1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Br J Haematol. Author manuscript; available in PMC 2019 December 06.

-, HHS Public Access
«

Published in final edited form as:
Br J Haematol. 2019 June ; 185(6): 1021-1042. doi:10.1111/bjh.15764.

Childhood, adolescent and young adult non-Hodgkin lymphoma:
current perspectives

Mitchell S. Cairol, Auke Beishuizen?:3

1Departments of Pediatrics, Medicine, Pathology, Microbiology& Immunology, and Cell Biology &
Anatomy, New York Medical College, Valhalla, NY, USA 2Division of Paediatric Haemato-
Oncology, Princess Maxima Centre for Paediatric Oncology, Utrecht 3Department of Paediatric
Oncology/Haematology, Erasmus MC - Sophia Children’s Hospital, Rotterdam, The Netherlands

Summary

The 6th International Symposium on Childhood, Adolescent and Young Adult (CAYA) Non-
Hodgkin Lymphoma (NHL) was held in Rotterdam, Netherlands, 26—-29 September, 2018. This
summary manuscript is a perspective on the presentations from the plenary scientific sessions,
including wellness and survivorship, B-cell NHL, AYA lymphoma, translational NHL biology,
lymphoma immunology, bone marrow transplantation and cell therapy, T/Natural Killer cell
lymphoma, anaplastic large cell lymphoma, lymphoblastic lymphoma, novel lymphoma
therapeutics and Hodgkin lymphoma. The symposium was attended by over 260 registrants from
42 different countries and included young, middle and senior investigators. Finally, the Angelo
Rosolen, MD, Memorial Lecture was delivered by Alfred Reiter, MD.
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Wellness and survivorship after diagnosis and treatment of CAYA NHL

The implementation of risk adapted therapy in CAYA with newly diagnosed NHL has
catapulted the overall survival (OS) rates to greater than 80-90% during the past 25-30
years (Cairo & Pinkerton, 2016). With these increases in OS in CAYA with NHL these
results have facilitated the opportunity to investigate the long-term effects of prior
chemoradiotherapy. Several investigators from the Childhood Cancer Survivor Study
(CCSS) and St. Jude Lifetime Cohort (SILIFE) have identified significantly increased risks
in CAYA NHL survivors, including chronic health conditions, secondary neoplasms and
increased mortality secondary to non-neoplastic aetiologies (Leung et a/, 2001; Bluhm et a/,
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2008; Ehrhardt et a/, 2018a,b). It is currently estimated that there will be approximately
35,000 CAYA survivors of NHL by the year 2020 (Ehrhardt et a/, 2018a).

The CCSS cohort consists of approximately 36 000 survivors of multiple paediatric and
adolescent malignancies including NHL and has been comparing long-term outcomes of this
cohort with both sibling cohorts and age- and gender-matched controls from the general
population treated between 1970-1999 and sub-comparisons between 1970-1979 vs. 1980-
1989 vs. 1990-1999 years of treatment (Armstrong ef af, 2016).

While there has been a decrease in these late effects over each of the above 10-year cohorts,
there is still a significant increase in late mortality from all causes, recurrence/progression
and health-related causes (Fig 1A-C) compared to control populations, respectively
(Armstrong et al, 2016). Among 1085 childhood and adolescent NHL survivors, there was a
3-9-fold (95% confidence interval [Clgs] 2—6-5-7) increased risk of developing a second
neoplasm with a more significant risk within females (2—2-fold increase) (Clgs 1-0-5-2) and
those with a mediastinal primary neoplasm (4-6) (Clgs 1-6-12-5) (Bluhm et a/, 2008).
Among 928 childhood and adolescent NHL survivors in the CCSS cohort, there was a
significant increase in Grade 1-4 and grade 3 or 4 chronic health conditions versus their
sibling comparison group (relative risk [RR] 3—-2 and 6-8, respectively) (Fig 2A) (Oeffinger
et al, 2006). The SJLIFE childhood and adolescent cancer survivor cohort, consisting of
approximately 8300 patients diagnosed between 1962-2012, consists of all cancer diagnoses
and includes approximately 440 NHL survivors (Bhakta ef a/, 2017). Reporting for the
STLIFE NHL survivor cohort Bhakta ef a/ (2017) conveyed a significant increase in grade
1-5 chronic health conditions (Fig 2B) and cumulative burden of chronic health conditions
for survivors compared to the general population based community controls (Fig 2C).

Significant cause of late mortality in children and adolescent NHL survivors include
secondary malignancies, cardiomyopathy and pneumonia. Significant late morbidity also
includes defects in neurocognitive function, poor health quality of life and lower social
attainment (Armstrong et a/, 2016). Similarly, in a smaller cohort of children and adolescent
lymphoma survivors, Hochberg et a/ (2018a) reported significant decrease in working
memory, executive function, fine motor skills, emotional quality of life and body image.

In summary, children and adolescent NHL survivors are at significant risk of late mortality
from secondary neoplasms, recurrent/progressive disease and chronic health conditions, and
late morbidity of multiple organ systems and poor health-related quality of life. These risks
are similar to other long-term risks of childhood and adolescent acute lymphoblastic
leukaemia (ALL), Wilms tumour and Hodgkin lymphoma (HL) survivors (Oeffinger et a/,
2006). Novel approaches are required to reduce the burden of late morbidity and mortality in
childhood and adolescent NHL survivors and methods to identify at-risk patients who are at
significantly increased risk of these complications.

B-cell NHL in CAYA

The prognosis has improved dramatically in the last 30 years for CAYA with mature B-cell
NHL (Bhakta et al, 2017; Hochberg et a/, 2018a), with a 2-year OS of approximately 90%
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(Cairo & Pinkerton, 2016; Giulino-Roth & Goldman, 2016). The introduction of rituximab
in risk-adapted chemotherapy regimens for intermediate and high risk B-cell NHL has been
safe and well tolerated in children and adolescents and appears to significantly increase the
event-free survival (EFS) in children and adolescents with B-cell NHL (Fig 3) (Goldman et
al, 2013, 2014; Cairo & Pinkerton, 2016; Giulino-Roth & Goldman, 2016; Frazer et a/,
2018). However, there is a dismal prognosis (£25% OS) in children and adolescents with B-
cell NHL who relapse or progress off of frontline chemotherapy regimens (Cairo et a/,
2018).

During the symposium, Goldman et a/reported 100% EFS/OS in intermediate risk group
patients with newly diagnosed B-NHL by the introduction of rituximab and intrathecal
liposomal Ara-C concomitant with a significant reduction in the total anthracycline dose
utilising a French-American-British (FAB) B4 chemotherapy backbone in the Reduce The
Burden of Oncologic Therapy (REBOOT) trial (Fig 4) (Patte et a/, 2007; Goldman et a/,
2018). Attarbaschi (2018) reported the outcomes of rare subtypes of B-NHL, comprising
less than 5% of all B-cell NHL in children and adolescents, including paediatric type
follicular lymphoma (FL) nodal and extranodal marginal zone lymphoma (NMZL and
EZML) grey zone lymphoma (Attarbaschi, 2018). In children and adolescents with FL and
NMZL, a watch and wait approach after biopsy, surgery and diagnosis yielded a 100% OS,
together with a 5-year EFS of approximately 7% in a small subgroup of patients with
primary central nervous system (CNS) lymphoma (PCNSL) (N =68), utilizing
predominantly Berlin-Frankfurt-Munster (BFM) B-NHL regimens% (Attarbaschi, 2018).

