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Abstract: Adolescent and young adult (AYA) lymphoma is defined as lymphoma diagnosed in patients
between 15 and 39 years of age. When compared to children and adults, AYAs have not seen the same
improvement in survival over recent years, even with the introduction of novel agents and interventions.
This survival gap is driven by multiple compounding factors, including unique disease biology, challenges
with survivorship care, socioeconomic factors, and cancer care treatment setting, among others. There
is no established standard of care for AYA lymphomas, and many clinical trials do not evaluate AYAs as a
separate subgroup or include measures that are of particular importance to AYAs. The Lymphoma Research
Foundation (LRF), the nation’s largest non-profit organization dedicated exclusively to lymphoma research
and patient advocacy, hosted its inaugural AYA Consortium Meeting to discuss research findings that support
the recognition of AYAs as a distinct group of lymphoma patients. Attendees, comprised of expert lymphoma
researchers and clinicians, discussed unmet needs, gaps in data, and strategies for improving AYA care clinical
and psychosocial outcomes. This report, which includes a summary of each presentation, aims to review
recent findings in AYA lymphoma research and highlight potential areas for future study.
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Introduction

Lymphoma in adolescent and young adult (AYA) patients
is associated with worse outcomes than lymphoma in
children and older adults. The contributing factors appear
to be complex in nature and range from differences in basic
disease biology all the way to gaps in survivorship care. To
better understand the nature of this disparity and to develop
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strategies that may be employed to improve outcomes
in the AYA population, cross-disciplinary collaboration
is required. Recognizing this unmet need, LRF began
an initiative to engage and support the AYA research
community, as well as patients and their families. In 2015,
LRF convened an AYA Symposium with clinicians and basic
scientists from pediatric and adult disciplines to examine
the state of the science for AYA lymphoma, precisely review
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the gaps in research for this population, and discuss the
unique challenges and burden for the AYA lymphoma
population. Prior to this event, no other formal cross-
disciplinary collaborations had occurred. A summary of the
symposium proceedings was published in Blood Advances
in October 2017. Importantly, this publication compared
pediatric and adult approaches to lymphoma management
including Hodgkin lymphoma, mature B-cell lymphomas,
and anaplastic large cell lymphoma. As a result of low rates
of clinical trial enrollment in this age group, systematically
generated evidence is lacking. Thus, lymphoma treatment
for AYA is not necessarily dictated by empiric evidence
specific to age group, but rather by community referral
patterns, individual physician preference, and treatment
location. In addition, the publication highlighted knowledge
gaps surrounding AYA cancer biology, care delivery, and
therapeutic efficacy.

The current proceedings represent discussions that
took place at the Inaugural AYA Lymphoma Consortium
Meeting. This consortium brought together physicians
and researchers from more than 40 academic and medical
institutions, federal agencies, and companies. It is the first
collaboration of its kind aimed at advancing the study of
AYA lymphomas and improving treatments and care for
this patient population, from the point of diagnosis through
long-term survival. In addition to exploring the current
evidence and gaps in research, the workshop focused
on clinical trial planning and enrollment, care delivery,
survivorship, and long-term effects and impacts of AYA
lymphoma.

Following multiple panel discussions aimed at thorough
review of these topics, participants developed a blueprint
for subsequent AYA lymphoma research and an action
plan for the formulation and work of the Consortium
(1able 1). Attendees created blueprints for understanding
biology, immunobiology and epidemiology; guiding clinical
trials and drug development; characterizing ideal care
delivery and patient outcomes; and better understanding
survivorship and late effects. The blueprints generated for
each topic were presented to the audience for discussion
and refinement.

Proceedings

Epidemiology—Lindsay Morton, PbD, National Cancer
Institute (Moderator)

To open the session, Lindsay Morton, PhD, (National
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Cancer Institute) discussed epidemiologic perspectives
on AYA. Overall, lymphomas represent about one-third
of malignancy diagnoses in AYA populations. Data on
the heterogeneity of lymphoid malignancies in the AYA
population were presented, revealing that Hodgkin
lymphoma and precursor lymphoma/leukemia represent
the highest proportion of lymphoma diagnoses, which
represents roughly between 35% and 70%, followed by
diffuse large B-cell lymphoma (DLBCL), which represents
between 10% and 20% (1). Both the proportion of
malignancy accounted for by lymphoma as a whole and
the relative proportions of disease type shift over time. In
addition, incidence patterns that are influenced by sex and
race/ethnicity vary over time and are different in the AYA
population than in adults or pediatrics. For example, in
follicular lymphoma (FL), disease is more common in males
in the pediatric setting, becomes less so throughout the AYA
population, and then is equally represented in males and
females in the adult population (1). These findings highlight
the question of whether lymphomas in the AYA population
are biologically distinct from those present in the pediatric
and adult populations and suggest that in terms of biology,
susceptibility, and exposure, they may be. There is a need
for specific studies to understand whether AYA lymphomas
are different from those in other populations because this
dictates whether clinical findings in other populations may
be applied to AYAs and used to guide treatment. Factors
that may contribute to the observed age-based variation
in disease include evolution of the immune system,
changing impact of genetic susceptibility, and viral and/or
occupational exposure. Each of these contributing factors
is well supported by evidence and may impact both the
etiology of the disease as well as prognosis and the nature of
the ideal treatment approach. Future studies could identify
risk factors unique to the AYA population and could be used
to develop a risk score to guide treatment selection.

Dr. Wendy Cozen, DO, MPH (Keck School of Medicine
of the University of Southern California) continued the
discussion of the importance of epidemiology in cancer
by presenting her research on genetic risk factors and
etiological models of AYA Hodgkin lymphoma (HL) and
non-Hodgkin lymphoma (NHL). Because the peak HL
incidence occurs in AYA, there is substantial information on
risk factors. AYA HL varies geographically and is highest in
economically developed countries and among the highest
socioeconomic status, which is different than HL that
occurs in older adults. There is evidence for strong genetic
risk, with a very high risk to identical twins of HL patients
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and genetic variants in immune response genes [LI3,
GATA3, TCF3, REL and others, in addition to multiple
HLA types (2). Some of these varied by histology subtype
and Epstein-Barr tumor status. Genome-wide association
studies (GWAS) revealed that HL shares more markers
with immune-related diseases than solid tumors. Additional
variants were identified at 6p21.31, 6q23.3, 11q23.1,
16p11.2, and 20q13.12 that influence risk for HL (3).
There are now 23 reported risk variants, all of which are
associated with genetic predisposition implicating germinal
center dysfunction, disrupted T-cell function, and NF-
kB activation in the pathogenesis of HL. This raises the
question of how immune function and HL disease etiology
are associated. Dr. Cozen presented both the polio model
and the hygiene hypothesis as potential models to explain
epidemiological observations supporting a lack of exposure
to microbes as a young child as a risk factor. There is much
less information on AYA NHL, but there is a suggestion
that there are some differences in genetic risk. A few cohort
studies have shown that infants hospitalized for an infection
in the first year of life had a higher risk of NHL up to age
40, suggesting that a subclinical immunodeficiency is a
risk factor (4,5). It is important to study the role of these
risk factors in the AYA population, and Dr. Cozen noted
that the identified risk factors may have utility to generate
polygenic risk scores for screening and identifying siblings
at risk for AYA HL and NHL. Future research should focus
on early life factors and immunological changes at puberty
to elucidate risk pathways and interventions.

In the next talk, Thomas M. Habermann, MD (Mayo
Clinic College of Medicine and Science) described findings
from the Lymphoma Epidemiology of Outcomes (LEO)
Consortium (6). The aims of the LEO Consortium (U01
CA195568) include a better understanding of different
lymphoma populations with regard to genomics, serum
biomarkers, tissue studies, clinical studies, and lifestyle
environment analyses, including the AYA population. Most
studies of NHL outcomes are based on small institutional
databases that contain highly selected participants,
which limits the number of AYA patients. On the other
hand, larger cohorts and national databases often lack
meaningful data on progression, relapse, and patient-
reported outcomes and are not accompanied by tumor
tissue. In the LEO UO1 protocol, the initial diagnosis data
including clinical data (physician- and patient-reported)
tumor tissue studies, lifestyle and environmental factors,
was expanded to include an extensive tumor bank, a bank
of serum and germline DNA, and well-annotated clinical,
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treatment, and epidemiological data. The cohort will
be prospectively followed, and the findings, along with
supporting tissue samples and clinical documentation
will facilitate research projects and promote interaction
with established trial networks. Dr. Habermann reviewed
the epidemiology questionnaire, procedure for baseline
blood and DNA samples and baseline pathology, and the
informatics infrastructure. Participants enrolled in the
study will be contacted every 6 months for 3 years and then
annually thereafter. Follow up will include disease status,
retreatment, and survivorship issues and will validate all
disease progressions, retreatments, and second cancers.
There is also a protocol in place for reviewing deaths. By
the spring of 2019, accrual was 5442 patients, 597 (10.9%)
of whom are in the AYA age group (18 to 40 years). Dr.
Habermann presented the LEO histology subtypes by
age, noting that DLBCL is highest among AYA in the
LEO cohort (3.8% of all patients, 36.5% of AYA patients)
followed by FL (1.7% of all patients, 16.4% of AYA).

In a separate age 18-39 cohort from the Lymphoma
Specialized Program of Research Excellence (SPORE)
Molecular and Epidemiology Research (MER), HL
accounts for 52.4%, T-cell lymphoma for 15.7%, and
DLBCL for 11.4%. Importantly, in the MER cohort,
higher physical activity after diagnosis and at 3 years
was significantly associated with better overall survival
(OS), event-free survival (EFS) and lymphoma-specific
survival (LSS) (7). Highlighting another important factor
in survival, Dr. Haberman noted that in a study of 236
patients (8), attendance in survivorship clinic has a strong
effect on overall health perception in younger patients.

Building on Dr. Haberman’s introduction of functional
outcomes, Susan K. Parsons, MD, MRP (Tufts University
School of Medicine and Medical Center) presented her
work on the functional impact of HL on AYAs during
treatment. Though 40% of all HL cases are diagnosed in
patients between the ages of 15 and 34 years and HL is
the most common cancer in patients in this age group, the
disease burden of HL in AYAs is not well characterized.
In this age group, a unique set of developmental tasks
include attainment of educational and vocational goals,
healthy social and intimate relationships, establishment
of independent living, and financial stability. Dr. Parsons
described that in the AYA Health Outcomes and Patient
Experience (HOPE) study, 524 patients between the ages of
15 and 39 years were surveyed at study entry and 12 months
later. Two-thirds of patients reported a negative impact on
finances, and 11% lost insurance coverage in the prior year.
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Patients also reported negative impacts on employment
and education as well as a disruption in social roles. These
findings are recapitulated in the Medical Expenditure Panel
Survey (MEPS) and St. Jude cohorts (9,10).

"To further characterize the AYA experience, a systematic
review of health-related quality of life (HRQL) after
diagnosis with HL was carried out (11). A total of 65 studies
between 1980 and 2015 were identified. Of these, only 5
evaluated patients on and off treatment, and 3 followed
patients from diagnosis to 10 years following treatment.
HRQL measures varied widely across studies. This analysis
revealed a profound knowledge gap surrounding functional
outcomes in pediatric and AYA HL. Dr. Parsons cited the
Children’s Oncology Group (COG) AHOD1331 study as
an example of how longitudinal assessment of HRQL can be
embedded within trial design. Approaches for future studies
of functional impact in the AYA population should include
standardized measurements to allow comparison across
studies. Global HQRL assessment, multi-item fatigue scale,
chemotherapy-induced peripheral neuropathy (CIPN),
and financial toxicity measures are central. Further, the
connection between patient-reported outcomes and biology
may be explored. Examples include the connection between
fatigue and cytokine levels or genetic polymorphisms with

CIPN.

Panel discussion

Following the presentation, the floor was opened for
comments. The following points were raised by audience
members for consideration.

e Continuous data collection in the AYA population
represents an opportunity to incorporate personal
technology.

