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A (modifiable) way to
better Hodgkin lymphoma
survivorship?
James R. Cerhan | Mayo Clinic

In this issue of Blood, Williams et al,1 through a new report from the Child-
hood Cancer Survivor Study (CCSS), bring into clearer perspective the added
burden of neurocognitive, psychosocial, and quality of life impairments to
the well-recognized physiologic morbidity and premature mortality in long-
term survivors of childhood Hodgkin lymphoma (HL). While there is some
“bad news,” the authors did identify potentially modifiable factors that
might prevent or mitigate adverse outcomes.

While childhood HL is a rare cancer in the
United States (estimated at 1077 cases in
those ,20 years old in 2021), its high rela-
tive survival with treatment (current 5-year
estimate is 94.3% for this age group)
leads to a large population of survivors
(2018 estimate is 40851 survivors).2 Fur-
thermore, HL is one of the top cancer
types based on the proportion of survivors
at $15 years after diagnosis.3 Thus,
understanding and optimally managing
the long-term impacts of treatment across
a range of health4 as well as psychosocial

and quality of life5 domains is of high clini-
cal importance. These latter issues are
comprehensively addressed in this new
report from the CCSS, which focuses on
HL survivors diagnosed from 1970 to
1999 along with a comparison group of
siblings of the CCSS cohort. This research
extends recent findings from the entire
CCSS cohort that included many different
types of childhood cancers.6-8 This report
provides results specific to childhood HL
and treatments used for HL (including
those from the 1980s and 1990s).

First, some bad news. Compared with
CCSS siblings, HL survivors reported
greater neurocognitive impairments (most
significantly for emotional regulation
impairment, 11.5% vs 16.6%; and mem-
ory impairment, 5.7% vs 8.1%), and psy-
chosocial impairments (most significantly
for depression, 7.0% vs 9.1%). They
reported lower quality of life across multi-
ple domains (most significantly for general
health, 9.7% vs 30.4%; and physical func-
tion, 3.0% vs 11.2%). HL survivors were
also more likely to be unemployed (4% vs
10%).

Now for the good news. First, while the
risk of neurocognitive, psychosocial, and
quality of life impairments and lower
social attainment was increased for the
HL survivors relative to the CCSS siblings,
the absolute risk must be kept in per-
spective in that the vast majority of HL
survivors did not experience these
impairments. Second, and of relevance
to HL survivors who experience these
impairments, this report found that the
impairments were correlated with several
modifiable risk factors. Specifically, never
smoking, body mass index ,25 kg/m2,
and meeting Centers for Disease Control
and Prevention guidelines for physical
activity were associated with fewer
impairments. Third, major HL treatments
and treatment intensity were largely not
associated with impairments in most of
the domains assessed. Fourth, while sev-
eral chronic health conditions, highlighted
by hypertension and stroke, were associ-
ated with impairment in most of the neu-
rocognitive, psychosocial, and quality of
life domains, this does raise the potential
that adequate management of these con-
ditions could mitigate these outcomes.
Finally, all associations between HL treat-
ments and neurocognitive impairments
were fully mediated by chronic health
conditions.

There are many strengths of this report,
including the use of HL participants from
a defined survivor cohort; a large
sample size of HL survivors and sibling
controls; inclusion of participants diag-
nosed through 1999, which included HL
treatments used up to this time point and
of high relevance to many current long-
term HL survivors; use of sibling controls
for a comparison group; national scope of
the study; use of comprehensive and vali-
dated measures; and sophisticated statis-
tical analyses.
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There are also limitations, 2 of which are
worth noting here. First, the measure of
neurocognitive impairment was self-
reported and not objectively measured
(eg, by neuropsychological testing). These
2 approaches often do not correlate well
(eg, report of memory problems is not
the same as actual poor recall on a mem-
ory test), and subjective measures are
more likely to be an indicator of psycho-
logic distress than cognitive impairment.9

Nevertheless, subjective neurocognitive
impairments are still important to address
clinically in patient management.

The other major limitation, and of greater
consequence, is that this report uses a
cross-sectional study design embedded
in the CCSS cohort. As such, the associa-
tions reported here are cross-sectional
correlations where cause and effect can-
not be unambiguously determined, and
many of the associations could go in the
opposite direction (eg, memory impair-
ment or poor quality of life lead to smok-
ing, obesity, or lower physical activity).
While there are other data supporting
these modifiable factors improving neu-
rocognitive, psychosocial, and quality of
life in the general population, it will
be important to test these associations
in longitudinal studies and, most impor-
tantly, in intervention studies of HL
survivors.

In summary, these data provide an
important impetus for a well-designed
trial in HL survivors, perhaps with an
intervention that simultaneously incorpo-
rates the multiple modifiable factors
identified here and that measures the
positive impacts of changes in these life-
style factors on neurocognitive and psy-
chosocial functioning in the context of
HL. But in the interim, there is sufficient
evidence that smoking cessation, weight
control, physical activity, and manage-
ment of chronic diseases (eg, hyperten-
sion) all improve health and longevity in
the general population and thus supports
their thoughtful incorporation into HL
survivorship plans.