Shipp (2018) reported on new promising targets in both PCNSL and primary testicular
lymphomas (PTL). PCNSL and PTL have a high a high frequency of 9p24.1, programmed
cell death protein 1 (PD-1, also termed PDCD1) ligands (PD-L1 [CD274]/PD-L2
[PDCD1LG2]) copy number activators and infrequent translocations (Fig 5) (Monti et al,
2012; Chapuy et al, 2016). Most importantly, Nayak et a/(2017) reported on the success of
nivolumab, a PD-1 blocker, in 5 patients with relapsed/refractory PCNSL and PTL, resulting
in 4 complete responses (CRs) and 1 partial response (PR) (100% overall response [OR]). A
current trial is underway investigating the safety and efficacy of nivolumab in relapsed/
refractory PCNSL and PTL (CA 209-647) (Nayak et a/, 2017). Additionally, targeting the
Bruton tyrosine kinase (BTK) in PCNSL has also shown promise as a unique target in this
disease (Lionakis et a/, 2017).

Lastly, Siebert (2018) reported results of differential DNA-methylation of Burkitt lymphoma
(BL) versus other B-cell lymphomas, including germinal centre B-cell like diffuse large B-
cell lymphoma (GCB DLBCL) and FL (Kreck et al, 2013; Kretzmer et al, 2015; Siebert,
2018). Kretzmer et al (2015) demonstrated significant overexpression of mutant SMARCA4
and differentially methylated regions (DMR) in BL versus other B-cell lymphomas. These
abnormalities on the DNA-methylome in BL suggest mechanisms of both lymphomagenesis
and also potential future targets for therapy. Finally, Hussain et a/ (2018) reported that
Ubiquitin C-terminal hydrolase L1 bypasses mechanistic target of rapamycin kinase
(mTOR) to promote protein synthesis and facilitate MY C-induced lymphomagenesis.
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Mature T and natural killer (NK) cell neoplasms excluding anaplastic large
cell ymphoma (ALCL) in CAYA

The prognosis in CAYA with advanced (Stage 111/1VV) mature T and natural killer (NK) cell
neoplasms, excluding ALCL, is significantly lower than other NHL in CAYA and is
estimated to have a 5-year EFS <50% (Cairo & Pinkerton, 2016; Pillai et a/, 2016; Suzuki,
2018; Termuhlen, 2018; Yang et a/, 2018). Mature T and NK cell neoplasms can be divided
into two major subtypes, NK cell, commonly associated with Epstein-Barr virus (EBV), and
T cell, either peripheral T-cell lymphomas (PTCL) not otherwise specified or subtypes of
PTCL.

Extranodal NK lymphoma (ENKL) is significantly more common in Asian countries
compared to Europe and North America (Suzuki, 2015; Cairo & Pinkerton, 2016). The
introduction of the SMILE regimen (Steroid [dexamethasone], Methotrexate, Ifosphamide,
Etoposide and L-Asparaginase) has induced overall response rates (ORR) of approximately
80% and 2-year OS of approximately 50% in adults with newly diagnosed advanced ENKL
(YYamaguchi et a/, 2017). More recently, Kwong et a/(2017) demonstrated that ENKL
express PD-L1 and in relapsed/refractory EBV+/PD-1+ ENKL adult patients, an anti-PD-1
antibody, pembrolizumib, has been associated with an 85% ORR.

Subtypes of advanced PTCL, including angioimunoblastic T-cell lymphoma (AITL) and
hepatosplenic gamma/delta T-cell lymphoma and enteropathy-associated T-cell lymphoma
(EATL) have a dismal outcome, especially in patients with advanced and/or refractory
disease (Pillai et a/, 2016). Novel agents under investigation for PTCL and PTCL subtypes
include pralatrexate and brentuximab vedotin. Patients with advanced and/or refractory
PTCL and specific subtype who are found to obtain a CR/PR after induction therapy often
proceed to an autologous or allogeneic stem cell transplant (Termuhlen, 2018). The results
are significantly improved in patients who proceed to bone marrow transplantation (BMT) in
first CR or PR (Fig 6) (Kim et a/, 2013). An international upfront trial investigating a cohort
of CAYA patients with advanced NK/T lymphomas is underway to test the safety of
induction chemoimmunotherapy followed by a reduced toxicity allogeneic stem cell
transplant (NYMC-575, NCT03719105) (Fig 7) (A. Xavier, MD, University of Alabama,
personal communication).

CAYA translational NHL biology

Over the past two decades there has been a steady increase in translational investigations in
CAYA NHL. One of the more novel innovations in the last two decades is the precise
measurement of minimal residual disease (MRD) and minimal disseminated disease (MDD)
in patients during treatment and at diagnosis, respectively (Shiramizu et a/, 2016).
Established methods of leukaemia detection have included flow cytometry of aberrant
phenotypes, polymerase chain reaction of fusion transcripts and/or antigen receptor genes
(Shiramizu et a/, 2016). Recently, MDD and MRD analysis has been demonstrated to be
associated with risk assessment and prognostication in children and adolescents with NHL
(Damm-Welk et al, 2007; Agsalda et al, 2009; Coustan-Smith et a/, 2009; Mussolin et al,
2011; Shiramizu et a/, 2016). Therefore, MDD and MRD evaluations have been
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incorporated into the International Paediatric NHL Staging Classification (IPNHLSC) and
International Paediatric NHL Response Criteria (IPNHLRC) (Rosolen et a/, 2015; Sandlund
et al, 2015).

Scherer et a/ (2018) and Mussolin (2018) reported new methodologies to detect NHL
circulating tumour DNA (ctDNA) by high throughput sequencing (HTS), cancer
personalizing profiling by deep sequencing (CAPP-Seq), detection of circulating fragments
of tumour DNA (cfDNA) and vesicles combining tumour RNA and DNA circulating
exosomes. Utilizing ctDNA methodologies, Kurtz et a/ (2018) demonstrated that adult
DLBCL patients with high levels of MDD at diagnosis by ctDNA analysis had a
significantly decreased EFS (Fig 8). Furthermore, the same group also demonstrated that
early molecular response by measurement of ctDNA levels by CAPP-Seq was significantly
associated with 2-year EFS and OS in adult patients with newly diagnosed DLBCL (Fig 9)
(Kurtz et al, 2018).

In 2016, the World Health Organization (WHO) designated a subtype of FL as paediatric-
type FL (Quintanilla-Fend, 2018). Earlier, Salaverria et a/ (2011) had identified a subgroup
with grade 3 paediatric-type FL with /RF4 translocations presenting predominantly in the
head and neck region, including Waldeyer ring, with limited stage disease and a 5-year OS
of 100% (Salaverria et al, 2011). /RF4 translocations can also be demonstrated with diffuse
large B-cell morphology. More recently, Schmidt et a/ (2016) demonstrated, by genome-
wide analysis, low genetic complexity and recurrent alterations in the 7NVFRSF14 gene in
paediatric-type FL (Fig 10). More recently, this same group also demonstrated MAP2K1
mutation in approximately 49% of paediatric-type FL, such that 81% of children and
adolescents with paediatric-type FL carry either a TNFRSF14 and/ or MAPZK1 mutation
(Schmidt et a/, 2017).

