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         Introduction 

 T-cell malignancies arise from cells of the innate 
and adaptive immune system. The current World 
Health Organization (WHO)  [  1,   2  ]  classi fi cation 
recognizes over 20 distinct entities within the T/
natural killer (NK) cell neoplasms. The more 
common subtypes that occur in children and 
young adolescents are the precursor T lympho-
blastic leukemia/lymphoma and anaplastic large 
cell lymphoma (ALCL), anaplastic lymphoma 
kinase (ALK) positive. The rest are rarely 
observed in children. The majority of T-cell 

malignancies are aggressive neoplasms  [  3  ]  and 
although rare relative to the adult population they 
present a formidable challenge from diagnostic 
and therapeutic perspectives. In this chapter, we 
provide an update of the clinical and biologic fea-
tures of the common T-cell malignancies that 
occur in children and adolescents with a focus on 
molecular perspectives and implications for novel 
therapeutics. 

   T-Cell Acute Lymphoblastic Leukemia 
in Children and Adolescents 

 Acute lymphoblastic leukemia (ALL) is the most 
prevalent type of cancer occurring in children 
and adolescents in the Western World. A lym-
phoid malignancy derived from early progenitor 
cells in the bone marrow, it represents a heteroge-
neous group of diseases comprising multiple sub-
types with biologically different behaviors. T-cell 
lineage ALL is a less common subtype, account-
ing for approximately 15% of cases  [  4  ] . T-cell 
acute lymphoblastic leukemia (T-ALL) is associ-
ated with numerous unfavorable clinical factors 
and carries a worse prognosis than its counterpart 
precursor B-cell ALL (B-ALL)  [  4  ] . Children 
with T-ALL are more likely to manifest with 
National Cancer Institute (NCI) high-risk fea-
tures such as WBC >50,000 at diagnosis, older 
age, and central nervous system (CNS) involve-
ment. They are also more likely to have bulky 
disease with enlargement of the liver, spleen, 
lymph nodes, and to have a mediastinal mass  [  4  ] . 
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Although improvements have been achieved in 
outcomes with conventional chemotherapy regi-
mens, event-free survival (EFS) rates for children 
with T-ALL in some series may be inferior to 
those for children with precursor B-cell ALL. 
As discussed in the following section on T-cell 
lymphoblastic lymphoma (T-LBL), there are 
important biological and clinical differences 
between T-LBL and T-ALL despite the overarch-
ing similarities. The same is to be said in compar-
ing B-ALL and T-ALL. Inasmuch, with continued 
advances in the understanding of the unique char-
acteristics of T-ALL, there is hope for even fur-
ther improvement of outcomes with development 
of new treatment strategies. 

 Unlike T-LBL, which often presents with 
systemic B-symptoms and complications of 
supradiaphragmatic lymphadenopathy, T-ALL is 
more likely to present with fever, bone pain, and 
the typical symptoms associated with cytopenias-
petechiae and/or easy bruising, fatigue and pal-
lor, and infection  [  5  ] . However, since T-ALL is 
more likely than precursor B-cell ALL to present 
with signi fi cant lymphadenopathy, hepatospleno-
megaly, and a mediastinal mass, the clinical 
symptoms associated with T-ALL can overlap 
with those of T-LBL  [  5  ] . The distinction would 
therein be that ALL is de fi ned by having more 
than 25% involvement of the bone marrow with 
lymphoblasts. Flow cytometry studies are criti-
cally important in making an accurate distinc-
tion between the immunophenotypes of B and 
T lymphoblasts. 

 Treatment regimens for T-ALL have achieved 
signi fi cant improvements over the past 25 years 
through the introduction of intensive, high-dose, 
multi-agent chemotherapy regimens. Most con-
temporary protocols treat pediatric T-ALL with the 
same regimens given to children with high-risk 

B-ALL. Using multi-agent intensive regimens, 
several pediatric oncology cooperative groups 
including the Children’s Oncology Group (COG 
[formerly Children’s Cancer Group (CCG)]), Dana 
Farber Cancer Institute (DFCI), Berlin-Frankfurt-
Munster (BFM), French ALL Cooperative Group 
(FRALLE), and St. Jude’s ALL protocols over 
the past decade have consistently reported EFS 
rates ranging from 58 to 85% for children with 
T-ALL (Table  11.1  and Fig.  11.1 )  [  6–  13  ] . These 
regimens are similar in execution, utilizing treat-
ment programs of greater than 2 years in dura-
tion, employing phases focused on remission 
induction, consolidation, intensi fi cation, CNS-
directed therapy, and maintenance, as well as 
combining multiple chemotherapeutic agents. 
Chemotherapy frequently used across protocols 
includes glucocorticoids (prednisone and/or dex-
amethasone), anthracyclines, methotrexate 
(MTX) (at high and low doses), vincristine, 
asparaginase, 6-mercaptopurine, and cyclophos-
phamide. Many high-risk regimens will also 
incorporate cytarabine and etoposide into the 
combination. Intrathecal (IT) chemotherapy is 
given universally utilizing MTX, cytarabine, and 
hydrocortisone. Until recently, all treatment pro-
tocols utilized cranial radiation therapy (CRT) 
for patients with CNS disease, as well as those 
with high-risk for CNS relapse, which includes 
children with T-ALL.   

 The St. Jude’s group just completed their anal-
ysis of 498 ALL patients treated without the use 
of CRT. It was a landmark protocol in that even 
those patients who were CNS positive at diagno-
sis did not receive radiation. Based upon the rate 
of CNS relapse in comparison with historical 
controls that received CRT, the results demon-
strated that omission of CRT was safe and associ-
ated with EFS and overall survival (OS) rates 

   Table 11.1    Outcome in childhood T lymphoblastic leukemia: twenty- fi rst century results   

 References  Goldberg 
et al.  [  7  ]  

 Moghrabi 
et al.  [  8  ]  

 Ballerini 
et al.  [  6  ]  

 Moricke 
et al.  [  9  ]  

 Pui 
et al.  [  10  ]  

 Institution/group  DFCI  DFCI  FRALLE  BFM  St. Judes 
 Protocol/treatment  87-01, 91-01, 95-01  95-01  FRALLE-93  ALL BFM-95  Total therapy XV 
 Number of patients  125  52  200  275  76 
 EFS (%)  75 ± 4  85 ± 6  58 ± 3  70 ± 3.3  80 ± 8.7 
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comparable to prior protocols that utilized CRT. 
However, patients with T-ALL (in addition to 
those that were CNS positive at diagnosis and 
children with the t1;19 translocation) had a 
remarkably high hazard ratio for risk of CNS 
relapse, despite having received higher doses of 
MTX than in standard regimens (it has been 
shown that T-lineage lymphoblasts have a 
decreased af fi nity for uptake of MTX substrates 
and that higher doses are required to overcome 
this pharmacodynamic challenge)  [  14  ] . The 
authors make the argument that these patients 
nonetheless, should be treated without CRT 
regardless of the CNS relapse risk. Their ratio-
nale is that otherwise nearly 90% of this risk 
group of patients will thereby receive CRT that 
could have been avoided. Certainly the counter-
point can be made that until we are able to more 
accurately predict which subgroup of children 
with T-ALL are at an especially high risk for 
CNS relapse, they should all uniformly receive 
CRT. Overall, T-ALL patients on this protocol 

had an EFS of 78% which is comparable with 
prior treatment regimens  [  10  ] . 

 The best EFS rate to date for patients with 
T-ALL was reported on the DFCI 95-001 treat-
ment regimen (Table  11.1 ). They also treated 
T-ALL patients similar to the therapy for the 
high-risk B-ALL subgroup. However, their high-
risk treatment regimen was notable for an 
increased overall dose of asparaginase and addi-
tional doxorubicin. This treatment regimen did 
include CRT for T-ALL patients. The 5-year EFS 
was 85%, which is remarkably favorable com-
pared to all other large series of patients with 
T-ALL. In fact, children with T-ALL fared better 
on this protocol than those with pre-B ALL. The 
authors attributed the favorable outcome to the 
ef fi cacy of the high-risk treatment regimen, but it 
is perplexing that the high-risk pre-B ALL 
patients did not fare better as well  [  8  ] . 

 Relapsed ALL of both B and T-cell lineages 
presents an enormous challenge to the goal of 
achieving long-term cure. Only about one-third 

  Fig. 11.1    Event-free survival (EFS) by immunopheno-
type. Children with B-progenitor acute lymphoblastic leu-
kemia (B-ALL, ______) had an EFS rate of 79% ± 1%. 
Children with T-cell acute lymphoblastic leukemia ALL 

(T-ALL, - - -) had an EFS rate of 75% ± 4% ( P  = 0.56). 
Early events are more common in T-ALL (reprinted from 
Goldberg et al.  [  7  ] , with permission from American 
Society of Clinical Oncology)       
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of patients with relapsed ALL will experience 
long-term survival despite intensive re-induction 
regimens including the utilization of allogeneic 
stem cell transplantation (alloSCT)  [  15  ] . Patients 
with early relapse are de fi ned as occurring less 
than 36 months after initial diagnosis; early 
relapse portends a particularly dismal prognosis 
with less than 20% 3-year EFS  [  16  ] . It is dif fi cult 
to comment on the prognosis of relapsed T-ALL 
as results are only occasionally reported as sub-
sets within already small numbers of patients of 
relapsed ALL in general. In a recent COG analy-
sis of children with ALL in  fi rst relapse, 7/124 
patients had T-ALL, only 2 out of those 7 achieved 
a second remission, and no T-ALL patient lived 
longer than 10 months  [  17  ] . Another COG analy-
sis of children with early relapse of ALL had 28 
patients with T-ALL and an EFS of <5% for that 
subgroup of patients  [  16  ] . New developments in 
treatment strategies for relapsed T-ALL are des-
perately needed. 

 Nelarabine is a novel agent that has shown 
promise in relapsed and refractory T-ALL but not 
T-LL. It is a purine analog whose mechanism of 
action delivers markedly speci fi c toxicity to T 
lymphocytes. The use of Nelarabine in T-cell 
malignancies was  fi rst investigated based upon 
the observation that patients with purine nucleo-
side phosphorylase (PNP) de fi ciency suffer from 
T-cell immune de fi ciency due to the abnormal 
and toxic accumulation of deoxyguanosine 
triphosphate (dGTP) in T cells. Nelarabine is a 
derivative of dGTP and is resistant to degradation 
by PNP. In a phase II COG study, patients with 
T-ALL in  fi rst relapse (not involving the CNS) 
had a response rate of 55% (with 16 of 33 patients 
achieving a complete remission [CR]). CNS tox-
icity  ³ grade 3 was experienced in 18% of patients, 
manifesting as peripheral neuropathy, seizure, 
and hallucinations. The promise of such extraor-
dinary results in a historically extremely high-
risk group of patients has led to the investigation 
of Nelarabine’s utility in front-line therapy for 
children with high-risk T-ALL  [  18  ] . 

