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         Introduction 

 The mature T-cell leukaemias are a rare and 
heterogeneous group of disorders derived from 
the mature or post-thymic T-cell. They comprise 
T-cell prolymphocytic leukaemia (T-PLL), T-cell 
large granular lymphocytic leukaemia (T-LGL   ) 
and Adult T-cell lymphoma/leukaemia (ATLL)  [  1  ] . 
There are also neoplastic T-cells in the peripheral 
blood in cases of Sézary syndrome (SS), the gen-
eralised, more aggressive variant of the mature 
T-cell cutaneous lymphoma mycosis fungoides. 
ATLL and SS are covered elsewhere in this text 
and this chapter will therefore focus on T-PLL 
and T-LGL leukaemia. 

 The diagnosis of the T-cell leukaemias is based 
on a multiparameter approach which encompasses 
clinical presentation, peripheral blood count and 
morphology, immunohistochemistry,  fl ow cytom-
etry, cytogenetics and molecular genetics. Thus, 
the recent advances in modern immunopheno-
typic and molecular tools have been crucial in 
characterising these disorders and in distinguish-
ing them from their B-cell counterparts. Prognosis 

and response to conventional chemotherapy are 
generally poor, with the exception of T-LGL 
which is a more indolent disorder than the others 
in its class. The rarity of these conditions, their 
refractoriness to standard therapies, underlying 
immune suppression, multi-factorial aetiologies 
and lack of single identi fi able therapeutic targets 
in the majority of cases all contribute to a great 
management challenge. An important aspect 
therefore in advancing treatment of these and 
other T-cell disorders is adopting an international 
approach to diagnosis, documentation and trial 
design and entry in order to recruit suf fi cient 
patient and clinico-pathological data to inform 
robust choices.  

   T-Cell Prolymphocytic Leukaemia 

   Introduction 

 Prolymphocytic leukaemias (PLL) of B- and 
T-cell subtype are rare diseases which together 
account for around 2% of all mature lymphoid 
leukaemias. When  fi rst described in 1974  [  2  ] , the 
different cells of origin were not appreciated and 
the disease was described as a variant of chronic 
lymphocytic leukaemia (CLL). T-PLL was  fi rst 
documented in a patient presenting with clinical 
features similar to B-PLL, but in whom the cells 
had a T-cell phenotype  [  3  ] . The recent availabil-
ity of modern immunophenotypic and molecular 
tools has allowed a better distinction of this dis-
order from its B-cell counterpart and other mature 
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T-cell leukaemias. T-PLL is recognised in the 
WHO classi fi cation  [  1  ]  as having three morpho-
logical variants—typical, small cell and cerebri-
form—all of which have a similar clinical course 
and identical molecular genetics. Recent studies 
have highlighted the role of speci fi c oncogenes 
such as  TCL-1, MTCP-1  and  ATM . However, 
despite better understanding of the underlying 
cell biology, prognosis for these patients remains 
poor with no curative therapy and short survival. 
The advent of monoclonal antibody therapy and 
the wider application of non-myeloablative allo-
geneic transplantation have improved the treat-
ment options for this group of patients. Table  9.1  
summarises the characteristic features of T-PLL.   

   Pathogenesis 

 T-PLL is a rare proliferation of mature or post-
thymic lymphocytes. It has been described in the 
East and West without geographical or racial 
clustering and there are no reports of familial 

cases. There is no evidence that radiation or 
carcinogenic agents play a role in the pathogen-
esis of T-PLL and neither had it been thought that 
viruses such as HTLV1 are involved. However, a 
recent study found that the EBV genome was 
present in T-PLL cells by using polymerase chain 
reaction (PCR) analysis across multiple sites in 
the viral genome  [  4  ]  .  In addition, these T-PLL 
cells expressed a number of EBV latent antigens 
suggesting a potential link between T-PLL and 
EBV infection. 

 T-cell maturation is strictly controlled by the 
thymic cellular microenvironment and depends 
on complex interactions between various cytok-
ines and growth factors  [  5  ] . T-cells rely on the 
T-cell receptor (TCR)-CD3 complex to present a 
speci fi c antibody to bind to a foreign antigen, as 
opposed to B cells, which depend on immuno-
globulin rearrangements. Mutations in the TCR 
subunits result in T-cell lymphoproliferative dis-
eases derived from post-thymic immunocompe-
tent lymphoid cells. In adults T-PLL arises 
sporadically. There is a close relationship between 
this sporadic form of T-PLL and the leukaemia 
that occurs in patients with the hereditary debili-
tating neurological disease ataxia telangiectasia 
(AT)  [  6  ] . Patients with AT have bi-allelic inactiva-
tion of the AT mutated gene ( ATM ) located at the 
11q23 locus  [  7  ] . Approximately 10% of AT 
homozygotes develop cancer, mostly of the lym-
phoid system and in particular of the T-cell type 
 [  8  ] . Some of these patients develop abnormal 
clonal proliferation of T-cells with morphological, 
immunological, cytogenetic and molecular fea-
tures (e.g. over-expression of the  TCL-1  onco-
gene) identical to T-PLL. Genetic abnormalities 
(mutations and deletions) of  ATM  are well docu-
mented in T-PLL  [  9–  12  ] .  ATM  is therefore a can-
didate gene likely to be involved in the pathogenesis 
of both sporadic and AT-associated T-PLL, possi-
bly through its role as a tumour suppressor.  