Lymphoma, immunology, BMT and cell therapy in CAYA

The prognosis of CAYA with relapsed/refractory mature B-NHL and T-lymphoblastic
lymphoma (LBL) is dismal, with an estimated OS of <30% (Burkhardt ef a/, 2009; Cairo &
Pinkerton, 2016; Cairo et a/, 2018). The prognosis in CAYA with relapsed/refractory ALCL
is significantly better and is influenced by time of relapse and presence or absence of CD3
expression (Woessmann et a/, 2011). Woessmann (2018) reviewed the results of blood and
stem cell transplantation in children and adolescents with relapsed refractory NHL. The
same group reported significant differences in survival with the following variables:
histology, time or relapse/ progression from original diagnosis, intensity and efficacy of
original therapy, response to reinduction therapy at time of stem cell transplantation and type
of stem cell transplant (autologous versus allogeneic) (Woessmann et af, 2011).

Gardenswartz et a/ (2018) presented the results of 13 relapsed/refractory CAYA with mature
B-NHL (8 BL, 3 DLBCL, 2 primary mediastinal B-cell lymphoma, PMBL) who received
reinduction therapy, myeloablative autografts utilizing cyclophosphamide, BCNU
(carmustine) and etoposide (CBV) conditioning and reduced intensity allografts (7 of whom
received radioimmunotherapy prior to with Zevalin®) who had a 91% 5-year EFS,
improving previously reported results by Satwani ef a/ (2015) (Fig 11). With respect to
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CD19 CAR T cell therapy, two presentations were reported at the symposium (Nakamura,
2018; Rivers et a/, 2018). Nakamura (2018) discussed the current limitations of CD19 CAR
T cell therapy in adults with DLBCL, including short CAR T cell persistence, excessive T-
cell exhaustion following ex vivo expansion, inability to re-stimulate CD19 CAR T cells
after relapse and the risk of graft-versus-host disease (GVHD) in patients with a prior
allograft. Nakamura et a/(2016) previously demonstrated the safety and immunogenicity of
a cytomegalovirus (CMV) vaccine (CMVPepVax) in adult allograft recipients. Nakamura
(2018) further reported a novel trial of isolating and manufacturing CD19 CAR T cells that
were CMV reactive by the Prodigy Cytokine Capture System (CCS) and infusing CMV
reactive CD19 CAR T cells in adults with relapsed/refractory CD19+ DLBCL followed by
CMV vaccine at approximately 30 and 60 days after both auto and allografts (Nakamura,
2018). This novel approach will potentially circumvent low persistence and CAR T cell
exhaustion. Lastly, Rivers et a/(2018) presented their early results with CD19 CAR T cells
in children and adolescents with relapsed/refractory CD19+ mature B-NHL, demonstrating
approximately 50% ORR but few long-term remissions.

Adolescent and young adult NHL and HL

Adolescents and young adults (AYA) comprise an age range of 15-39 years. This age period
shows a high change in frequency of different lymphoma types (Fig 12). Differences in
epidemiology, disease characteristics, tumour biology and treatment response highlight AYA
as a distinct group from younger children and older adults with NHL and HL. The incidence
of both NHL and HL is approximately 14% of cancer diagnosis in the AYA group and is
found more often in males compared to females (Fig 12) (Brugieres & Brice, 2016;
Howlader et a/, 2017; Hochberg et a/, 2018b). DLBCL, BL, LBL and ALCL are the most
common subtypes among AYA, with FL increasing in prominence in patients aged 30-39
years (Jaglowski et a/, 2009). Survival in both disease groups have improved during the last
three decades. Currently, NHL and HL patients have a 5-year survival of 75 and >90%,
respectively, depending on the different entities, see Fig 13 (Gatta et a/, 2009; Brugieres &
Brice, 2016; Hochberg et a/, 2018b; Trama et a/, 2018). These excellent results have been
obtained with therapies causing acute and long-term toxicities. The challenge now is to
develop treatment strategies aimed at reducing these early and late toxicities and maintain
these high cure rates. Moreover, patients with high risk of failure requiring new strategies,
including targeted therapies, must be identified. Evaluation of treatment outcomes in the
AYA population is limited due to variation in staging methodologies, depending on disease
subtypes and tumour biology, causing differences in response to therapy. Moreover, no trials,
including a representative AYA-population, are currently underway. Historically, they are
either included in adult trials or in trials for children.

During the symposium, the epidemiology and outcome of AYA with NHL and HL was
discussed. Flower (2018) stated that AYA are increasingly recognised as a unique population
among patients with NHL and HL. Classical HL has a bimodal age distribution and peaks
during the AYA period, making it the most common haematological malignancy among 15-
to 29-year olds (Bleyer et a/, 2006). High-risk features, including stage 111/1V disease, bulk
and extra nodal involvement are prominent among AYA with classical HL in comparison to
younger children and older adults (Bigenwald et a/, 2017). Currently, no established
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standards of care for AYA with NHL or HL exist. AYA focused programmes dedicated to
specific challenges in the diagnosis, treatment and survivorship of malignancies in this age
group are developing internationally. Early recognition, development of and enrolment in
clinical trials, and consideration of pharmacodynamic variability, fertility, psychosocial
barriers and compliance are essential to improving outcomes of lymphoma in the AYA
population.

Ansell et al (2015) showed that several immune cells are present in the HL
microenvironment. Although these cells have the ability to inhibit the growth of malignant B
cells and even eradicate the malignant clone, these intra-tumour immune cells are typically
unable to suppress the lymphoma cell, resulting in patients with clinical evidence of tumour
progression. Recent data from adult lymphomas have identified some of the mechanisms
that account for the suppressed anti-tumour response and have created opportunities for
treatment to overcome the deficiencies (Roemer et a/, 2016, 2018), particularly in PMBL
and grey zone lymphoma, which share overlapping clinical features of DLBCL and HL,
PCNSL and PTL, and result in high PD-L1 and PD-L2 expression. The latter two are rare
lymphomas in AYA. While the normal immune response can be blocked by stimulating
immune checkpoint receptors, such as PD-L1, immune checkpoint inhibitors can overcome
this blockade, reversing immune suppression and improving T cell function. Genetic
amplification and copy humber gain of the chromosomal 9p24.1 gene region in tumour cells
results in increased PD-L1/2 expression, causing a downregulation of the T cell response
and is associated with response to these immune checkpoint inhibitors (Roemer et al, 2016,
2018). Blockade of inhibitory signals via PD-L1 has resulted in significant clinical activity
by allowing intra-tumour T cells to remain activated and target malignant cells. This has
resulted in remarkable response rates in HL (Ansell et a/, 2015; Ansell, 2017). Other NHL
show a more modest response (Chen et af, 2013; Nayak et a/, 2017). In the subset of patients
with low response rates, combination approaches (such as ipilimumab and nivolumab or
rituximab and pembrolizumab in DLBCL and the combination of brentuximab and
nivolumab in HL) are being explored, some of which appear promising.