 Two groups of T-ALL patients that demon-
strated an especially high-risk for treatment fail-
ure are those who are poor initial responders to 
prednisone and those with minimal residual 

disease (MRD) at the end of induction therapy. 
The BFM cooperative group demonstrated that 
children with T-ALL that exhibit a poor response 
to 1 week of prednisone plus IT MTX on day 1 
have an EFS of 32% compared to 78% in good 
responders. Poor response was demonstrated as 
having  ³ 1,000 leukemic blasts/ m L peripheral 
blood on day 8 of induction  [  19  ] . The presence of 
MRD at the end of induction in patients with 
ALL has been an ominous prognostic sign for 
both pre-B and T-ALL, with as high as a 70% 
chance for early relapse. Patients with T-ALL 
have demonstrated an even higher risk of being 
MRD positive than their B-ALL counterparts 
 [  20–  22  ] . These risk factors have thereby served 
as a platform for building clinical trials investi-
gating the role of new drugs in improving overall 
EFS for patients with T-ALL. 

 The current COG study (AALL-0434) is one 
of the few ALL protocols designed speci fi cally 
for patients with T-ALL. Utilizing a BFM ALL 
treatment backbone, it is investigating the use of 
Nelarabine and high-dose MTX in the treatment 
of intermediate and high-risk T-ALL. Risk 
strati fi cation is based upon the aforementioned 
prognostic factors. High-risk patients are those 
with positive MRD (or gross induction failure) at 
end of induction. Low-risk patients are CNS 
negative, low-risk by NCI standards for age 
and initial WBC, exhibit good response to initial 
1 week of prednisone, and are MRD negative. 
Intermediate-risk patients do not  fi t the low-risk 
category, but are MRD negative at the end of 
induction. In preliminary pilot data from COG 
study AALL-02P2, higher-risk patients receiv-
ing Nelarabine fared as well as their low-risk 
counterparts not receiving the drug. More 
speci fi cally, patients with a poor response to 
prednisone that received Nelarabine in combi-
nation therapy achieved an equivalent 3-year 
EFS of 75% in comparison to those with a good 
response that did not receive Nelarabine. 
Moreover, this was achieved without the 
Nelarabine group experiencing excess toxicity 
 [  23  ] . Improvement of the cure rates for patients 
with high-risk T-ALL offers signi fi cant opportu-
nity to improve on the EFS for patients with 
T-cell lineage ALL overall. 
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 Recently, another smaller subset of patients 
with T-ALL has also demonstrated a markedly 
poor prognosis  [  24  ] . Lymphoblasts characterized 
by an immunophenotype of early T-cell precur-
sors (ETP-ALL) seem to have a distinct biology 
in comparison to typical precursor T lympho-
blasts. The early precursors tend to retain stem-
cell-like features and exhibit genomic instability. 
Of 239 patients investigated with T-ALL, 30 were 
found to have the ETP-ALL subtype. Of patients 
with ETP-ALL, there was a signi fi cant increase 
in MRD at day 18 and day 43, resulting in a 
signi fi cant increase in the risk of remission fail-
ure and/or hematologic relapses  [  24  ] . There was 
a 72% risk for failure or relapse at 10 years in 
patients with ETP-ALL vs. 10% for patients with 
typical T-ALL treated at St. Jude’s Children’s 
Research Hospital (Fig.  11.2a, b ). Currently the 
St. Jude’s treatment protocols have been adjusted 
to modify therapy by introducing alloSCT in CR1 
for patients with ETP-ALL  [  24  ] .  

 The BFM and CCG cooperative groups have 
previously examined the role of alloSCT in CR1 

for patients with high-risk disease  [  25,   26  ] . The 
BFM group de fi ned high risk as those having a 
poor response to prednisone and/or the inability 
to achieve remission with induction chemother-
apy  [  26  ] . The BFM group compared outcomes of 
179 patients that achieved CR1, 23 of whom 
received an alloSCT (8 from matched unrelated 
donors, 15 from sibling donors). The 5-year OS 
for patients who received an alloSCT was 67% 
vs. 47% for those who received only chemother-
apy (Fig.  11.3 )  [  26  ] . While the utility of alloSCT 
represents a reasonable treatment escalation strat-
egy for the high-risk group of T-ALL patients, it 
remains to be seen whether the encouraging 
results from the Nelarabine trials in front-line 
therapy may offset the survival advantage seen in 
patients treated with alloSCT in CR1.  

 Another developmental therapeutic strategy is 
based upon the unraveling of the Notch pathway 
involvement in the pathogenesis of T-ALL. The 
Notch family of transmembrane receptors is criti-
cally involved in cell differentiation, prolifera-
tion, and apoptosis pathways (see section on 

  Fig. 11.2    ( a ) Prevalence of minimal residual disease 
(MRD) during the early phases of therapy for patients with 
early T-precursor (ETP) or typical T-ALL. MRD levels were 
measured by  fl ow cytometry ( a ).  Horizontal bars  indicate 
median values, if above 0.01%. ( b ) Kaplan–Meier plots of 
the cumulative incidence of remission failure or hemato-
logical relapse in patients with typical T lymphoblastic 

leukemia (T-ALL;  red ) vs. early T-cell precursor (ETP)-
ALL ( blue ) treated on St. Jude protocols. The curves start 
at the time of diagnosis. Outcome estimates at 10 years of 
follow-up are shown;  P  values are from the log-rank test 
(reprinted from Coustan-Smith et al.  [  24  ] , with permission 
from Elsevier)       
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molecular basis of pediatric T-ALL)  [  27  ] . 
Activating Notch mutations have been found in 
50–60% of human T-ALL samples  [  28  ] . Gamma-
secretase inhibitors (GSIs) are a family of drugs 
that inhibit the activation of Notch1 and their util-
ity in the treatment of T-ALL has been under 
investigation. GSIs in combination with gluco-
corticoids can exhibit potent anti-leukemic effects 
 in vivo , while combination of the two medicines 
results in a decrease of the dose-limiting gastro-
intestinal toxicities seen with GSIs. The effect of 
this combination also revealed the ability to 
induce apoptotic cell death in leukemic cells that 
were prior considered glucocorticoid-resistant 
 [  29  ] . It has also been shown that Notch positively 
regulates the mTOR pathway with c-Myc as a 
potential intermediary. Combination treatment 
with GSIs plus an mTOR inhibitor has shown 
synergistic effects against T-ALL cells in both 
 in vitro  and  in vivo  models  [  30,   31  ] . In addition, 
GSIs have also been combined in preclinical 
models with the proteasome inhibitor bortezomib 
and P13K-AKT inhibitors  [  32,   33  ] . Ultimately, 
after it seemed curative effects in T-ALL had 
plateaued after many years of unwavering EFS 

rates, promising new therapies targeting speci fi c 
characteristics of T-cell pathology are offering 
exciting new hope for physicians, scientists, and 
patients alike.  

   T-Cell Lymphoblastic Lymphoma 
in Children and Adolescents 

 Lymphoblastic lymphoma (LBL) is the second 
most common type of childhood non-Hodgkin 
lymphoma (NHL) after Burkitt lymphoma (BL). 
The vast majority (80–90%) of cases of LBL are 
derived from the T-cell lineage, in contrast to 
ALL, in which most cases are precursor B-cell in 
origin. This renders T-LBL the most common 
type of T-cell lymphoma occurring in children 
 [  34–  36  ] . For many years T-LBL and T-ALL were 
thought to be diseases on different ends of a sin-
gle spectrum of pathology, but recent advances in 
the understanding of the biology of lymphoblas-
tic disease have shed light on some important dif-
ferences amidst the many shared commonalities 
 [  37,   38  ] . Furthermore, there are some important 
clinical distinctions between T-LBL and T-ALL. 

  Fig. 11.3    Kaplan–Meier estimate of disease-free sur-
vival (DFS) at 5 years in stem-cell transplantation (SCT) 
patients vs. patients treated with chemotherapy alone 
(Acute Lymphoblastic Leukemia-Berlin-Frankfurt-
Munster trials 90 and 95; analysis as treated). From the 

group of patients treated with chemotherapy alone, 
patients with an event before 0.43 years (medium time to 
transplantation) were excluded (reprinted from Schrauder 
et al.  [  26  ] , with permission from American Society of 
Clinical Oncology)       
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While T-LBL tends to have localized and earlier 
relapse than its counterpart, T-ALL tends to have 
more frequent CNS involvement at initial diag-
nosis  [  39–  41  ] . 

 Childhood T-LBL commonly presents with a 
supradiaphragmatic mass and as advanced stage 
III/IV disease, while B-cell LBL tends to present 
with limited disease in sites including the skin, 
bone, and peripheral lymph nodes. Typically, 
T-LBL may present as an adolescent male with 
respiratory distress found to have an anterior medi-
astinal mass. Severe complications can potentially 
arise from a supradiaphragmatic mass including 
respiratory failure and superior vena cava (SVC) 
syndrome warranting emergent intervention with 
steroids and/or radiation therapy. Disease may also 
involve the bone marrow and CNS; however, one 
must keep in mind that greater than 25% involve-
ment of the bone marrow with lymphoblasts is 
referred to as lymphoblastic leukemia, while >5% 
but <25% involvement of the bone marrow would 
be termed stage IV LBL  [  42  ] . 

 Children with limited disease T-LBL have a 
favorable prognosis with long-term OS of 
85–90%  [  34–  36,   42  ] . Although disease free sur-
vival (DFS) rates are only 63–73%, children with 
limited disease (Murphy stages I and II) have 
favorable responses to salvage therapies. ALL-
based treatment protocols have been the mainstay 
of therapy for this group of children with T-LBL 
 [  43,   44  ] . Patients with localized disease are 
currently being treated without local surgical 
intervention, local radiation therapy, and CRT. 
However, most cases of T-LBL are advanced 
stage, so the focus of the treatment discussion 
will be on therapeutic approaches for children 
with advanced stage III/IV disease. 

 The prognosis for children with advanced 
stage T-LBL improved signi fi cantly after the 
introduction of the 10-drug LSA 

2
 L 

2
  regimen in 

the 1970s  [  45  ] . From that point forward, most 
treatment protocols for LBL have been based 
upon the combination of corticosteroids, vincris-
tine, anthracyclines,  l -asparaginase, cyclophos-
phamide, MTX, cytarabine, 6-mercaptopurine, 
and 6-thioguanine. The BFM regimens employ 
an ALL backbone therapy with some adjust-
ments, while many other regimens have been 
based on the LSA 

2
 L 

2
  regimen with various 

modi fi cations. Nearly all contemporary strategies 
are divided into stages that include induction, 
consolidation, re-intensi fi cation, and mainte-
nance chemotherapy. The timing and dosing of 
some speci fi c medicines may vary, but overall 
most protocols reported since the year 2000 have 
been able to achieve a 75–90% EFS with regi-
mens ranging from 12 to 24 months duration 
(Table  11.2 ).  

