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Abstract

Pediatric non-Hodgkin lymphoma includes over 30 histologies (many with subtypes), with
approximately 800 cases per year in the US. Improvements in survival in NHL over the past 5
decades align with the overall success of the cooperative trial model with dramatic improvements
in outcomes. As an example, survival for advanced Burkitt lymphoma is now > 95%. Major
remaining challenges include survival for relapsed and refractory disease and long-term morbidity
in NHL survivors. Langerhans cell histiocytosis (LCH) was added to the NHL Committee
portfolio in recognition of LCH as a neoplastic disorder and the tremendous unmet need for
improved outcomes. The goal of the COG NHL Committee is to identify optimal cures for every
child and young adult with NHL (and LCH). Further advances will require creative solutions,
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including engineering study groups to combine rare populations, biology-based eligibility,
alternative endpoints, facilitating international collaborations and coordinated correlative biology.
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Introduction

Non-Hodgkin lymphoma (NHL) includes all lymphomas that share the feature of not
being Hodgkin lymphoma. This nomenclature unifies a heterogeneous group of disorders
under the NHL umbrella.! There are approximately 800 cases of pediatric NHL in the
United States annually, compared to over 60,000 cases of adult NHL.2 In children, NHL
typically arise due to accidents of immune maturation, and are more common in children
with immune disorders.3 With relatively few cases, and over 30 subtypes, an international
pediatric cancer consortium such as the Children’s Oncology Group (COG) is essential
to organize studies to improve outcomes for children and young adults with NHL (Table
1, Figure 1). As with other pediatric cancers, the COG NHL experience highlights many
success stories (Table 2). However, many challenges for children and young adults with
NHL remain, including very poor outcomes for patients with relapsed and refractory
disease, and long-term consequences of intense chemotherapy.4 The explosion in targeted
and cellular therapies and biology-based risk stratification provide opportunities beyond
continued dose-escalation of chemotherapy. Our new challenge is prioritizing and testing
new agents in fractionated patient sub-groups.

Mature B cell lymphoma

State of Disease

CAYA with mature B cell lymphoma, including Burkitt lymphoma (BL), diffuse large

B cell lymphoma (DLBCL), and gray-zone mature B-cell histological entities, have an
excellent outcomes when treated with dose intensive regimens, regardless of stage.5-6
Risk stratification is based on clinical staging and lactate dehydrogenase (LDH) levels.
Identification of biological factors to predict outcome in pediatric mature B-cell NHL
remains an unmet need. Recently, somatic p53 alterations have also been associated with
poorer outcomes.” Measures of minimal disseminated disease (MDD) or minimal residual
disease (MRD) have not been found to predict of outcome. The role of disease response
measured by PET scan is also a focus of investigation.

Recent Findings

The addition of immunotherapy, specifically the use of the CD20 monoclonal antibody,
rituximab, with intensive chemotherapy improves outcomes in higher risk patients. The
International B-NHL randomized trial in patients with high-risk mature B-cell lymphoma
(stage 3 with elevated LDH or stage 4 disease), (Inter-B-NHL Ritux 2010, COG
ANHL1131), demonstrated that the addition of 6 doses of rituximab to intensive LMB/FAB
chemotherapy achieved an event-free survival (EFS) of 93.9% in those who received
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rituximab, establishing the current standard of care for these patients.8 This regimen, though
highly effective, was associated with short-term toxicity including a high incidence of
infection, mucositis and a treatment-related mortality rate of 1.8%. Patients who receive
rituximab were also at higher risk for hypogammaglobulinemia one year post completion of
therapy.

Patients with relapsed and refractory mature B-NHL have an extremely poor prognosis.® The
recent SPARKLE trial evaluated the addition of ibrutinib plus RICE or RVICI in patients
with relapsed and refractory mature B-cell NHL. The study accrued 65 patients over 5 years
in a study involving 94 sites across 21 countries, but failed to show an improvement in
outcome.1% An international phase 2 CD19 chimeric antigen receptor T cell (CAR-T) study
using tisaleungeucel demonstrated feasibility of treating patients with this modality, with
overall response 32%, and only 7% of patients had a complete response (NCT03610724).