   Clinical Presentation 

 T-PLL is a disease affecting older adults with a 
male predominance. In the Royal Marsden 
Hospital series of 150 patients, the median age at 
presentation was 63 years (range 33–91 years) and 

   Table 9.1    Key characteristics of T-cell prolymphocytic 
leukaemia   

 Characteristic Findings 

 Clinical features  Older adults 
 M:F 1.2:1 
 Splenomegaly, lymphadenopa-
thy, skin rash, oedema and 
serous effusions 
 Lymphocytosis often exceeding 
100 × 10 9 /l 

 Morphology  Prolymphocytes with prominent 
nucleoli, basophilic cytoplasm 
with blebs 
 Small cell (20%) and Sézary 
variants (5%) 

 Immunophenotyping  CD2, CD3, CD5, CD7+, CD52+ 
 CD4/8 variable 
 CD1a-ve, TdT-ve, CD25−/+ 

 Cytogenetics  Inversion 14; t(14,14); t(X,14); 
iso8q; complex 

 Oncogenes   TCL-1 ,  MTCP-1 ,  ATM  
 Prognosis  Median survival <1 year with 

conventional chemotherapy 
 Treatment  Alemtuzumab alone or in 

combination with purine 
analogues 
 Consolidation with HSCT 
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the male: female ratio 3:1  [  13  ] . Patients are 
 characteristically symptomatic at presentation 
with a peripheral blood lymphocytosis often 
exceeding 100 × 10 9 /l  [  14  ] , generalised lymphade-
nopathy and splenomegaly. Dermal lymphoid 
in fi ltrates are present in a third of patients and 
peri-orbital oedema can be a feature. Serous effu-
sions, particularly pleural effusions, are seen in 
15% of patients at diagnosis but are common in 
relapsed or refractory disease. Anaemia and 
thrombocytopenia are less common at presenta-
tion than in B-PLL  [  15  ] , occurring in 25% and 
45% of patients, respectively. Central nervous sys-
tem involvement is rare. Human T-lymphotrophic 
viruses I and II (HTLV-I/II) are invariably nega-
tive by both serology and PCR. A small proportion 
of patients have a more indolent or “smouldering” 
form of T-PLL which may mimic stage A CLL. 
Although these patients are generally asymptom-
atic at presentation and may exhibit a long latent 
phase, they will inevitably progress after a median 
period of 33 months  [  16  ]  to follow the more 
aggressive course typical for T-PLL.  

   Morphology and Histopathology 

 T-PLL has a broad morphological spectrum  [  17  ] . 
In half of cases the cells have a round to oval 
nucleus, while in the remainder the nuclei are 
irregular, often with convolutions. The degree of 
nuclear irregularity, however, is less pronounced 
than that seen in Sézary Syndrome (SS) or ATLL 
cells. There are three subtypes: typical T-PLL, a 
small cell variant and a cerebriform variant account-
ing for 75%, 20% and 5%, respectively. All three 
share the same immunophenotypic and cytogenetic 
features and are thus classi fi ed as a single disorder 
 [  1  ] . Typical cases have a peripheral blood lympho-
cytosis with pro-lymphocytes of medium size with 
condensed nuclear chromatin, a single prominent 
nucleolus, intensely basophilic agranular cyto-
plasm and cytoplasmic protrusions or “blebs” in 
most cases (Fig.  9.1 ). In the small cell variant the 
pro-lymphocytes are considerably smaller and the 
nucleolus is less prominent and can often only be 
visualised under electron microscopy. In the rarest 
variant the pro-lymphocytes have a cerebriform 
nucleus resembling Sézary cells.  

 Although tissue histology is not essential for 
diagnosis, the bone marrow, lymph nodes and 
skin may be in fi ltrated. Diffuse and interstitial 
in fi ltration of the bone marrow is seen in the 
majority of cases and reticulin  fi brosis is almost 
always present. Lymph nodes show paracortical 
expansion by T-prolymphocytes. The skin histol-
ogy differs from that seen in mycosis fungoides 
(MF) and SS, showing dermal in fi ltration, prefer-
entially around the appendages and without epi-
dermotropism. Spleen histology shows a marked 
red pulp in fi ltration extending into the white pulp 
and capsule in contrast to T-cell large granular 
lymphocytic leukaemia which is con fi ned to 
the red pulp.  

   Immunophenotype 

 T-PLL cells exhibit a mature, post-thymic pheno-
type and are, by de fi nition, negative for terminal 
deoxynucleotidyl transferase (TdT) and the corti-
cal thymic marker CD1a. They express the pan-T 
cell markers CD2, CD5 and CD7  [  13  ] . CD7 is 
usually expressed with strong intensity in con-
trast to other mature T-cell malignancies where 
this marker may be weak or negative. CD3 and 
anti-TCR- a / b  may be negative in the cell mem-
brane but are always expressed in the cytoplasm, 
and the TCR- b  and/or  g  chain genes are rearranged 
in all cases. The majority (60%) have the CD4+/
CD8– phenotype, but alternatively may have 

  Fig. 9.1    Typical peripheral blood morphology in T-PLL 
showing small to medium sized lymphoid cells with a 
single nucleolus, basophilic cytoplasm and cytoplasmic 
protrusions       
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CD4+/CD8+ co-expression (25%) or have a 
CD4–/CD8+ immunophenotype (15%)  [  14  ] . The 
distinctive co-expression of CD4 and CD8, the 
weak CD3 membrane expression and the strong 
CD7 expression suggest that the T-PLL cell may 
be at an intermediate stage of differentiation 
between a cortical thymocyte and a circulating 
mature T-cell. Cell surface antigens linked to 
T-cell activation such as CD25, CD38 and class 
II HLA-DR are variably expressed and monoclo-
nal antibodies against natural killer cells and 
TIA-1 are negative. T-prolymphocytes strongly 
express the CD52 antigen at a high density  [  18  ] , 
which can be targeted by the monoclonal anti-
body alemtuzumab. In most cases T-PLL patients 
express the TCR- a  b  phenotype, although rare 
instances of TCR- g  d  have been reported  [  19  ] .  