 The highest EFS reported to date was from the 
BFM-90 protocol in which patients with advanced 
stage disease all received CRT, regardless of 
whether or not they had CNS involvement. The 
EFS was 90% for stage III/IV patients; however 
due to the deleterious long-term effects of CRT, 
subsequent studies have focused on the safety 
and ef fi cacy of omitting CRT (Fig.  11.4a )  [  40  ] . 
Multiple studies have investigated protocols in 
which CRT was only utilized in patients with 
CNS positive disease. The Italian AIEOP LNH-
92 protocol reported an EFS of 65% in advanced 
stage T-LBL; however they notably did not imple-
ment a re-intensi fi cation phase after induction 
and consolidation therapy  [  46  ] . The BFM-95 
protocol also administered CRT to patients with 

   Table 11.2    Advanced disease lymphoblastic lymphoma in children   

 BFM  [  218  ]   St. Jude  [  219  ]  
 EORTC-
CLCG  [  220  ]   DFCI  [  221  ]   UKCCSG  [  222  ]   CCG  [  223  ]  

 Patients ( N )  101  24  60  21  95  102 
 Protocol  NHL-BFM-90  Total therapy-X  EORTC 58881  APO  UKCCSG 8503  CCG 5941 
 Duration (months)  24  32  24  24  24  12 
 EFS (Est) 3–6 years  90%  73%  76%  58%  65%  79% 

  Reprinted from Cairo  [  34  ] ,   www.jbpub.com    , with permission from Jones and Bartlett 
  EFS  event-free survival;  Est  estimate  

http://www.jbpub.com
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CNS positive disease only, choosing to optimize 
delivery of high-dose MTX and IT chemother-
apy. In a historical comparison to their earlier 
protocols including BFM-90 and 86, they deter-
mined that omitting CRT may be non-inferior to 
treatment including CRT in CNS negative 
patients. However, the EFS for advanced stage 
LBL in the BFM-95 protocol was 82%, lower 

than that of the BFM-90 study  [  47  ] . The COG 
reported on a shortened (12-month) intensi fi ed 
multi-agent chemotherapy regimen for advanced 
stage disease, also only administering CRT to 
patients that were CNS positive. This strategy 
yielded a 5-year EFS of 78% concluding that the 
shortened approach was safe and achieved similar 
results as more prolonged ALL-based regimens 

  Fig. 11.4    ( a ) Probability of duration of EFS and 95% 
con fi dence bands. This research was originally published in 
 Blood   [  40  ] . © American Society of Hematology. ( b ) 

Probability of EFS and overall survival (survival) of all 
patients from diagnosis (reprinted from Abromowitch et al. 
 [  48  ] , with permission from Wiley-Blackwell Publishing)       
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(Fig.  11.4b )  [  48  ] . The most recent COG study for 
T-LBL examined whether the effects of high-
dose MTX and early intensi fi cation of therapy 
with anthracycline and cyclophosphamide would 
further improve DFS. Preliminary data shows 
that neither high-dose MTX nor early 
intensi fi cation in BFM-type ALL therapy resulted 
in improvement in EFS for T-LBL  [  49  ] .  

 Recently, the European Organisation for 
Research and Treatment of Cancer (EORTC) and 
St. Jude’s have employed treatment protocols 
entirely omitting CRT, even in patients who are 
CNS positive. The EORTC CLG 58881 trial uti-
lized a BFM-based regimen and achieved a 6-year 
EFS of 78% for advanced stage disease. They 
successfully demonstrated that omission of CRT 
did not in fl uence the rate of CNS relapse. And 
notably, they also established treatment response 
to the 7-day prednisone-only prephase as a 
signi fi cant prognostic factor. Patients with a CR 
after the prephase (16 out of 121) had an EFS of 
100%, contrasting with an EFS of 14% for those 
with no response to the prephase  [  50  ] . The 
NHL13 protocol utilized by the group at St. 
Jude’s was based on their institutional ALL ther-
apy including a maintenance phase with alternat-
ing pairs of therapeutic agents and incorporating 
high-dose MTX every 8 weeks in addition to a 
re-induction regimen 16 weeks into the mainte-
nance phase. They were able to demonstrate an 
excellent EFS rate of 83% for advanced stage 
T-LBL despite omission of CRT as well. The 
study however only analyzed 41 patients, in com-
parison to the other studies discussed above in 
which the number of patients ranged from 85 to 
156  [  51  ] . 

 The majority of children who relapse/progress 
do so within 24 months of diagnosis and the 
prognosis for children who develop recurrent dis-
ease is poor, with less than a 10% 5-year OS 
(Fig.  11.5a )  [  39,   52  ] . In an effort to improve out-
come for patients with relapsed disease, intensive 
re-induction chemotherapy followed by either 
autologous (auto) or alloSCT improved DFS to 
between 23 and 58%  [  53–  55  ] . Retrieval chemo-
therapy has included NHL regimens such as 
DECAL (dexamethasone, etoposide, cisplatin, 
high-dose cytarabine and L-asparaginase)  [  56  ]  

and ICE (ifosfamide, carboplatin, and etoposide) 
 [  57  ] . Patients with disease that is chemosensitive 
to the retrieval regimen have better outcomes fol-
lowing either auto or alloSCT  [  57,   58  ] . In a retro-
spective comparison of auto vs. alloSCT, 
signi fi cantly lower relapse rates were observed 
following alloSCT vs. autoSCT; however higher 
treatment-related mortality offset any survival 
bene fi t  [  59,   60  ] . In a more recent analysis from 
the BFM, OS was 14% among 28 patients with 
relapsed T-LBL (Fig.  11.5b ). They all went on to 
receive salvage therapy, while 9 patients went on 
to receive an alloSCT. Of those who received an 
alloSCT, 4 were still alive >4 years post-alloSCT. 
The two patients that received autoSCT suc-
cumbed to their disease  [  39  ] . Although these 
numbers are too low to derive any statistically 
signi fi cant conclusions, it remains that any chance 
for survival in this group of patients with relapsed 
or progressive T-LBL depends upon a suf fi cient 
response to salvage chemotherapy and a success-
ful alloSCT. The development of newer therapies 
for T-LBL has not met much success. Nelarabine 
has been shown to have a signi fi cantly more sub-
stantial effect on refractory T-ALL than T-LBL 
 [  18  ] . In terms of targeted therapies, the upregula-
tion of Notch and the associated mTOR protein 
kinase pathway has stimulated investigation to 
the effects of mTOR and/or Notch inhibition 
 in vitro   [  61  ] . And  fi nally, phase I studies have 
been undertaken examining the role of Forodesin 
in T-cell malignancies, although mostly in adults 
with peripheral T-cell lymphoma (PTCL). 
Forodesin is a PNP which was recognized more 
than 30 years ago as a potential target for the 
treatment of patients with T-cell malignancies 
when an inherited de fi ciency of PNP was reported 
to be associated with a profound T-cell lym-
phopenia  [  62  ] .  

 With such dismal salvage rates in LBL, accu-
rate delineation of prognostic factors to identify 
patients at high risk of relapse is vitally impor-
tant. Unfortunately though, de fi nitive prognostic 
factors in childhood T-LBL have yet to be well 
established. Aside from the striking results of the 
EORTC CLG trial in which treatment response to 
the 7-day prednisone prephase demonstrated 
polar extremes of eventual EFS rates, clinical 
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prognostic factors have not been elucidated. The 
assessment of    treatment response, either by labo-
ratory or radiographic monitoring (including 
2-Deoxy-2-[18F] fl uoro- d -Glucose positron emis-
sion tomography [FDG PET]), is a potential 
method of identifying high-risk patients and 

determining prognostic parameters to guide 
therapeutic adjustments for patients that require 
intensi fi cation of up-front therapy  [  63  ] . 

 T-LBL has a scarcity of cytogenetic and 
molecular factors associated with poor response 
to therapy. Recently, however, there have been 

  Fig. 11.5    ( a ) Time and site of disease progression or 
relapse in children with relapse of a lymphoblastic lym-
phoma (LBL).  I , patients with T-cell lymphoblastic lym-
phoma;  X , patients with precursor B-cell lymphoblastic 
lymphoma;  BM  bone marrow. (*)This patient was treated 
according to high-risk arm and experienced relapse during 

intensive phase of treatment 11 months after start of 
therapy. ( b ) Probability of survival at 5 years for children 
with disease progression or relapse of LBL (reprinted 
from Burkhardt et al.  [  39  ] , with permission from American 
Society of Clinical Oncology)       
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some interesting studies shedding light on 
potentially important prognostic factors. Loss of 
heterozygosity at chromosome 6q was associated 
with an increased risk of relapse in T-LBL  [  37  ] . 
Meanwhile, substantial advances have been 
established in the ability to detect levels of mini-
mal disseminated disease (MDD) and MRD. 
T-cell receptor (TCR) real-time quantitative poly-
merase chain reaction (PCR) assays have been 
successfully utilized as a technique to assess and 
monitor MDD and MRD in T-LBL  [  64  ] . In a 
recent analysis of  fl ow cytometry methods of 
detecting disease at molecular levels in 99 
patients, two-thirds were found to have MDD in 
the bone marrow at diagnosis, and of those with 
 ³ 5% T-LBL cells in the marrow, the 2-year EFS 
was 51.9% vs. 88.7% for those patients with 
lower levels (Fig.  11.6a, b ). The analysis reveals 
a very striking trend towards poor response to 
therapy and the presence of MDD and provides a 
foundation for further studies to examine the 
relationship between MDD and risk for relapse 
 [  65  ] . Having encountered a relative ceiling in the 
inability to signi fi cantly improve EFS in the treat-
ment of advanced stage LL over the past decade, 

development of accurate prognostic factors will 
likely serve as the key to future improvements in 
outcome. Ultimately, it will be crucial to deter-
mine subgroups of high-risk patients that will 
bene fi t from alternative and intensi fi ed modali-
ties of treatment including alloSCT as  fi rst line 
strategies.   

   Molecular Basis of T-ALL/T-LBL 
in Children and Adolescents 

 T-ALL and T-LBL represent 15% of childhood 
ALL and one-third of childhood and adolescent 
NHLs, respectively. T-ALL is characterized by 
prominent (>30%) bone marrow in fi ltration by 
T-cell lymphoblasts, whereas T-LBL demonstrate 
mediastinal masses in the context of limited or no 
bone marrow involvement  [  66  ] . Both clinical enti-
ties share a similar spectrum of molecular and 
cytogenetic abnormalities and most probably rep-
resent different clinical manifestations of the same 
thymocytic neoplasm, commonly referred to as 
T-ALL  [  66  ] . Current treatment, mainly consisting of 
multi-agent combination chemotherapy, provides 

  Fig. 11.6    ( a ) Percentage of T-cell lymphoblastic lym-
phoma (T-LL) cells in bone marrow at diagnosis as 
detected by  fl ow cytometry according to disease stage 
based on conventional criteria.  Horizontal bars  indicate 
the median value in each group. ( b ) EFS according to levels 

of T-LL cells in bone marrow at diagnosis measured by 
 fl ow cytometry: ( a ) <5% and  ³ 5% T-LL cells (reprinted 
from Coustan-Smith et al.  [  65  ] , with permission from 
American Society of Clinical Oncology)       
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an OS rate of approximately 70–90% in children 
and adolescents  [  67,   68  ] . Despite recent progress 
in the treatment of these diseases, the prognosis 
of T-ALL/T-LBL patients with primary resistant 
or relapsed leukemia is very poor, underscoring 
the need to develop more effective antileukemic 
drugs  [  67,   68  ] . 

