFS and P¼ 0.03
for OS). Survival outcomes according to treatment with SCT in patients who achieved complete remission after frontline therapy. (F) PFS was
not significantly different in patients with/without SCT (P¼ 0.07). (I) OS was not significantly different in patients with/without SCT (P¼ 0.31).
Survival outcomes in patients with T-PLL, according to the prognostic factors identified by recursive partitioning (RP) analysis. (J–L) OS was sig-
nificantly shorter in patients with low hemoglobin (<9.3 g/dl), high serum LDH (�1668 IU/l) and high b2M (�8 mg/l) level.
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Prognostic factors and survival outcomes

Using recursive partitioning (RP), we have identified an optimal

cut off value for certain baseline parameters which significantly

correlated with PFS and OS: hemoglobin, serum lactate dehydro-

genase (LDH), and b2M levels. Patients with low hemoglobin

(<9.3 g/dl), high serum LDH (�1668 IU/l), and high serum b2M

(�8 mg/l) had significantly inferior PFS (supplementary Figure

S2A and C, available at Annals of Oncology online) and OS Figure

1J–L. Furthermore, we detected that OS was significantly inferior

in patients showing TCL-1 rearrangement by cytogenetics; how-

ever, a similar prognostic impact was not observed in patients

with positive TCL-1 expression by IHC. PFS was not significantly

different in patients with or without TCL-1 expression (supple-

mentary Figure S3A–D, available at Annals of Oncology online).

Survival was not significantly different in patients with or without

small-cell variant of T-PLL.

Finally, we carried out univariate and multivariate analyses to

identify the factors predictive for OS. All patients in this analysis

were previously untreated and were analysed from the time of ini-

tial diagnosis (supplementary Table S3, available at Annals of

Oncology online). In multivariate analysis, factors independently

predictive for significantly increased risk of death were presence

of pleural effusion [hazard ratio (HR) 2.08 (95% CI 1.11–3.90);

P¼ 0.02], low hemoglobin (<9.3 g/dL) 0.33 (0.14–0.75;

P¼ 0.008), high LDH level (� 1668 IU/l) 2.52 (1.2–4.24;

P<0.001), and high white blood cell count [white blood cell

(WBC)� 208 K/l] 3.35 (0.98–11.49; P¼ 0.05). For PFS, we iden-

tified that patients with non-Caucasian ethnicity, absence of

small-cell variant of T-PLL, and high b2M (�8 mg/l) had signifi-

cantly higher risk of disease progression after initial therapy (sup-

plementary Table S4, available at Annals of Oncology online).

Discussion

In this study, we have analysed, to our knowledge, the largest ser-

ies of patients with T-PLL from a single institution. We described

the patient and disease characteristics, responses to treatment,

long-term outcomes, and factors that may be useful in determin-

ing prognosis.

Patients with T-PLL continue to have poor outcomes [2] and

there is only a minority of patients who do not require treatment

after the initial diagnosis. Despite the recent advances in our

understanding of the molecular biology of T-PLL, the discovery

of newer, more effective therapies in this uncommon and aggres-

sive leukemia remains an unmet need [12]. None of the currently

available treatment modalities (including SCT) have significantly

improved the outcomes in T-PLL [23]. Our data suggest that

single-agent alemtuzumab as an initial therapy is associated with

high response rates and is the best available treatment of T-PLL.

However, durable remissions are still uncommon and relapsed

disease accounts for the majority of failures. Furthermore, in

this study, attempts to prolong remission with allogenic SCT after

initial CR did not improve survival. We identified that

hemoglobin<9.3 g/dl, serum LDH level � 1668 IU/l, high WBC

count, and presence of a pleural effusion at initial diagnosis

significantly predicted for poor OS. These factors were not

previously recognized to have distinct prognostic impact in

T-PLL. We also identified that non-Caucasian ethnicity, absence

of small-cell variant of T-PLL and high b2M (�8 mg/l) had

significantly higher risk of disease progression after initial ther-

apy. Precise reasons to explain these findings are unclear, as to

date, no study has reported on the clinico-pathologic character-

ization of small-cell variant or impact of race in T-PLL.

Additionally, it is possible that similar to other lymphoprolifera-

tive disorders, serum LDH and b2 microglobin may reflect dis-

ease burden in T-PLL. Importantly, the characteristics of the

previously treated patients (e.g. elevated b2 microglobulin, more

lymphadenopathy and organomegaly) (Table 1) were suggestive

of bulky disease.

Previously published retrospective studies were limited in the

number of patients (range, 10–86), and data were obtained from

multiple centers and/or different countries. One prior study

reported data from 86 patients with T-PLL [7] and identified that

overexpression of TCL-1 oncoprotein was associated with aggres-

sive disease, short lymphocyte doubling time, enhanced TCR and

AKT signaling, and rapid cell proliferation. Herling et al [7]

reported that aged>65 years and higher WBC count (>40 K/ll)

was associated with an increased risk of death. However, these cut

offs were arbitrary and were not derived by statistical analysis. In

our study, we based the cut off derived from RP analysis of differ-

ent baseline variables and identified an optimal, clinically appli-

cable cut-off value, which was not reported in previously

published studies. We further applied these variables into the

Table 1. Summary of the type of treatments, treatment responses and survival outcomes in patients with T-PLL (frontline and salvage setting)

Alemtuzumab monotherapy Alemtuzumab 1 pentostatin Nelarabine

First line Salvage First line Salvage All
n 5 42 n 5 15 n 5 13 n 5 5 n 5 5 (one frontline and four salvage)

Overall response (%) 81 46 82 75 20
Complete response (%) 61 46 73 50 0
Median OS (months)* 15 15 10.4 2.6 2
Median PFS (months)* 11 3 4.3 2.6 2
Median number of prior regimen (range) – 1 (1–4) – 3 (1–3) 2 (1–3)

*Censored at stem cell transplant, total of 29 patients were treated with salvage therapy and shown above is information on 24 patients, 5 patients
were treated with miscellaneous treatments (Fordosine, HyperCVAD, fludarabine-based regimen).
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final cox regression model for survival outcomes and identified

their prognostic relevance.