® One audience member emphasized the importance
of financial toxicity. This can be made worse when
patients are unaware of how to navigate the transition
from their parents’ insurance. A financial ambassador
or treatment navigator may be able to help.

o Financial toxicity in the 20s is different from in the
30s. Should these patients be analyzed separately?

o0 There are other maturity factors at play (e.g., a
21-year-old with a house and 2 kids vs. a 30-year-
old who is barely financially independent).

o Longer-term measures could include job loss and
bankruptcy filings.

e Microbiome diversity and composition is of particular
interest in the context of twin studies, as it may help
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to shed light on how the microbiome affects the
development of lymphoma in the general population.
e There is a need for crosspollination between LEO
and existing data sets (e.g., Kaiser, Veteran’s Affairs, or
other state insurers).
o Integration of data from multiple sources will be
critical for answering these questions.
® ‘The transition in disease subtype frequency in the AYA
population that can be observed with epidemiological
data may reflect a transition in underlying disease

biology.

Disease biology—Christian Steidl, MDD, British Columbia
Cancer (Moderator)

Christian Steidl, MD (British Columbia Cancer) presented
recent progress in HL and primary mediastinal large B-cell
lymphoma (PMBCL). Overall, standard treatment for
pediatric HL is more intense than for adults, and long-term
toxicities are viewed in the context of long-term therapeutic
success. In pediatrics, there are no molecular biomarkers to
guide treatment. Together, these factors raise the question
of whether EFS can be predicted so that long-term toxicity
can be reduced while maintaining a high cure rate. Using
the nanoString gene expression profiling system, 23 genes
of interest were evaluated in HL cohorts at the BC Cancer,
and in the Southwest Oncology Group (SWOG) and
Response Adapted Treatment for HL. (RATHL) cohorts.
Three cellular components were found to be associated with
positive outcomes, while six components were significantly
associated with inferior outcomes in pediatric patients,
whereas the opposite prognostic significance was observed in
adults. Following further analysis, Thymus and activation-
regulated chemokine (TARC) and interferon (IFN)-y were
shown to be negatively and positively correlated with EFS,
respectively (Mottok A, 2019 unpublished data). Together,
these data are evidence of biological differences between
AYA and adult disease.

For PMBCL, clinical, morphological, biological,
and immunological overlaps with childhood HL (cHL)
complicate diagnosis (12). Similarly, the biological
overlap between PMBCL and DLBCL can also cause
confusion in initial diagnostics. A recent analysis using
the nanoString platform (13) identified 6 genes with
higher expression in DLBCL and 24 genes with higher
expression in PMBCL (14). These genes are of particular
interest because in most previously published datasets,
gene values could overlap between disease states. To
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validate these markers, a cohort with 88 PMBCL and
72 DLBCL patients was evaluated using these markers;
83% of DLBCL cases were predicted correctly and 85%
of PMBCL were predicted correctly (14). Thus, gene-
expression profiling provides more accurate subtyping
of aggressive lymphomas (PMBCL vs. DLCBL) using
routinely available formalin-fixed, paraffin-embedded
tissues. In addition, the mutational landscape study of
PMBCL confirms a close relationship to cHL and a
contrasting relationship with DLBCL.

Next, Lisa Roth, MD (Weill Cornell Medicine)
presented findings on the genomics of Hodgkin Reed
Sternberg (HRS) cells. In HL biopsies, the majority
of cells are infiltrated cells, making the study of HRS
genetic alterations difficult. In order to study these cells,
they must be isolated to increase DNA yield and purity.
In addition, library preparation must be customized for
ultra-low input. Dr. Roth presented her work on whole
exome sequencing of HRS cells using flow sorting to
generate pure HRS populations. Within HRS cells, there
is a high number of gene gains and losses, mostly due to
large-segment alterations. In Dr. Roth’s research, there
were recurrent gains in chromosome 2 (containing REL,
BCL11A, XPO1, and MYCN) and common losses in areas
containing TNFAIP3, MLL, PRDM]1, and MLL4. Gains in
the region of chromosome 9 that includes PDLI and 7AK2
were also observed. In addition, beta-2 microglobulin (B2M)
biallelic inactivating mutations were associated with loss of
MHC class 1 in HRS cells (15). To answer the question of
whether there are molecular differences in HL across the
age spectrum, Dr. Roth is conducting a multicenter study
to determine the feasibility of sorting AYA HRS cells from
centers across the US. Across five centers, there was a 71%
success rate for obtaining samples with evaluable DNA for
sequencing, indicating that the research could be scaled
up. Future research will focus on understanding alterations
across the age spectrum, using technology to identify and
evaluate novel drug targets, and integrating the evaluation
of HRS cells into clinical trials.

Kieron Dunleavy, MD (GW Cancer Center, George
Washington University) then presented findings on
DLBCL and PMBCL in AYA. As age increases, the
complexity of DLBCL increases. Younger patients have
fewer genetic aberrations (16), and the relative percentages
of subtypes are skewed towards more aggressive forms
as patients age (the ABC subtype is more common
with increasing age) (17). EFS in DLBCL is improved
with rituximab, but standard therapy is ineffective for a
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significant percentage of patients, especially those with
intermediate- and high-risk disease (18). Interestingly, in
younger adults (260 years), there is a survival advantage
for R-ACVBP over R-CHOP (19). Importantly there
are no AYA-specific studies on DLBCL, and thus many
questions remain regarding the underlying disease
biology and optimal treatment for this demographic are
unanswered (20). It is unclear if DLBCL is
clinicopathologically distinct in AYAs, and the rarity
of these tumors makes it difficult to thoroughly study.
In AYAs, it is also unclear if more dose-intensive
approaches are needed (as suggested by the superiority
of R-ACVBP versus R-CHOP) and if there are distinct
pharmacokinetics in the AYA population.

For PMBCL, EFS and OS lags behind that for DLBCL
in pediatric patients (21), and it remains unclear if disease
biology and the optimal approach are different for AYAs.
Studies using interim measurements of circulating tumor
DNA (ctDNA) in DLBCL (including PMBCL) importantly
demonstrate that interim ctDNA positivity is associated
with inferior outcomes (22). This finding has thus far
only been shown retrospectively and needs to be studied
prospectively and in the future, may be helpful towards
better understanding the reasons for treatment failure in
AYA and pediatric PMBCL. This may be an important step
towards identifying subsets of AYA and other patients who
may require novel treatment approaches in the upfront
setting.

Next, Eric Lowe, MD (Children's Hospital of the
King’s Daughters) presented data on anaplastic large cell
lymphoma (ALCL). ALCL is a distinct form of NHL that
accounts for ~15% of all childhood NHL and ~2% to
3% of adult NHL. ALCL is characterized by malignant
cell expression of CD30 and can further be divided into
subtypes based on ALK positivity. ALK+ is most common
in the first 3 decades of life and represents 95% of
childhood ALCL and 40% to 50% of adult ALCL, while
ALK- is more common in patients ages 50 to 70 years.
Within the pediatric setting, multiple treatment strategies
have been tested, including B-cell and T-cell strategies,
but EFS remains low at 59% to 76%. Based on the results
of previous trials, it is clear that ALK translocation drives
tumor biology (23). This raises the question of whether it
is possible to specifically target ALK. Crizotinib, a therapy
that was originally approved in lung cancer, was tested in
relapsed adult ALCL (24) and pediatric ALCL. In pediatric
patients with relapsed ALCL, treatment resulted in an 83%
complete remission (CR) rate (25). With these results in

Ann Lymphoma 2020;4:11 | http://dx.doi.org/10.21037/a01-2020-02



Annals of Lymphoma, 2020

Page 6 of 22

wiel-6uol uonendod WAY 8y3 Ul

SUOI}PUOD Y}eay Jaylo pue ‘spaau aleo [euosiad ‘sajoueubiew
Arepuooss ‘Ayjipeul ‘ybiemiano ‘elwspidiiadAy ‘uoisuapedAy
Jo Buipuelsiepun Jaypn4 “ebew Apoq pue ‘uoijoun) SAIINJSXS
‘fuowsw ‘uswiuene [e100s Jamo| “TOD Yieay ‘eniubosoinau
Buipnjoul SUCIIPUOD Yeay D1UOIYD JO HSH SAIIBINWIND pue
(oe1pJED pUE Areuow|nd) SUOIIPUOD Yjeay DIUOIYD pUEBlSISpUN
Jayun4 "sojulo diysioAIAINS 8SeaIOU| "Spodal [EdIpaW
0]UOJ}O8e U JusWTeal} suljeskeq JIsy} pue ‘sajoueubiew
oi6ojoreway Jo suonedldwoo wsl-buo) Jo ‘pakelep ‘SawooINo
pauodai usied yur "'yoseasas diysioAIANS 1o} Buipuny 8seaiou|

S8l}IjUS 8S8Y] JO SBW0IN0 dA0IdW| "SBI}IUS
asaU]] 0 AIo]sIy [einjeu sy} jo Buipueisispun saoidw|

passalppe 8 1snw pue Aljerow pasealoul

UHM Pa]BIo0SSE Usa(q SEY SWO0oUl JOMO| pue SN dyi Ul
Snjels painsul predips|\ 4o soueinsul Jo yoe| “uonendod
VAY 8U1 Ul seiiedsip pue saliaAliep 8oIAIes 8y} 1oedw|

sewoydwA| YAY Ul synsal a|qibuel 8onpoud pue 81ed0Apy
ewoydwA| onsejqoydwA| Aio1oelsas pasdelal pue ‘ewoydwA|
npung Aiojoeuyeu pesdejal ‘uoljejueldsuely |90 wals
Buimojjos TH pasdejas yum sjusiied 4o sewoono Buirosdwil
1e pawlie sjel} [eolul|o jo Juswdolansap azijiold ‘61-G|

pabe aJe sjusied JO 9,G|—0| O} ISEJJUOD Ul S[El] [BDIUIID UO
pajjolus ae abe Jo sieak 0g-0g pabe sjuaiied Jo 9%z uey
SS9| SE S}npe BunoA Joj sjel} [ESIUI]O UO JUSW||0JUS SZ1j1IoUd

JUSLWUUOAIAUSODIW B} puelsiopun
Joyun4 "edAigns yoes ui syebie} Jejnosjow dojersq

S8W091N0 Aypowl
pue si010e} ysu o1bojojwapida pue ddusb Aey Aylusp)

sa160]01s1y ewoydwA|

8y} JO Yoea U] S109}48 9)e| SUlIO0opUs (B
auleq ‘[eAlnins wis}-buo ul 8s1oIeaxe
JO 8|04 By} duldp Jayun4 "swsejdosu
Jeunselpaw Arewud yum asoyl pue
S9lewWa} Ul XS Juedliubis aiow e yum
wse|doau puodss e Buidojonap Jo Ysi
pasealoul SP|o} 6— SU} puelsiepun
Jayun4 ainjonJiseljul poddns pue
dojonaq ‘sueid aseo diysioainns

JO JUBJUOD PUE 9SN SZ|PJEPUEIS

saljljue 8say Jo Alolsiy
[eINJeU pUE JusLIeal} dulep Joyun

SJ91U92 Ylesy dlwspeoe
pue Ajunwwod ay} ul uoizeindod
VAY 89U} JO UOIIEZ||I}N 92IN0SaJ dule(

soljewloyul

-ollgnd dojene( “Buipies pesdejal
ay} ul Ajje1oadsa ‘sawiodino YAY 40
SSOUSJEME 8SB8IOU| PUE 8ZI}I0LId

S}nsal [ewsip

UM PaleIooSSE ale saidelay} Jusaind
aJeym 1Dg1q pasdejas uoneiuedsuedy
|1I90 wa)s 1sod pue ewoydwA| 1pnng
‘ewoydwA| onsejgoydwA| Aiojoelyel
/pasdejal ul sewoono Buinoadwii

UO PasNO0} SaIpN}s 8zIjioLd

uolreindod ynpe

snsJan uolreindod WAY Ul S9oualayIp
azueyoeley) sadAigns YAY |le ul
sa|pnis ABojoiq aseas|p azijiold

elep

J0308} 2l3souboud azijioud "uoieindod
VAV @41 ul dAigns ewoydwA| yoes
J0} sioyoe} ysu ABojoiwepids Apzuspl
Jayun4 -adAigns ewoydwA| yoes ui
SJ1010B} ¥Sl 2118usb Ajuspl Joyun4