 Over the last 20 years, great progress has been 
made in unraveling molecular-genetic defects 
that are involved in the pathogenesis of T-ALL 
 [  69,   70  ] . It is now generally accepted that the leu-
kemic transformation of immature thymocytes is 
caused by a multistep pathogenesis involving 
numerous genetic abnormalities that permit 
uncontrolled cell growth  [  66,   71  ] . 

 In T-ALL, transcription factors are frequently 
activated due to disturbances in the rearrangement 
process of the TCR genes, juxtaposing the proto-
oncogenes to the enhancers of  TCR b   (7q34) or 
 TCR a  d   (14q11)  [  72  ] . These TCR-mediated trans-
locations occur in approximately 33% of T-ALL 
cases  [  73  ]  and cause deregulation of (1) basic 
helix-loop-helix (bHLH) family members such as 
 TAL1   [  74–  76  ] ,  TAL2   [  77  ] ,  LYL1   [  78  ] , and 
 BHLHB1   [  79  ] ; (2) LIM-only domain (LMO) fac-
tors such as  LMO1  and  LMO2   [  80–  82  ] ; and (3) 
the  TLX1/HOX11   [  83–  86  ] ,  TLX3/HOX11L2   [  87, 
  88  ] ,  NKX2.5   [  89  ] , and  HOXA9   [  90,   91  ]  homeo-
box genes;  MYC   [  92,   93  ] ,  MYB   [  94,   95  ] , and 
 TAN1 , a truncated and constitutively activated 
form of the NOTCH1 receptor  [  96  ] . In addition, a 
number of non-TCR-mediated translocations gen-
erate speci fi c fusion products including  MLL-ENL  
 [  97  ] ,  CALM-AF10   [  98  ] , and  SET-NUP214   [  99  ] . 

 From gene expression pro fi ling studies and the 
analysis of T-ALL mouse models, the concept 
emerged that aberrant expression of these onco-
genic transcription factors cause disruption of the 
normal circuitry that controls cell proliferation, 
differentiation, and survival during T-cell develop-
ment  [  88,   90,   100  ] . Since these microarray studies 
also suggested that the transcription factor deregu-
lations are associated with speci fi c patterns of gene 
expression and a differentiation arrest at speci fi c 
stages of T-cell development, these genetic lesions 
are thought to de fi ne different molecular-genetic 
subgroups in T-ALL. For example, T-ALL patients 
that show rearrangements of the  TAL1 ,  TAL2 , 

 LMO1 , or  LMO2  genes are characterized by a 
highly similar gene expression signature, probably 
due to the fact that these transcription factors 
normally participate in the same transcriptional 
complex  [  101  ] . Also,  CALM-AF10 ,  MLL -
rearrangements, inversion 7 positive patients, and 
 SET-NUP214  positive T-ALL patients share a 
common expression pro fi le that is characterized 
by the activation of the cluster of  HOXA  transcrip-
tion factors  [  90,   99  ] . Activation of other transcrip-
tion factors including  TLX1 ,  TLX3 , and  MYB  has 
each been shown to have their unique gene expres-
sion pro fi le  [  88,   94,   100  ] . 

 The complexity of genetic alterations associ-
ated with T-cell transformation is completed with 
a few highly prevalent cytogenetic and molecular 
alterations that occur throughout all molecular 
subtypes of T-ALL. The most prominent T-cell-
speci fi c abnormality is the presence of activating 
mutations in  NOTCH1 , which are detected in over 
55% of T-ALL cases  [  28  ] . However, the most 
prevalent genetic lesion in T-ALL is the homozy-
gous or heterozygous inactivation of the genomic 
 CDKN2A  and  CDKN2B  loci, located in tandem at 
chromosome 9p21, occurring in more than 70% 
of T-ALL cases  [  102  ] . T-ALL is further character-
ized by a wide variety of rare but recurrent genetic 
lesions which result in (1) activation of genes 
involved in cell proliferation such as  LCK   [  103  ] , 
 CCND2   [  104  ] ,  JAK1   [  105  ] ,  ETV6-JAK2   [  106  ] , 
 ETV6-ABL1   [  107  ] ,  NUP214-ABL1   [  108  ] ,  EML1-
ABL1   [  109  ] ,  FLT3   [  110,   111  ] , and  RAS   [  112  ]  and 
(2) inactivation of tumor suppressor genes respon-
sible for control of cell growth including  NF1  
 [  113  ] ,  SHIP1   [  114  ] , and  PTEN   [  115  ] . Some other 
genetic defects are more restricted to speci fi c 
molecular-genetic subtypes, including  WT1  muta-
tions that are most prominently found in T-ALL 
cases with aberrant rearrangements of the onco-
genic  TLX1 ,  TLX3 , and  HOXA  transcription factor 
oncogenes  [  116  ] . 

   Activation of NOTCH1 Signaling 
 NOTCH1 is a transmembrane receptor that plays 
a major role in normal hematopoiesis driving lin-
eage commitment of lymphoid progenitor cells 
towards T-cell development  [  117  ] . Thus, inacti-
vation of NOTCH1 signaling in lymphoid 



19111 T-Cell Malignancies in Children and Adolescents...

progenitors in mice blocks T-cell development 
and promotes differentiation towards the B-cell 
lineage  [  118–  120  ] . In the reciprocal setting, con-
stitutive activation of NOTCH1 inhibits B-cell 
development and promotes extrathymic T-cell 
development  [  121  ] . 

 NOTCH1 is synthesized as a single precursor 
protein (pre-NOTCH), which is processed by a 
furin protease to generate a heterodimeric protein 
consisting of an extracellular subunit and a trans-
membrane/intracellular subunit. Upon binding to 
the Jagged and Delta-like family of receptors, 
NOTCH1 undergoes two additional proteolytic 
cleavages which ultimately release the intracel-
lular domains of the receptor (ICN1) in the cyto-
sol  [  119,   120  ] . ICN1 is then transported to the 
nucleus where it mediates the expression of tar-
get genes such as  HES1 ,  HEY1 ,  MYC ,  PTCRA , 
and  DTX1   [  122–  124  ] . 

 A speci fi c role for  NOTCH1  in human T-ALL 
was originally postulated due to its involvement 
in the rare chromosomal translocation, t(7;9)
(q34;q34.3), which couples the intracellular part 
of  NOTCH1  to the  TCR b   locus and leads to the 
aberrant expression of an intracellular constitu-
tively active form of NOTCH1  [  96  ] . The involve-
ment of activated NOTCH1 in the pathogenesis 
of T-ALL was further demonstrated by animal 
models, in which expression of constitutively 
active forms of NOTCH1 were shown to induce 
T-cell tumorigenesis  in vivo   [  125  ] . 

 A broader role for NOTCH1 in T-cell leukemo-
genesis emerged when activating  NOTCH1  muta-
tions were identi fi ed in more than 50% of T-ALL 
samples resulting in constitutive NOTCH signal-
ing  [  28  ] .  NOTCH1  mutations mainly affect the 
heterodimerization (HD) domain and the 
C-terminal PEST domain. In addition, about 20% 
of T-ALL patients harbor mutations in both the 
HD and PEST domain of  NOTCH1   [  28  ] . Finally, a 
rare but highly active group of alleles, the so-called 
juxtamembrane expansion (JME) mutations, result 
from internal duplication insertions in the extracel-
lular juxtamembrane region of the receptor  [  126  ] . 

 It was postulated that point mutations in the 
HD domain and JME alleles enhance the acces-
sibility for proteolytic cleavage by  g -secretase, 
leading to ligand independent cleavage of 

NOTCH1 and release of ICN  [  28,   126  ] . Truncating 
mutations, as predominantly identi fi ed in the 
PEST domain, result in the removal of so-called 
Cdc phosphodegron domains (CPDs), which are 
normally involved in the degradation of ICN1 by 
the proteasome complex. PEST domain muta-
tions therefore lead to the stabilization of ICN1. 
One of the proteins that bind to CPDs, thereby 
priming ICN for degradation, is the F-box protein 
FBXW7. FBXW7 is an E3-ubiquitin ligase that 
also regulates the half-life of other proteins 
including Cyclin E, cMYC, and cJUN  [  127  ] . 

 Not surprisingly, mutations in this  FBXW7  
gene were also identi fi ed as alternative or addi-
tional mechanism of NOTCH1 activation/stabili-
zation in human T-ALL. Indeed,  FBXW7  point 
mutations were identi fi ed in 8–30% of T-ALL 
patients  [  128–  130  ] , frequently in association with 
NOTCH1 HD mutations  [  128–  130  ] . 

 Great interest exists in the inhibition of 
NOTCH1 signaling by GSIs as a potential thera-
peutic strategy in T-ALL. These small molecules 
interfere with the proteolytic cleavage of the recep-
tor, inhibiting the release of ICN1 to the nucleus. 
GSIs induce growth arrest in some T-ALL cell 
lines and cause prolonged cell cycle arrest and 
apoptosis in primary T-ALL cells  [  28,   131  ] . 
However, despite the high prevalence of  NOTCH1  
mutations and the presence of high levels of ICN1 
in these tumors, some of these T-ALL cell lines 
failed to respond to NOTCH1 inhibition, suggest-
ing primary resistance to GSI treatment  [  28  ] . 
Recently, it was shown that mutational loss of the 
tumor suppressor  PTEN  was associated with resis-
tance towards NOTCH inhibition in T-ALL cell 
lines  [  115  ] . Importantly, although resistant for GSI 
treatment, PTEN mutant T-cell lines were highly 
sensitive for AKT inhibition, providing a rational 
for combined NOTCH1- and PI3K-AKT-directed 
therapeutic approaches in human T-ALL  [  32,   115  ] . 
Similarly, NOTCH1 regulates the NF- k B signal-
ing pathway and inhibition of NOTCH signaling 
with GSIs can be synergistic with blocking the 
NF- k B with bortezomib  [  33  ] . 

 However, the clinical development of GSIs 
has been hampered by the emergence of serious 
side effects, including severe gastrointestinal tox-
icity that results from conversion of intestinal 
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crypt cells into goblet cells in the gut  [  132–  134  ] . 
Notably, recent data suggested that inhibition of 
NOTCH1 signaling may reverse glucocorticoid 
resistance in some T-ALLs and that the combina-
tion of dexamethasone, a glucocorticoid exten-
sively used in T-ALL treatment, and GSIs may 
ameliorate GSI-induced gut toxicity and provide 
a useful combination in the treatment of T-cell 
leukemias  [  29,   135  ] . Thus, NOTCH1 inhibition 
enhanced the effects of dexamethasone in gluco-
corticoid receptor autoupregulation and the acti-
vation of BIM-induced apoptosis  [  29  ] . 

 Another clinically relevant downstream target 
of  NOTCH1  is the chemokine receptor  CCR7  
which mediates the in fi ltration of CNS by leuke-
mic lymphoblasts  [  136  ] . Therefore, pharmaco-
logical targeting of this chemokine receptor 
might reduce the risk of CNS relapse in T-ALL/
T-LBL  [  136  ] . 