   Molecular Features 

 In keeping with the aggressive clinical course of 
TPLL, patients usually have complex karyotypes 
and cytogenetic abnormalities which may occur 
progressively throughout the disease. The genetic 
hallmark of T-PLL is the inversion [inv(14)
(q11;q32)] or its variant the tandem translocation 
[t(14;14)(q11;q32)]  [  20,   21  ] . These rearrange-
ments of chromosome 14 are present in up to 
80% of cases  [  22  ]  and bring together the proto-
oncogene  TCL-1  (T-cell leukaemia 1) located at 
14q32.1 with the TCR  a  gene, located at 14q11. 
This results in deregulation of  TCL-1 , a gene 
physiologically expressed on CD4/CD8 double-
negative thymocytes  [  23,   24  ] . In about 20% of 
patients the translocation [t(X;14)(q28;q11)] 
(Fig.  9.2 ) is reported, which results in the juxta-
position of the  MTCP-1  gene (a member of the 
 TCL-1  gene family) located at Xq28 with the 
TCR- a  gene  [  25,   26  ] . Therefore, chromosomal 
rearrangements in T-PLL juxtapose  TCL-1  and 
 MTCP-1  to the TCR loci and lead to their activa-
tion. Genomic analyses of the 14q32.1 breakpoint 
region have revealed three additional genes; 
 TCL-1b, TNG1  ( TCL-1  neighbouring gene 1) and 
 TNG2 , which are also expressed on T-PLL cell 
lines and cells from patients with T-PLL but not 
on normal T-lymphocytes  [  27–  29  ] . Activation of 
 TCL-1  through hypomethylation of its promoter 

has also been described  [  30  ] . The  TCL-1  onco-
protein is expressed in approximately 70% of 
T-PLL cases  [  31  ]  and has been shown to associ-
ate with protein kinase B (Akt) resulting in the 
promotion of Akt-induced cell proliferation and 
survival  [  32  ]  .   

 In addition to the inversion rearrangement, 
which is regarded as the primary oncogenic event 
in T-PLL, the tumour cells usually harbour a high 
load of additional chromosomal aberrations. 
Abnormalities involving both arms of chromo-
some eight are frequent and over-expression of the 
c-myc protein is found in cases with iso8q. While 
the 14q abnormalities and trisomy 8q are common 
in western countries, they are rarely seen in Japan 
 [  33  ] . Although 11q23 abnormalities are seldom 
detected on cytogenetics, molecular analysis fre-
quently detects mutations of the tumour suppres-
sor gene  ATM . Studies have demonstrated that 
T-PLL is associated with recurrent regions of 
chromosomal loss at 22q11, 13q, 6q, 9p, 12p, 
11p11-p14 and 17p, as well as chromosomal gain 
at 8q, 14q32, 22q21 and 6p  [  22  ] . Recent single 
nucleotide polymorphism-based genomic map-
ping and global gene expression pro fi ling has 
identi fi ed differential expression of a number of 
genes in T-PLL compared to normal CD3 + T-cells 
 [  34  ] . These include functionally important genes 
involved in lymphomagenesis, cell cycle regula-
tion, apoptosis and DNA repair, which are clus-
tered in regions affected by known recurrent 
chromosomal aberrations in T-PLL. The upregu-
lated genes were clustered on chromosome arms 
6p and 8q, and the downregulated genes on 6q, 8p, 
10p, 11q and 18p. This information suggests that a 
gene dosage effect may be involved in the patho-
genesis of T-PLL and may also help to clarify the 
mechanisms involved in disease progression.  

   Differential Diagnosis 

 The morphology of prolymphocytes in the 
peripheral blood and cell markers are the vital 
requirements in order to make the diagnosis of 
T-PLL and distinguish it from other mature lym-
phoid leukaemias. T-PLL can be distinguished 
from B-PLL by immunological markers. 
Furthermore, skin in fi ltration and 
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lymphadenopathy are unusual in B-PLL, while 
they are present in a substantial proportion of 
T-PLL patients. Morphology, histology and immu-
nological markers help to differentiate T-PLL from 
other mature T-cell malignancies such as T-LGL, 
ATLL and SS. The predominant population in 
T-cell LGL leukaemia is a granular lymphocyte, 
often with a CD8+ CD57+, CD16± phenotype, 
with or without expression of natural killer (NK) 
cell markers. The distinct geographical back-
ground, the clinical features (e.g. hypercalcemia) 
and positive HTLV-I serology distinguish ATLL 
from T-PLL. SS has distinct clinical features, skin 
histology and cell morphology.  

   Prognostic Factors 

 The prognosis for patients with T-PLL is poor. 
Data regarding speci fi c disease variables which 
in fl uence an individual’s disease course and 

response to treatment are limited. A recent series 
of 84 cases reported a median overall survival of 
24.7 months and a 5-year survival rate of 21%  [  35  ] . 
There was a highly signi fi cant correlation between 
poor outcome and high WBC count at presentation 
(>40 × 10 9 /l), shorter lymphocyte doubling time as 
well as with older age (>62 years) at presentation. 
Higher TCL-1 expression correlated with a higher 
WBC count at presentation, a rapid lymphocyte 
doubling time and a shorter overall survival  [  35  ] . 
The presence of hepatomegaly and serous effusions 
predict for a poor response to alemtuzumab  [  36  ] . 
Patients who do not respond to treatment have a 
median survival of only 4 months.  

   Treatment 

 T-PLL is an aggressive disease, which is often 
resistant to therapy. Overall prognosis is poor 
with a median overall survival historically of 

  Fig. 9.2    Karyotype in T-PLL showing a t(X;14) translocation       
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approximately 7 months in patients receiving 
conventional chemotherapy such as the alkylat-
ing agents  [  14  ] . However, survival has improved 
following the introduction of relatively new 
agents including the purine analogues and the 
anti-CD52 antibody (alemtuzumab; campath-
1H). Pentostatin has been shown to be effective, 
particularly in patients who are CD25+, CD38+ 
and CD103+  [  37  ] . A study of 55 patients per-
formed in 1994 reported an overall response rate 
of 45% with 9% complete remissions and median 
response duration of 6 months  [  38  ] . This also 
resulted in an improvement in overall survival. 
Unlike standard approaches to the use of pen-
tostatin in hairy cell leukaemia, initial doses of 
4 mg/m 2  were given weekly for 4 weeks then 
every 2 weeks to maximum response. Interestingly, 
no signi fi cant difference in response rate was 
observed between previously treated and 
untreated patients rendering this agent a versatile 
option in treatment of T-PLL. Equally positive 
results have been reported with cladrabine, 
although study numbers are smaller  [  39,   40  ] . 