SUOI}IPUOD Bulusiesalyl-a}l| JO 8I8ASS B ‘PJIY}-8uo Uey}
Jayealb pue ‘suollpPUOD Y}eay 2juoiyd aiow JO s8Uo
podai-}|8s SIOAIAINS JO SPAIYI-OM] UBY} 810N 0202

AQ TTHN J0 SIOAIMNS YAY 000°GE 89 [IIM 848U} Feyy
palewss Ajuaiing si 1 pue ‘Buisealoul ale siaquinu
ay] "sisoubelp Jaoued wod} sieak og Ajrewixoidde
Aq yieap jo asned Buipes| 8y} sI AjjeHow pajeal
-190UBD-UON "BuISSIW IO ‘paje|a) Juswiesal} Jou

‘Juspuadap ABojo}sIy Jou ‘eyenbapeul ‘JuslsISuodUl S|

Aoueubijew 2160]j0jeWASY JO SIOAIANS Ul SBIIOIX0} 91|

pue aAlze|NWND Jo Juswabeuew pue uoiduossp syl

pooisiapun Auood ase ewoydwaA| suoz Aaib pue
ewoydwA| ||99-1/(MN) ‘ewoydwA| onsejqoydwA|-|
‘ewoydwA| SNO Aewnd ‘ewoydwA| suoz [euibiew
[epoueixa ‘ewoydwA| Jejnol||o) YAY PuUe duleipad

uoirendod
VAY 91 Ul paulep Ajjewirdo jou aJe uswieal Jo
10edWI 8y} pUB ‘UOIIEDO0||E 82IN0Sal ‘saljiedsIp [eloey

Aoud Arepuooes
e 9q 0} sieadde ewoydwA| YAY Ul Juswdojaasp Bnig

sadAigns 2160]031SIY VAY
JUBJBHIP BY} Ul SBLUODINO WYAY UO BIEp Pajiwl| S| aJay L

paquosap Ajwuoun ||9m jou ate sadAigns YAY

ul ABojoiq }npe snsian ABojoIq YAY 1uaiayip 1ounsiq
02 10 abe ay} uey} Jep|o sajew yoe|q Alenoiued
‘ABojoisiy Aue 1o} eoueispuodaid sjew e s| aiay |
"abe yum JHN JO S81el 80UspIoul BY} Ul 9SBaIOU|
paisnipe-abe ue s| aiay) pue sadAigns ewoydwA|
||e ul pazualoeseyd [|9m 1ou ase uolieindod

VAV 89Ul Uo eiep ysu olwousb pue ABojoiwepid]

diysioainins
pue s1oae
ole| ‘sewoono
jusiied
salbojoisiy
VAV pue
ouelipad
uowwoodun
seledsip
pue ‘Aianliep
90IAISS ‘@ied
[ed1UljO ynpe
pue olelped

juswdojansp
Bnip
AB0Jj02UO YAY

s[el} [eolul|o

ABojoiq
aseasi(q

ABojoiwepidy

(ssreah g ueyy aiow) suoinjos wisl-buoT]

(s1eah G—-1)

SUOIIN|OS PUB SUOIOY S1elpaluw]|

SuJaduo)

uolisseg

euroydwA] 3npe SunoA pue 1usdssjope uo doysyrom oYNUIS Y1 JO S[e0L) T I[qE],

Ann Lymphoma 2020;4:11 | http://dx.doi.org/10.21037/a01-2020-02

© Annals of Lymphoma. All rights reserved.



Annals of Lymphoma, 2020

hand, there are other remaining questions, such as whether
prolonged use will give rise to resistance and how to best
use crizotinib in combination with other therapies, among
others. Because higher ALK antibody titers are associated
with better survival, targeting the immune system is a viable
approach for these patients. Other elements of the immune
system represent an avenue for complementary drug
development.

When considering future trials for ALCL, it is important
to recognize that ALCL is a rare disease. Thus, cooperation
between physicians, academia, pharmaceutical companies,
and regulatory agencies will be central to the success of
new clinical trials or therapies. Like in many rare diseases,
the challenges of trial design are shaped by the extremely
small number of patients. Dr. Lowe noted that in a recent
ALCL trial, 75 sites were required to enroll 136 patients.
Nevertheless, ALCL represents a rare opportunity in rare
disease and in oncology, as ALK is an identified and known
driver of disease that is present in most patients.

Panel discussion

Following the presentation, the floor was opened for
comments. The following points were raised by audience
members for consideration.

e HRS cells may be used as a predictor and surrogate
for the microenvironment in HL.

e The primary challenge of assessing HRS cells is the
scarcity of the cells themselves. More research is
needed to better understand the relative contributions
of the malignant cells and microenvironment.

® One audience member suggested using the nanoString
platform to assess signatures in multiethnic
populations.

e Epstein-Barr virus status should be included in
protocols.

e Pediatric cancers are associated with fewer mutations
that are more closely linked to the cancer, while
adult cancers more often have an increased number
of mutations that are not necessarily cancer driving
mutations.

0 Because of small numbers, it is difficult to assess
the relative prevalence of double-hit and triple-hit
lymphomas and how they relate to outcomes.

e Underlying immunodeficiency may be a contributing
factor to risk.

e Cells in the microenvironment are normal immune
cells, as measured by single-cell transcriptome
analysis.
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e One audience member reiterated the need to study
NHL in older patients and AYAs separately. Because
excisional biopsies are becoming less frequent and
incisional core needle biopsies are less invasive,
perhaps more people will be willing to participate.
In addition, biopsy may become less important as
technologies that allow noninvasive sampling improve.

® When considering the use of crizotinib in the AYA
population, it will be critical to have as much data as
possible on long-term use and long-term effects.

o Currently, it is unclear when crizotinib therapy can
be stopped.

* Most often, families with younger AYA patients will
prefer oral therapies; in contrast, AYAs participate in
the decision-making process tend to prefer the “best
shot at survival, regardless of effects.”

AYA lympboma clinical trials—Sonali Smith, MD, The
University of Chicago (Moderator)

To open the session on AYA lymphoma clinical trials,
the panelists provided an overview of trials that had been
developed collaboratively between adult and pediatric
research groups. Catherine Diefenbach, MD (New York
University Langone Medical Center) presented the protocol
and preliminary results for the ECOG-ACRIN Cancer
Research Group study ECOG E4412. The study is a phase
I/II study of the combination of ipilimumab, nivolumab,
and brentuximab vedotin in patients with relapsed/
refractory HL. This combination is hypothesized to both
attack the tumor cells and prime the microenvironment for
attack of the tumor cells. The study schema and eligibility
criteria were presented. To date, the most common grade
2 toxicities associated with triplet therapy include nausea,
peripheral sensory issues, fatigue, and diarrhea. The most
common grade 3 toxicities include fatigue, vomiting,
decreased white blood count, maculopapular rash and
colitis. So far, there are 19 evaluable patients who have
received triplet therapy. The overall response for evaluable
patients is 95%, and CR is 84 (26). Data for the other arms
of the study were also presented, but overall, the triplet
therapy appears to be most effective in terms of OS and PFS
(27,28). Of note, the protocol is being amended to include
a wider range of AYA by expanding eligibility to patients
between the ages of 12 and 18 years. In interpreting the
results, age will be used as a stratification factor. Remaining
questions include optimal dosing for different therapies, in
particular among different age groups, additional details of
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how triplet therapy will impact outcomes before and after
transplant, the impact of low-grade chronic side effects, and
different efficacy and toxicity in the AYA population, among
others.

Next, Jonathan W. Friedberg, MD, MMSc (James
P. Wilmot Cancer Institute, University of Rochester)
discussed the process for planning the S1826 study: a
phase III randomized trial of nivolumab or brentuximab
vedotin plus AVD in patients (age >12 years) with newly
diagnosed advanced stage classical HL. Importantly,
the planning process for this study included particular
consideration of the AYA population and utilizes measures
that may capture issues specific to this population. In
AYAs in particular, there is still room for improvement
in outcomes for advanced-stage HL. Cure rate can
be improved in high-risk patients, and toxicity can be
improved for low-risk patients, particularly in light of
the long-term follow-up of the previous NCTN trial
S0816, demonstrating late relapses and limitations of
a response-adapted treatment approach (29). In North
American clinical practice, there is a marked difference
between the pediatric and adult approaches. The
pediatric backbone chemotherapy regimen has been
ABVE-PC, and the adult regimen has been ABVD
(30,31). Because disease biology does not conform to an
18-year-old cut off, which of these approaches is most
appropriate for AYAs is unclear. Treatment approach
is not standard and is often driven by the experience of
the physician. Dr. Friedberg noted that because the cure
rate in these patients is so high, community physicians
may be reluctant to refer them to a center for clinical
trials. When assessing outcomes in AYAs with HL in
the US cooperative group protocols (E2496 and COG
AHODO0031), the failure-free survival probability is
lower for AYAs than adults or pediatrics (32). Thus, when
planning for the S1826 study, an inclusive intergroup
process was used. Participants from COG, SWOG,
ECOG-ACRIN, ALLIANCE, and CCTG are included,
and over 900 patients will be enrolled. This number
provides sufficient power to detect an improvement in
2-year PFS from 82% to 88% comparing nivolumab-
AVD (33) to brentuximab-AVD (34). In addition to
PFES, EFS, OS, and CR, planned analyses include PD-1
expression, correlative imaging studies, quality of
life (QoL), and patient-reported outcomes, as well as
economic analyses. In addition to including AYAs in the
studies, many of these planned analyses are of particular
importance in this group.

© Annals of Lymphoma. All rights reserved.
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Kara Kelly, MD (Roswell Park Comprehensive Cancer
Center) continued the discussion of AYAs and clinical trial
design by presenting the COG/ALLIANCE AHOD 1931:
early-stage AYA HL study that is currently in development.
Currently, there is a lack of consensus surrounding the best
treatment for early-stage HL. (35). The most efficacious and
least toxic chemotherapy backbone, the optimal augmented
treatment, and the best approach for reducing RT exposure
in patients with bulky disease remain unclear. The
incorporation of targeted agents represents an opportunity
for toxicity reduction and treatment augmentation. The
primary aim of the 1931 study is to maintain the 3-year
EFS in AYAs with newly diagnosed early-stage cHL with
adverse features who achieve a rapid early response (RER)
after 2 cycles of brentuximab vedotin with and without
doxorubicin, vinblastine, and dacarbazine (Bv-AVD) and
to determine if this rate is non-inferior to the historical
rate of 91% (36). Key secondary endpoints include safety
and tolerability of adding nivolumab to augment therapy
in slow early responders (SERs), estimation of the extent
of financial hardship of treatment and its association with
HRQL, and measurement of involved-site radiation use.
Though the opportunities to better define the process
of optimal treatment in AYAs and the nature of the
secondary outcomes are present, the path for AYA clinical
study development is undefined. The lack of standard
of care in this population complicates the control arm.
Further, collaboration for study development and review
processes requires alignment of strategy between different
investigators, which is challenging. In addition, the study
population represents a rare subset of HL patients, which
is challenging for recruitment. Currently, the protocol
has been approved with stipulations by the COG steering
committee.

Ann LaCasce, MD (Harvard Medical School, Dana-
Farber Cancer Institute) presented the development
pathway for a randomized phase 111 trial protocol of a PD-1
inhibitor in combination with chemoimmunotherapy for
the treatment of newly diagnosed PMBCL. PMBCL is a
high-priority disease for AYA lymphoma research because
while overall PES is 85%, real-world outcomes in patients
under 21 may be inferior (37,38). In addition, there is
a need to limit late toxicity of chest radiotherapy (RT),
particularly in young women. Finally, PMBCL is a rare
disease with no existing randomized studies. Together, these
features make PMBCL an optimal disease for a pediatric
and adult cooperative trial. Patients are treated with one
of three rituxan + chemotherapy regimens (Rchemo):
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RCHOP + planned RT; RCHOP; or DA-REPOCH. These
patients are then randomized into PD-1 inibitor + Rchemo
or Rchemo. In order to enhance accrual, investigators are
allowed to pick the chemotherapy backbone. Challenges
include PET scan interpretation (volumetric, metabolic
volume, and glycolysis as measures of response) which can
be difficult to standardize and placing the use of RT within
the study design. Importantly, included within the study is
an exploration of correlatives for biomarker development.
These include 9p24.1 alterations, ctDNA, T-cell subsets,
and imaging. Discussions are currently underway with
potential pharmaceutical sponsors.