 Overall, the identi fi cation of a multiplicity of 
molecular abnormalities in T-ALL has 
signi fi cantly improved our understanding of the 
mechanisms that contribute to the malignant 
transformation of T-cell precursors and opened 
the  fi eld for the development of speci fi c targeted 
therapies blocking the activity of key genes and 
pathways required for the aberrant cell growth, 
proliferation, and survival of T-ALL/T-LBL lym-
phoblasts. In addition, further insights in the tran-
scriptional networks regulated by the major T-cell 

oncogene  NOTCH1  revealed a variety of novel 
targets or treatment approaches that might be 
explored for T-ALL/T-LBL therapy, including 
the combined use of NOTCH inhibitors with 
PI3K-AKT pathway inhibitors  [  32,   115  ] , anti-
NF- k B drugs  [  33  ] , and/or glucocorticoids  [  29,   135  ]  
or the targeting of the CCR7 receptor to prevent 
CNS relapse  [  136  ] . Hopefully, these novel 
treatment strategies will further improve T-ALL/
T-LBL treatment outcome and reduce the 
therapy-related toxicities associated with inten-
sive chemotherapy in T-ALL/T-LBL.   

   Anaplastic Large Cell Lymphoma 
in Children and Adolescents 

 Approximately 10% of NHLs that occur in chil-
dren and adolescents are ALCL. First recognized 
in the 1980s  [  137  ] , there have been signi fi cant 
advances in elucidating the distinct biological 
features of ALCL over the past 20 years 
(Fig.  11.7 )  [  138  ] . There are two clinically distinct 
presentations of ALCL: a primary cutaneous 
form that presents exclusively in the skin and sys-
temic ALCL  [  139  ] . Most cases of ALCL demon-
strate TCR gene rearrangements, even when 
immunophenotypic analysis fails to demonstrate 
expression of T-cell antigens  [  140  ] . The systemic 
form of ALCL is most often characterized by 

  Fig. 11.7    Timeline of major events in the characterization of ALCL (reprinted from Chiarle et al.  [  138  ] , with permis-
sion from Macmillan Publishers Ltd.)       
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translocations of the  ALK  gene. Translocation of 
the  ALK  gene on chromosome 2q23 renders the 
disease  ALK   +   (Fig.  11.8 ). The most common 
translocation in ALCL partners  ALK  with the 
nucleophosmin ( NPM ) gene on chromosome 
5q35. Less common  fi ndings include transloca-
tion of  ALK  to partner genes on chromosomes 1, 
2, 3, and 17 that also result in upregulation of 
 ALK  expression (Table  11.3 )  [  141  ] .  ALK   +   ALCL 
carries a signi fi cantly better prognosis than the 
 ALK   −   ALCL counterpart. These categorizations 
help determine risk strati fi cation parameters and 
enable the implementation of appropriately 
different therapeutic approaches.    

 ALCLs are characterized by large, pleomor-
phic, multinucleated cells with eccentric horse-
shoe-shaped nuclei and abundant clear to 
basophilic cytoplasm with an area of eosinophilia 
near the nucleus (termed “hallmark cells”)  [  142  ] . 
These “hallmark cells” may resemble Reed–
Sternberg cells found in Hodgkin lymphoma (HL), 
although they tend to have less conspicuous 

nucleoli compared to Reed–Sternberg cells. 
Several morphologic variants of ALCL have been 
identi fi ed in the revised European American lym-
phoma (REAL) and WHO classi fi cations  [  143  ] . 
These include the common variant (75%) com-
posed primarily of hallmark cells, the lymphohis-
tiocytic variant (10%) that has a large number of 
benign histiocytes admixed with neoplastic cells, 
and the small cell variant (10%) where small neo-
plastic cells predominate and only scattered hall-
mark cells are visualized. Other (<5%) less 
well-described variants include a sarcomatoid 
variant, signet ring variant, neutrophil rich vari-
ant, and giant cell variant  [  140  ] . 

 The distribution of ALCL subtypes in children 
is different than in adults. More than 90% of 
childhood ALCL cases are  ALK   +    [  140  ] , while 
approximately 60% of ALCL cases overall 
express  ALK   [  144  ] . Primary cutaneous cases of 
ALCL are nearly always  ALK   −   and are quite 
uncommon in children  [  141  ] . Expression of  ALK  
is not entirely unique to ALCL, as it is a gene 

  Fig. 11.8    Translocation of ALK gene on chromosome 2 
with NPM gene on chromosome 5 in ALCL (adapted 
from Lim and Elenitoba-Johnson  [  180  ] , with permission 

from The American Society for Biochemistry and 
Molecular Biology)       
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normally involved in neuronal development and 
is rarely seen in cases of diffuse large B-cell lym-
phoma (DLBCL) and also in in fl ammatory 
myo fi broblastic tumors  [  145  ] . 

 Children tend to present with advanced stage 
III/IV ALCL at diagnosis  [  146  ] . Around 40–60% 
of patients with systemic ALCL present with B 
symptoms and have extranodal disease, most 
commonly involving the skin (20–25%), bone, 
and soft tissue, and commonly in association with 
nodal disease  [  147  ] . This contrasts with primary 
cutaneous ALCL, which although extranodal, is 
limited solely to the skin. Skin lesions usually 
present as solitary or localized nodules; however 
multifocal skin involvement occurs in 15–20% of 
patients  [  1,   2  ] . Involvement of the bone marrow 
occurs in less than 10% of patients  [  144  ] , and 
CNS involvement is less common in ALCL than 
in other forms of childhood NHL such as BL and 
LBL, occurring in less than 5% of patients  [  148  ] . 

 Risk strati fi cation is ultimately important in 
the determination of the treatment of ALCL. 
Optimal therapeutic approaches for limited dis-
ease ALCL has yet to be established, as both 
B-NHL intensive therapy and T-ALL protocols 
have been used with similar ef fi cacies. EFS has 
been reported to be as high as 100% for children 
with localized ALCL (stage I/stage II resected) in 
the NHL-BFM90 trial with 2 months of chemo-
therapy including dexamethasone, ifosfamide, 
MTX, cytarabine, etoposide, and prophylactic IT 
therapy  [  149  ] . St. Jude Children’s Research 
Hospital reported a 75% EFS on a small number 
of children with localized CD30 positive large 
cell lymphoma (presumably ALCL) treated with 
three courses of CHOP (cyclophosphamide, dox-
orubicin, vincristine, and prednisone), either with 
or without maintenance therapy (6-mercaptopu-
rine plus MTX)  [  150  ] . 

 Treatment of advanced stage ALCL in chil-
dren has evolved over the past two decades. 
Different strategies, including B-NHL intensive 
protocols and LSA 

2
 -L 

2
 -type therapies, have 

achieved EFS rates ranging between 65 and 75% 
(Table  11.4 )  [  149,   151–  155  ] . The backbone of 
combination doxorubcin, prednisone, and vin-
cristine (APO) has been investigated in multiple 
trials over the past 15 years. Pediatric Oncology 

Group (POG)-9315 examined the utility of adding 
intermediate-dose MTX and high-dose cytara-
bine to the backbone APO regimen vs. standard 
APO alone; however there was insuf fi cient power 
in the study to detect a difference between the 
two arms and those patients receiving MTX and 
cytarabine experienced greater toxicity. Children 
treated on the backbone APO arm had a 2-year 
EFS of 75.1%  [  152  ] . More recently, the COG has 
examined the addition of weekly vinblastine to 
the APO regimen based upon French data show-
ing the remarkable overall response rate (ORR) 
of patients (10 out of 12) with relapsed ALCL to 
weekly vinblastine  [  156  ] . However in a recent 
report of the results from the COG study, the 
addition of vinblastine had no statistically 
signi fi cant improvement on the EFS or OS and 
was associated with increased myelosuppression. 
The overall 2-year EFS for the study was 77% 
 [  157  ] . Results from the international trial 
ALCL99 based upon the European approach of 
utilizing multi-agent intensive B-NHL-like 
therapy (built upon the BFM90 protocol) were 
recently reported. The study revealed an improve-
ment in safety in utilizing a less toxic regimen 
including administration of high-dose MTX 
without IT chemotherapy and reported a 2-year 
EFS of 74%  [  158  ] .  

 Until the ALCL99 trial, cases of CNS negative 
ALCL had been treated with prophylactic IT che-
motherapy. With the recent success in preventing 
CNS relapse without the use of IT chemotherapy, 
the question arises whether a reduction in the 
number of high-dose MTX administrations can be 
employed. CRT in doses of 18–24 Gy in addition 
to high-dose MTX and/or Cytarabine and IT med-
icines has been reserved for cases of those rare 
patients with overt CNS disease  [  149,   151  ] . 

 Several prognostic parameters have been 
identi fi ed in children with advanced disease 
ALCL. Some of the poor-risk clinical prognostic 
factors that have been identi fi ed include visceral 
organ involvement (liver, lung, spleen), mediasti-
nal involvement, elevated lactate dehydrogenase 
(LDH), and disseminated skin disease (Fig.  11.9 ) 
 [  151,   159,   160  ] . More recently, correlation 
between tumor biology and treatment failure has 
become extremely important. Presence of MRD 
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as detected by PCR analysis of the  NPM-ALK  
transcript in the bone marrow and peripheral 
blood was associated with a signi fi cant increase 
in cumulative incidence of relapse in ALCL, 50% 
for PCR positive vs. 15% for negative (Fig.  11.10 ) 
 [  161  ] . Meanwhile, the presence of anti- ALK  anti-
bodies is inversely correlated to tumor dissemi-
nation and the risk of relapse in  ALK   +   ALCL and 
supports the use of  ALK  as an important potential 
immunotherapeutic target  [  162  ] . Additionally, 
analysis of the recent ALCL99 international trial 
revealed that two of the less common morpho-
logic subtypes of ALCL, small cell and lympho-
histiocytic, were signi fi cantly associated with a 
high risk of treatment failure, independent of 
clinical risk factors  [  163  ] . Ultimately, the contin-
ued development in the ability to predict those 
patients at higher risk for relapse will enable an 
intensi fi cation of front-line therapy and poten-
tially improve outcomes.   

 Chemosensitivity at the time of relapse is a 
hallmark feature of childhood ALCL and has 
rendered salvage strategies for ALCL generally 
effective  [  164,   165  ] . Relapses in ALCL tend to 

occur later than in other histologic subtypes of 
childhood NHL  [  166  ] . The clinical behavior after 
relapse has been variable with some patients 
developing rapidly progressive disease and oth-
ers having an indolent, waxing and waning course 
 [  167  ] . These differences have made uniform 
treatment approaches dif fi cult to establish. In 
analyzing a series of three clinical trials in France 
over two decades, therapeutic intervention for 
relapse varied widely from single agent 
Vinblastine, to multi-agent chemotherapy, to 
fully ablative chemotherapy with both autoSCT 
and alloSCT. Higher risk for treatment failure 
included earlier relapse and more intensive initial 
treatment. Three-year risk DFS was not 
signi fi cantly different in patients who underwent 
ablative SCT in CR2 vs. those treated with che-
motherapy alone  [  156  ] . However, more recent 
reports of alloSCT for relapsed and refractory 
ALCL have demonstrated encouraging results 
including a 3-year EFS of 75% for the larger 
series of 20 patients (Fig.  11.11 )  [  168,   169  ] .  