 More recently, the anti-CD52 monoclonal 
antibody, alemtuzumab, has been utilised to tar-
get the CD52 antigen which is expressed at high 
density on the surface of T-prolymphocytes. An 
early study in 1997 of 14 patients reported an 
excellent response rate of 73%  [  41  ] . More 
recently, a European study of 39 patients with 
relapsed⁄refractory T-PLL, who received alemtu-
zumab intravenously three times a week after ini-
tial dose escalation, reported remarkable overall 

response rates of 76% with complete response 
rates of 60%  [  36  ] . Nine of the 39 patients were 
refractory to pentostatin. The median overall sur-
vival was 10 months and depth of response was 
positively associated with prolongation of sur-
vival; median overall survival was 16 months in 
those patients who achieved complete responses. 
Responses were poor in patients who had serous 
effusions, hepatic or CNS involvement. In the 
United States a retrospective analysis of 76 
patients with T-PLL treated on a compassionate 
use with standard alemtuzumab therapy reported 
OR rates of 50% with 37.5% CR  [  42  ] . These 
patients, who had received one or more lines of 
treatment and had progressive and/or refractory 
disease, had a superior quality and duration of 
response to alemtuzumab compared to prior ther-
apy. Alemtuzumab has subsequently been inves-
tigated in treatment naïve patients. In a preliminary 
study of 11 patients, all achieved a CR with 7 of 
11 patients still alive at median follow up of 
12 months (range 4–17 months)  [  43  ] . 

 The successful use of chemo-immunotherapy 
in B cell malignancies has prompted similar stud-
ies in T-PLL. The German CLL study group has 
reported results of a prospective phase II trial of 
 fl udarabine, mitoxantrone and cyclophosphamide 
(FMC) followed by alemtuzumab consolidation 
in 18 patients  [  44  ] . The ORR was 66% following 
FMC, increasing to 86% after alemtuzumab, with 
a median progression-free survival of 10.6 months 
and OS of 19.2 months. Table  9.2  summarises the 
results of clinical trials in T-PLL.  

   Table 9.2    Summary of clinical trials in T-PLL   

 Study  Regimen  No  CR (%)  PR (%)  ORR (%)  MPFS months  MS months 

  Previously treated patients  
 Mercieca  [  38  ]   Pentostatin a   55   9  36  45  6  9 
 Dearden  [  36  ]   Alemtuzumab  39  60  16  76  7  10 
 Keating  [  42  ]   Alemtuzumab a,b   76  38  12  50  4.5  7.5 
  Therapy-naive patients  
 Dearden  [  43  ]   Alemtuzumab  11  100   0  100  10+  13+ 
 Hop fi nger  [  44  ]   FMC + Alemtuzumab  18  NA  NA  66 (FMC)  10  19 

 86 (after alemtuzumab) 

   a Retrospective analysis 
  a Compassionate-use trial 
  CR , Complete remission;  PR , Partial remission;  ORR , Overall response rate;  MPFS , Median progression-free survival; 
 MS , Median overall survival;  NA , Not available  
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 Weidmann et al. have used a regimen consisting 
of  fl udarabine (days 1–4), cyclophosphamide 
(day 3), doxorubicin (day 4) together with alem-
tuzumab in escalating doses (days 1–4) to treat 23 
patients with a range of peripheral T-cell malig-
nancies  [  45  ] . Overall response rate in this series 
was 61% with a CR rate of 78% in the newly 
diagnosed patients. However, this cohort only 
included a single case of T-PLL. Anecdotal expe-
rience with the combination of alemtuzumab and 
pentostatin suggest that this combination may be 
more active than these agents used singly. 

 The introduction of alemtuzumab has 
signi fi cantly improved the outcome in T-PLL and 
it should be considered the treatment of choice. 
However, its use is not without risk. It causes pro-
longed T-cell depletion with signi fi cant immuno-
suppression and infective complications reported 
in approximately 13% of patients  [  42  ] . 
Prophylaxis for pneumocytsis and herpetic 
infections is required both during treatment and 
for a protracted period beyond completion and 
screening for cytomegalovirus (CMV) reactiva-
tion is advocated. Use of alemtuzumab in heavily 
pre-treated, often elderly patients is associated 
with increased risk of infectious and other treat-
ment-related complications, although it can be 
well tolerated in elderly patients because of lack 
of organ toxicity. Tolerability is improved when 
alemtuzumab is used as  fi rst line therapy. 
Responses to alemtuzumab are still transient and 
further disease progression is inevitable. 
Furthermore, patients may down-regulate expres-
sion of CD52 at relapse making treatment with 
alemtuzumab ineffective. Hence, all patients who 
achieve a response to therapy should be consid-
ered for consolidation with a haematopoietic 
stem cell transplant (HSCT) to prolong disease-
free and overall survival. 

 In a recent study 22 patients with T-PLL 
received a HSCT in  fi rst complete response, in 
second complete response or with a good partial 
response (PR) following alemtuzumab therapy. 
Thirteen were consolidated with an autologous 
HSCT and nine with an allogeneic HSCT ( fi ve 
sibling and four unrelated donor)  [  46  ] . In the 
patients who were autografted, 38% remain alive 
with median disease-free survival of 20 months 

(range 8–78 months). Of the nine patients who 
had an allograft, four had full intensity condition-
ing and  fi ve reduced intensity conditioning. Fifty-
six percent remain alive, one patient in continued 
CR 7 years post-SCT. Two patients died from 
transplant-related mortality (TRM) and both had 
received full intensity conditioning. Two patients 
relapsed. These results demonstrate that autolo-
gous HSCT can increase disease-free survival, 
but two thirds of patients still relapse. While allo-
geneic HSCT is an attractive option, TRM with 
full intensity conditioning is high. There are other 
case reports of successful outcome with reduced 
intensity conditioning  [  47,   48  ] , and this is a strat-
egy which merits further study. 