Strategic Opportunities

There are multiple potential novel therapies in development and testing including CD20

(or CD19)/CD3 bispecific T cell engagers (BITES), antibody drug conjugates and CAR-T
constructs that may improve outcomes in patients with relapsed or refractory disease.11
Future studies will focus on understanding biology with the potential to inform risk
stratification, demonstrating safety and efficacy of novel immunotherapies in patients with
relapsed or refractory disease, followed by studies designed to preserve or improve the
efficacy of primary therapy by decreasing exposures to conventional chemotherapy in lower
risk patients and by replacing components of conventional chemotherapy with less toxic
immunotherapies. The vanishingly small number of patients with relapsed and refractory
disease make large-scale (e.g. national or international) trials essential for this population.

Lymphoblastic Lymphoma

State of Disease

Lymphoblastic lymphoma (LBL) accounts for 25% of pediatric NHL: T-lymphoblastic
lymphoma (T-LBL) comprises 70-80% of cases, while precursor B-lymphoblastic
lymphoma (pB-LBL) makes up the remaining 20-25% of cases.12-14 Staging for LBL
uses the Murphy classification 1°. Typically, B-LBL presents as localized disease (Murphy
stage 1&I1) while T-LBL generally present as stage 111 & IV disease. Challenges in trial
accrual for patients with B-LBL has limited the ability to assess stage on outcomel6:17, For
patients with T-LBL, advancements in therapy have diminished the significance of stage

as an independent risk factor for outcome. 1819, Additionally, little information is known
regarding biological or molecular variables correlating to outcome in B-LBL. For both T-
and B-LBL, clinical distinction between acute lymphoblastic leukemia (ALL) and LBL
relies upon the arbitrary cut-off of greater or less than 25% lymphoblast involvement in the
bone marrow, respectively. This led to including T- or B-LBL with T- and B-ALL in COG
clinical trials. A benefit of this integration was doubling of enroliments for LBL patients
compared to past trials.

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 September 01.
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Recent Findings

Outcomes patients with B-LBL presenting with localized disease are excellent1®. Recent
studies with Capizzi based therapy with asparaginase for patients with T-LBL have increased
the OS to approximately 90%. The recent AALL1231 COG study demonstrated the efficacy
of bortezomib in patients with T-LBL but not T-ALL, raising the possibility that these
conditions have some distinct biological features.1® For T-LBL, MDD, detected by flow
cytometry in the bone marrow at diagnosis, was initially associated with poor outcome

20, However, more recent studies emphasizing Capizzi based/asparaginase-heavy therapy
diminished the significance of MDD8 and suggested that end of induction MRD levels of
T-LBL cells may correlate with EFS 21, Management of patients with relapsed or refractory
B- and T-LBL remain suboptimal. Daratumomab was found to have activity for T-LBL and
may be evaluated in the next frontline COG T-LBL and T-ALL trial [10].

Strategic Opportunities

Priorities for both B and T-LBL are focused on advancing work on the molecular
characterization of the diseases. Such efforts will lead to advances such as 1) discerning
genetic differences between ALL and LBL; 2) identifying key molecular profiles which
correlate to clinical outcome; and 3) identifying targetable loci that can facilitate the
advancement of novel agents. The continued effort of identifying new, active agents needs
to remain a priority for this disease. Avenues such as immunotherapy, disruption of untested
pathways, and mediators to overcome chemotherapy resistance merit investigation.

Anaplastic Large Cell Lymphoma (ALCL)

State of Disease

Anaplastic large cell lymphoma (ALCL) is characterized by neoplastic proliferation of
CD30* lymphoid cells, with frequent expression of anaplastic lymphoma kinase (ALK).22
While ALCL affects only 2% of adults with NHL, it composes 10-15% of all pediatric
NHL. The World Health Organization classifies ALCL into two distinct subgroups based on
the chromosomal translocation involving the ALK gene: ALK positive (ALK+) and ALK
negative (ALK-)L. The tyrosine kinase encoded by the ALK fusion protein is the oncogenic
driver in pediatric ALCL with greater than 95% of cases ALK+.22:23 Although central
nervous system (CNS) involvement is uncommon, most patients present with advanced
disease. Previous clinical trials have explored different treatment regimens for patients with
ALCL, but a 30% failure rate still exists despite variations in medications, intensity, and
length of treatment.24-29 For patients who relapse, there is no standard of care; it remains
unclear how to incorporate agents that target CD30 or ALK and how to optimize the role of
allogeneic hematopoietic stem cell transplant (HSCT).