Panel discussion

Following the presentation, the floor was opened for
comments. The following points were raised by audience
members for consideration.

e One challenge in designing a trial with AYA-specific
aims is that the limits of AYA classification are unclear.
If the underlying biology in a proportion of patients is
driving poorer outcomes, it is important to understand
those factors.

o It is unclear if it is ever appropriate to study
patients in their late 30s in a unique way unless
there is an underlying difference in tumor biology.

e The broader we can be, the better. In the advanced
stage, patients 12 years and up should be studied, and
response-adapted approaches may be incorporated
into protocols.

0 AYA-specific measures, rather than specific
endpoints, should be part of analysis.

o Within trials, enhancing QoL measures and
designing specific AYA measures for quantitating
response to treatment and adaptive dosing require
different levels of organization.

¢ One audience member was hopeful that these trials
will be able to provide samples for the creation of a
central tissue bank soon. Some of the biomarkers may
eventually be validated for treatment selection.

e One audience member noted that the National
Cancer Institute (NCI) wants correlative studies, but
the application for funding is separate, which is a
barrier. It is hard to explore when there is no funding
for the analysis.

e In rare disease, the number of centers with varied
experience that must be involved can make sampling
difficult.

e It is exciting to have pediatricians and adult
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physicians executing trials together. As more studies

are approved, is there a way to standardize how the

studies are carried out so that in the future it does not
take as long to initiate the trials?

e There is a prostate cancer trial in the United Kingdom
that is adaptive and never closes (STAMPEDE). In
the adaptive trial design, a new experimental arm can
be adopted as an amendment. This stops the trial from
closing completely and reopening repeatedly. In the
case of lymphoma, we do not learn anything in 3-year
chunks. Can we use STAMPEDE as a model?

o It is important that in planning these trials, we do
not fragment the population further. Different
groups, even within the same institutions, and
treating patients differently can result in lost
cohesiveness.

* When considering AEs, it is important to note that
deeper toxicities occur in patients with more robust
immune systems.

® Drop-out rates in the 18- to 20-year-old subset
suggest that biology and treatment aside, support
services really matter.

0 A 19-year-old treated at a pediatric center vs an
adult center will have different experiences.

o In pediatrics, we just say what MUST happen. In
adult centers, we are less paternalistic and allow
patients to participate in decision making, which
for good or bad, leads to variability.

e With triplet therapy in particular, cost is an issue.
When dealing with a curative disease, cost is less of an
issue. Though some treatments may be less expensive
at face value, hospitalizations and long-term effects
must be considered.

0 In the United States, it is an approved regimen, so
it should be paid for. Higher-risk patients had more
benefit.

0 What if patients are randomized to an arm where
there is an imbalance of AYAs between 2 arms?

The future of AYA oncology drug development—Nita
Seibel, MDD, National Cancer Institute/CTEP (Moderator)

Dr. Seibel opened the session by introducing each speaker
and then asking them to speak about their research and
areas of interest in AYA populations and to share what
they feel the greatest challenges and opportunities are in
the area of AYA oncology drug development. Following
introductions, several questions were posed to the panel,

Ann Lymphoma 2020;4:11 | http://dx.doi.org/10.21037/a01-2020-02



Page 10 of 22

and members shared their perspectives. In this section,
audience comments are integrated with the discussion
topics.

Panel members:

e Ken Carson, MD, PhD (Flatiron Health);

e Andy Evens, DO, MSc (Robert Wood Johnson
Medical School, Rutgers Cancer Institute of New
Jersey);

e John P. Perentesis, MD, FAAP (Cincinnati Children’s);

e Nicholas Richardson, DO, MPH (Food and Drug
Administration);

e Nita L. Seibel, MD (National Cancer Institute/CTEP,
Moderator);

e Nancy Whiting, PharmD, BCOP (Seattle Genetics).

Panelists noted several obstacles in drug development in
AYA oncology. From the perspective of the pharmaceutical
companies, there is a fear associated with running
phase I studies. Development of AYA-specific therapies
will require a shift in mindset. One requirement for
building understanding of disease in AYAs is strong
preclinical models, including cell-line and animal model
development. Preclinical models will be central to better
understanding AYA subtypes. Development is also
complicated by the rarity and heterogeneity of disease,
which makes it difficult to capture samples and understand
the biological underpinnings of differential response. In
order to understand the impact of therapies, there must be
harmonization and collaboration between study organizers
so that outcomes may be assessed in aggregate. This
is an opportunity for the use of large datasets to better
understand outcomes. Often, AYAs who see oncologists
outside of major adult and pediatric centers do not receive
the latest standard-of-care therapies, making it difficult
to improve outcomes in those patients. Overall, there
is a need for a unified, 4-part approach to AYA drug
development: clinical research infrastructure (e.g., NCI and
pharmaceutical companies), regulatory bodies (e.g., Food
and Drug Administration [FDA]), academic and community
practitioners, and patient engagement.

Though data that is currently being collected could
be evaluated to identify age-related differences, data exist
across multiple trials and in different formats and are not
being analyzed in a systematic fashion. More rational
clinical trial designs based on AYA characteristics are
needed. One panelist noted that flagging electronic health
records or identifying a central institutional review board
to expedite enrollment in trials may help to improve
enrollment. In addition, efforts are needed to engage
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community physicians. In contrast to pediatrics, young
adults are often cared for in the community. A public
outreach initiative highlighting that AYAs are an important
population could educate communities about clinical trials
and create a relationship.

Panelists discussed whether comparative analysis or
historical controls can be used in AYA studies. Is it possible
to move away from randomization, knowing that there is a
large dataset of patients previously exposed to R-CHOP?
Panelists also advocated for adolescent patients younger
than 18 to be considered in the trial development phase.

In order to enroll and follow AYAs, it is critical that
sponsors identify activities that require a visit and those that
can be done online. Millennials and Generation Zs who
comprise the AYA population have different expectations of
how to interact with the healthcare system. It is critical that
the clinical trial enterprise meet AYAs in the middle when
it comes to efficiently utilizing technology. It is important
to invest in direct patient-reported outcomes and to do it
digitally. It is faster, better, less expensive, and can be done
reliably. Clinical testing, including patient recruitment and
monitoring and data collection, must be modernized. This
is an opportunity for technology and connectedness with
patients, as well as with smaller centers that do not typically
participate in AYA trials. Beyond participation in trials
themselves, utilization of technology to communicate what
clinical trials are and how they work to AYAs may help to
improve the public’s perception of clinical studies.

Though the current research supports the idea that AYA
toxicities are different from adult or pediatric toxicities,
there is no way to predict the nature or severity of toxicities.
A primary challenge is that more patients are needed in
clinical trials to build a digital dataset of symptoms and
toxicities. Even as our understanding of AYA toxicities
is emerging, oncology in general is beginning to regard
toxicities in a more personalized way. Some toxicities may
be increased for AYAs, but not in all cases. With better data,
risk factors for specific side effects may be identified and
the risks mitigated. One example is an analysis of ~1,000
patients, mostly AYA, on the last large COG HL study.
In that study, patients consented to DNA analysis aimed
at understanding how they metabolized drugs. The study
revealed variant slow drug metabolism genes that potentially
predicted for severe lung damage from the drug bleomycin.
While these variant slow metabolism genes do not result
in phenotypes normally, in the context of HL therapy, they
were associated with pulmonary complications. Because
there are viable treatment pathways in HL that do not use
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bleomycin, these types of data may be used to personalize
treatment. Toxicity data from big data on existing trials may
help to obtain a clearer picture of AYA risk, but cooperative
efforts and diligent harmonized planning ahead of trials will
likely allow for big-data analysis that will be most fruitful.
Finally, ASCO’s guidelines as coordinated with the FDA
have advocated for patients with HIV be included in studies.
When FDA sees exclusion of HIV in lymphoma studies,
they encourage the sponsor to include HIV patients on
HART therapy and stable viral load to ensure that risks are
also captured for these patients, especially those with HIV-
associated malignancies (39). HIV physicians are careful
with drug-drug interactions, and these specialists should be
included in studies.

Long-term toxicity is especially important for AYAs, but
it becomes more challenging as regimens become more
complex. One element that is important for community
oncologists is guidance on fertility preservation. Beyond
guidance for long-term care, telemedicine can be used as
a more formalized approach for community oncologists
to have contact with expert knowledge at AYA centers of
excellence. The initiative could be particularly beneficial in
rural health clinics where outcomes are not as good. AYA
centers of excellence could be a central part of disseminating
knowledge to the broader community where so many AYAs
are treated, and LRF could help in identifying these centers
and facilitating communication with community physicians.
Big data may also facilitate the development of models for
projecting late effects that could eventually be used to guide
decision making. In addition, survivorship studies should
be carefully designed. Particularly for survivors, the long-
term effects of commonly and uncommonly used agents are
unclear.

While the separate pursuit of therapies for adult and
pediatric treatments may once have been a hindrance
to improvements for AYA a few years ago, there have
been major initiatives at the FDA and NCI to change
the landscape of access to new drugs for AYAs, at least
through clinical trials. The NCI has refined and broadened
its national clinical trial efforts through its National
Clinical Trials Network (NCTN). With the formation of
the NCTN an AYA working group across the adult and
pediatric cooperative groups has been initiated to target and
coordinate development of AYA-focused clinical trials in a
“best of both worlds” approach. To help facilitate awareness
of the AYA trials within the NCTN, study champions
from each of the groups are identified to help publicize the
trial to their individual group. NCI Is working to increase
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visibility of AYA oncology trials by creating an NCTN AYA
portfolio of trials with the same attention paid to cancers
like lung, breast, brain, and gastrointestinal malignancies.
In addition, NCTN has been championing tissue agnostic
trials like MATCH. NCI central IRBs also enable NCTN
sites to provide approval for AYA trials regardless of
whether the institution primarily treats adults or children/
adolescents.

Importantly, the FDA has 3 large, novel approaches
that advance AYA oncology. Beyond the 2017 FDA
reauthorization act that mandates pediatric studies in novel
targeted agents relevant to a pediatric cancer, they have
issued an important draft guidance that recommends to
pharmaceutical companies to lower the age of eligibility to
12 years in clinical trials for new anticancer drugs. They also
provided strong guidance by including considerations for
dosing and pharmacokinetic evaluations, safety monitoring,
and ethical considerations. Second, the FDA is now
approving, and licensing, drugs based on strong signals in
small groups as well as approving treatments in a histology-
blind fashion and across diseases, a significant advantage in
AYA cancers in which molecular targets are rare and often
would not be sufficient for a clinical trial. Third, the FDA
is approving drugs based on strong efficacy signals even in
small studies (40). The end result of these efforts is that new
drugs are being prescribed much faster to the right patients,
both in clinical trials and ultimately with approval.

Pediatric and adult clinical care, service delivery,
disparities—Julie Wolfson, MID, MSHS, University of
Alabama at Birmingbam School of Medicine (Moderator)

To open the discussion, Julie Wolfson, MD, MSHS
(University of Alabama at Birmingham School of Medicine)
presented data on the impact of treatment site in AYA cancer
patients. The NCI definition of an AYA cancer patient is a
patient diagnosed with cancer between 15 and 39 years of
age. When compared to children and adults, AYAs have not
seen the same improvement in survival. This survival gap
prompted the NCI to deem AYAs a vulnerable population.
There are multiple compounding factors that contribute to
the gap, including survivorship care, access to health care,
socioeconomic factors, and care setting, among others. Due
to the lack of widespread quality care measures for AYAs,
it has been difficult to identify the most impactful factors.
However, treatment site and access to care encompass many
of these issues. Indeed, for lymphoma, survival probability
is affected by treatment setting nearly as much as age (15 to
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39 years) (P<0.0001; P=0.004, respectively) (41). This
pattern is repeated in other cancers, including central
nervous system cancers and acute leukemias (41,42). With
increasing age, AYAs are less likely to receive care at a
cancer center (43), and insurance status as well as race/
ethnicity are also drivers of care setting. These disparities
are critically important, as care at a cancer center for AYAs
results in elimination of the significant gap in survival
between HL patients ages 1-29 vs. 30-39 years (P<0.001)
observed at non Comprehensive Cancer Center (CCC)/
COG patients (43). In addition, access to clinical trials is
a central tenet of improving survival. There is a strong
correlation between annual percentage change in survival
and enrollment in trials (correlation: r=0.93, P=0.006) (44)
and only a small minority of AYAs are enrolled in clinical
trials (<5% of AYA vs. >60% of children) (45).