 Treatment regimens in the future are likely to 
be based on intravenous alemtuzumab with the 
addition of purine analogues such as pentostatin, 
gemcitabine or nelarabine. The role of new agents 
like bortezomib and pralatrexate will also need to 
be explored. Better understanding of the molecu-
lar pathogenesis may also lead to the introduction 
of new therapeutic approaches targeting speci fi c 
pathways such as Akt activation, ATM mutations 
(PARP inhibitors) and telomerase, all of which 
may be active in T-PLL.   

   T-Cell Large Granular Lymphocyte 
Leukaemia 

   Introduction 

 The term T-LGL was coined by Loughran in 1993 
 [  49  ]  to describe this clonal proliferation of 
mature, post-thymic T-cells. LGLs make up 
10–15% of the total peripheral blood mononu-
clear cell count in normal adults  [  50  ] . The major-
ity of these cells are of the CD3-natural killer 
(NK) lineage, with the minority of the CD3+ 
T-cell lineage (15%). T-cell LGLs are post-thy-
mic, antigen-primed cytotoxic CD8+ T lympho-
cytes and NK-cell LGLs belong to the innate 
immune system with the capability of non-major 
histocompatibility complex (MHC)–restricted 
cytotoxicity  [  51  ] . LGL proliferations are clonally 
derived from either CD3−/CD56+ or CD3/CD8+ 
LGLs and are designated natural killer LGL leu-
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kaemia or T-cell LGL leukaemia, respectively. 
The WHO classi fi es NK-LGL leukaemia within 
the spectrum of NK cell disorders, which are 
covered elsewhere in the text. This chapter will 
therefore focus on T-LGL leukaemia, which 
makes up approximately 85% of cases of LGL 
leukaemias. 

 In contrast to the other T-cell disorders, T-LGL 
leukaemia is generally an indolent condition with 
a median survival in excess of 10 years. The aeti-
ology is not fully understood, but there is a strong 
association with autoimmune disorders, suggest-
ing a common immunogenetic pathogenesis. The 
most common presenting features are cytope-
nias, characteristically neutropenia which may 
manifest as increased susceptibility to and sever-
ity of infection. There is no genetic hallmark of 
T-cell LGL and diagnosis relies on morphology, 
characteristic cell surface markers and demon-
stration of clonality. Treatment modalities are 
predominantly immunosuppressive in nature and 
are only indicated for symptomatic patients. 
Table  9.3  summarises the key features of T-LGL 
leukaemia.   

   Pathogenesis 

 The aetiology of T-LGL leukaemia is not clear. 
There is a strong association with autoimmune 
disorders suggesting a common immunogenetic 
pathogenesis. A polyclonal immune response 
with chronic activation of T-cells by an auto-
reactive or viral antigen is believed to be the ini-
tial stimulus to expansion of LGLs  [  52–  54  ] . It is 
not clear whether a second molecular event is 
necessary to establish the neoplastic phenotype. 
There has been much debate in the literature as to 
whether T-LGL leukaemia represents a neoplas-
tic or reactive condition; however, the demon-
stration of clonality supports a neoplastic 
proliferation. It has been suggested, however, that 
T-cell LGL leukaemia could represent an autoim-
mune disorder caused by chronic antigenic stim-
ulation leading to extreme expansion of only one 
clone of CD8+ cytotoxic T-cells  [  54,   55  ] . There 
have been several reports of detection of HTLV-1 
antibodies in cases of T-LGL leukaemia  [  56,   57  ] , 

but in contrast to ATLL, these represent just a 
few cases and there is no universal association. 
Recent studies have demonstrated involvement 
of hCMV in the ontogeny of CD4+ T-LGL leu-
kaemia, and it has been suggested that it could be 
the antigenic stimulus responsible for the initia-
tion and maintenance of the disease  [  58  ] . There is 
no evidence that any other virus is involved in the 
pathogenesis of T-LGL leukaemia. Rare cases of 
T-LGL have been reported as a form of lymphop-
roliferative disorder after autologous or allogeneic 
transplant  [  59,   60  ] , which must be distinguished 
from the oligoclonal T-cell populations frequently 
present in transplant patients at the point of lym-
phocyte reconstitution  [  61  ] . Clonal T-LGL popu-
lations have also been reported in association with 
low grade B-cell dyscrasias such as hairy cell leu-
kaemia, CLL and monoclonal gammopathy of 

   Table 9.3    Key characteristics of T-cell large granular 
lymphocyte leukaemia   

 Characteristic  fi ndings 

 Clinical features  Median age 55–60 years 
 M = F 
 60% symptomatic 
 LGLs in peripheral blood 
2–20 × 10 9  
 Cytopenias, characteristically 
neutropenia. Recurrent 
infection. 
 Strong association with 
autoimmune disorders (e.g. 
rheumatoid arthritis) 

 Morphology  LGLs with abundant cytoplasm 
 Fine or coarse azurophilic 
granules 

 Immunophenotyping  CD3+, TCR- a  b , CD8+, 
CD57+,CD16+ 

 Cytogenetics  Clonal rearrangement of 
TCR- b  chain gene 
 No characteristic cytogenetic 
abnormality 

 Oncogenes  Abnormalities of Fas/
Fas-ligand pathway, dysregu-
lated apoptosis 

 Prognosis  Generally an indolent disorder 
 Median survival >10 years 

 Treatment  Only if symptomatic 
 Immunosuppression—
methotrexate, cyclophosph-
amide, cyclosporine A 
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unknown signi fi cance  [  62–  64  ] . These do not 
usually progress to clinically signi fi cant disease 
and appear to represent a type of host response. 
The co-association of B-cell pathology with 
T-LGL leukaemia suggests that either a common 
antigen drives clonal B- and T-cells, or that 
humoral malignancy could serve as the stimulus 
for lymphocyte expansion representing an overac-
tive anti-tumour surveillance  [  64  ]  .  