Recent Findings

COG trial ANHL12P1 determined the tolerability, EFS and OS of adding either brentuximab
vedotin (BV; Arm BV) or the ALK inhibitor crizotinib (CZ; Arm CZ) to standard
chemotherapy for CAYA with systemic CD30+/ALK+ ALCL3931, Patients randomized to
Arm BV (n=68) received 1.8 mg/kg BV on day 1 of each 21-day cycle of chemotherapy, for

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

El-Mallawany et al.

Page 5

a total of 6 cycles. While 14 patients relapsed, none relapsed while on therapy. The 2-year
EFS and OS were 79.1% and 97.0%, respectively. Of the 67 patients eligible for toxicity
evaluation, 66 completed all six cycles of chemotherapy. There were no toxic deaths and no
cases of progressive multifocal leukoencephalopathy syndrome or grade 3 or 4 neuropathy.
Patients randomized to Arm CZ (n=69) received crizotinib daily during all 6 cycles of
chemotherapy. Fifteen patients relapsed; one patient died. Similar to Arm BV, median time
to relapse was 7.4 months from diagnosis with all relapses post chemotherapy completion.
The 2-year EFS and OS were 76.8% and 95.2%, respectively. The 66 patients who received
crizotinib completed 384 cycles of chemotherapy with no toxic deaths. The addition of
crizotinib did result in an unexpected toxicity with 13 patients (19.7%) experiencing a grade
2+ thromboembolic adverse event. ANHL12P1 also evaluated the predictive value of MDD
as measured by quantitative reverse transcription polymerase chain reaction (PCR) of ALK
in peripheral blood at diagnosis. In Arm BV, the 2-year EFS was 89.0% for MDD negative
cases but only 52.6% for MDD positive cases. Similarly, in Arm CZ the 2-year EFS was
85.6% for MDD negative cases but only 58.1% for MDD positive cases. These results mirror
those found in European studies32-3% and establish the use of MDD to establish risk groups
for patients with ALCL.

Strategic Opportunities

Arm BV of ANHL12P1 establishes a new standard of therapy for ALCL, but many
unanswered guestions remain due to the numerous active agents in ALCL. The next COG
ANHL trial will risk stratify patients using MDD. For standard risk patients (MDD-), we
will test whether the combination of BV and an ALK inhibitor while minimizing or avoiding
standard chemotherapy can maintain EFS. For high-risk patients ( MDD+), we will test
whether the addition of an ALK inhibitor and maintenance therapy improve EFS. Additional
important questions include utilizing ALK inhibitors to avoid cranial radiation in CNS
positive patients and determining whether relapsed patients can be cured without a transplant
using targeted agents.

Post-transplant lymphoproliferative diseases (PTLD)

State of Disease

Approximately 150 CAYA are diagnosed with PTLD each year in the USA.38 Incidence
varies by transplanted organ ranging from 2% in renal transplants to up to 20% in multi-
organ, lung or intestinal transplants.3” More than 90% of PTLD after solid organ transplant
(SOT) in the CAYA group are associated with the Epstein—-Barr virus (EBV) and of B-cell
origin.38

Due to chronic iatrogenic immunosuppression, EBV+ PTLD typically expresses all

latent EBV proteins (latency type I1). Patients with PTLD characterized by EBV-driven
lymphoproliferation with a latency 111 EBV activation profile have highly immunogenic
disease targetable by immunotherapies. Withdrawal or reduction of immunosuppression

is the standard first approach for PTLD, but not always feasible because of risk of

graft rejection. Up to 80% of patients with polymorphic and monomorphic PTLD require
further therapy.3” Traditionally, low-dose chemotherapy, more recently with the addition of
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rituximab, has been used in the frontline treatment of patients with PTLD. In the COG study
ANHL0221, six cycles of low dose cyclophosphamide and prednisone in combination with
six doses of rituximab led to a 2-year EFS and OS was 71% and 83%, respectively.3° The
German PED-PTLD-2005 used a risk-adapted design with three doses of rituximab followed
by evaluation.4C Patients with complete response (CR) or partial response (PR) received an
additional three doses rituximab while all others received chemotherapy. Outcomes were
comparable to ANHL0221 with 2-year EFS 67% and OS of 86%, respectively.