Hochberg (2018) emphasised the significant cost of high cure rates in the form of delayed
effects of therapy, such as secondary malignancies, cardiac toxicity and infertility. She stated
that various strategies, such as positron emission tomography scan-based treatment
responses, have been developed to address the challenge of maintaining current OS while
minimizing long-term morbidities. Personalised therapy is needed, based on risk factor
assessment, response-based therapy adaptations and incorporation of new agents with
improved toxicity profiles to upfront therapy protocols. Brentuximab vedotin could be such
a new agent. It is a CD30-targeted antibody conjugated to monomethyl auristatin E, an anti-
tubulin agent which selectively induces apoptosis. CD30 is a highly expressed cell surface
antigen on HL Reed-Sternberg (RS) cells. Pivotal studies have demonstrated the efficacy of
brentuximab vedotin in relapsed/refractory HL and ALCL in adults (Younes ef a/, 2010) and
recently in children (Locatelli et a/, 2018). Superior results were also shown in the recent
ECHELON-1 randomised trial in patients with previously untreated advanced stage HL
(Connors et al, 2018). This has led to US Food and Drug Administration approval for
brentuximab vedotin for use in combination with chemotherapy as a frontline treatment for
adult patients with stage I11 or IV HL. A second new agent could be rituximab, an anti-CD20
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monoclonal antibody, which showed its value in combination treatment of HL, although
most Hodgkin RS cells lack CD20 expression (Younes et al, 2012). The explanation is
possibly the circulation of clonotypic B cells in most patients with HL, which can be found
in the tumour microenvironment. It remains to be seen if the efficacy of additional rituximab
will be maintained long-term.

Xavier and Costa (2018) showed that nonbiological factors, such as lack of insurance or
Medicaid insured status and lower income, are associated with increased mortality in AYA
lymphomas.

Chen and Yang (2018) showed clinical features and treatment outcome of childhood
PMBCL in Taiwan. The treatment outcome seemed as good as in the Western countries,
although long-term follow-up is needed (Chen & Yang, 2018).

Anaplastic large cell ymphoma

ALCL accounts for approximately 10-15% of all NHL in children and more than 90% of
these cases are anaplastic lymphoma kinase (ALK) positive (Brugieres et a/, 2009; Turner et
al, 2016). ALCL is also characterised by aberrations in the ALK gene, most often occurring
as a nucleophosmin (NMPM1)-ALK translocation, t(2;5) (p23;935) (Turner et a/, 2016). The
primary cutaneous form is characterised by solitary, often ulcerated skin tumours (Willemze
et al, 2005). Most patients with systemic ALCL present at advanced stages (stages I11-1V)
with peripheral intra-abdominal or mediastinal lymph node involvement frequently
associated with B symptoms and extra-nodal spread, including skin, liver, lung, soft tissue
and bone localization (Brugieres et a/, 2009). ALCLs are known as PTCLs based on
expression of one or more T-cell antigens (Lamant ef a/, 2011). Most cases express also the
cytotoxic associated-antigens TIA1, granzyme B and perforin. It is therefore considered that
peripheral cytotoxic T cells are the cell of origin of ALCL, although recent research calls
this into question. Identification of the tumour-propagating cell or cancer stem cell for
ALCL identified a gene signature characteristic of an early thymic progenitor within this
distinct cellular subset (Moti ef af, 2015).

Willemze (2018) showed an extensive overview of the primary cutaneous ALCL (C-ALCL)
and other primary cutaneous CD30+ T-cell lymphoproliferative disorders (CTCL) in AYA.
He stated that CTCL usually affect adults and are rare in children and adolescents. In the
Dutch Cutaneous Lymphoma Registry, C-ALCL, lymphomatoid papulosis and mycosis
fungoides variants account for 70%, 20% and 10% of childhood and adult cases,
respectively (Willemze, 2018). The first two conditions show overlapping clinical,
histological and phenotypical features and form a spectrum of disease. Both have the same
favourable prognosis as their adult counterparts. C-ALCL usually does not carry the t(2;5)
and is ALK negative. Local radiotherapy and surgical excision are the first choice of
treatment. An expectant policy is followed when lymphomatoid papulosis is diagnosed. For
cosmetically-disturbing lesions, low dose oral methotrexate should be considered or
psoralen and ultraviolet A therapy. Children with mycosis fungoides usually present with
early patch/plaque stage disease with nearly no progression to advanced stage disease.
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Children should be treated with topical steroids or psoralen and ultraviolet A. Recurrences
after treatment often occur.

Lim (2018) provided details of novel pathways of oncogenesis in ALCL and showed that
novel insights have been gained by leveraging mass spectrometry-based phosphoproteomics,
N-glycoproteomics and genomics to elucidate the numerous ALK-driven pathways that
contribute to oncogenesis as well as acquired resistance to ALK inhibitor 9 (Fig 14). An
example is the identification of IL-31Rp, a cytokine receptor, exclusively expressed in ALK
+ALCL cell lines, by N-glycoproteomics and regulated by ALK through transcription
(Rolland et al, 2017). That this protein could be a relevant therapeutic target in ALK-positive
ALCL was emphasised in a xenograft model, which showed that tumour growth was in
ALK-positive ALCL depleted of IL-31Rp by RNAI (Rolland ef a/, 2017). Lim (2018) also
showed the elucidation of various ALK-regulated immune surveillance mechanisms.

Turner et al (2016) reported a model in which ALK-positive ALCL originates in the thymi
of children (Fig 15). This concept was based on several findings in mouse models. NPM-
ALK induces a transient arrest in CD4, CD8 double negative cells (DN), a critical point in
thymic T-cell development at which successfully rearranged T-cell receptor (TCR) b chains
signal cell survival and permit differentiation (Fig 15). Investigations of TCR
rearrangements in patient ALCL samples are supportive of aberrant events occurring in the
thymus not normally permissive of thymocyte survival and differentiation towards mature T
cells, suggestive of NPM-ALK presence in the thymus (Malcolm ef a/, 2016). These cells
escaping from thymus in the mouse model was partly due to the TCR down-regulation
during lymphomagenesis, because normally a TCR of some form appeared to be needed for
thymic exit. Turner et a/ (2016) stated that an intricate balance of the overall consequences
of signal transduction whether mediated by NPM-ALK or an engaged TCR, is critical for
tumour development. Lovisa et a/ (2018) presented comprehensive characterization of
plasma-derived exosomes in childhood ALCL: MIR122-5p, MIR103a-3p and MIR223-3p
represent promising biomarkers of ALCL behaviour and might be used to improve
diagnosis, treatment and patient prognosis. de los Fayos Alonso et a/ (2018) examined the
function of PDGFRB in ALCL. It was shown that loss of PDGFRB leads to decreased
tumour development and dissemination in a CD4-NPMI1-ALK mouse model via modulation
of the signal transducer and activator of transcription (STAT)-signalling pathway (de los
Fayos Alonso et af, 2018). Ducray et a/ (2018) demonstrated that NPM1-ALK directs
expression of the nuclear protein BRG1, which forms a complex that enables cellular
survival; inhibitors of BRG1 could represent a novel target for treatment of ALK-positive
ALCL (Ducray et al, 2018).

Novel therapeutics

The 5-year EFS for the common forms of NHL (BL, DLBCL, LBL and ALCL) that occur in
CAYA is excellent (>80%) and has improved dramatically over the last 40 years (Minard-
Colin et al, 2015; Cairo & Pinkerton, 2016). Still, the prognosis in refractory/relapsed
disease is dismal (EFS <20%). Moreover, the acute and late effects of current upfront
treatment protocols are significant (Minard-Colin et a/, 2015). Therefore, new targeted
therapies in CAYA patients with NHL could potentially reduce toxicity in newly diagnosed
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patients but, more importantly, significantly increase survival in patients with refractory/
relapsed disease. Unfortunately, new agents are difficult to explore in childhood NHL
because of the small number of patients with refractory/relapsed disease. Phase 1/11 studies
in newly diagnosed children with NHL are also difficult to undertake due to high survival
rates and can only be allowed by diminishing acute and late toxicity through replacing
current toxic agents, such as alkylating agents.