 Currently, new treatment strategies are focus-
ing on determining the utility of targeted agents 

  Fig. 11.9    OS and PFS according to risk group. Standard 
risk group indicates no risk factor (i.e., no mediastinal 
involvement and no lung, spleen, or liver involvement, 
and no skin lesion). High-risk group, at least 1 risk factor, 

mediastinal involvement, visceral involvement, or skin 
lesion. This research was originally published in  Blood  
 [  159  ] . © American Society of Hematology       
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  Fig. 11.10    Outcome of ALCL patients according to 
quantitative PCR results for  NPM-ALK  in bone marrow. 
Cumulative incidence of relapse of the 74 patients with 
either a negative qualitative BM PCR or a positive qualitative 

BM PCR using quantitative PCR results and a  NPM-ALK  
cutoff copy number of 10/10 4  copies  ABL  (NCN). 
This research was originally published in  Blood   [  161  ] . 
© American Society of Hematology       

  Fig. 11.11    EFS estimate for the 20 patients with ana-
plastic large cell lymphoma-relapse treated by allogeneic 
hematopoietic stem cell transplantation (reprinted from 

Woessmann et al.  [  169  ] , with permission from Wiley-
Blackwell Publishing)       
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as well as the optimal risk strati fi cation that would 
determine using alloSCT in frontline therapy. 
CD30 antigen is expressed in close to 100% of all 
childhood and adolescent ALCL; this expression 
is controlled by  ALK  (Fig.  11.12 ). In phase I/II 
trials, one partial response and one CR have been 
achieved with SGN-30 monotherapy in heavily 
pretreated patients with relapsed and refractory 
ALCL  [  170,   171  ] . More recently, SGN-35, 
another monoclonal antibody targeting the CD30 
antigen, has met even greater success than its pre-
decessor. Two separate phase I trials have exam-
ined the role of SGN-35 monotherapy in patients 
with refractory/recurrent CD30 +  lymphomas 
including cases of both ALCL and HL. At higher 
dose ranges of drug, preliminary data in one trial 

revealed that 7 of 8 evaluable patients achieved 
CR. In the other trial, also at the higher dose 
ranges of drug, 7 of 28 evaluable patients achieved 
CR with an ORR of 46%  [  172,   173  ] . The impres-
sive response to monotherapy in heavily pre-
treated patients offers exciting hope that 
incorporating SGN-35 into combination therapy 
will provide promise for better results with front-
line therapy.  

 Advances in the study of the biological char-
acteristics of ALCL have also led to the develop-
ment of novel therapeutic agents. Potential 
developmental therapeutic strategies include tar-
geting the  ALK  protein with both small molecule 
inhibition as well as directed antibodies. The 
 ALK  inhibitor TAE684 has proven effective with 

  Fig. 11.12    ALK and CD30 signaling. In anaplastic large 
cell lymphoma (ALCL), CD30 expression is controlled 
by anaplastic lymphoma kinase (ALK) activity through 
the phosphorylation of signal transducer and activator of 
transcription 3 (STAT3) and the extracellular signal-regu-
lated kinase 1 (ERK1)- and ERK2-mediated upregulation 
of JUNB protein levels. Phosphorylated STAT3 and acti-
vated AP1 complexes containing JUNB cooperate to 
enhance  CD30  transcription. The nucleophosmin (NPM)–
ALK fusion protein impedes full CD30 signaling and 
nuclear factor  k B (NF k B) activation by titrating tumor 

necrosis factor receptor-associated factor 2 (TRAF2) 
away from CD30 through dimerization with wild-type 
(WT) NPM. CD30 engagement results in TRAF2 degra-
dation and BCL3 phosphorylation. The effect of CD30 
engagement in ALCL cells is the activation of both the 
canonical and alternative NF k B pathways, which result in 
apoptosis and p21-mediated cell-cycle arrest. Clinical tri-
als are currently using speci fi c antibodies directed against 
CD30 ( red arrow ) in ALCL109.  TK  tyrosine kinase 
(reprinted from Chiarle et al.  [  138  ] , with permission from 
Macmillan Publishers Ltd.)       
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 in vitro  and  in vivo  inhibition of  ALK   +   ALCL. In 
separate mouse models the drug was able to 
achieve prevention of tumor development as well 
as regression of pre-induced tumor  [  174  ] . The 
aforementioned evidence showing a strong cor-
relation with circulating anti- ALK  antibodies and 
a lower risk for relapse has led to investigations 
in vaccination strategies stimulated by the  ALK  
antigen  [  175  ] . Somatic mutations in ALCL are 
rare. Monoallelic and biallelic mutations of the 
perforin ( PRF1 ) gene and sonic hedgehog ( SHH ) 
have been reported in some cases of childhood 
lymphomas. Direct sequencing identi fi ed 6 dif-
ferent mutations in 12 patients (27.3%) of 44 
patients with t(2;5) + ALCL. The incidence of 
 PRF1  mutations was found to be signi fi cantly 
higher in patients with ALCL compared with 400 
control subjects, among whom only heterozy-
gous A91V was observed in 41 subjects (10.2%) 
(chi-square test, 10.9;  P  < 0.01)  [  176  ] .  PRF1  
mutations have been described in other NHLs 
and are thought to result in defective perforin-
mediated cytotoxicity due to abnormal confor-
mational changes induced by the A91V mutation 
 [  177  ] . Ampli fi cation of  SHH  gene in a subset of 
 ALK  positive ALCL  [  178  ]  has been shown to 
lead to deregulation of the  SHH  signaling path-
way. While genomic studies were essential in 
identifying the characteristic upregulation of the 
 ALK  protein in ALCL, proteomic studies of 
ALCL have been instrumental in understanding 
the importance of the  ALK  gene and its associ-
ated network of proteins (Fig.  11.13a, b )  [  179, 
  180  ] . Most recently, unraveling of the proteomic 
signature of the  NPM/ALK  fusion gene identi fi ed 
cellular changes affecting cell proliferation, ribo-
some synthesis, survival, apoptosis evasion, 
angiogenesis, and cytoarchitectural organization 
 [  179  ] . Further investigation showed loss of cell 
adhesion as a consequence of  NPM/ALK  expres-
sion in a kinase-dependent manner, and sensitiv-
ity of  NPM/ALK -positive ALCLs to inhibition of 
the  RAS , p42/44ERK, and FRAP/mTOR signal-
ing pathways  [  179  ] . Understanding the effects of 
 NPM/ALK  alteration on a diverse array of cellu-
lar pathways offers novel insights into  NPM/
ALK -positive ALCL pathobiology. Other pro-
teomic studies have demonstrated the constitutive 

expression of CD25 in pediatric ALCL and have 
led to  in vitro  investigations of the anti-CD25 
agent, denileukin diftitox, as a novel therapeutic 
approach  [  181,   182  ] . Furthermore, the 
identi fi cation of other important downstream 
cellular pathways interconnected with  ALK  has 
led to studies examining the utility of disrupting 
 ALK -associated pathways in an attempt to pre-
vent tumorigenesis. Heat shock protein 90 ( Hsp-
90 ) and the PI3K/Akt apoptosis pathway have 
both demonstrated interactions with the  ALK  
protein network.  In vitro  studies targeting  Hsp-
90  resulted in increased degradation of  NPM-
ALK  and subsequent apoptosis in ALCL cell 
lines  [  183  ] , while PI3K/Akt negative mice 
injected with  NPM/ALK   +   cells showed 
signi fi cantly impaired tumor forming capacity 
 [  184  ] . Altogether, advances in our understanding 
of the genomic and proteomic characteristics of 
ALCL have enabled an expanded approach to 
therapeutic targeting of developmental strate-
gies. Combining new and less toxic therapies 
offers an exciting opportunity to enhance both 
the ef fi cacy and safety of therapies for future 
patients.   

   Other Peripheral T-Cell Lymphomas 
in Children and Adolescents 

 PTCLs other than ALCLs are composed of a 
diverse group of rare disease entities. After 
ALCL, PTCL-not otherwise speci fi ed (nos) 
makes up the second largest type of PTCL. In 
children, PTCL-nos accounts for only approxi-
mately 1% of all cases of NHL  [  185  ] . In contrast, 
it represents around 4% of NHL in adults  [  186  ] . 
It is important to remember though, that the inci-
dence of PTCL varies based on geographical and 
ethnic differences; for example, there is a dis-
tinctly higher prevalence of PTCL in Asia  [  186  ] . 
While the etiology of certain subtypes of PTCL is 
well described (i.e., human T-cell lymphotropic 
virus [HTLV] in adult T-cell leukemia/lymphoma 
and Epstein–Barr virus [EBV] in the EBV T-cell 
lymphoproliferative [LPD]), for the most part the 
etiology of this diverse group of diseases has yet 
to be determined  [  3  ] . 



  Fig. 11.13    ( a ) Functional categories of proteins 
expressed in the membrane, cytoplasmic, and nuclear 
fraction of ALCL. GoMiner analysis of proteins identi fi ed 
in the membrane, cytoplasmic, and nuclear fractions 
reveals proteins from diverse functional categories. ( b ) 
Proteins identi fi ed within the NPM/ALK protein network. 

The proteins identi fi ed within the NPM/ALK immuno-
complex are visualized using GeneGO software analysis. 
 reg  regulated;  PKC  protein kinase C;  GAK  cyclin 
G-associated kinase (reprinted from Lim and Elenitoba-
Johnson  [  180  ] , with permission from The American 
Society for Biochemistry and Molecular Biology)       
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 The other entities of PTCL are too numerous 
to discuss each in great detail, but are listed in 
Table  11.5 . The 2008 WHO Classi fi cation of 
Lymphoid Neoplasms has subdivided PTCLs 
into four groups based upon their mode of clini-
cal presentation: leukemic/disseminated, extran-
odal, extranodal-cutaneous, and nodal. Examples 
of the leukemic/disseminated types include the 
HTLV-1 positive adult T-cell lymphoma/leuke-
mia and systemic EBV positive T-cell LPD of 
childhood. The extranodal variety of PTCL 
includes extranodal NK/T-cell lymphoma, 
enteropathy-associated T-cell lymphoma, and 
hepatosplenic lymphoma. The extranodal-cuta-
neous forms include Mycosis Fungoides/Sezary 

syndrome, primary cutaneous CD30 +  LPD 
(discussed in more detail in the ALCL section), 
subcutaneous panniculitis-like T-cell lymphoma, 
and primary cutaneous  g  d  T-cell lymphoma. The 
nodal sub group includes ALCL, angioimmuno-
blastic T-cell lymphoma, and PTCL-nos, previ-
ously referred to as PTCL-u  [  139  ] .  