Recent findings

Since a major subset of patients with PTLD have highly immunogenic tumors, several
institutions have tested EBV-specific T-cells (EBV-TC) in refractory PTLD with response
rates of 50-60%. Based on these results, the COG study ANHL1522 study piloted the use
of third party EBV-TC in CAYA SOT recipients with PTLD who did not achieve a CR to 3
doses of rituximab. This study accrued 18 patients; 15 patients received EBV-TC. Using a
EBV-TC product bank derived from 14 individuals with varied HLA types, all patients had
suitable products available. In newly diagnosed patients without CR to rituximab, EBV-TC
showed an ORR of 70%. Including two patients with CR to initial rituximab, the 2- year
EFS and OS for newly diagnosed patients were 74.1% and 91.7%, respectively. Results in
the relapsed and refractory cohort were worse, with 2-year EFS of 33.3% (NCT02900976).
These results support adoptive immunotherapy with EBV-TC in newly diagnosed patients
with EBV+ PTLD.

Strategic Opportunities

ANHL1522 demonstrated the feasibility of administering third party EBV-TC. EBV-TC are
currently being commercialized and need to be studied further in larger studies such as an
increased patient population of PTLD with the potential addition of expanded intrinsic (e.g.
primary immune deficiency) as well as acquired (e.g. HIV) immune deficiency-associated
EBV-lymphoproliferation. An important sub-set of patients with PTLD remain refractory to
EBV-specific therapeutic approaches. While EBV-TC show promise for early PTLD, novel
diagnostic tools for risk stratification and more effective therapies for patients with advanced
and aggressive PTLD are needed.

Primary Mediastinal B Cell

State of Disease

Primary mediastinal B-cell lymphoma (PMBCL) is a rare NHL subtype with a peak
incidence in AYA. Patients with PMBCL have historically been included in pediatric mature
B-NHL clinical trials; however, outcomes are inferior compared to patients with DLBCL
treated on the same protocol (Syr EFS 66% vs. 85%, p<0.001).41 PMBCL tumors harbor
frequent amplifications of 9p24.1 which includes the locus for PD-L1/PD-L2.42 Tumors are
also characterized by an immune microenvironment similar to classic Hodgkin lymphoma.

Recent Findings

The dose adjusted EPOCH-R (DA-EPOCH-R) regimen consisting of etoposide, vincristine,
doxorubicin, prednisone, cyclophosphamide, and rituximab, has shown excellent outcomes

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 September 01.
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in adults in a single center phase Il trial.*3 The ANHL1131 international trial evaluated

the DA-EPOCH-R regimen in children with newly diagnosed PMBCL.** The 4 year EFS
among the 46 patients enrolled on this trial was 69.6% (95% CI 55.2-80.9). Phase 1 and

2 trials in adults have studied immune checkpoint blockade for relapsed and refractory
PMBCL with encouraging overall response rates which range from 45-70%.4546 The PD-1
inhibitor pembrolizumab is now FDA approved in children and adults with relapsed or
refractory PMBCL after 2 prior therapies.*’

Strategic Opportunities

Rare NHL

Novel therapies are needed to advance outcomes in PMBCL and obviate the need for
mediastinal radiation therapy for patients that cannot be cured with chemotherapy alone.

A role for checkpoint inhibition in upfront therapy in PMBCL is also an essential
unanswered question. COG is leading a NCTN-wide phase 3 trial evaluating the addition of
nivolumab to standard chemo-immunotherapy in children and adult patients with newly
diagnosed PMBCL (ANHL1931). This trial was designed in collaboration with adult
cooperative groups. The primary objective is to compare PFS in response to standard
chemo-immunotherapy vs. chemo-immunotherapy + nivolumab. This trial will also allow
us to address several key remaining questions in PMBCL. We will be collecting imaging
data to determine the role of interim and end-of-therapy PET-CT in determining outcome.
Peripheral blood is being collected to evaluate the role of circulating tumor DNA in
defining molecular subtypes and predicting outcome. Tumor specimens are also being
banked to evaluate the molecular biology of PMBCL. Lastly, we are planning to include
patient reported outcomes to determine the impact of chemotherapy and immune checkpoint
blockade on health-related quality of life. This trial is not only addressing unmet needs in
PMBCL, but has also created a model for successful collaboration between pediatric and
adult oncology groups to advance outcomes in adolescents and young adults.