 Dysregulation of several intracellular signalling 
pathways may account for the inherent resistance 
to apoptosis of LGL cells in vitro  [  65  ]  including 
Fas/Fas ligand  [  66,   67  ] , phosphatidylicnositol-3-
kinase  [  68  ]  and mitogen-activated protein kinase/
extracellular signal-regulated kinase/Ras  [  69  ] . The 
degree of cytopenias (most commonly neutrope-
nia) is usually out of proportion to the level of bone 
marrow in fi ltration, supporting an immune compo-
nent to the pathogenesis. Possible mechanisms for 
neutropenia include deregulated Fas/Fas ligand 
induced apoptosis of myeloid cells, immune com-
plex or antibody mediated neutrophil destruction, 
hypersplenism or direct inhibition of myeloid 
maturation  [  51,   70,   71  ]  .   

   Clinical Features 

 In contrast to the other T-cell leukaemias, T-cell 
large granulocyte leukaemia is a relatively indo-
lent condition, with a median survival in excess 
of 10 years  [  51  ] . It is a rare disorder, accounting 
for 2–3% of cases of small lymphocytic leukae-
mia  [  1  ] . The median age at diagnosis is 
55–60 years, but cases are reported in all age 
groups  [  72,   73  ]  and there is no reported gender 
predilection or geographical distribution. The 
total lymphocyte count is normal or slightly 
raised, usually under 15 × 10 9 /l, and the majority 
are LGLs. Traditionally, an increase in peripheral 
blood LGLs to greater than 2 × 10 9 /l for more 
than 6 months was required to make the diagno-
sis of LGL leukaemia. However, these criteria are 
not strictly necessary if T-cell clonality can be 
demonstrated. Sixty percent of patients are symp-
tomatic at presentation  [  74  ]  and the most common 
presenting feature is neutropenia, which is manifest 
in the form of increased frequency and severity of 

infection and oral ulceration. Opportunistic 
infections are uncommon. At diagnosis 85% of 
patients are neutropenic of whom 50% are within 
the severe range (<0.5 × 10 9 /l)  [  73  ] . Anaemia and 
thrombocytopenia are present in 50% and 20%, 
respectively  [  73  ] . Severe anaemia due to red cell 
hypoplasia has been reported in the context of 
T-LGL  [  75  ] . B symptoms are present in 20–40% 
of patients  [  51  ] . Lymphadenopathy is very rare 
but mild-to-moderate splenomegaly and hepato-
megaly are found in 20–50% and 10–20% of 
patients, respectively  [  51  ] . 

 There is a strong association with autoim-
mune disorders, most commonly rheumatoid 
arthritis, which co-exists in up to 30% of patients 
with T-LGL leukaemia  [  70  ] . Systemic lupus ery-
thematosus, Hashimoto’s thyroiditis, immune-
mediated cytopenias and pulmonary artery 
hypertension have also been described in patients 
with T-LGL leukaemia  [  49,   76,   77  ] . A polyclonal 
autoimmune response may represent the initiat-
ing element and explain this association and 
hypergammaglobulinaemia is common. Based 
on the tissue in fi ltration in the bone marrow 
and spleen as well as demonstration of clonality 
and the occasional  fi nding of non-recurring cyto-
genetic abnormalities, T-LGL leukaemia has 
been classi fi ed as a leukaemia rather than a reac-
tive condition  [  78  ] .  

   Morphology and Histopathology 

 There is a peripheral blood lymphocytosis due to 
an increased number of LGLs beyond the 10–15% 
of total peripheral blood mononuclear cells that 
LGLs account for in normal adults. Neoplastic 
cells are similar to normal LGLs; medium to 
large cells with eccentrically placed nuclei, mod-
erately condensed chromatin and abundant, 
weakly basophilic cytoplasm with coarse azuro-
philic granules  [  1  ]  (Fig.  9.3 ). The granules often 
exhibit a characteristic ultrastructural appearance 
described as parallel tubular arrays and contain a 
number of proteins such as perforin and gran-
zyme B that play a role in the cytotoxic function 
of these lymphocytes  [  79  ] . Macrocytosis can 
sometimes be a feature but smear cells are rare.  
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 Tissue histology is rarely essential for diagno-
sis. The bone marrow shows a variable, often low 
level, in fi ltrate by cells of similar morphology to 
those in the peripheral blood. The degree of 
cytopenias (most commonly neutropenia) is usu-
ally out of proportion to the level of bone marrow 
in fi ltration, supporting an immune component to 
the pathogenesis. In patients with severe neutrope-
nia, there is often a picture of maturation block at 
the myelocyte stage, with mature granulocytic 
cells poorly represented. It is usual for there to be 
a normal number of megakaryocytes even in cases 
with signi fi cant thrombocytopenia. Cases with 
marked anaemia often show either a lack of matur-
ing erythroblasts or megaloblastic erythropoiesis. 
Histologically, the pattern of in fi ltration may be 
interstitial, random focal, diffuse or nodular  [  80  ] . 
Nodules with non-clonal B-cell centres surrounded 
by CD4+ cells, with interstitial CD8+ cells, are a 
characteristic  fi nding in T-LGL  [  81  ] . Care must be 
taken to examine the cell morphology to distin-
guish T-LGL from the low-grade B-cell lymphop-
roliferative disorders. The in fi ltrates are composed 
of small to medium lymphocytes, the nuclei of 
which have irregular contours, condensed nuclear 
chromatin and inconspicuous nucleoli  [  80  ]  .  The 
granules are not visible on the thin rim of cyto-
plasm. An association with trilineage dysplasia 
has been noted in a signi fi cant minority of patients 
 [  82  ] . Diffuse in fi ltration of red splenic pulp with 
preservation of sinuses and white pulp cords is 
characteristic of T-cell LGL leukaemia.  