New drugs available for the different NHL entities have been summarised and several
compounds are currently under investigation pre-clinically (cell-lines and mouse models)
(Awasthi et al, 2017) and clinically, especially for B-NHL. Several new strategies employing
targeted therapy have emerged, inhibiting different signalling pathways, such as B-cell
receptor signalling (the BTK inhibitor, ibrutinib), B-cell lymphoma-2 inhibitors (Menetoclax,
Navitoclax), SYK inhibitors (Fostaminib), PI3K (Idelalisib) and Janus kinase-STAT
inhibitors (Ruxolitinib, Everolimus and Temsirolimus). Rituximab, an anti-CD20
monoclonal antibody, is the first new agent explored in childhood B-NHL. Its effectiveness
was shown in the BFM window study (Meinhardt et a/, 2010) and the Children’s Oncology
Group (COG) single-arm study (Goldman et a/, 2014). Recently, a large randomised trial in
high risk B-NHL (group B with high lactate dehydrogenase and stage IV disease), the Inter-
Ritux 2010, showed a 10% gain in EFS (83-94%) (Minard-Colin et a/, 2016). Currently,
ibrutinib is added to standard chemotherapy (R-1CE [rituximab, ifosfamide, carboplatin,
etoposide] or R-VICI [rituximab, vincristine, ifosfamide, carboplatin, idarubicin]) for
refractory/relapsed B-NHL patients aged 1-30 years in a phase /1l study (NCT02703272).
In a preclinical BL model, it was shown that ibrutinib significantly inhibited BTK
phosphorylation, in-vitro proliferation and enhanced OS (Nayyar et a/, 2018). Levine et al
(2018) showed that ruxolitinib significantly enhances /n vitro apoptosis in HL and PMBCL
and survival in a lymphoma xenograft mouse. These data show that ruxolitinib has the
potential to be an alternative targeted therapeutic agent in AYA HL and PMBCL. Ippolito et
al (2018) showed promising /n7 vitro and in vivo data concerning a dual pan-PI3K/mTOR
inhibitor (Omipalisib; GSK458) in chemo-resistant and -sensitive models of BL. Omipalisib
suppresses the PI3K/Akt/mTOR pathway, leading to induction of apoptosis, impaired cell
proliferation and exhibits synergistic /n vitro activity when combined with cytotoxic
chemotherapy (Ippolito ef a/, 2018). Another category of new drugs are the
immunomodulatory drugs that target B-NHL. These include checkpoint blockade inhibitors,
such as PD-1 receptor inhibitors, nivolumab and pembrolizumab, bi-specific T-cell engagers,
such as Blinatumomab, antibody drug conjugates, such as brentuximab vedotin and
inotuzumab ozogamicin and CD19 CAR T cells. Currently, two studies are starting to recruit
for refractory/relapsed B-NHL, the first with inotuzumab ozogamicin and the second with
CD19 CAR T-cells (A. Younes, MD, Memorial Sloan Kettering Cancer Center, personal
communication). In T-LBL fewer new agents are available (nelarabine and bortezomib) and
in development (CD5 CAR T-cells).

Lowe (2018) provided details of new agents in ALCL. Brentuximab vedotin and the ALK
inhibitors (crizotinib, ceretinib and brigatinib) changed the paradigm for this disease and
hopefully lead to less toxicity and improved outcomes. An ORR of 53% (Clgs 28-77) was
found in a phase I/1l study in refractory/relapsed paediatric ALCL patients with single agent
brentuximab vedotin (Locatelli ef a/, 2018). These data are comparable with 57% OS found
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in 74 patients treated with multi-agent chemotherapy (Woessmann et a/, 2011). Crizotinib is
an orally bioavailable small molecule inhibitor of receptor tyrosine kinases, including ALK.
As discussed earlier, ALK plays a central role in the pathogenesis of ALCL due to a
chromosomal translocation that results in expression of an oncogenic kinase fusion protein.
Crizotinib inhibits ALK phosphorylation, resulting in anti-tumour activity. ORR for patients
with ALCL treated at doses of 165 (ALCL165) and 280 (ALCL280) mg/m? were 83% and
90%, respectively (Mosse et al, 2017). Currently, we are awaiting the results from the
upfront COG study, investigating the safety of brentuximab vedotin and crizotinib in
combination with the ALCL99 backbone in stage I11-I\VV ALCL patients under 21 years of
age (NCT01979536). The brentuximab vedotin portion of this study is closed, with the
crizotinib part still recruiting. The role of checkpoint inhibitors in the treatment of ALCL is
promising, as is shown in several case reports in heavily pre-treated patients. A phase /11
study with nivolumab as a single agent in refractory/relapsed ALCL patients is under
development and will soon start recruiting.

Zwaan et al (2010) reported about the introduction of new legislation (paediatric regulation)
in Europe in January, 2007 and what it has meant for the development of new agent studies
in paediatric oncology (Fig 16). Companies were obliged to consider paediatric development
when developing a drug for which there is a potential paediatric indication. In drug
development, prioritization of drugs based on knowledge of tumour biology, molecular
‘drivers’ of disease or drug mechanism of action, and therapeutic unmet needs are key
elements and relevant to early phase paediatric trials. The large number of drugs under
development in adult NHL caused a high number of approved Paediatric Investigational
Plans (PIP). Yet, given the differences in biology between subtypes of NHL in children and
adults and the small number of relapses, this appeared to be a challenge for the academic
community (Moreno et al, 2017). Against this background, a Paediatric Strategy Forum
concerning B-NHL was held in London in November 2017, with all stakeholders involved in
paediatric drug development. Collaboration between regulators, pharmaceutical companies,
patient representatives and clinical and researcher academics led to the following
conclusions:

. priority should be directed to relapsed mature B-cell lymphomas;
. global strategy, given the small number of relapsed patients;
. antibody drug conjugates, CAR T-cells and T-cell engagers have the greatest

probability of being beneficial,

. joint leukaemia-lymphoma approach is not feasible in view of practical issues

. except for PMBCL, specific paediatric studies are needed,;

. trials for relapsed disease must integrate correlative biological studies;

. An international working group should be formed to develop a clinical trial
strategy.

An earlier Strategy Forum was held on ALK inhibitors. It was concluded that, in Europe,
ALK inhibitors should be accessible for children with ALCL, including the need for long-
term safety follow-up data, given the expected prolonged exposure, like with chronic
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myeloid leukaemia. New ALK-inhibitors should only be developed in children when they
have a clear additional utility over the existing compounds in development.

Two investigator studies, initiated by Erasmus MC, Rotterdam, were discussed: the
ITCC-059 study with the anti-CD22 directed immunoconjugate inotuzumab 0zogamicin
(Dutch Trial Registry 5736) and a study with crizotinib in combination with vinblastine in
refractory/relapsed ALCL patients (Dutch Trial Registry 5584).