 The biological characteristics of PTCL-nos 
also exhibit diversity. It has been challenging to 
identify the normal counterpart T cells that cor-
relate with the cellular origin of disease for 
PTCL-nos. A variety of immunophenotypic 
changes have been observed across different 
stages of T-cell differentiation with cells express-
ing different combinations of pan-T-cell antigens 
as well as markers of both cytotoxic and activated 
T-cell subtypes  [  187  ] . Similarly, although several 
different cytogenetic changes have been observed 
in cases of PTCL-u, a speci fi c pattern that corre-
lates to clinically meaningful consequences has 
yet to be established  [  188  ] . In fact, ALCL is the 
only T-cell lymphoma that is characterized by a 
consistently recurring genetic abnormality in the 
t2;5 translocation  [  189  ] . Furthermore, although 
clonal gene rearrangements of the TCR are often 
seen in cases of PTCL-u, these molecular changes 
vary and none serve to represent a characteristic 
pattern  [  3  ] . 

 Some recent observations in the biological 
behavior of PTCL have opened the door to some 
exciting scienti fi c investigations. Gene array 
analysis of PTCL-u specimens has linked the 
reduced expression of  NF- k B  genes with shorter 
survival  [  190  ] . While further studies are required 
to understand the precise relationship between 
the  NF- k B  pathway and PTCL-u tumorigenesis, 
this data offers an excellent opportunity to 
improve our understanding of disease progres-
sion as well as discover a target for developmen-
tal therapeutics. Similarly, another study was able 
to separate PTCL-u into three subgroups based 
upon microarray-based genomic  fi ndings. These 
three groups included one characterized by the 
expression of cyclin D2, another with the overex-
pression of  NF- k B1  and  Bcl-2  genes, and the 
third marked by overexpression of genes involved 
in the interferon/JAK/STAT pathway  [  191  ] . 
Again, while further investigations are required 

   Table 11.5    WHO 2008 classi fi cation of precursor and 
mature T/NK-cell neoplasms   

 Leukemic or disseminated 
 T lymphoblastic leukemia/lymphoma 
 T-cell prolymphocytic leukemia 
 T-cell large granular lymphocytic leukemia 
 Chronic lymphoproliferative disorders of NK cells 
 Aggressive NK-cell leukemia 
 Adult T-cell lymphoma/leukemia (HTLV1-positive) 
 Systemic Epstein–Barr virus (EBV)-positive T-cell 
lymphoproliferative disorders of childhood 

 Extranodal 
 Extranodal NK/T-cell lymphoma, nasal type 
 Enteropathy-associated T-cell lymphoma 
 Hepatosplenic T-cell lymphoma 

 Extranodal-cutaneous 
 Mycosis fungoides 
 Sezary syndrome 
 Primary cutaneous CD30 +  lymphoproliferative 
disorders 

 Primary cutaneous anaplastic large cell lymphoma 
 Lymphomatoid papulosis 

 Subcutaneous panniculitis-like T-cell lymphoma 
 Primary cutaneous gamma-delta T-cell lymphoma 
 Primary cutaneous aggressive epidermotropic CD8 +  
cytotoxic lymphoma 

 Nodal 
 Angioimmunoblastic T-cell lymphoma 
 Anaplastic large cell lymphoma, ALK-positive 
 Anaplastic large cell lymphoma, ALK-negative 
 Primary cutaneous small/medium CD4 +  T-cell 
lymphoma 

  Based on data from refs.  [  1,   2  ]      
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to unravel a deeper understanding of these path-
ways and how they are involved in lymphom-
agenesis, these studies have identi fi ed novel and 
potentially important biological observations in 
PTCL. 

 The clinical presentations of PTCL are as var-
ied as the biological characteristics. Most patients 
present with either generalized lymphadenopathy 
(commonly in the cervical region) or extranodal 
disease. The extranodal presentation often 
involves the liver, spleen, skin, and bone marrow. 
The majority of patients have advanced stage dis-
ease at diagnosis and exhibit systemic constitu-
tional B symptoms such as fevers, night sweats, 
and/or weight loss. LDH is often elevated and 
there may or may not be abnormalities appreci-
ated on the CBC. Often times patients are found 
to have symptoms associated with increased 
cytokine production from the abnormal T cells 
and can even present with the overt hyper-
in fl ammatory signs of a hemophagocytic syn-
drome  [  3  ] . 

 Unfortunately, treatment strategies employed 
over the years for PTCL have been as varied as 
their clinical and pathological  fi ndings. It has 
been extremely challenging to develop and estab-
lish effective treatment regimens because the 
clinical experience in pediatric PTCL has been 
sparse and individual studies have been hampered 
by too few patients. The largest cohorts of pediat-
ric PTCL patients have recently been reported 
from the United States of America (USA) and the 
United Kingdom (UK). 

 The COG analyzed 20 pediatric patients 
identi fi ed over a 9-year period. The cohort 
included mostly patients with PTCL-u; however 
there were also patients with extranodal NK/T-
cell lymphoma nasal type, subcutaneous pannic-
ulitis-like T-cell lymphoma, and enteropathy-type 
T-cell lymphoma. Treatment choice was differen-
tiated based upon clinical staging. Patients with 
advanced stage III/IV disease were treated with a 
regimen of doxorubicin, prednisone, vincristine, 
mercaptopurine, and MTX ± alternating therapy 
with high-dose cytarabine and intermediate-dose 
MTX. Patients with localized stage I/II disease 
were treated with CHOP. Of patients with localized 
disease, 2 relapsed and 9 of 10 survived. Of 

patients with advanced stage disease, 6 relapsed 
and 5 of 10 survived. These results are markedly 
better than most studies analyzing adults with 
PTCL. However, while CHOP-like therapy seems 
adequate for patients with localized disease, the 
OS for patients with advanced stage disease was 
only 50%, leaving plenty of room for improve-
ment  [  192  ] . 

 The experience in the UK was quite similar to 
that of the COG in the USA. The UK study ana-
lyzed 25 cases of PTCL in children and adoles-
cents over a 20-year period. They observed a 
similar distribution of PTCL subtypes with 68% 
of patients having PTCL-u, the remainder of 
cases were angiocentric PTCL, angioimmuno-
blastic T-cell lymphoma, and subcutaneous pan-
niculitis-like T-cell lymphoma. In this 
retrospective analysis, patients were treated either 
with B-NHL CHOP-like regimens or with T-ALL 
type of treatment strategies. Among children with 
PTCL-u, 9 of 12 survived with T-ALL therapy, 
while only 1 of 5 that received B-NHL therapy 
survived. Similar to the COG results, when ana-
lyzed based upon extent of disease, the majority 
of patients (9 of 12) with localized stage I/II dis-
ease survived, while only 6 of 12 children with 
advanced stage disease survived. The authors 
concluded that children with PTCL-u should be 
treated with T-ALL-like therapy; however it is 
still apparent that a large percentage of children 
with advanced stage disease do not survive 
 [  185  ] . 

 Outcomes for adults with PTCL have been 
even worse. Treatment strategies have varied 
widely, yet 5-year OS in adult studies has ranged 
from 25 to 45%  [  3,   193–  195  ] . Conventional che-
motherapy combinations used in adults have most 
frequently included CHOP-like therapy; however 
there have also been attempts to incorporate 
cytarabine, cisplatin, and etoposide without any 
improvement in survival rates. With the poor out-
comes from conventional chemotherapy, the use 
of high-dose chemotherapy with both autoSCT 
and alloSCT has also been explored. 

 High-dose chemotherapy with autoSCT has 
been attempted as both salvage and front-line 
therapy in PTCL. In the setting of refractory or 
recurrent disease, OS after autoSCT has been 
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reported around 33%  [  196  ] . Some studies report 
higher OS rates ranging between 39 and 48%; 
however their cohorts included cases of ALCL 
which typically do well with autoSCT for salvage 
therapy. When analyzed based upon histologic 
subtype, the cases of PTCL had OS closer to 30% 
in those same studies  [  197  ] . Attempts to treat 
PTCL with front-line autoSCT have yielded 
slightly better results; however the biggest obsta-
cle to achieving better outcomes was the inability 
to attain remission in signi fi cant numbers of 
patients. A large study performed in Italy for 
patients with high-risk PTCL receiving autoSCT 
as up-front therapy reported long-term OS rates 
of 39%. However, a number of patients pro-
gressed before autoSCT and never received the 
therapy. Of the patients that did get high-dose 
chemo and autoSCT, 12-year DFS rate was 55% 
 [  198  ] . 

 Many groups have also attempted alloSCT for 
PTCL. This strategy provides the advantage of 
infusing lymphoma-free grafts and potential for a 
graft vs. lymphoma effect. Studies have demon-
strated a lower risk of relapse in patients receiv-
ing alloSCT (in comparison to autoSCT); however 
the high rates of transplant-related mortality with 
fully ablative conditioning regimens have offset 
any survival advantages  [  199  ] . The Italian group 
has recently reported on the role of alloSCT with 
reduced intensity conditioning regimens. In a 
pilot study of 17 patients with refractory and 
recurrent disease (8 of whom relapsed after prior 
autoSCT), a 3-year progression-free survival of 
64% was achieved, with only 1 of 17 patients suf-
fering from transplant-related mortality  [  200  ] . 
This study offers promising data for a disease 
that has been notoriously dif fi cult to treat for 
many years. 

 Pediatric studies have shown that patients with 
advanced stage III/IV disease have markedly 
worse outcomes than those with localized stage I/
II disease  [  185,   192  ] . In adults, the International 
Prognostic Index (IPI) has commonly been used 
for risk strati fi cation. The IPI incorporates high-
risk features such as advanced stage disease, 
LDH level greater than twice normal, elderly 
patient age, multifocal extranodal involvement of 
disease, and poor performance status. A Canadian 

study demonstrated the validity of the IPI in adult 
patients with PTCL-u, showing that of 117 
patients, those with an IPI score of 0–1 (30% of 
the cohort) had a 5-year OS of 64%, while those 
with an IPI score >2 (70% of the cohort) had an 
OS of 30%  [  195  ] . The Italian group has estab-
lished the Prognostic Index for PTCL-u (PIT) 
model based upon principles from the IPI and 
results from a series of nearly 400 patients. Using 
four clinical variables, age, performance status, 
LDH level, and bone marrow involvement, they 
were able to identify prognostic groups. Groups 1 
and 2 had zero or one adverse factor and 5-year 
OS rates of 62% and 53%, respectively. Groups 3 
and 4 had two or more than two adverse factors 
and OS rates of 33% and 18%, respectively  [  201  ] . 
In application to pediatric patients, certainly they 
will not carry the adverse factor of elderly age 
status, but indicators of advanced stage disease 
like elevated LDH and bone marrow involvement 
will portend for a worse prognosis. 