Helen Parsons, PhD, MPH (University of Minnesota)
presented research on resource utilization for AYAs treated
in pediatric vs adult cancer institutions. Referral of AYAs to
pediatric facilities decreases greatly with age, in particular
for patients with less traditionally “pediatric” cancers and
increasing distance to pediatric oncology centers. Across
all ages, the percentage of patients who are treated at NCI
or other designated cancer centers do not change (between
63% and 69%). However, older AYAs are less likely to
be treated in a hospital with a residency program (46).
Patients with HL. and NHL are less likely than patients
with acute lymphocytic leukemia (ALL) to be treated in
the pediatric care setting. While differences in treatment
regimens have been shown to improve survival, little is
known about resource utilization in each treatment setting.
In the presented study, intensity and duration of care,
as well as costs and type of care, were analyzed for AYAs
diagnosed between ages 15 and 17 years in Ontario, Canada
between 1995 and 2010. Overall, 60.5% of patients were
treated in a pediatric institution and 39.5% were treated
in an adult institution. Hospitalizations were evaluated in
the pretreatment, initial, continuing, and terminal care
stages. In the initial stages of care, the median number of
hospitalizations was significantly different between the
pediatric setting (n=4), and in the adult setting (n=0) (47).
The average number of emergency room visits was higher
for pediatric center patients in the initial phase, but higher
for adult center patients in the continuing care phase.
These differences are, in part, responsible for the higher
cost of care for younger AYAs treated in pediatric vs adult
institutions. Additional population-level data representative
of international health systems are needed for multivariate
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analysis to better understand the nature of resource
utilization by AYAs in these settings. The outcomes of
this work will be important for developing evidence-based
interventions to improve outcomes.

Theresa Keegan, PhD, MS (UC Davis Comprehensive
Cancer Center) then presented work aimed at better
understanding barriers to clinical trial participation among
AYAs with lymphoma. Poorer outcomes in AYA lymphoma
patient are thought to be related to low participation in
clinical trials, poorer access to care, receipt of treatment
in facilities without AYA experience, and patient tumor
biology. In AYAs diagnosed in 2006, population-based
data from the National Cancer Institute Surveillance,
Epidemiology and End Results (SEER) program show
a low overall clinical trial enrollment (14%), with lower
enrollment among the uninsured and those treated by non-
pediatric oncologists (48). Reasons for low enrollment
are not well understood, but include system level factors,
provider factors (e.g., knowledge of trials), and patient
factors (49). Data from the SEER program revealed several
patterns. First, AYA enrollment in studies is highest in
leukemia and sarcoma (as high as ~35%) and lower in
lymphomas (~10%) (49,50). Even in specialty children’s
hospitals, enrollment decreases with age. Importantly, most
studies have not found increases in clinical trial enrollment
over time. With the exception of acute lymphoblastic
leukemia, steady declines in treatment trial accruals for
AYAs have been reported (44). Proportional enrollment
of AYAs on COG trials decreased from 34% (2004 to
2008) to 31% (2009 to 2013) (P<0.001) (38). Clinical trial
enrollment is higher in the pediatric setting, with one study
showing that 42% of AYAs in the pediatric hospital setting
are enrolled in clinical trials vs 11% of AYAs in the adult
NClI-designated cancer setting (51). Further, 15% of AYAs
on clinical trials are in a pediatric hospital setting compared
with lower enrollments of 3% in the affiliated adult NCI-
designated cancer centers and 5% in the affiliated adult
public hospitals (52). Together, these patterns indicate
that there are barriers to enrollment, particularly in the
adult setting. In addition, health insurance status and race/
ethnicity impact the likelihood of enrollment in a clinical
trial (48,50,53). Given that many AYAs receive care in the
adult setting, provider awareness of trials and the burden
of referral and enrollment in studies becomes a factor. A
systematic review of AYA patients identified barriers that
may be somewhat unique to the AYA population (54).
The most frequently cited barriers included prolonged
hospitalizations required by the clinical trial and being
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uncomfortable with experimentation. In addition, the time
commitment and lack of peer support were cited. Finally,
feeling coerced by physicians was cited as a deterrent in
50% of studies (54). Together, these findings can guide the
creation of communication tools to raise awareness among
both physicians and patients. With limited data available
on the perceptions that influence accrual among AYA
cancer patients, especially in those treated at adult centers,
future studies in larger adult cohorts should be carried out
to identify the factors that influence participation, assess
the impact of AYA-specific care, and identify solutions for
overcoming identified barriers.

Justine Kahn, MD, MS (Herbert Irving Comprehensive
Cancer Center) presented ongoing work examining the
impact of age on survival in patients <1-21 years (median
age: 14 years), treated for Hodgkin lymphoma (HL) on
contemporary phase III Children’s Oncology Group (COG)
trials between 2002 and 2012 (55). Recent guidelines
from the American Society of Clinical Oncology call for
including children >12 years on late phase trials spanning
children and adults, thus the study examined whether age
12 years, and/or age 15 years [the lower limit of “AYA” as
defined by the National Cancer Institute (NCI)] would be
associated with outcomes.

Across the full cohort of 1,733 patients pooled EFS at
five years was 82%. When examining EFS between older
and younger age groups, it was observed that older patients
(i.e. teenagers and adolescents) had significantly higher rates
of relapse and worse EFS. Five-year cumulative incidence
of relapse in patients >12 years was 18% vs. 11% in patients
<12 years (P=0.008). Similarly, relapse incidence was
significantly higher when using an age cutoff of 15 years.
Patients aged >15 years had a 19% cumulative incidence
of relapse vs. 13% in the younger patients. EFS differed
using both age cutoffs as well. The 5-year EFS for patients
>12 years was 80% vs. 88% in younger patients (P=0.015)
and was 80% vs. 85% using an age threshold of 15 years
(P=0.02). Cox regression models examined the influence
of age on EFS and OS, adjusting for race/ethnicity, sex,
insurance, histology, Ann Arbor stage, B symptoms, bulk
disease, study, and receipt of RT. Multivariable modeling
demonstrated that adolescent age remained an independent
risk factor for EFS using a threshold of both 12 and
15 years, and that age >15 years remained an independent
risk factor for OS.

Dr. Kahn suggests that while it is well-established that
AYAs have worse outcomes compared to younger aged
patients with HL, a clear age threshold that predicts inferior
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survival has not yet been defined (56). Specifically, although
the NCI defines the lower limit of “AYA” as 15 years of
age, perhaps the lower threshold that defines an at-risk HL
age group is even younger. Next steps for Dr. Kahn and
her colleagues are to determine the optimal age thresholds
that define “AYA” for patients with HL in order to inform
biology studies and identify a clearly defined group in need
of novel treatment approaches.

Thomas Gross, MD, PhD (Center for Global Health,
National Cancer Institute) presented treatment strategies
for AYA patients with aggressive NHL. Because of the
rarity of the patient population, international collaborations
are particularly important. Further, to conduct successful
research, it is critical to consider the differences in pediatric
and adult cancer care “cultures.” These differences primarily
lie in the approach that serves as default when patients have
aggressive disease. Importantly, the treatment goals in the
AYA population are somewhat different, and the values are
distinct from pediatric and adult values. Patients most often
opt for outpatient treatment, and there are concerns about
preserving fertility.

In an international trial for pediatric mature B-NHL
(Burkitt and DLBCL; INT-BNHL-2010/ANHL1131),
investigators sought to determine the 3-year EFS of
chemotherapy vs chemotherapy plus rituximab. This study
required an international collaboration of 9 pediatric
cooperative groups from 12 countries and 350 sites. The
first interim analysis of 350 patients with a median follow-up
of 11.5 months showed a treatment benefit. Randomization
was halted, and patients who were randomized not to
receive rituximab and were still on treatment were crossed
over. After a median follow-up of 39.9 months, EFS with
rituximab was 93.9% [95% confidence interval (CI), 89.1
to 96.7] and without rituximab was 82.3% (95% CI, 75.7
to 87.5). The hazard ratio for EFS was 0.32 and for OS
was 0.36, favoring the addition of rituximab. For patients
that received rituximab, failures due to toxicity match the
toxicities due to failure of disease control (57). While this
study represents a significant level of collaboration, Dr.
Gross noted several recent challenges that have emerged for
the planning and execution of international trials, mainly
challenges in meeting new regulations in timely data sharing
and patient privacy protection associated with substantial
penalties for noncompliance.

Panel discussion

Following the presentation, the floor was opened for
comments. The following points were raised by audience
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members for consideration.

LRF does well with communication and outreach.
One challenge is that physicians who are taking care
of AYAs do not know that they are a special group.

o Itisimportant to reach out to providers.

0 The best advocates are in attendance at the
meeting. We all know that outcomes are “good,”
but how do we spread the news that it is not “good
enough?”

Partnering with community physicians can be a

powerful way to ensure AYAs are getting the care they

need. As more programs and centers arise across the
county, physicians with AYA lymphoma patients need
to have at least a one-time consult.

0 The process of consultation could evolve from
“I call someone” to a more automatic and formal
process.

The concerns surrounding coercion were somewhat

surprising. Do shared decision-making tools exist for

the AYA patient population?

0 A representative from LRF commented that
materials are in the process of being created and
that they will eventually be disseminated.

0 Materials about the importance of clinical trials,
even if they just address what clinical trials are and
how they work, would be helpful.

o0 As we think about resources, we should think about
where patients are in terms of their diagnosis and
care when they are provided with information.

Differences in care models are important, but

especially in aggressive lymphomas, there is the

important question of biology. We have to integrate
biology when we think about resources and care
settings. B-cell lymphoma is not the same disease in

a 20-year-old as it is in a 50-year-old. If we are going

to move the goal post, we have to understand the

biology.

o We will never get there unless we enroll AYAs in
studies.

o There is an extraordinary knowledge gap. If we
want to move things, we need to find some way to
guide clinical decisions in the community.

Physicians use the National Comprehensive Cancer

Network (NCCN) guidelines. The current guidelines

do not emphasize the unique position of AYA

therapies. Physicians and scientists who have a specific
interest and knowledge are underrepresented on
guideline committees.
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¢ One audience member pointed out that they do not

want someone to start treating AYA lymphoma like

adult FL. There are real issues, and there are cases

where the risk of doing the wrong thing is high,
especially if the disease is something that you have
never seen before.

It is important to remember that as patients are

“graduating” from pediatric care, they are also

moving into adult life. We need to have a document

for survivorship care plans that patients can have
with them so they know what to do. LRF could help
generate the materials.

o Patient “hand-off” between pediatric and adult care
is a big issue and is a question of care across the
cancer continuum.

90% of survivors are cared for in the community by

primary care providers with poor understanding of

follow-up care for those patients.

o Switches in insurance are another challenge for
AYAs. Providing resources about how to shop
for insurance plans and the implications of what
is covered and knowing what they are willing to
spend could be helpful.

In some datasets, it is difficult to interpret enrollment.
There is no way to know how many trials were
available and open at sites. With NCTN, we have
an opportunity to better understand patterns of
accrual. If centers could track the patients, the trials
available, and if enrollment was offered, we could
learn more. Some trials are available at adult centers
but not activated at the site. There is a knowledge gap
surrounding physician and patient barriers.

o Looking at the COG pooled analysis, when we ask
if it is biology or access, the answer is “yes, both,”
because we see that PFS changes at one age cut-
off and EFS at another, though both then go on to
have a poorer OS.

o When thinking about biomarkers, it is important
to remember that for age, we have a far lower
standard than for gene expression profiling. If we
treat age the same way as a biomarker, it would be
good for the field.

