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Summary

Previous studies concerning reproductive patterns among non-Hodgkin lymphoma
(NHL) survivors are scarce and those available have reported conflicting results.
Treatment regimens vary considerably between aggressive and indolent NHL and
studies of reproductive patterns by subtypes are warranted. In this matched cohort
study, we identified all NHL patients aged 18-40years and diagnosed between 2000
and 2018 from the Swedish and Danish lymphoma registers, and the clinical database
at Oslo University Hospital (n=2090). Population comparators were matched on sex,
birth year and country (n=19427). Hazard ratios (HRs) were estimated using Cox
regression. Males and females diagnosed with aggressive lymphoma subtypes had
lower childbirth rates (HRy,: 0.43, 95% CI: 0.31-0.59, HR __, : 0.61, 95% CI: 0.47~
0.78) than comparators during the first 3 years after diagnosis. For indolent lympho-
mas, childbirth rates were not significantly different from comparators (HR, .
0.71, 95% CI: 0.48-1.04, HR ,.: 0.94, 95% CI: 0.70-1.27) during the same period.
Childbirth rates reached those of comparators for all subtypes after 3 years but the
cumulative incidence of childbirths was decreased throughout the 10-year follow-up
for aggressive NHL. Children of NHL patients were more likely to be born following
assisted reproductive technology than those of comparators, except for male indolent
lymphoma patients. In conclusion, fertility counselling is particularly important for
patients with aggressive NHL.
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REPRODUCTION AMONG NHL SURVIVORS BY SUBTYPE

BRITISH JOURNAL OF HAEMATOLOGY

INTRODUCTION

The number of long-term non-Hodgkin lymphoma (NHL)
survivors is increasing worldwide. A recent study reported a
47% increase in the prevalence of NHL survivors in Sweden
during the last 12 years, which is likely due to a combination
of an increased NHL incidence and improved survival.!

NHL survivors face a risk of various side effects from
treatment, including secondary malignancies, cardiovas-
cular diseases and decreased fertility.>” Impaired fertility
can occur as a consequence of both the lymphoma disease
itself,* "% and its treatment.*>®""""> Recent studies have re-
ported decreased childbirth rates in both male and female
survivors of NHL overall," ® whereas another study limited
to relapse-free survivors reported childbirth rates similar
to the general population.'” To date, reproduction has been
studied more extensively in Hodgkin lymphoma (HL), due to
its comparably high incidence among individuals in younger
ages. Studies on HL survivors reported recently similar re-
sults as for NHL survivors with childbirth rates similar to
the general population.'®™" Nevertheless, the absolute num-
ber of young adults (aged 18-40years) diagnosed with NHLs
is similar to that of HL,** which warrants more research on
fertility issues also in these patients.

NHL is a heterogeneous group of malignant lymphop-
roliferative disorders with regard to disease aetiology, risk
factors and standards of care.”>** No population-based stud-
ies have yet investigated reproductive patterns across NHL
subtypes, albeit substantial heterogeneity in fertility among
survivors may occur in light of the significant differences in
treatment strategies and prognosis among NHL subtypes.
Uncovering these possible differences is important to pro-
vide more personalized fertility counselling and to deter-
mine individual needs for fertility preservation.

In this study, we utilize data from three Nordic countries
to disentangle subtype-specific reproductive patterns using
a causal inference framework to increase the understanding
of the total effect of NHL subtypes on childbirth rates up to
10years after diagnosis.

METHODS
Study population

For this population-based matched cohort study, we identi-
fied 2423 newly diagnosed NHL patients aged 18-40years,
including all individuals with a verified NHL diagnosis
(ICD-0 3ed.: 9670-9719) in the Swedish Lymphoma Register
(SLR), the Danish Lymphoma Register (LYFO), or the clini-
cal lymphoma database at Oslo University Hospital (OUH)
during the years 2000-2018 (SLR), 2000-2017 (LYFO) and
2000-2016 (OUH database). Both the SLR and LYFO have
nationwide coverage, whereas the OUH database includes
information on lymphoma patients diagnosed at OUH which
is the main referral hospital for the health region south-
east in Norway, covering 55% of Norway's population. We

excluded NHL patients who died (n=92) or had a recorded
refractory disease or early relapse (n=65) within 9 months
after diagnosis, that is start of follow-up, those with a his-
tory of solid organ- or allogeneic stem cell transplantation
(n=13; Table S1) or HIV (n=43; Table S2), and those with a
childbirth within 9 months after diagnosis (n=0) to exclude
patients that were pregnant while potentially receiving (im-
muno)chemotherapy treatment. For each NHL patient, we
sampled 10 comparators from the general population with
replacement matched on sex, birth year and country in
Denmark and Sweden, and 5 for those diagnosed in Norway.
All comparators were required to be alive and free of NHL at
the start of follow-up (9 months after lymphoma diagnosis).
The cohort was linked to national population registers and
medical birth registers based on each individual's unique
identification number.

NHL subtype

NHL subtypes were classified both according to major his-
tological and clinical characteristics based on ICD-O codes.
Histological subtypes were categorized as diffuse large B-
cell lymphoma (DLBCL), follicular lymphoma (FL), T-/
NK-cell lymphoma and other B-cell lymphomas (Table S3).
Subtypes were additionally categorized according to their
clinical manifestation as indolent, aggressive or unspecified
(Table S4).

Definition of the outcome

Childbirths during follow-up were obtained from the
Medical Birth Registers, which include information on all
live- and stillbirths from gestational week 12 in Norway, week
28 in Denmark (week 22 from 2004 onwards) and week 28 in
Sweden (week 22 from 2008 onwards).?>** For the main anal-
yses, both time to first childbirth and subsequent childbirths
were considered irrespective of whether the child was con-
ceived after assisted reproductive technology (ART) or not.