Lymphoblastic lymphoma

LBL includes both precursor T-cell (T-LBL) and precursor B-cell lymphoblastic lymphoma
B-LBL). The majority (80%) is of T-cell origin (Minard-Colin et a/, 2015). The incidence of
LBL in children is high compared to the other NHL entities with a median age of onset at
around 9 years. In the AYA group the median age of onset is 25 years, with a much lower
incidence (Fig 12) (Burkhardt ef a/, 2005). T-LBL usually presents with a mediastinal mass
and advanced stage disease (stage 111 or 1V in >90% of patients) and may involve bone
marrow (25-30%) and, less often, CNS (approximately 5%) at diagnosis. B-LBL is more
likely to involve the skin, soft tissue, bone and peripheral lymph nodes and represents most
of the localised (stage | or 1) stages (Minard-Colin et a/, 2015; Cairo & Pinkerton, 2016).
The best treatment approaches for childhood advanced LBL are ALL-based therapeutic
regimens, with a four-drug induction, CNS prophylaxis with high dose methotrexate
courses, re-induction in stage I11/1V disease and a maintenance treatment to a total duration
of 2 years. Recently reported results of clinical trials show EFS probabilities of 75-80%
(Termuhlen et a/, 2013; Landmann et af, 2017).

Burkhardt et a/ stated that three clinical issues remained unsolved: with current protocols,
patients face relevant acute and long-term toxicity, the prognosis for patients who suffer
disease progression or relapse is still fatal for the majority and treatment intensity is not at
all stratified according to patient risk as validated stratification systems are lacking. Clinical
factors, such as age, gender, bone marrow or CNS involvement and B-symptoms, were not
consistently reported as prognostically relevant. Two recent publications proposed
combinations of molecular marker profiles for risk group stratification in adult T-ALL
(Trinquand et a/, 2013) and paediatric T-LBL (Balbach et a/, 2016). Trinquand et a/ (2013)
defined a genetic high-risk group by NOTCHI mutated and/or FBXW7 mutated, with RAS
and PTEN wildtype. Balbach et a/ (2016) defined a high-risk group by NOTCHI wildtype,
PTEN mutated. Based on these data and analyses of a large T-LBL cohort from the French,
Italian and BFM group a new T-LBL study has been developed (B. Burkhardt, MD, PhD,
University Children’s Hospital Munster, personal communication).

B-LBL patients are reported to present more commonly with localised disease (64%) than
with disseminated disease (Termuhlen et a/, 2012, 2013). In patients with localised B-LBL,
there was a 5-year EFS of 90% (Clgs 74-96%) and a 5-year OS of 94% (Clgg 79-99%). In
the disseminated B-LBL group, only one of 24 patients relapsed, with a 5-year cumulative
incidence of relapse of 5%. The French and BFM groups reported similar results. As such,
dose reductions for localised B-LBL are feasible. Current research approaches are focusing
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on identifying molecular markers and studying response to therapy to develop risk
stratification categories (Meyer et al, 2017).

Xu et al (2018) showed with genomic analysis that early T cell precursor (ETP)-LBL does
not exhibit a unifying genetic alteration but shows genomic features distinct from both ETP-
ALL and non-ETP-LBL. Other data indicates that IL7-induced glucocorticoid (GC)
resistance occurs in subsets of healthy thymocytes, suggesting that this is a developmentally
retained mechanism of GC resistance in T-ALL/T-LBL that arise from these developmental
stages (Meyer et al, 2018). In cells with this phenotype, GCs paradoxically induce steroid
resistance by enhancing the activity of a STAT5-mediated survival programme that can be
overcome therapeutically with Janus kinase and B-cell lymphoma-2 inhibition. T-LBL were
shown to be genetically heterogeneous, with CDKNZA as the most recurrent genetic feature
(Martin-Guerrero et al, 2018). Moreover, cases were found displaying a high degree of
genomic complexity and chromothripsis-like patterns.

In summary, the 6th International Childhood, Adolescent and Young Adult NHL symposium
increased our knowledge on the pathogenesis, novel therapeutic approaches, new potential
therapeutic targets and improved outcomes in low- and middle-income countries. We would
like to thank the superb international faculty of speakers who participated in this
international symposium (Fig 17).
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Fig 1.

Aﬁ—cause and cause-specific cumulative mortality among 5-year survivors of childhood
cancer, according to decade. Shown is the cumulative incidence of death from any cause (A),
from disease recurrence or progression (B), and from any health-related cause (C) among 34
033 patients who survived at least 5 years after childhood cancer for which treatment was
initiated during the period from 1970 to 1999. The values in parentheses are 95% confidence
intervals. The vertical dashed lines indicate 15-year mortality. P values are for the
comparisons among the three decades. From New England Journal of Medicine, Armstrong,
G.T., Chen, Y., Yasui, Y., Leisenring, W., Gibson, T.M., Mertens, A.C., Stovall, M.,
Oeffinger, K.C., Bhatia, S., Krull, K.R., Nathan, P.C., Neglia, J.P., Green, D.M., Hudson,
M.M. & Robison, L.L., Reduction in Late Mortality among 5-Year Survivors of Childhood
Cancer. 374, 833-842. Copyright ©2016 Massachusetts Medical Society. Modified with
permission from Massachusetts Medical Society.
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Fig 2.

(A?) Cumulative incidence of chronic health conditions among 10 397 adult survivors of
paediatric cancer, according to the original diagnosis and the severity of the later condition.
Among the survivors of various types of childhood cancer, the severity of subsequent health
conditions was scored according to the Common Terminology Criteria for Adverse Events
(version 3) as either mild (grade 1), moderate (grade 2), severe (grade 3), life-threatening or
disabling (grade 4), or fatal (grade 5). For the total survivor cohort, the curves showing the
cumulative incidence of the two outcomes by grade are truncated at 28 years, even though
the text provides data up to 30 years after the original cancer diagnosis. This was done for
consistency with the panels showing data for groups of patients with certain types of cancer,
in which smaller samples yielded data that were not as robust at 30 years as they were at 28
years. NHL, non-Hodgkin lymphoma. From New England Journal of Medicine, Oeffinger,
K.C., Mertens, A.C., Sklar, C.A., Kawashima, T., Hudson, M.M., Meadows, A.T., Friedman,
D.L., Marina, N., Hobbie, W., Kadan-Lottick, N.S., Schwartz, C.L., Leisenring, W.,
Robison, L.L. & Childhood Cancer Survivor, S. Chronic health conditions in adult survivors
of childhood cancer. 355, 1572-1582. Copyright ©2006 Massachusetts Medical Society.
Modified with permission from Massachusetts Medical Society. (B) and (C) Cumulative
incidence (B) and burden (C) of all (grade 1-5) chronic health conditions in St Jude lifetime
cohort study survivors of childhood cancer and in community controls. Reprinted from The
Lancet, 390, Bhakta, N., Liu, Q., Ness, K.K., Baassiri, M., Eissa, H., Yeo, F., Chemaitilly,
W., Ehrhardt, M.J., Bass, J., Bishop, M.W., Shelton, K., Lu, L., Huang, S., Li, Z., Caron, E.,
Lanctot, J., Howell, C., Folse, T., Joshi, V., Green, D.M., Mulrooney, D.A., Armstrong, G.T.,
Krull, K.R., Brinkman, T.M., Khan, R.B., Srivastava, D.K., Hudson, M.M., Yasui, Y. &
Robison, L.L., The cumulative burden of surviving childhood cancer: an initial report from
the St Jude Lifetime Cohort Study (SJLIFE), 2569-2582. Copyright 2017, with permission
from Elsevier.
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Comparison of event-free survival by study among disseminated mature B-NHL patients
from CCG/COG studies (551, 503, 552, 5911, CCG-5961, ANHLO01P1). CCG, Children’s
Cancer Group; COG, Children’s Oncology Group; DLBCL, diffuse large B-cell lymphoma;

NHL, non-Hodgkin lymphoma.
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Fig 4.