Not only do we have changing and variable disease

biology in AYAs, the way in which AYAs utilize

resources and participate in trials varies over time and
between individuals. A 16-year-old and a 25-year-old
can have the same biological disease. A 23-year-old
can have 2 kids and a job, while a 30-year-old is still
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struggling with keeping insurance straight. Age is not

the same for every individual; it is more about what

is going on in their life. We have to think about how
much life changes, even between 15 and 25 years.

0 One audience member brought up the parallels with
geriatric oncology. There are many instruments to
use in geriatrics, and in practice, these may not be
used, and the centers do things differently. An AYA
assessment tool that can be used in any care setting
could be helpful for physicians who are not going
to take the time to implement every tool.

Patient outcomes, late effects, and survivorship—Melissa
Hudson, MDD, St. Jude Children’s Research Hospital
(Moderator)

Melissa Hudson, MD (St. Jude Children’s Research
Hospital) opened the session by presenting on the
evolving spectrum of late effects in HL and NHL. In
both HL and NHL, cumulative mortality has decreased
with evolving treatments (58). In addition, these same
changes in treatment are thought to have precipitated
a decrease in the cumulative incidence of neoplasms,
though the numbers reported in the literature are likely
underestimates, and it should be noted that some patients
will have multiple neoplasms (59). There is a strong
relationship between chest radiation and development
of breast cancer; 15% of HL patients who receive chest
radiation will develop breast cancer by age 40 years
compared to 8% of patients with other childhood cancers.
The rate of breast cancer in HL by age 50 years (35%)
is comparable to the rates of cancer in BRCAI carriers
(31%) (60). Risk categories for cardiotoxic treatments
(e.g., anthracycline) have been defined, and heart failure
is the primary driver of cumulative cardiac incidence (61).
In addition, risk categories for gonadotoxic treatments
have been defined for women treated with alkylators and
radiation, and risk categories have also been defined for
men (62,63). Finally, financial toxicity and adverse effects
on emotional health, including somatization, anxiety,
depression, and suicidal ideation, have been shown to
further affect survivors (64). Together, these data highlight
a need for effective interventions that aim to prevent
adverse effects and preserve health across survivors as
well as for additional research aimed at understanding
risk factors and the most effective way to deliver optimal
survivor care.

David Hodgson, MD, MPH [Cancer Clinical Research
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Unit (CCRU), Princess Margaret Cancer Centre]
presented AYA survivorship research informed by
outcomes of survivors diagnosed with cancer at >21 years
old. Most AYA survivors are young adults who are seen in
adult facilities. The relative risks of second malignancies,
such as breast and thyroid cancer, can translate into
high absolute risk over time. There is evidence that
patient host-factors can substantially modify the risk of
developing late effects. For example, the duration of intact
ovarian function after lymphoma treatment influences
breast cancer risk among lymphoma survivors (65) and in
breast cancer survivors hypertension can have an impact
on cytotoxicity of certain agents over time (66). Fertility
management for patients also becomes more complex. For
example, in breast cancer patients treated with alkylating
agents, AMH levels indicate an ovarian reserve similar
to controls who are 20 years older (67), and normal
menstrual cycles are not a reliable indicator of preserved
fertility. Data showing that the doses of alkylators
considered “safe” in pediatric oncology can be seriously
gonadotoxic, with older age highlighting the differences
between pediatric and AYA populations. In addition to
fertility issues, fatigue in the young adult population is
well characterized as a substantial issue. Many young adult
patients start treatment with fatigue, which increases on
treatment and never returns to normal (68). Overall, late
effects specific to young adult survivors are understudied.
Further compounding the issue are the variations in the
definition of AYA in terms of age and disease biology.
This variability will affect the biology of late effects, the
appropriate interventions, and the appropriate clinical
models of care to ameliorate those effects.

Continuing the discussion of late effects, Gita
Thanarajasingam, MD (Mayo Clinic Rochester) discussed
how to best improve toxicity assessment in lymphoma
survivors using patient-reported outcomes and cohort
studies. Current reporting and analysis of adverse events
(AEs) in clinical trials are inadequate for understanding
late effects in the AYA population. In particular, current
methods fail to capture adequate information on tolerability
and chronic low grade effects (69). Though improvements
in AE analysis, such as longitudinal analysis of toxicity over
time (ToxT) (70), have been developed and implemented
in clinical trials, there is a need for a framework to improve
the capture of AEs in a way that can benefit real world
patients. An international commission on improving AE
assessment in hematology produced a call to action paper
that included multiple recommendations, two of which,
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Dr. Thanarajasingam noted, are of particular interest for
AYA patients (70). First, the recommendations cited a need
for better assessment of patient-reported outcomes and
called for electronic real-time capture of events though the
development of programs for wearables, smartphones, or
other technology (71). Second, recommendations called
for improved infrastructure for collecting long-term data
on adult survivors, such as the efforts of the Lymphoma
Epidemiology and Outcomes (LEO) cohort (6). These
initiatives will harness patient-reported outcomes data to
allow for better identification of toxicity and late effects.
The data can then be used to provide better education for
AYA survivors and guidance for the management of late
effects.

Tara Henderson, MD, MPH (Childhood and AYA Cancer
Survivor Center, The University of Chicago) presented
on risk-based healthcare and interventions for AYA cancer
survivors. Recently updated guidelines from the Children’s
Oncology Group (COG) recommended an annual
mammogram and breast MRI starting at the age of 25 or
8 years after exposure to any chest RT (previous guidelines
specified >20 Gy) (72). Beyond screening, one study of 274
childhood cancer survivors with breast cancer compared
to 1,095 women with de novo breast cancer revealed that
childhood cancer survivors were 5 times more likely to die
of other health-related causes, including pulmonary and
cardiovascular disease (73). Of note, 85.4% of AYA survivors
received healthcare in the community with primary care.
Only 46% of high-risk survivors were compliant with
mammography guidelines, 27% were compliant with skin
exam guidelines, and 12% were compliant with colonoscopy
screening guidelines (74). These patterns highlight the
need to make sure that primary care physicians are aware
of the long-term follow-up guidelines that are available for
AYA cancer survivors. Indeed, a case vignette presented to
community physicians revealed that 5% of general internists,
2% of family physicians, and 33% of pediatric oncologists
would appropriately screen the presented case-study of a
female Hodgkin lymphoma patient for breast cancer, left
ventricular dysfunction and thyroid disease in a manner
concordant with COG guidelines (75). In order to improve
adherence to guidelines, improvements are required in
three domains. Survivor-related factors (e.g., core health
beliefs such as health motivation), health system-related
effects, and provider-related factors must each be addressed
in order to successfully implement risk-based healthcare
in AYA survivors. For providers, treatment summary/care
plans, ongoing contact with cancer centers, and educational
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initiatives are valuable modes of improving awareness of
and adherence to guidelines. For AYA patients, eHealth
tools, online support, and AYA centers of excellence will be
central to improving survivor-related factors. In addition,
identification of stakeholders and advocacy within healthcare
systems will be critical for widespread adherence to

guidelines (75).

Panel discussion

Following the presentation, the floor was opened for
comments. The following points were raised by audience
members for consideration.

e The lack of guideline uptake is certainly not based in
lack of evidence. It is important that we identify the
true barriers for physicians.

* While improving reach and engagement, it will be
important to collect data so that patient-reported
outcomes can also be assessed.

e When thinking about collecting ongoing data, it is
important to consider the impact on the patient of
having constant reminders of illness.

0 There is cost and worry associated with ongoing
imaging and monitoring. One audience member
indicated that they were not sure that it was a good
thing to remind the patient every year that they
had cancer.

e Physicians know that they are overscreening, and they
should discuss key risks with patients. In the end, it
may be most important to focus on a healthy lifestyle.

e When refining guidelines, it is important to do so in
the context of research.

e Breast cancer data are strong, and an audience
member indicated that it would be malpractice not to
do it.

® Screening for cardiac disease is important. You do
ultimately need to look at the heart.

e Modifying blood pressure may be better than
monitoring with echocardiographs. What are the
influences of modifying blood pressure and how does
that change risk?

e Because of the efficacy of treatments, we now have a
chronic disease paradigm. It is important that patients
understand this and know the therapy they received
and to alert their doctor.

® The data presented show that one-third of survivors
who received RT will get breast cancer. We need
more absolute numbers to stratify risk based on area
of treatment, dosing, and age of treatment.
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o We could inform individual risk and understand if
the absolute risk is 2% vs. 30%.

e Fatigue in HL is interesting, because even 3 to
4 years after treatment, markers of fatigue persist. Do
we think it is treatment or is it etiological and it was
always there?

0 One audience member indicated that they think
biology, and possibly interleukin effects, affect
long-term fatigue.

e When thinking about communication between
patients and physicians for ongoing monitoring,
liability will emerge as a concern. For example, when
a physician takes a phone call in the middle of the
night and talks to a patient, that physician is as liable
for their outcomes as the treating physician.

0 Weekly reports of patient fatigue, among other
measures, may quickly overwhelm an office. We
have to set thresholds that determine when we are
alerted, otherwise it will be too resource intensive.

o So far, we have been able to provide a disclaimer
that data will only be evaluated at the monthly visit.

o For many of the younger fellows, everything is in
real time. The pace and mode of communication
for them is different.

e One audience member indicated that they keep
thinking about measures such as being able to go back
to work. Is there a way that industry can describe
outcomes in a way that will be more useful to AYAs?

o Low-grade diarrhea is intolerable.

o Late-grade toxicity is also very important and is not
usually captured.

e Regulators may respond better to stronger plans
for long-term AE monitoring ahead of protocol
submission, especially in AYAs.

e In partnering with the FDA, we want to see if we can
use tools to build a platform that is useable across
settings (between pediatric and adult oncology and
across international sites).

0 Industry and stakeholders must collaborate to get
some consensus around which measures are most
important.

o Neuroblastoma patients can serve as an example
for effective engagement and programs that build
understanding long-term effects of therapy. It
would be helpful if the lymphoma community can
engage and understand the late effects of immune
checkpoint inhibitor in the same way.

e Regardless of the agent used, the issue is that when
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the study ends, there must be something in place to
follow the patients in a less expensive way. Currently,
re-recruitment is the only way to follow patients. With
collaboration, the process can be more streamlined.

Creating a national AYA lymphoma research
blueprint

Following presentations and panel discussion, attendees
were invited to participate in one of four working groups in
which participants discussed lymphoma research priorities.
Each working group then presented their outcomes. The
top priorities identified by each group are summarized
below, and a table with the suggested blueprint concludes
the section.

Lympboma, biology, immunobiology, and epidemiology

Moderators: Catherine Bollard, MD, MBCHB (George
Washington University, Children’s National Health Center);
Lindsay Morton, PhD (National Cancer Institute); Christian
Steidl, MID (British Columbia Cancer).

The Lymphoma, Biology, Immunobiology, and
Epidemiology working group identified several key gaps
and research priorities. The lack of integrative datasets,
including clinical data, biospecimens, epidemiology, and
pathology, is an obstacle for understanding differences
in etiology and biology between AYA vs pediatric
and adult disease. In addition, study designs and data
collection are most often informed by general lymphoma
variables, and AYA considerations are secondary at
best. The above diligence in terms of data collection
will help identify optimal therapeutic approaches, and
in particular, the effects of novel agents (e.g., immune
and cell therapies), dosing, and predictors of response
(including pharmacogenomics), and relationship of
age to long-term toxicities. One clinical obstacle is
that biomarkers are not always transferable to the AYA
population. Further, there are no known AYA-specific
biomarkers. Thus, prognostic and predictive systems in
AYA are lacking. In addition, the importance of the tumor
microenvironment in AYA pathogenesis (i.e., in HL,
PMBCL, ALCL) needs to be reflected in biology and
immunology studies. Compounding the impact of gaps
in survival and clinical outcomes faced by AYA patients is
the profound knowledge deficit with respect to functional
outcomes for pediatric and AYA patients with lymphomas,
particularly the long-term consequences of treatment.
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Importantly, in order to build better understanding of AYA
lymphomas, it is critical that the impact of selection bias
and treatment heterogeneity is recognized and that the
real-world population is markedly different from clinical
trial populations.