 With the overall poor outcomes in adult 
patients with PTCL and pediatric patients with 
advanced stage PTCL, advances in therapeutic 
strategies are desperately needed. New agents in 
investigation for PTCL include a wide array of 
agents from the following pharmacologic catego-
ries: nucleoside analogs, histone deacetylase 
inhibitors, anti-angiogenesis agents, folate inhib-
itors, proteasome inhibitors, and monoclonal 
antibodies. Of the nucleoside analogs, pentosta-
tin and gemcitabine have shown the most prom-
ise. A single institution study demonstrated an 
ORR to gemcitabine in refractory/recurrent dis-
ease to be 60%; however there were only ten 
patients evaluated  [  202  ] . Currently gemcitabine 
is being investigated in combination with other 
agents against a variety of lymphomas. 
Nelarabine, on the other hand, achieved an ORR 
of only 10.5% and also exhibited marked toxicity 
 [  203  ] . The histone deacetylase inhibitor, depsi-
peptide, induced an ORR of 26% in data from a 
phase II trial  [  204  ] . Anti-angiogenesis agents like 
bevacizumab have been utilized speci fi cally in 
angioimmunoblastic T-cell lymphoma and there 
are some case reports of achieving CR in 
refractory/recurrent cases  [  205,   206  ] . The new 
anti-folate agent Pralatrexate has shown promise 
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in phase I/II trials with an ORR of 47% in 26 
patients with T-cell lymphoma, many of whom 
had PTCL  [  207  ] . Investigations were expanded 
to a multicenter trial enrolling over 100 patients 
with PTCL, with interim data showing ORR of 
29% in 65 patients, with 11% of total patients 
achieving CR  [  208  ] . Combining proteasome 
inhibitor, bortezomib, with liposomal doxorubi-
cin has proven safe and effective for advanced 
stage hematologic malignancies  [  209  ] . 
Proteasome inhibitors are known to promote 
apoptosis and the anti-proliferative properties via 
inhibition of the NF- k B pathway. Bortezomib 
thus provides an attractive mechanism of action 
in PTCL with recent biology studies demonstrat-
ing an overexpression of  NF- k B1  genes in certain 
subgroups of PTCL. It has been investigated    in 
refractory and relapsed cutaneous T-cell lympho-
mas, achieving an ORR of 67% as single-agent 
therapy. Although the majority of cases in that 
trial were  Mycoses Fungoides , which is charac-
teristically unique in comparison to other forms 
of PTCL, there were two patients with PTCL-u in 
that study, one of whom achieved response  [  210  ] . 
Currently there are studies examining the role of 
bortezomib in combination with other therapies 
for PTCL as front-line therapy  [  211  ] . 

 The development of monoclonal antibodies 
has fostered much progress in the treatment of 
pediatric lymphomas in the past decade. In PTCL 
there has been much interest in incorporating 
monoclonal antibodies into combination thera-
peutic regimens. Alemtuzumab is a humanized 
monoclonal antibody that targets CD52, an anti-
gen expressed on nearly all lymphocytes. It has 
been studied as a single agent in refractory/recur-
rent cases of PTCL, achieving a 36% ORR in a 
pilot study of 14 patients. However, there were 
excessive infectious complications experienced 
in the study with  fi ve patients suffering from 
treatment-related mortality  [  212  ] . A more recent 
study examined the role of alemtuzumab in com-
bination with CHOP chemotherapy as front-line 
therapy. This experience revealed tolerable rates 
of toxicity and 1-year EFS of 41%  [  213  ] . Other 
monoclonal antibodies have been explored in the 
setting of cutaneous T-cell lymphomas and their 
utility in other forms of PTCL remains to be 

elucidated. They include the anti-CD4 antibody 
zanolimumab, as well as daclizumab and denile-
ukin diftitox, two antibodies targeting the CD25 
antigen, which is a form of the human IL-2 recep-
tor  [  214,   215  ] .  

   Rare T-Cell Lymphomas in Children 
and Young Adolescents 

   Hepatosplenic Gamma Delta T-Cell 
Lymphoma 
 This is a very rare and aggressive peripheral 
T-cell neoplasm that is characterized by involve-
ment of the liver, spleen, and bone marrow. It is a 
disease of young adults with a distinct male pre-
dominance. Patients present with marked hepa-
tosplenomegaly without lymphadenopathy. Up to 
20% of cases arise in the setting of chronic 
immune suppression, most commonly in the set-
ting of solid organ transplantation or prolonged 
antigenic stimulation as in in fl ammatory bowel 
disease after exposure to azathioprine and 
in fl iximab. More recently, EBV-negative T-cell 
lymphomas with features consistent with hepa-
tosplenic T-cell lymphomas have been reported 
in patients receiving in fl iximab for in fl ammatory 
bowel disease  [  216  ] . Molecular studies consis-
tently show isochromosome 7q often in conjunc-
tion with trisomy 8. The cells have rearranged 
TCR genes. Gene expression pro fi ling of  g / d  
T-cell lymphoma  [  217  ]  revealed that genes of 
NK-cell associated molecules such as killer cell 
immunoglobulin-like receptor genes and killer 
cell lectin-like receptors were found to be over-
expressed relative to other PTCL with  a / b  phe-
notype. Gene ontology analysis of differentially 
expressed genes show enrichment of those 
involved in cellular defense response, signal 
transduction activity, receptor activity, transmem-
brane receptor activity, and immunoglobulin-G 
binding.  

   EBV Positive T-Cell Lymphoproliferative 
Disorders 
 In the 2008 WHO classi fi cation two new major 
types of EBV-associated T-cell LPDs affecting 
the pediatric population have been incorporated: 
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systemic EBV-positive T-cell LPD of childhood 
and Hydroa vacciniforme-like lymphoma. Both 
of them occur predominantly in Asians and in 
Native Americans from Central and South 
America and Mexico.  

   Systemic EBV-Positive T-Cell 
Lymphoproliferative Disease 
of Childhood 
 Most patients present with acute onset of fever 
and general malaise after which patients develop 
hepatosplenomegaly and liver failure with or 
without lymphadenopathy. The disease has a 
rapid progression to multiple organ failure, sep-
sis, hemophagocytic syndrome, and death. 
Chronic EBV infection has been documented in 
some patients prior to the development of dis-
ease. Most cases secondary to acute primary EBV 
infection are CD8 +  whereas those in the setting of 
severe chronic active EBV infection (CAEBV) 
are CD4 + . EBER-1 is positive in the neoplastic T 
cells. The neoplastic cells exhibit clonal TCR 
gene rearrangement and harbor EBV in a clonal 
episomal form. All cases carry type A EBV, either 
with wild-type or the 30 base pair deleted product 
of  LMP1  gene. This is a life-threatening illness of 
children and young adults characterized by a 
clonal proliferation of EBV-infected T cells with 
an activated cytotoxic phenotype. It usually 
occurs shortly after primary acute EBV infection 
in previously healthy patients or in the setting of 
CAEBV. It has a rapid progression with multiple 
organ failure, sepsis, and death, usually from 
days to weeks. The most frequent sites of involve-
ments are liver and spleen followed by lymph 
nodes, bone marrow, skin, and lung. The most 
typical phenotype of the tumor cells is 
CD2 + CD3 + CD56  −   and positive for cytotoxic pro-
teins. Most cases secondary to acute primary EBV 
infection are CD8 + , whereas cases in the setting of 
severe CAEBV are CD4 + . EBV is always positive. 
The tumor cells have monoclonally rearranged 
TCR genes.  

   Hydroa Vacciniforme-Like Lymphoma 
 This is an EBV-positive cutaneous T-cell lym-
phoma occurring in children and associated with 
sun sensitivity. This condition affects primarily 

sun-exposed skin, in particular the face. The 
lesions present as papulovesicular eruptions that 
precede ulcerations and scarring. The clinical 
course is variable and some may have recurrent 
skin lesions. Late in the disease course, there is 
development of systemic symptoms such as fever, 
wasting, lymphadenopathy, and hepatosplenom-
egaly. The neoplastic cells exhibit clonal TCR 
gene rearrangement and harbor EBV in a clonal 
episomal form. It is still not clear whether severe 
mosquito-bite allergy, which is of NK derivation 
and EBV-associated, is part of Hydroa vaccini-
forme-like lymphoma or a distinctive entity 
within the spectrum of EBV-associated disorders. 
Both disorders are considered part of the spec-
trum of severe CAEBV, with a broad spectrum of 
clinical aggressiveness. 

 Ultimately, despite its rare occurrence in chil-
dren and adolescents, PTCL remains a diagnostic 
and therapeutic challenge for this age group. 
While there continues to be progress in the 
identi fi cation of speci fi c disease entities, improve-
ments in the outcomes with treatment strategies 
have been slow to improve. A large number of 
developmental therapeutic agents are continually 
being examined in adults, where the numbers of 
patients enable such investigations. However, 
with the paucity of pediatric cases of PTCL, there 
will have to be extrapolation of adult data to 
improve on the outcomes of cases with advanced 
stage disease. As we learn more about the biol-
ogy of these diseases and the potential bene fi ts of 
speci fi c targeted agents, decisions in treatment 
strategies will become more enlightened. Until a 
tried and true therapeutic regimen is discovered, 
it seems that children with advanced stage and/or 
refractory/recurrent PTCL may bene fi t from 
induction therapy followed by an alloSCT with 
reduced-intensity conditioning regimens.   

   Summary 

 T-cell malignancies in children and adolescents 
represent a heterogeneous group of neoplasms 
that arise from precursor T lymphocytes and a 
variety of mature T subsets. Most T-cell 
malignancies exhibit aggressive clinical behavior. 
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T-ALL and T-LBL represent 15% of childhood 
ALL and one-third of childhood and adolescent 
NHL respectively. Although the molecular genet-
ics of T-ALL has been well studied, relatively 
little is known regarding the molecular pathoge-
netic mechanism involved in T-LBLs. It has been 
widely accepted that T-ALL and T-LBL likely 
represent different clinical manifestations of the 
same disease. Recent molecular analyses of 
T-LBLs however provide some evidence that they 
may exhibit distinct molecular genetic aberra-
tions. Furthermore, many clinical trials have 
considered these diseases as one entity. The prev-
alence of  NOTCH  activation in T-ALLs has gen-
erated signi fi cant interest in the use of GSIs as a 
therapeutic strategy in T-ALLs. The results of 
clinical trials which are currently underway 
would be of interest. Within the mature T-cell 
malignancies, the  ALK  positive ALCLs are the 
most prevalent. Logically, the molecular aberra-
tion that de fi nes this group of T-cell malignan-
cies has led to the generation of a panel of 
potential tyrosine kinase inhibitors. Small mole-
cule inhibitors to the  ALK  tyrosine kinase are 
currently under clinical investigation for relapsed 
ALCLs. Clearly, the number of developmental 
therapeutic agents available for children and 
adolescents is signi fi cantly lower than that for 
adults, where the numbers of patients enable 
such investigations. However, with the paucity 
of pediatric cases of PTCL, there will have to be 
extrapolation of adult data to improve on the 
outcomes of cases with advanced stage disease. 
As we learn more about the biology of these dis-
eases and the potential bene fi ts of speci fi c tar-
geted agents, decisions in treatment strategies 
will become more enlightened. Until a tried and 
true therapeutic regimen is discovered, it seems 
that children with advanced stage and/or refrac-
tory/recurrent PTCL may bene fi t from induction 
therapy followed by an alloSCT with reduced-
intensity conditioning regimens. With improved 
diagnostic criteria for subclassi fi cation of T-cell 
neoplasms and better understanding of the molec-
ular pathogenetic mechanisms, there is increas-
ing optimism for greater availability of therapeutic 
agents for T-cell malignancies in children and 
adolescents.       
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