Conflict-of-interest disclosure: J.R.C. has grant
support from BMS, Genentech, and Nano-
String, all unrelated to this commentary. n

REFERENCES
1. Williams AM, Salehabadi SM, Xing M, et al.

Modifiable risk factors for neurocognitive and
psychosocial problems after Hodgkin
lymphoma. Blood. 2022;139(20):3073-3086.

2. Howlader N, Noone AM, Krapcho M, et al
(eds). SEER Cancer Statistics Review, 1975-
2018, National Cancer Institute. Bethesda,
MD, https://seer.cancer.gov/csr/1975_2018/,
based on November 2020 SEER data submis-
sion, posted to the SEER web site, April 2021.

3. de Moor JS, Mariotto AB, Parry C, et al.
Cancer survivors in the United States:
prevalence across the survivorship trajectory
and implications for care. Cancer Epidemiol
Biomarkers Prev. 2013;22(4):561-570.

4. Ng AK. Current survivorship recommen-
dations for patients with Hodgkin lymphoma:
focus on late effects. Blood. 2014;124(23):
3373-3379.

5. Vena JA, Copel LC. Cancer survivorship and
quality of life outcomes of adolescents and
young adults with lymphoma: an integrative
review. Eur J Oncol Nurs. 2021;52:101948.

6. Prasad PK, Hardy KK, Zhang N, et al.
Psychosocial and neurocognitive outcomes in
adult survivors of adolescent and early young
adult cancer: a report from the Childhood

Cancer Survivor Study. J Clin Oncol. 2015;
33(23):2545-2552.

7. Tonorezos ES, Ford JS, Wang L, et al. Impact
of exercise on psychological burden in adult
survivors of childhood cancer: a report from
the Childhood Cancer Survivor Study.
Cancer. 2019;125(17):3059-3067.

8. Barlow-Krelina E, Chen Y, Yasui Y, et al.
Consistent physical activity and future
neurocognitive problems in adult survivors of
childhood cancers: a report from the
Childhood Cancer Survivor Study. J Clin
Oncol. 2020;38(18):2041-2052.

9. Hutchinson AD, Hosking JR, Kichenadasse G,
Mattiske JK, Wilson C. Objective and
subjective cognitive impairment following
chemotherapy for cancer: a systematic
review. Cancer Treat Rev. 2012;38(7):
926-934.

DOI 10.1182/blood.2021014856

© 2022 by The American Society of Hematology

THROMBOSIS AND HEMOSTASIS

Comment on Feitsma et al, page 3087

GPVI and collagen:
the final word?
Alexandre Slater1 and Martine Jandrot-Perrus2 | 1University of Birmingham;
2Universit�e de Paris Cit�e

In this issue of Blood, Feitsma et al report the structure of platelet
glycoprotein VI (GPVI) complexed with collagen-related peptides and
propose the structural basis of GPVI clustering on collagen fibers.1

GPVI has raised interest as a potential
target for effective and safe antithrom-
botic molecules. GPVI belongs to the
immunoglobulin (Ig) receptor superfamily
that includes killing inhibitory receptors,
leukocyte Ig–like receptors, FcaR1, and
leukocyte-associated Ig-like receptors
(LAIRs). GPVI is a tyrosine-based activation
motif (ITAM) immunoreceptor because of
its association with the Fc-receptor g-chain
(FcRg).

The ectodomain of GPVI consist of 2
Ig-like domains (D1 and D2) and a glyco-
sylated stalk region. GPVI is embedded
in the membrane through a single trans-
membrane helix bridged to the FcRg
chain, and it has a short intracellular tail.
Binding of the extracellular region to col-
lagen results in intracellular signaling and
platelet activation. GPVI has been crystal-
ized in combination with different ligands
by several different groups. All structural
studies have focused on the D1 and D2

domains,2,3 but the structure of GPVI
complexed with collagen has not previ-
ously been reported.

In their article, Feitsma et al are the first
to report the structure of D1 and D2 in
complex with triple helical collagen-
related peptides (CRPs) containing 3 or 5
stretches of the GPVI binding motif Gly-
Pro-hydroxyPro. The ligand-bound struc-
tures reveal binding through the D1
domain. Unexpectedly, the CRP binding
site is some distance away from the previ-
ously modeled collagen binding site,2

but it is consistent with the previously
reported collagen binding site on LAIR-1.4

These findings demonstrate the meth-
odologic advantage of crystallography,
which has less risk of error than in silico
docking. CRP binding does not result in
significant structural changes to the GPVI
structure and suggests that collagen bind-
ing does not induce a conformational
change resulting in an active GPVI state.
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