Clinical trials and drug development

Moderators: Kieron Dunleavy, MD (George Washington
University); Kara Kelly, MDD, (Roswell Park Comprehensive
Cancer Center, University at Buffalo Jacobs School of Medicine);
Ann LaCasce, MD (Harvard Medical School, Dana-Farber
Cancer Institute).

The Clinical Trials and Drug Development working
group identified several key gaps and research priorities.
First, data on both AYA-specific biomarkers and the degree
to which adult biomarkers may be applied to AYAs are
lacking. When tailoring treatment for AYAs, physicians are
faced with a lack of toxicity/response data on novel agents
in younger adolescents due to the exclusion of patients
<18 years in most phase 1 trials. Further, the relatively
small number of AYA patients precludes the ability to
perform randomized phase 3 trials. Thus, long-term
toxicity data are limited. One challenge in AYA clinical
trials is that separate trials initiated for adult and pediatric
populations stalls early clinical development. Once
treatments are available, pediatric and adult cooperative
groups have little experience working together, causing
delays in the development of trials. Finally, the limited use
of big data prevents acquisition of insights from pooled
clinical trial and registry data or combined electronic
medical record systems.

Care delivery and patient outcomes

Moderators: Tom Gross, MD, PhD (Center for Global Health,
National Cancer Institute); Thomas M. Habermann, MD (Mayo
Clinic, Rochester).

The Care Delivery and Patient Outcomes working
group identified several key gaps and research priorities.
First, there is a need to create uniform treatment strategies
for AYA patients that can be adopted by designated or
accredited AYA centers. In order to do this, it is important
to identify optimal information dissemination solutions (e.g.,
NCCN AYA guidelines). In addition to harmonizing care, it
is a priority to better understand the AYA patient experience
and identify barriers to care and enrollment in clinical trials.
It is critical that data generated from AYA participation is
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fully leveraged and enhanced, and/or novel data collection
mechanisms should be implemented. Finally, in order to
optimize care, new resources and partnership opportunities
to study disparities in care and outcomes survival must be

identified.

Survivorship and late effects

Moderator: Tara Henderson, MID, MPHD (Childhood and AYA
Cancer Survivor Center, The University of Chicago).

The Survivorship and Late Effects working group
identified several unmet needs in the arena of long-
term survivorship data. Long-term data are needed on
psychosocial outcomes, fertility, comorbidities, and long-
term effects of newer therapies. In order to meet this need,
a lymphoma research infrastructure to centralize data across
institutions is needed. Of particular interest is optimizing
transitions in care and generating models for transitions in
order to optimize outcomes and minimize risk. The models
may include care plans as well as strategies for bridging
the gap between specialists and primary care physicians.
Resources needed include plans for screening for and
treating late effects and subsequent cancers. Finally, there
is a need to address socioeconomic and cultural disparities
that may underpin higher risk and/or poor management of
late effects.

Summary

The inaugural 2019 Adolescent and Young Adult
Lymphoma Scientific Workshop covered recent research
in multiple areas that have been identified as contributors
to the survival gap in AYA lymphoma. Identifying and
exploring these contributors allows for advocacy of AYAs as
a distinct group of patients and thus paves the way for the
development of collaborative efforts that will be required
to learn more about AYA lymphoma biology and treatment
outcomes. In addition, deliberate inclusion of AYA measures
in future clinical trials and sharing of trial data will allow
for a clearer picture of disease biology and risk, as well as
risks associated with specific treatments and late effects.
Continuing efforts are needed to best understand how
to capture AYA-specific outcomes and how to leverage
technology to learn more about toxicities and impacts of
treatment over time. In the future, outcomes of current
and new studies may inform treatment selection, drug
development, and initiation of programming that serves the
specific risks faced by AYA survivors.

Ann Lymphoma 2020;4:11 | http://dx.doi.org/10.21037/a01-2020-02



Annals of Lymphoma, 2020

Acknowledgments

This meeting, in addition to several projects presented,
was funded through grants from the Lymphoma Research
Foundation. Each presenter whose work is included herein
reviewed and approved the summary of that work. Virginia
Vachon provided writing assistance with the initial draft.
The authors wish to thank the Lymphoma Research
Foundation, its leadership and staff for their support of the
AYA Lymphoma Consortium (AYALC) as well as The Paul
Foundation, the founding sponsor of the AYALC.
Funding: Meeting support was provided through
unrestricted medical and education grants from Bristol-
Myers Squibb, Foundation Medicine, Kite A Gilead
Company, and Seattle Genetics; none of these sponsors
had any involvement with program or manuscript design or
production.

Footnote

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx. doi.
org/10.21037/a01-2020-02). KK reports grants from
Merck, outside the submitted work. TMH, MD reports
grants from NCI during the conduct of the study. CB
reports other from Mana Therapeutics, other from
Neximmune, other from Torque, other from Cellectis,
outside the submitted work. In addition, CB has a patent
Planned pending and Board Member, Cabaletta Bio.
KMD reports personal fees from Abbvie, personal fees
from Astra Zeneca, personal fees from Amgen, personal
fees from Adaptive, personal fees from Celgene, personal
fees from Kite, personal fees from Pharmacyclics, personal
fees from Seattle Genetics, personal fees from Morphosys,
personal fees from Atara Biotherapeutics, personal fees
from Karyopharm, personal fees from Kymera, outside
the submitted work. TG has no conflicts of interest to
declare. TH reports research funding and other from
Seattle Genetics, outside the submitted work. ASL reports
other from BMS, personal fees from Research to Practice,
personal fees from Seattle Genetics, personal fees from
Humanignen, outside the submitted work. CS reports
personal fees from Curis Inc., personal fees from Seattle
Genetics, personal fees from Roche, personal fees from
Bayer, personal fees from AbbVie, personal fees from
AstraZeneca, non-financial support from Bristol Myers
Squibb, non-financial support from Trillium Therapeutics,
non-financial support from Epizyme, outside the submitted

© Annals of Lymphoma. All rights reserved.

Page 19 of 22

work; In addition, CS has a patent Method for determining
lymphoma type issued, and a patent CD47 blockade therapy
with TMEM3O0A detection and inhibition issued.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Blum KA, Keller FG, Castellino S, et al. Incidence and
outcomes of lymphoid malignancies in adolescent and
young adult patients in the United States. Br ] Haematol
2018;183:385-99.

2. Cozen W, Timofeeva MN, Li D, et al. A meta-analysis
of Hodgkin lymphoma reveals 19p13.3 TCE3 as a novel
susceptibility locus. Nat Commun 2014;5:3856.

3. Sud A, Thomsen H, Orlando G, et al. Genome-
wide association study implicates immune dysfunction
in the development of Hodgkin lymphoma. Blood
2018;132:2040-52.

4. Paldel O, Laniado DE, Yanetz R, et al. The risk of
cancer following hospitalization for infection in infancy:

a population-based cohort study. Cancer Epidemiol
Biomarkers Prev 2006;15:1964-8.

5. Goldin LR, Landgren O, Kristinsson SY, et al. Infection
in infancy and subsequent risk of developing lymphoma in
children and young adults. Blood 2011;117:1670-2.

6. Cerhan JR, Link BK, Habermann TM, et al. Cohort
Profile: The Lymphoma Specialized Program of
Research Excellence (SPORE) Molecular Epidemiology
Resource (MER) Cohort Study. Int J Epidemiol
2017;46:1753-17544.

7. Pophali PA, Ip A, Larson MC, et al. The association of
physical activity before and after lymphoma diagnosis with
survival outcomes. Am J Hematol 2018;93:1543-50.

8. Viscuse P, Yost KJ, Jenkins S, et al. Impact of lymphoma

Ann Lymphoma 2020;4:11 | http://dx.doi.org/10.21037/a01-2020-02


http://dx.doi.org/10.21037/aol-2020-02
http://dx.doi.org/10.21037/aol-2020-02
https://creativecommons.org/licenses/by-nc-nd/4.0/

Page 20 of 22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

survivorship clinic visit on patient-centered outcomes. ]
Cancer Surviv 2019;13:344-52.

Guy GP Jr, Yabroff KR, Ekwueme DU, et al. Estimating
the health and economic burden of cancer among those
diagnosed as adolescents and young adults. Health Aff
(Millwood) 2014;33:1024-31.

Dixon SB, Bjornard KL, Alberts NM, et al. Factors
influencing risk-based care of the childhood cancer
survivor in the 21st century. CA Cancer ] Clin
2018;68:133-52.

Linendoll N, Saunders T, Burns R, et al. Health-related
quality of life in Hodgkin lymphoma: a systematic review.
Health Qual Life Outcomes 2016;14:114.

A clinical evaluation of the International Lymphoma Study
Group classification of non-Hodgkin's lymphoma. The
Non-Hodgkin's Lymphoma Classification Project. Blood
1997;89:3909-18.

Steidl C, Gascoyne RD. The molecular pathogenesis

of primary mediastinal large B-cell lymphoma. Blood
2011;118:2659-69.

Mottok A, Wright G, Rosenwald A, et al. Molecular
classification of primary mediastinal large B-cell lymphoma
using routinely available tissue specimens. Blood
2018;132:2401-5.

Reichel J, Chadburn A, Rubinstein PG, et al. Flow
sorting and exome sequencing reveal the oncogenome
of primary Hodgkin and Reed-Sternberg cells. Blood
2015;125:1061-72.

Klapper W, Kreuz M, Kohler CW, et al. Patient age at
diagnosis is associated with the molecular characteristics of
diffuse large B-cell lymphoma. Blood 2012;119:1882-7.
Mareschal S, Lanic H, Ruminy P, et al. The proportion
of activated B-cell like subtype among de novo diffuse
large B-cell lymphoma increases with age. Haematologica
2011;96:1888-90.

Phan J, Mazloom A, Medeiros L], et al. Benefit

of consolidative radiation therapy in patients with

diffuse large B-cell lymphoma treated with R-CHOP
chemotherapy. J Clin Oncol 2010;28:4170-6.

Récher C, Coiffier B, Haioun C, et al. Intensified
chemotherapy with ACVBP plus rituximab versus standard
CHOP plus rituximab for the treatment of diffuse large
B-cell lymphoma (LNHO03-2B): an open-label randomised
phase 3 trial. Lancet 2011;378:1858-67.

Dunleavy K, Gross T. Management of aggressive B-cell
NHLs in the AYA population: an adult versus pediatric
perspective. Blood 2018;132:369-75.

Gerrard M, Waxman IM, Sposto R, et al. Outcome and

© Annals of Lymphoma. All rights reserved.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Annals of Lymphoma, 2020

pathologic classification of children and adolescents with
mediastinal large B-cell lymphoma treated with FAB/
LMB96 mature B-NHL therapy. Blood 2013;121:278-85.
Roschewski M, Dunleavy K, Pittaluga S, et al. Circulating
tumour DNA and CT monitoring in patients with
untreated diffuse large B-cell lymphoma: a correlative
biomarker study Lancet Oncol 2015;16:541-9.

Werner MT, Zhao C, Zhang Q, et al. Nucleophosmin-
anaplastic lymphoma kinase: the ultimate oncogene and
therapeutic target. Blood 2017;129:823-31.
Gambacorti-Passerini C, Messa C, Pogliani EM.
Crizotinib in anaplastic large-cell lymphoma. N Engl ]
Med 2011;364:775-6.

Mossé YP, Voss SD, Lim MS, et al. Targeting ALK with
crizotinib in pediatric anaplastic large cell lymphoma

and inflammatory myofibroblastic tumor: a Children's
Oncology Group study. ] Clin Oncol 2017;35:3215-21.
Diefenbach CS, Hong F, Ambinder R, et al. Extended
follow-up of a phase I trial of ipilimumab, nivolumab, and
brentuximab vedotin in relapsed Hodgkin lymphoma:

a trial of the ECOG-ACRIN research group (E4412).
Hematol Oncol 2019;37:123-4.