Rgduce the burden of oncological therapy (REBOOT) Group B treatment schema. COM,
cyclophosphamide (cytoxan), vincristine, methotrexate; COM3RA,5D1, cyclophosphamide,
vincristine, methotrexate, rituximab, doxorubicin (adriamycin), dexamethasone; COP,
cyclophosphamide, vincristine, prednisone; dz, disease; HC, hydrocortisone; IT, intrathecal;
MTX, methotrexate; R-CyM, rituximab, cytarabine, methotrexate.
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Fig 5.

PgNSL and PTL harbour frequent 9p24.1 PD-L1/PD-L2 copy number alterations and
infrequent translocations. (A) Genomic Identification of Significant Targets in Cancer
(GISTIC)-defined copy number alterations (CNAS) in large B-cell lymphoma subtypes.
GISTIC-defined recurrent CNAs (amplification in red) in 180 primary DLBCLs14 are
compared with those in 11 primary mediastinal B-cell lymphomas (left panel) and 28
PCNSLs/PTLs (right panel) in mirror plots. Chromosome position is on the y~axis, and
significance is on the x-axis. The green line denotes g value of 0 25. (B) Genetic alterations
of CD274 (PD-LI) and PDCDILG2(PD-L2) in PTL and PCNSL. CNs of PD-L1 in 50
PCSNL cases (42 EBV- and 8 EBV1) from the extension cohort. CNs of CD274 (PD-L1) in
43 PTL cases from the extension cohort. Normals include 5 tonsils and 5 reactive lymph
nodes. The upper 95% confidence interval of the normals was used as a threshold for CN
gain in the PTLs. Indicated cHL cell lines with known CD274 (PD-L 1) copy gain were used
as controls. Cases with copy gain are highlighted in red. Error bars reflect standard
deviation. The scale bar represents 100 mm. CD274/ PD-L I: programmed death ligand 1
gene; cHL, classical Hodgkin lymphoma; CN, copy number; DLBCL, diffuse large B-cell
lymphoma; EBV, Epstein-Barr virus; PCNSL, primary central nervous system lymphoma;
PDCDI1LGZ/PD-L2, programmed death ligand 2 gene; PTL, primary testicular lymphoma;
TL, testicular lymphoma. Republished with permission of the American Society of
Hematology, from: Targetable genetic features of primary testicular and primary central
nervous system lymphomas., Chapuy, B., Roemer, M.G., Stewart, C., Tan, Y., Abo, R.P.,
Zhang, L., Dunford, A.J., Meredith, D.M., Thorner, A.R., Jordanova, E.S,, Liu, G.,
Feuerhake, F., Ducar, M.D., lllerhaus, G., Gusenleitner, D., Linden, E.A., Sun, H.H., Homer,
H., Aono, M., Pinkus, G.S., Ligon, A.H., Ligon, K.L., Ferry, J.A., Freeman, G.J., van
Hummelen, P., Golub, T.R., Getz, G., Rodig, S.J., de Jong, D., Monti, S. & Shipp, M.A.,
Blood, 127, 869-881, copyright 2016; permission conveyed through Copyright Clearance
Center, Inc.

Br J Haematol. Author manuscript; available in PMC 2019 December 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Cairo and Beishuizen

Page 27

1-00 4
P=0-41 Allo-SCT

075 - CR1/PR1 (n = 16)

Ll | - |

: Primary refractory (n = 20)
e | J_]l T L —s

Resistant relapse (n = 25)

N —

035 CR2/PR2 (n= 16)

0-00 -

0 2 4 6 8 10
Years after transplant

Fig 6.

Pr%bability of overall survival in patients with primary central nervous system lymphoma
following allogeneic stem cell transplantation stratified by disease status. Overall survival
stratified according to the disease status at transplantation in the allo-SCT group. Allo-SCT,
allogeneic stem cell transplantation; CR1/2, first/second complete response; PR1/2, first/
second partial response. Reprinted by permission from Springer Nature. Leukemia, 27,
1394-1397, Comparison of outcomes between autologous and allogeneic hematopoietic
stem cell transplantation for peripheral T-cell lymphomas with central review of pathology.
Kim, S.W.,, Yoon, S.S., Suzuki, R., Mat-suno, Y., Yi, H.G., Yoshida, T., Imamura, M., Wake,
A., Miura, K., Hino, M., Ishikawa, T., Kim, J.S., Maeda, Y., Lee, J.J., Kang, H.J., Lee, H.S,,
Lee, J.H., lzutsu, K., Fukuda, T., Kim, C.W.,, Yoshino, T., Ohshima, K., Nakamura, S.,
Nagafuji, K., Suzumiya, J., Harada, M. & Kim, C.S. Copyright 2013.
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NK/T cell consortium: Experimental design (NYMC-575)NCT03719105). ANKL,
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modified-steroid (dexamethasone), methotrexate, ifosphamide, etoposide, L-asparaginase;
NK, natural killer cell; PTCL, peripheral T cell lymphoma; T, T cell.
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Fig 8.

Non-invasive risk assessment at DLBCL diagnosis by ctDNA. Cl, confidence interval;
ctDNA, circulating tumour DNA; DLBCL, diffuse large B-cell lymphoma; EFS, event-free
survival; HR, hazard ratio; IPI, International Prognostic Index; TMTV, total metabolic
tumour volume. From Kurtz, D.M. et a/ Circulating Tumor DNA Measurements As Early
Outcome Predictors in Diffuse Large B-Cell Lymphoma. J Clin Oncol, 36, 2845-2853.
Reprinted with permission. © 2018 American Society of Clinical Oncology. All rights

reserved.
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Probability of EFS and OS in adult patients with newly diagnosed DLBCL stratified by early
molecular response according to circulating tumour DNA analysis by CAncer Personalized

Profiling by deep Sequencing. Cl, confidence interval; DLBCL, diffuse large B-cell

lymphoma; EFS, event-free survival; HR, hazard ratio; IPI, International Prognostic Index;
OS, overall survival. From Kurtz, D.M. et a/ Circulating Tumor DNA Measurements As
Early Outcome Predictors in Diffuse Large B-Cell Lymphoma. J Clin Oncol, 36, 2845—
2853. Reprinted with permission. © 2018 American Society of Clinical Oncology. All rights

reserved.

Br J Haematol. Author manuscript; available in PMC 2019 December 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Cairo and Beishuizen

Page 31

(A) TNFRSF14
: g
5 S 2%
K8, & o0 o - e
5253 Of 9FF 8 = 8 5
RS ?o?fo? o <] &

z
e
IS
|

TNFR- TNFR- TNFR-
Cys 1 Cys 2 Cys 3 - COCH

Exons 1 2 3 4 5 6 7 8

mutations

@ Missense @ Frameshift @ Nonsense
Q ] @ Deletion @ Splice site
3 2
) otein domains
g 5 protein dom:
R T Signal peptide Transmembrane

§ Extracellular Cytoplasmic

(B)
22745
11537

5852
2068
1505

1
764 ' - : [ -
387 : B} n
196 i t
b H

F-- £
b+
....m".{

i

Coverage

k

100
51
26
13

Exon1 Exon2 Exon3 Exon4 Exon5 Exon6 Exon7 Exon8

Fig 10.