   Immunophenotype 

 Neoplastic proliferations of LGLs are classi fi ed as 
T-cell or NK-cell according to their expression of 
T-cell markers such as CD3. T-LGL leukaemias 
have a mature T-cell phenotype and usually 
express surface CD3, CD8, CD16 and CD57, 
whereas NK-LGL leukaemias express CD2 and 
cytoplasmic but not surface CD3 and are variably 
positive for CD16, CD56 and CD57  [  83  ] . CD57 is 
a 110-kDa glycoprotein found on NK cells and 
activated, effector CD8+ T-cells and is a charac-
teristic marker for LGL leukaemia  [  51  ] . TIA-1 is 
also usually expressed. T-cell activation markers 
such as HLA-DR determinants and CD38 are 
expressed in a variable number of cases. Most 
cases of T-LGL leukaemia involve CD8+ cyto-
toxic T-cells; however, rarer incidences of CD4+ 
CD8−, CD4+ CD8+ and even CD4− CD8− dis-
ease are reported  [  50,   84  ] . Abnormally diminished 
or lost expression of CD5 and/or CD7 is common 
 [  85,   86  ] . The most common immunophenotype is 
therefore CD3+, TCR- a  b , CD8+, CD57+ and 
CD16+. Expression of the CD94/NKG2 and KIR 
families of NK-associated MHC-class I receptors 
can be detected in 50% or more of cases of T-LGL 
leukaemias  [  1  ] . All KIR positive cases expressed 
a single KIR isoform  [  86  ]  and this  fi nding can 
serve as a surrogate marker of clonality.  

   Molecular Features 

 The diagnosis of T-LGL leukaemia requires dem-
onstration of clonality of the expanded LGL pop-
ulation by TCR gene rearrangement studies to 
distinguish the neoplastic proliferation from a 
reactive lymphocytosis  [  87  ] . This can be achieved 
using southern blot and/or PCR studies using 
primers speci fi c to the variable regions of the 
TCR- b  or - g  chain genes or by  fl ow cytometry 
using monoclonal antibodies against the variable 
regions of the TCR- b  or - g  chain. The majority of 
cases have TCR- b  chain gene rearrangement. 
Only in a minority the TCR- b  is in germline 
con fi guration and there is rearrangement of the 
TCR- g  chain gene  [  88  ] . There is no characteristic 
chromosomal abnormality detected in patients 
with T-LGL leukaemia and the majority will have 

  Fig. 9.3    Typical peripheral blood morphology in T-LGL 
Leukaemia showing large lymphoid cells with eccentric 
nucleus and abundant pale cytoplasm containing coarse 
azurophilic granules       
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normal cytogenetics. In those patients (<10%) 
with chromosomal abnormalities, inversion of 
12p and 14q, deletion of 5q and trisomy 3, 8 and 
14 have been reported  [  89–  91  ] . T-LGL leukae-
mia cells constitutively express Fas (CD95) and 
Fas-ligand, which is found at high levels in the 
patient’s sera  [  92  ] . Activated cytotoxic T-cells 
are usually eliminated by Fas-mediated apopto-
sis. However, a defective CD95 apoptotic path-
way confers resistance to the leukaemia cells 
 [  74  ] . The serum level of Fas-ligand has been 
shown to be a marker of disease activity and to 
fall on successful treatment  [  93  ] .  

   Differential Diagnosis 

 The diagnosis is made by a combination of mor-
phological examination and the demonstration of 
T-cell clonality in the context of a characteristic 
immunophenotype: CD3, CD8, CD16 and CD57 
positivity. Morphology and membrane markers 
distinguish T-LGL leukaemia from other B- and 
T-cell disorders. Cases morphologically resem-
bling T-LGL leukaemia but with an NK immuno-
phenotype are classi fi ed with the NK disorders. 
There is no agreement on the level of lymphocy-
tosis required for the diagnosis of T-LGL  [  84  ] , 
but a reactive lymphocytosis often has a value of 
<5 × 10 9  and T-LGL leukaemia >5×10 9 . However, 
values of LGLs greater than 2 × 10 9  are consistent 
with this diagnosis  [  1  ] . Traditionally, the LGL 
lymphocytosis should be present for at least 
6 months in order to make the diagnosis, but this 
criterion takes on a lesser importance with the 
advent of TCR rearrangement studies and the 
ability to demonstrate clonality. Reactive causes 
of LGL lymphocytosis such as following sple-
nectomy or viral infection can be distinguished 
by the germline con fi guration of the TCR chain 
genes.  

   Prognostic Factors 

 The uniformity of clinical, morphological and 
laboratory features contrasts with phenotypic, 
functional and genotypic heterogeneity and hence 

clinical course for an individual is dif fi cult to 
predict. The overall prognosis is good with a 
median survival in excess of 10 years  [  51  ] . The 
clinical course of T-LGL leukaemia is often sta-
ble or slowly progressive and the cause of death 
is most frequently infection and rarely progres-
sive disease. Spontaneous remissions have been 
reported  [  94  ] . Transformation of T-LGL to high-
grade large T-cell lymphomas has been reported 
in a minority of cases  [  95  ] . Rare cases of an 
aggressive CD56+ variant of T-LGL leukaemia 
have been described  [  96  ] , but are not classi fi ed 
separately by the WHO. The expression of CD26, 
a surface glycoprotein with an essential role in 
T-cell function, including being a marker of T-cell 
activation and a mediator of T-cell activating sig-
nals, has also been associated with a more aggres-
sive disease course  [  97  ] . There is no data 
regarding disease features which are predictive of 
a response to any particular treatment modality 
other than HLA DR4 positivity, which is highly 
predictive of response to Ciclosporin A  [  98  ] .  