Diefenbach CS, Hong F, Cohen JB, et al. Preliminary
safety and efficacy of the combination of brentuximab
vedotin and ipilimumab in relapsed/refractory Hodgkin
lymphoma: a trial of the ECOG-ACRIN cancer research
group (E4412). Blood Suppl 2015;126:585.

Diefenbach CS, Hong F, David KA, et al. A phase I

study with an expansion cohort of the combination of
ipilimumab and nivolumab and brentuximab vedotin in
patients with relapsed/refractory Hodgkin lymphoma: a
Trial of the ECOG-ACRIN cancer research group (E4412
arms D and E). Blood Suppl. 2016;128:1106.

Stephens DM, Li H, Schoder H, et al. Five-year follow-up
of SWOG S0816: limitations and values of a PET-adapted
approach for stage ITII/IV Hodgkin lymphoma. Blood
2019;134:1238-46.

Press OW, Li H, Schoder H, et al. US intergroup trial

of response-adapted therapy for stage III to IV Hodgkin
lymphoma using early interim fluorodeoxyglucose-
positron emission tomography imaging: Southwest
Oncology Group S0816. J Clin Oncol 2016;34:2020-7.
Kelly KM, Cole PD, Pei Q, et al. Response-adapted
therapy for the treatment of children with newly diagnosed
high risk Hodgkin lymphoma (AHODO0831): a report
from the Children's Oncology Group. Br ] Haematol
2019;187:39-48.

Henderson TO, Parsons SK, Wroblewski KE, et al.

Ann Lymphoma 2020;4:11 | http://dx.doi.org/10.21037/a01-2020-02



Annals of Lymphoma, 2020

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Outcomes in adolescents and young adults with Hodgkin
lymphoma treated on US cooperative group protocols:
An adult intergroup (E2496) and Children's Oncology
Group (COG AHODO0031) comparative analysis. Cancer
2018;124:136-44.

Ramchandren R, Domingo-Domenech E, Rueda A, et al.
Nivolumab for newly diagnosed advanced-stage classic
Hodgkin lymphoma: safety and efficacy in the phase II
CheckMate 205 study. J Clin Oncol 2019;37:1997-2007.
Connors JM, Jurczak W, Straus D]J, et al. Brentuximab
vedotin with chemotherapy for stage IIT or IV Hodgkin's
lymphoma. N Engl ] Med 2018;378:331-44.

Diefenbach CS, Connors JM, Friedberg JW, et al.
Hodgkin lymphoma: current status and clinical trial
recommendations. ] Natl Cancer Inst 2016;109:djw249.
Friedman DL, Chen L, Wolden S, et al. Dose-intensive
response-based chemotherapy and radiation therapy

for children and adolescents with newly diagnosed
intermediate-risk Hodgkin lymphoma: a report from the
Children’s Oncology Group study AHODO0031. J Clin
Oncol 2014;32:3651-8.

Dunleavy K, Pittaluga S, Shovlin M, et al. Low-intensity
therapy in adults with Burkitt’s lymphoma. N Engl ] Med
2013;369:1915-25.

Roth ME, O'Mara AM, Seibel NL, et al. Low enrollment
of adolescents and young adults onto cancer trials: insights
from the Community Clinical Oncology Program. J Oncol
Pract 2016;12:¢388-395.

Kim ES, Bruinooge SS, Roberts S, et al. Broadening
eligibility criteria to make clinical trials more
representative: American Society of Clinical Oncology and
Friends of Cancer Research Joint Research Statement. J
Clin Oncol 2017;35:3737-44.

Drilon A, Laetsch TW, Kummar S, et al. Efficacy of
larotrectinib in TRK fusion -positive cancers in adults and
children. N Engl ] Med 2018;378:731-9.

Wolfson J, Sun CL, Wyatt L, et al. Adolescents and
young adults with acute lymphoblastic leukemia and

acute myeloid leukemia: impact of care at specialized
cancer centers on survival outcome. Cancer Epidemiol
Biomarkers Prev 2017;26:312-20.

Wolfson J, Sun CL, Kang T, et al. Impact of treatment
site in adolescents and young adults with central nervous
system tumors. ] Natl Cancer Inst 2014;106:djul66.
Wolfson J, Sun CL, Wyatt L, et al. Impact of treatment
site on disparities in outcome among adolescent and
young adults with Hodgkin lymphoma. Leukemia
2017;31:1450-3.

© Annals of Lymphoma. All rights reserved.

44,

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

Page 21 of 22

Bleyer A, Tai E, Siegel S. Role of clinical trials in survival
progress of American adolescents and young adults

with cancer-and lack thereof. Pediatr Blood Cancer
2018;65:€27074.

Unger JM, Cook E, Tai E, et al. The role of clinical trial
participation in cancer research: barriers, evidence, and
strategies. Am Soc Clin Oncol Educ Book 2016;35:185-98.
Parsons HM, Harlan LC, Schmidt S, et al. Who treats
adolescents and young adults with cancer? A report from
the AYA HOPE study. ] Adolesc Young Adult Oncol
2015;4:141-50.

Nathan PC, Bremner KE, Liu N, et al. Resource
utilization and costs in adolescents treated for cancer

in pediatric versus adult institutions. ] Natl Cancer Inst
2019;111:322-30.

Parsons HM, Harlan LC, Seibel NL, et al. Clinical
trial participation and time to treatment among
adolescents and young adults with cancer: does age at
diagnosis or insurance make a difference? J Clin Oncol
2011;29:4045-53.

Keegan THM, Parsons HM. Adolescent angst: enrollment
on clinical trials. Hematology Am Soc Hematol Educ
Program 2018;2018:154-60.

Parsons HM, Penn DC, Li Q, et al. Increased clinical
trial enrollment among adolescent and young adult cancer
patients between 2006 and 2012-2013 in the United States.
Pediatr Blood Cancer 2019;66:¢27426.

Sanford SD, Beaumont JL, Snyder MA, et al. Clinical
research participation among adolescent and young adults
at an NCI-designated Comprehensive Cancer Center

and affiliated pediatric hospital. Support Care Cancer
2017;25:1579-86.

Collins CL, Malvar J, Hamilton AS, et al. Case-linked
analysis of clinical trial enrollment among adolescents and
young adults at a National Cancer Institute-designated
comprehensive cancer center. Cancer 2015;121:4398-406.
Hamel LM, Penner LA, Albrecht TL, et al. Barriers to
clinical trial enrollment in racial and ethnic minority
patients with cancer. Cancer Control 2016;23:327-37.
Forcina V, Vakeesan B, Paulo C, et al. Perceptions and
attitudes toward clinical trials in adolescent and young
adults with cancer: a systematic review. Adolesc Health
Med Ther 2018;9:87-94.

Kahn JM, Kelly KM. Adolescent and young adult
Hodgkin lymphoma: Raising the bar through collaborative
science and multidisciplinary care. Pediatr Blood Cancer
2018;65:€27033.

Kahn JM, Kelly KM, Pei Q, et al. Survival by age in

Ann Lymphoma 2020;4:11 | http://dx.doi.org/10.21037/a01-2020-02



Page 22 of 22

57.

58.

59.

60.

61.

62.

63.

64.

65.

children and adolescents with Hodgkin lymphoma treated
on cooperative group trials in the U.S. and Canada: a
pooled analysis of Children’s Oncology Group trials.
Abstract presentation, 11th International Symposium on
Hodgkin Lymphoma, Cologne, Germany, October 2018.
Minard-Colin V, Auperin A, Pillon M, et al. Results of
the randomized Intergroup trial Inter-B-NHL Ritux 2010
for children and adolescents with high-risk B-cell non-
Hodgkin lymphoma (B-NHL) and mature acute leukemia
(B-AL): Evaluation of rituximab (R) efficacy in addition to
standard LMB chemotherapy (CT) regimen. J Clin Oncol
2016;34:abstr 10507.

Armstrong GT, Chen Y, Yasui Y, et al. Reduction in late
mortality among 5-year survivors of childhood cancer. N
Engl ] Med 2016;374:833-42.

Turcotte LM, Liu Q, Yasui Y, et al. Temporal trends

in treatment and subsequent neoplasm risk among

5-year survivors of childhood cancer, 1970-2015. JAMA
2017;317:814-24.

Moskowitz CS, Chou JF, Wolden SL,, et al. Breast cancer
after chest radiation therapy for childhood cancer. J Clin
Oncol 2014;32:2217-23.

Haddy N, Diallo S, El-Fayech C, et al. Cardiac diseases
following childhood cancer treatment: cohort study.
Circulation 2016;133:31-8.

Levine JM, Whitton JA, Ginsberg JP, et al. Nonsurgical
premature menopause and reproductive implications in
survivors of childhood cancer: a report from the Childhood
Cancer Survivor Study. Cancer 2018;124:1044-52.

Green DM, Liu W, Kutteh WH, et al. Cumulative
alkylating agent exposure and semen parameters in adult
survivors of childhood cancer: a report from the St Jude
Lifetime Cohort Study. Lancet Oncol 2014;15:1215-23.
Huang IC, Bhakta N, Brinkman TM, et al.
Determinants and consequences of financial hardship
among adult survivors of childhood cancer: a report
from the St. Jude Lifetime Cohort Study. J Natl Cancer
Inst 2019;111:189-200.

De Bruin ML, Sparidans ], van't Veer MB, et al. Breast
cancer risk in female survivors of Hodgkin's lymphoma:

67.

68.

69.

70.

71.

72.

73.

74.

75.

Annals of Lymphoma, 2020

breast cancer. PLoS One 2016;11:¢0165262.

Morarji K, McArdle O, Hui K, et al. Ovarian function
after chemotherapy in young breast cancer survivors. Curr
Oncol 2017;24:e494-¢502.

Kreissl S, Mueller H, Goergen H, et al. Cancer-related
fatigue in patients with and survivors of Hodgkin's
lymphoma: a longitudinal study of the German Hodgkin
Study Group. Lancet Oncol 2016;17:1453-62.
Thanarajasingam G, Minasian LM, Baron F, et al. Beyond
maximum grade: modernising the assessment and reporting
of adverse events in haematological malignancies. Lancet
Haematol 2018;5:¢563-¢598.

Thanarajasingam G, Atherton PJ, Novotny PJ, et al.
Longitudinal adverse event assessment in oncology
clinical trials: the Toxicity over Time (ToxT) analysis of
Alliance trials NCCTG N9741 and 979254. Lancet Oncol
2016;17:663-70.

Thompson, CA, Yost, KJ, Barz A, et al. Patient-reported
outcomes, emoji, and activity measured on the Apple
Watch in cancer patients. ] Clin Oncol 2018;36:abstr 6501.
Henderson TO, Amsterdam A, Bhatia S, et al. Systematic
review: surveillance for breast cancer in women treated
with chest radiation for childhood, adolescent, or young
adult cancer. Ann Intern Med 2010;152:444-55, W144-54.
Moskowitz CS, Chou JF, Neglia JP, et al. Mortality after
breast cancer in survivors of childhood cancer: A report
from the Childhood Cancer Survivor Study. ] Clin Oncol
2019;37:2120-30.

Nathan PC, Ness KK, Mahoney MC, et al. Screening

and surveillance for second malignant neoplasms in adult
survivors of childhood cancer: a report from the childhood
cancer survivor study. Ann Intern Med 2010;153:442-51.
Suh E, Daugherty CK, Wroblewski K, et al. General
internists' preferences and knowledge about the care of
adult survivors of childhood cancer: a cross-sectional
survey. Ann Intern Med 2014;160:11-7.

doi: 10.21037/201-2020-02

lower risk after smaller radiation volumes. J Clin Oncol
2009;27:4239-46.

66. Kotwinski P, Smith G, Cooper J, et al. Body surface
area and baseline blood pressure predict subclinical
anthracycline cardiotoxicity in women treated for early

© Annals of Lymphoma. All rights reserved.

Cite this article as: Kelly KM, Habermann TM, Bollard C,
Dunleavy KM, Gross T, Henderson T, LaCasce AS, Steidl C.
Report from the Lymphoma Research Foundation Adolescent
and Young Adult (AYA) Lymphoma Scientific Workshop, May
2019. Ann Lymphoma 2020;4:11.

Ann Lymphoma 2020;4:11 | http://dx.doi.org/10.21037/a01-2020-02