State of the Disease

Rare NHL encompasses a range of over 20 tumors that together comprise less than 5% of all
NHL diagnoses in pediatric and adolescent patients. The most relevant diseases to pediatric
oncology are pediatric follicular lymphoma (pFL) and pediatric nodal marginal zone
lymphoma (pNMZ) derived from B cells; and peripheral T cell lymphoma not otherwise
specified (PTCL-NOS) and subcutaneous panniculitis-like T cell lymphoma (SPTCL),
derived from T cells. NHL from NK cells and rarer forms of T and B-cell lymphomas also
exist; some associated with EBV. Some of the extremely rare NHL that have been reported
in the pediatric population include primary cutaneous T-cell lymphoid proliferations (e.g.
mycosis fungoides, lymphomatoid papulosis, and primary cutaneous ALCL), hepatosplenic
gamma-delta T-cell lymphoma, primary cutaneous gamma-delta T-cell lymphoma, extra-
nodal NK/T-cell lymphoma (nasal-type), T/NK-cell chronic active EBV, and the systemic
EBV+ T-cell lymphoma of childhood. Staging is done by Murphy or International NHL
staging, except SPTCL which is staged with a tumor/node/metastasis (TNM) approach.*8
Current outcomes are excellent for pFL and pnMZL.4950 For rare peripheral (i.e. mature)
T-cell lymphomas, representing a heterogeneous group of histologies, the literature reports a
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5 year EFS from 47 +/- 7% and OS 56 +/- 7% and 5 year EFS from 61 +/- 11% and OS 65
+/- 11%.5152 Relapses occur early typically within a year of diagnosis. Five year EFS and
OS for SPTCL is 74 +/-12% and 78 +/-1%.52 COG efforts in biological and clinical studies
focus on the most common diseases with poorer EFS and OS.

Recent Findings

Results from the ECHELON-2 randomized Phase 3 placebo controlled trial using BV with
CHP in adults with mature T-cell lymphomas demonstrated improved EFS and OS in all
histologies with a median of 25% CD30 expression.>3 The ANHL12P1 trial for CD30+
ALCL demonstrated that the toxicity profile of ALCL99 backbone chemotherapy with
BV was very similar to that of ALCL99 chemotherapy alone.30 We are considering a
PTCL-NOS arm with an upcoming ALCL protocol.

There is no standard therapeutic approach to SPTCL. A germline HAVCRZ mutation
involving T cell immunoglobulin mucin 3 (TIM3) was associated with some cases of
SPTCL, and patients with HAVCRZ mutations have a higher frequency of presenting with
HLH that may be treatable with immune suppression.5#55 The Rare NHL subcommittee
and NHL committee propose a panel of genomic studies on all rare NK/T cell lymphomas,
including specifically.

Strategic Opportunities

Rare NHL strategic priorities are: (1) developing therapies in a clinical trial setting for
common, poor outcome, rare NHL leveraging completed trials for similar diseases with
biologic and safety justification; and (2) leveraging clinical trial enroliments to obtain
samples for genomic studies thus opening opportunities for targeted therapies, de novo or
extrapolated from clinical studies in adult patients. Further, the umbrella biology protocol
Project EveryChild (APEC14B1) facilitates biological investigations to inform opportunities
for targeted and personalized therapies for patients with rare cancers, including NHL.

Langerhans Cell Histiocytosis

State of Disease

Langerhans cell histiocytosis (LCH) is a myeloid disorder. Recognition of LCH as a
hematologic neoplastic disorder and the unmet need of CAYA with LCH supported inclusion
of LCH in COG, and assignment to the NHL committee was based largely on physician
phenotype. LCH is arises in 5 children per million annually.>® Clinical manifestations vary
and can range from self-resolving unifocal skin or bone lesions to disseminated disease
with multi-organ failure.5” Classification into high vs. low-risk disease is dependent on the
presence or absence of ‘Risk Organ’ involvement (e.g. liver, spleen, and/or bone marrow),
reflecting risk of death.58 A subset of LCH patients (5-25%) will develop a debilitating and
progressive neurodegeneration (LCH-ND) that can arise many years after presumed control
of systemic disease®®. Mutually exclusive somatic activating mutations in mitogen-activated
protein kinase (MAPK) genes (primarily BRAF (BRAF-V600E) and MAPZKI) cause
persistent MAPK activation in myeloid precursors that drive formation of inflammatory
LCH lesions.57:60.61