   Treatment 

 T-LGL leukaemia is an indolent disorder and is 
usually managed with immunosuppressive 
medications at doses similar to those used in 
the treatment of autoimmune disorders  [  78  ] . 
Approximately 60–70% of patients will require 
treatment at some point during the course of their 
illness  [  99  ] . The main indication for treatment is 
neutropenia leading to recurrent infection, with 
other indications including symptomatic anaemia 
or thrombocytopenia, massive splenomegaly and 
systemic features. Symptomatic improvement 
may occur despite failure to normalise neutrophil 
counts and cytopenias may improve without 
eradication of the malignant clone  [  51,   98,   100  ] . 
Therefore the aim of treatment, in contrast to 
the other T-cell leukaemias, is primarily to allevi-
ate cytopenias without necessarily eliminating 
the clone. A substantial proportion of patients are 
asymptomatic and should be monitored closely 
but do not require treatment. 

 Because of the rarity of T-cell LGL leukaemia, 
there have been no prospective clinical trials 
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reported and treatment data is derived from 
retrospective case series and single institution 
studies, with no established “gold standard” ther-
apy. First line therapy is usually with single line 
immunosuppressive agents such as low dose 
methotrexate (10 mg/m 2  weekly), cyclophosph-
amide (50–100 mg daily) or cyclosporine 
A (5–10 mg/kg daily) with response rates in the 
order of 50–60%  [  101–  103  ] . There are no ran-
domised controlled trials to compare these agents. 
The onset of response to treatment is generally 
slow, with a median response time reported as 
4 months in a recent study, although one patient 
had a delayed response at 14 months  [  104  ] . Cross 
resistance is absent among these agents which 
have all demonstrated good overall safety, 
ef fi cacy and tolerability in the majority of 
patients. Responses can be sustained with contin-
ued treatment. However, reports of second malig-
nancies ( Error! Bookmark not de fi ned. ), taken in 
conjunction with the intrinsic potential for high 
grade transformation in T-cell LGL leukaemia 
 [  95  ]  ,  raise a note of caution. HLA-DR4 positivity 
has been shown to be highly predictive of respon-
siveness to cyclosporine A  [  98  ] , but there are no 
other data to predict an individual’s response to a 
particular agent. In the majority of cases there is 
no correlation between clinical response and 
reduction in the degree of bone marrow in fi ltration 
and number of circulating LGLs, in keeping with 
immunosuppressive or immunomodulatory rather 
than cytotoxic mechanism of action of these 
agents. Accordingly, there is no evidence that 
high dose therapy will bene fi t these patients by 
eradicating the clone. 

 The purine analogues including  fl udarabine, 
cladribine and pentostatin have also demonstrated 
ef fi cacy in T-cell LGL leukaemia  [  38,   105,   106  ]  
and have the advantage of being administered as 
single discrete courses without the need for long-
term maintenance therapy. As such they offer 
potentially attractive alternatives for younger 
symptomatic patients with T-cell LGL leukae-
mia. There are reports of the successful use of 
alemtuzumab in T-LGL  [  107,   108  ] , which has 
been shown to strongly express the CD52 antigen 
 [  109  ] . The use of alemtuzumab would have asso-
ciated increased expense and infective complica-

tions compared to other agents. Other monoclonal 
antibodies including anti-CD2 (Siplizumab, 
MedImmune, Gaitherburg, MD) and the 
humanised MiK-beta-1 monoclonal antibody 
(anti-CD122—the beta subunit of both inter-
lukin-2 and interleukin-15 receptors) are being 
evaluated in phase I studies for T-LGL leukaemia 
and other T-cell disorders. Both interleukin-2 and 
interleukin-15 are thought to impact on the pro-
liferation, survival and activity of LGLs  [  50, 
  110  ]  .  Though well tolerated, Mik b 1 monoclonal 
antibody treatment for T-cell LGL leukaemia did 
not result in amelioration of cytopenias in any of 
12 patients treated with this agent, despite down-
regulation of surface receptors seen in seven 
patients  [  111  ] . 

 Haematopoietic growth factors are useful pri-
marily in the early weeks to months required to 
see remissions with immunosuppressive thera-
pies and as adjuvants to other treatments. Long-
term steroid therapy should be avoided due to 
adverse effects. It is largely accepted that sple-
nectomy, in the absence of splenic bulk and/or 
immune thrombocytopenia, has little to add to the 
management of T-cell LGL leukaemia and often 
induces a transient response in neutrophil count 
at the expense of increasing lymphocytosis  [  112, 
  113  ] . Haematopoietic stem cell transplantation 
would rarely be indicated in this indolent disor-
der, but both autologous and allogeneic trans-
plants have been undertaken in younger patients 
who are refractory to other therapies  [  114  ] . The 
heavily immunosuppressive conditioning regi-
mens and GVHD prophylaxis regimens may have 
contributed to the responses observed.   

   Conclusion 

 The mature T-cell leukaemias are a rare and 
heterogenous group of post-thymic T-cell lym-
phoproliferative disorders which encompass 
T-PLL, T-LGL and ATLL. Unfortunately, with 
the exception of the more indolent T-LGL, they 
have in common their unresponsiveness to con-
ventional chemotherapy, lack of randomised con-
trolled trials to guide management and poor 
prognosis. New understanding of these diseases 
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on a cellular and molecular level has paved the 
way for targeted therapies which may circumvent 
the treatment challenges for which the diseases in 
this category are renowned. It is crucial that a 
collaborative international approach to trial 
design and the introduction of new therapies is 
undertaken in order to achieve the goal of improv-
ing the outlook for patients diagnosed with these 
rare and aggressive disorders.      
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