Digstrubtion of TNFRSF14 mutations on protein and exon level in paediatric type follicular
lymphoma. (A) TNFRSF14 protein with its different domains and the cysteine repeats
(TNFR-Cys 1-3) above. Below, localization of exons is indicated by dashed lines with
position of splice site mutations. Domains of the protein are represented according to the
Uniprot database (www.uniprot.org). Exact positions of each TNFRSF14 mutation found in
21 cases of paediatric type follicular lymphoma (PTFL) are given. (B) Coverage
representation for TNFRSF14 exons 1-8 of all PTFL and reactive hyperplasia (RH) samples
included in the study. The spacing of the scale on the y~axis is proportional to the logarithm
of the number. (C) Exemplary view of the Integrative Genomics Viewer (IGV) showing the
mutation p.M1_97del of PTFL11. Republished with permission of the American Society of
Hematology, from: Genome-wide analysis of pediatric-type follicular lymphoma reveals low
genetic complexity and recurrent alterations of TNFRSF14 gene., Schmidt, J., Gong, S.,
Marafioti, T., Mankel, B., Gonzalez-Farre, B., Balague, O., Mozos, A., Cabeca-das, J., van
der Walt, J., Hoehn, D., Rosenwald, A., Ott, G., Dojcinov, S., Egan, C., Nadeu, F., Ramis-
Zaldivar, J.E., Clot, G., Barcena, C., Perez-Alonso, V., Endris, V., Penzel, R., Lome-
Maldonado, C., Bonzheim, I., Fend, F., Campo, E., Jaffe, E.S., Salaverria, I. & Quintanilla-
Martinez, L., Blood, 128, 1101-1111, copyright 2016; permission conveyed through
Copyright Clearance Center, Inc.
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Experimental design of treatment of children,
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adolescent and young adults with recurrent/

refractory mature B-NHL. allo, allogeneic; auto, autologous; MMF, mycophenolate mofetil;
MRD, matched related donor; MUD, matched unrelated donor; NHL, non-Hodgkin
lymphoma; PBSC, peripheral blood stem cell; SCT, stem cell transplantation; UCB,

umbilical cord blood.
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Fig 12.

Non-Hodgkin lymphoma distribution of histological types by age, United States SEER
2000-2011. AYA, adolescent and young adults; DLBCL, diffuse large B cell lymphoma;
NK, Natural killer cell; PMBL, primary mediastinal large B-cell lymphoma; T, T cell.
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Fig 13.

Non-Hodgkin lymphoma: 5-year lymphoma specific survival by histological type and age,
2000-2011; United States SEER data. DLBCL, diffuse large B cell lymphoma; NK, Natural
killer cell; PMLBCL, primary mediastinal large B-cell lymphoma; T, T cell.
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Fig 14.

N-glycoproteomic profiles classify lymphomas according to lineage, cell of origin and WHO
subtype. (A) Thirty-two cell lines included in this study were accurately classified according
to their lineage (B or T/natural killer cells), cell of origin (pre-GC- and GC-derived B cells),
and World Health Organization subtypes. (B) Clustering of eight blinded primary B-cell
lymphoma samples based on their Pearson’s correlations with the 32 cell lines accurately
designated the profiles of clinical samples P1 to P4, which are highly correlated to MCL cell
lines, whereas clinical samples P5 to P8 are highly correlated to t-FL cell lines. ALCL,
anaplastic large cell lymphoma; ALK+, anaplastic lymphoma kinase positive; BL, Burkitt
lymphoma; cHL, classical Hodgkin lymphoma; GC, germinal centre; MCL, mantle cell
lymphoma; MF, mycosis fungoides; NK, Natural killer cell lymphoma; NLPHL, nodular
lymphocyte predominant Hodgkin lymphoma; PMBL, primary mediastinal large B-cell
lymphoma; SS, Sezary syndrome; T, T cell; T-ALL, T-lymphoblastic leukaemia/lymphoma;
t-FL, transformed follicular lymphoma. From Rolland, D.C.M., Basrur, V., Jeon, Y.K.,
McNeil-Schwalm, C., Fermin, D., Conlon, K.P., Zhou, Y., Ng, S.Y., Tsou, C.C., Brown,
N.A., Thomas, D.G., Bailey, N.G., Omenn, G.S., Nesvizhskii, A.l., Root, D.E., Weinstock,
D.M., Faryabi, R.B., Lim, M.S. & Elenitoba-Johnson, K.S.J. (2017) Functional
proteogenomics reveals biomarkers and therapeutic targets in lymphomas.
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Fig 15.

A thymic origin for ALCL. In this model, the t(2;5) or variant translocation occurs in
haemopoietic stem cells or thymic progenitors whereby NPM1-ALK is permissive of
cellular survival in the thymus despite aberrant TCR rearrangements. These ‘primed’ cells
may go undetected until a secondary event(s) occurs that leads to clonal expansion and
tumour development. This event may be induced as a consequence of an inflammatory
response as evidenced by ALCL in the context of insect bites but might also be initiated in
an innate manner. ALCL, anaplastic large cell lymphoma; DN, double negative thymocyte;
DP, double positive thymocyte; ETP, early thymic progenitor; SP, single positive; TCR, T-
cell receptor. From Turner, S.D., Lamant, L., Kenner, L. & Brugieres, L. (2016) Anaplastic
large cell lymphoma in paediatric and young adult patients. BrJ Haematol, 173, 560-572. ©
2016 John Wiley and Sons Inc.
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Fig 16.
A schematic representation of paediatric drug development. The new European Committee

legislation (Regulation EC No. 1901/2006; the ‘Paediatric Regulation”) stimulates
pharmaceutical companies to consider paediatric indications when they want to authorise a
new medicinal product. Plans for the paediatric development of a drug need to be submitted
to the European Medicines Agency (EMEA), in a so-called ‘Paediatric Investigation Plan or
PIP’, which comprises the entire development process from pre-clinical studies to clinical
development. While the PIP should be submitted following the phase | development in
adults, the time to start the paediatric development is defined on a case by case approach, as
additional safety and efficacy data may be required before launching the first paediatric
studies. A PIP is legally binding but can be amended when the development process requires
changes. When pharmaceutical companies have performed paediatric studies they will be
rewarded by an additional period of market exclusivity. The Innovative Therapies for
Children with Cancer consortium has the facilities for both pre-clinical as well as early
clinical development, which is performed in close collaboration with the European tumour
committees, who are typically responsible for standard of care and late phase I1/phase Ill
studies. Reprinted from Carncer Treatment Reviews, 36, Zwaan, C.M., Kearns, P., Caron, H.,
Verschuur, A., Riccardi, R., Boos, J., Doz, F., Geoerger, B., Morland, B., Vassal, G., The
role of the ‘innovative therapies for children with cancer’ (ITCC) European consortium.,
328-334. Copyright 2010, with permission from Elsevier.
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Fig 17.

Photograph of the majority of the international faculty participating in the 6th International
Childhood, Adolescent and Young Adult NHL symposium in Rotterdam, The Netherlands,
September 26-29, 2018.
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