The role of SCT after initial CR in patients with T-PLL remains

controversial, largely due to high rate of early relapses, and

high transplant related mortality [21]; only a small fraction of

patients have 3-year survival of 5%–20% [20, 24]. Two multi-

institutional studies have reported that patients with T-PLL who

have undergone SCT (auto or allogeneic) have better PFS and OS

compared with patients who did not undergo SCT [21, 22]. In

contrast, our data show that the median survival in 16 patients

who underwent allogeneic SCT in first CR was 14.5 months com-

pared with 22 months (P¼ not significant) in 26 patients in first

CR after different frontline therapies who did not receive SCT.

The explanation for this lack of benefit is not clear, but could be

related to differences in conditioning regimens, the relative resist-

ance to cytotoxic chemotherapy in T-PLL, and the lack of any

robust graft versus leukemia effect in T-PLL [22, 25, 26].

Nonetheless, effective post remission therapy is a critical need for

improving outcomes in these patients. Longer term consolida-

tion or maintenance strategies, immunotherapeutic approaches,

or targeted therapies should be investigated to maintain remis-

sions achieved after effective frontline therapy.

Currently, data are very sparse on the cytokine milieu of T-

PLL. However, the initial clinical presentation with B-symptoms,

lymphadenopathy, organomegaly, pleural and pericardial effu-

sions are suggestive of a cytokine-mediated syndrome. Indeed,

about 76% patients with T-PLL have activating somatic muta-

tions in IL2RG/JAK1/JAK3/STAT5B [8, 10] identified through

whole-exome sequencing or by next-generation sequencing [8,

27, 28]. The net effect of these mutations is constitutive activation

of JAK-STAT signaling and up regulation of STAT5B target genes

[8]. It is possible that a pan-JAK inhibitor or STAT5 inhibitor

may have a therapeutic effect in T-PLL.

About 50%–60% of patients exhibited complex karyotype and

most abnormalities were observed in chromosome 14, in addition

to the previously described del 11q, del 17p and chromosome 8

aberrations. Chromosome 14 abnormalities are a hallmark of T-

PLL and involve the TCL-1 oncogene. Presence of complex karyo-

type [29, 30] and high incidence of ATM mutations [31] is known

to be associated with refractory disease and poor prognosis in lym-

phoid malignancies. Two thirds of patients with T-PLL have ATM

mutations [32, 33] and patients with ataxia telangiectasia may

have a higher risk of transformation to T-PLL [34]. Inactivating

mutations in ATM or loss of material at chromosome 11q23 (at

the ATM gene locus) lead to deficient signaling of double-stranded

DNA repair and cell cycle arrest after DNA damage. It is possible

that in T-PLL [35, 36], these genetic aberrations may explain

the molecular complexity and refractoriness to chemotherapy.

Exploiting double-stranded DNA repair defects may be another

important strategy to selectively target T-PLL cells. At present, this

study lacks complete information on the molecular characteristics

of these patients; therefore, it is difficult to provide a mechanistic

link between cytogenetic finding and clinical course.

We further noted that although the response rate to alemtuzu-

mab with pentostatin is marginally better then single agent alem-

tuzumab (73 versus 61%), the PFS and OS was significantly

longer in patients treated with single-agent alemtuzumab. Since

this is a retrospective study, it is possible that selection bias for

either regimen may have affected the outcomes i.e. patients with

bulky, more aggressive disease may have received the combina-

tion regimen and therefore had inferior outcomes. The PFS was

better with alemtuzumab-based regimens compared with non-

alemtuzumab-based therapies; for OS, the trend of increased OS

with non-alemtuzumab-based therapies could be misleading,

since virtually all of these patients received salvage therapy with

alemtuzumab. Few patients who were treated with nelarabine

and fordosine did not respond well.

There are several limitations to our study. This is a retrospec-

tive analysis that allows selection bias and uncontrolled analysis.

Treatment and complete follow-up information was not available

for all the patients, and third of patients were previously treated

before coming to our center. However, when analyzing for out-

comes, responses and prognostic factors, care was taken to make

sure complete and original source data were available for all ana-

lysed patients. There was no uniform pattern of follow-up and

management was according to individual physician’s choice, but

the treatment modalities were examined and presented individu-

ally. While cytogenetic, morphology and flow cytometric studies

were available for the majority of patients, our study is limited by

the lack of complete molecular genetic data on all patients.

Collaborations are now underway to retrospectively examine

available banked samples and create protocols to prospectively

study newly diagnosed patients.

In summary, T-PLL continues to pose a therapeutic challenge

and newer modalities are required to treat this leukemia. Rarity

of this disease limits the conduct of large-scale clinical trials, and

multicenter collaborative effort is required to conduct prospec-

tive studies. Studies are underway to further define the genomic

imbalances in patients with T-PLL and identify newer therapeutic

targets and recognize the signaling pathways which can provide

drug resistance in T-PLL.
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