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 September 01.
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The standard of care for newly diagnosed multisystem LCH (vinblastine/prednisone per the
Histiocyte Society LCH 111 protocol) cures fewer than 50% of patients.58 While salvage
and survival rates are high for low-risk disease, treatment failure and repeated treatment
courses are associated with significant morbidity.52 In LCHIII, 15% of high-risk patients
ultimately died.58 Optimal therapy for recurrent or refractory disease remains undefined.
Historically, salvage therapies such as high-dose nucleoside analogs and allogeneic HSCT
have been effective for treating refractory or recurrent high-risk disease, but are associated
with significant morbidity and high treatment-related mortality.63.64 Case series report
promising responses from lower-dose nucleoside analog monotherapy for relapsed and
refractory LCH.65-67

Recent Findings

The landscape for treating LCH is rapidly changing due to identification of targetable
activating MAPK mutations. Early studies in adults demonstrate very high metabolic
response rates and clinical improvement in adults with LCH and related Erdheim-Chester
disease with BRAFV600E and MEK inhibition.58-71 Pediatric series demonstrate similar
promising responses.’273 However, despite high response rates, MAPK pathway inhibition
alone does not appear to be curative.”3-75

Strategic Approach

The LCH community has missed out on decades of investigation that have catalyzed
dramatic improvements in other blood cancers through COG. Identification of LCH as

a bona fide myeloid neoplastic disorder led to development of the recently opened
ANHL2121, the first LCH-specific clinical trial to be opened within COG. ANH2121

will evaluate the response rate and tolerability of a pan-RAF inhibitor (tovorafenib) for
relapsed and refractory LCH and will establish a platform for LCH clinical trials in COG.
Improving outcomes requires prospective clinical trials to optimize risk-adapted front-line
and salvage therapies. Potential approaches may include combination MAPK inhibition
with chemotherapy, checkpoint inhibition?8, BH3 inhibition’”:"8, or other targeted therapies.
Further, preventing and effectively treating LCH-ND remains a major unmet need.

Conclusions

The goal of the COG NHL Committee is to identify optimal cures for every child and young
adult with NHL (and LCH). Improvements in survival in NHL over the past 5 decades

align with the overall success of the cooperative trial model. However, further advances

will require creative solutions. Major remaining challenges include survival for relapsed

and refractory disease and long-term morbidity in NHL survivors. Potential solutions
include optimizing study groups to account for rare populations (e.g. adult/pediatric
collaboration); biology-based eligibility (e.g. NCI-COG MATCH); alternative endpoints
(e.g. patient reported outcomes); facilitating international collaborations; and incentivizing
coordinated correlative biology. Finally, implementing the most effective treatments globally
will ultimately be essential to impact 80% of children and young adults with lymphoma who
live in lower- and middle-income countries.”®-80
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Figure 1. NHL and L CH Histology
[A] BURKITT (Burkitt lymphoma): The neoplastic cells are intermediate-sized and uniform

with round to squared-off borders. The nuclei have one to multiple small nucleoli, and there
are tingible body macrophages and abundant apoptotic cells in the background. H&E stain.
Original magnification 400x.

[B] DLBCL (diffuse large B-cell lymphoma): The neoplastic cells are large with a moderate
amount of cytoplasm, irregular to lobulated nuclei, vesicular chromatin, and variably
prominent nucleoli. H&E stain. Original magnification 400x.

[C] M-PTLD/DLBCL (monomorphic post-transplant lymphoproliferative disorder with
DLBCL histology): The neoplastic cells are intermediate to large with open chromatin and
variably prominent nucleoli. There are small lymphocytes and occasional plasma cells in the
background. H&E stain. Original magnification 400x.

[D] PMBCL (primary mediastinal B-cell lymphoma): The neoplastic cells are intermediate
to large with cleared out cytoplasm. There are thin bands of collagen fibrosis in the
background. H&E stain. Original magnification 400x.

[E] B-LBL (B-cell lymphoblastic lymphoma): The neoplastic cells are slightly larger than

a normal lymphocyte and have open, pale chromatin and round to slightly irregular nuclear
contours. H&E stain. Original magnification 1,000x.

[F] T-LBL (T-cell lymphoblastic lymphoma): The neoplastic cells are slightly larger than

a normal lymphocyte and have open, pale chromatin and irregular nuclear contours. H&E
stain. Original magnification 1,000x.

[G] ALCL (anaplastic large cell lymphoma): Cells are large and pleomorphic with variably
prominent nucleoli. A horseshoe-shaped “hallmark” cell is present near the middle of the
image. H&E stain. Original magnification 400x.

[H] LCH (Langerhans cell histiocytosis): Langerhans cells show abundant cytoplasm and
nuclei with folds and occasional longitudinal grooves. H&E stain.
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