Covariates

Information on age at index date (18-25, 26-40years), cal-
endar year of index date (2000-2005, 2006-2010, 2011-2015,
2016-2018) and country were obtained for all NHL patients
and comparators from the lymphoma and general popula-
tion registers. We additionally obtained information on edu-
cation, and history of autoimmune disease for Swedish and
Danish NHL patients and comparators. Education was meas-
ured as the maximal reached educational level (<10years,
10-13 years, >13years) from the Danish Status Register and
the Swedish Longitudinal Integrated Database for Health
Insurance and Labor Market Studies (LISA). History of
autoimmune disease was obtained from the Swedish and
Danish in- and outpatient registers (Table S5).
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Assisted reproductive technology

Information on the use of ART after diagnosis was obtained
for all childbirths of NHL survivors and comparators by
linking the Danish IVF and the Swedish Q-IVF registers to
individuals in the study population using each individual's
unique personal identity number.?>* Both registers include
information on ART treatments received in private and pub-
lic clinics nationwide since 1994 in Denmark and 2007 in
Sweden.

Follow-up time

Each individual was followed from 9 months after index date
until the date of first childbirth, death or diagnosis of NHL
among comparators, whichever came first. Individuals were
administratively censored on the 31st of December 2019,
2018 and 2017 in Sweden, Denmark and Norway, respec-
tively, or after 10 years post-diagnosis. In the recurrent event
analysis, individuals were not removed from the risk set at
the date of first childbirth.

Statistical analysis

A directed acyclic graph (DAG) was assumed to a priori de-
termine a plausible causal model for the association between
NHL exposure and reproduction (Figure S2).””*® In this
context, education, age at diagnosis, history of autoimmune
diseases, calendar year of diagnosis (index year) and country
of residence were identified as potential confounders. In a
supplemental analysis using data from Sweden and Demark,
we additionally adjusted for education and history of auto-
immune diseases, since this information was not available in
the Norwegian data. All analyses were stratified by clinical
or histological NHL subtypes and included an interaction
between sex and case/comparator indicator to allow for ef-
fect modification by sex.

Cox regression was used to estimate adjusted hazard ra-
tios (HRs) that contrasted childbirth rates among patients
in each of the NHL subtypes with comparators. Time since
diagnosis was split into two time-bands (<3/>3 years)."® The
cut-off of 3years has been chosen to capture an initial period
of anticipated low childbirth rates due to the time required to
finish potential treatments, achieve a pregnancy and deliver
a child. The models further included a three-way interaction
between time-band, sex and case indicator to allow for non-
proportional hazards. Flexible parametric survival models
(FPMs), with 3 degrees of freedom (DFs) for the baseline haz-
ard function and 2 DFs for the time-varying effects of NHL
case/comparator status, sex and their interaction, were used to
estimate time-varying HRs. The same regression models were
used to predict cause-specific camulative incidence functions
(CIFs) of childbirth in the presence of death as a competing
event for NHL patients and comparators across NHL sub-
types, as well as absolute differences thereof (ACIF).***°

BRITISH JOURNAL OF HAEMATOLOGY

FPMs following the approach described by Andersen-
Gill were employed together with the method proposed
by Cook, Gosh and Lin to estimate the average number of
childbirths after NHL diagnosis, including all childbirths
during follow-up, in the presence of death as competing
event, and differences thereof contrasting NHL patients and
comparators.ﬁ’33

In a supplemental analysis, Andersen-Gill Cox models
for recurrent events were fitted to estimate the total effect of
NHL subtype on first and subsequent childbirths comparing
NHL patients to their comparators.*>** The main analysis
was repeated with additional adjustments for education and
history of autoimmune disease in the subset of NHL patients
identified in the SLR and LYFO and their comparators to
assess the impact of known residual confounders.

All individuals with missing information on NHL sub-
type (n=120) and their comparators (n=623) were excluded
from all analyses. A complete cases analysis is assumed to
yield valid effect estimates based on the assumed missing-
ness DAG shown in Figure $3.%

Analyses were carried out using the statistical software
package R.*® The study has been approved by the Regional
Ethical Review Board in Stockholm (No. 2014/1017-32),
the Danish Data Protection Agency (No. 2018-88) and the
Regional Committee for Medical Research Ethics South East
Norway (No. 2018/2209).

RESULTS

We included a total of 2090 NHL patients from Sweden
(n=1135), Denmark (n=680) and Norway (n=275), and
19427 matched comparators (Table 1). Clinical and histolog-
ical subtypes were equally distributed across countries, with
DLBCL being the most common clinical subtype (48.7%),
followed by FL (20.0%) and T-/NK-cell lymphomas (14.3%).
The majority of patients were diagnosed with an aggressive
lymphoma subtype (66.8%). During follow-up, 22.2% of the
NHL patients and 26.1% of the comparators had at least one
childbirth. There were overall no differences in crude child-
birth rates among NHL survivors diagnosed with different
clinical and histological subtypes except for T-/NK-cell lym-
phomas (Table S6).

Histological subtypes

Overall, both women and men diagnosed with DLBCL had
lower childbirth rates compared to their matched compara-
tors, whereas childbirth rates for FL, T-/NK-cell lymphomas
and other B-cell lymphomas were similar to those of their
matched comparators (Table 2). Childbirth rates among
NHL patients were particularly low compared to compara-
tors during the first 3years after diagnosis for both female
and male DLBCL patients (HR : 0.43; 95% CI: 0.30 to

females®

0.62; HR_ . :0.62; 95% CI: 0.46 to 0.84), and among those

males’

diagnosed with other B-cell lymphomas (HR :0.54;95%

females®
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CL: 0.27 to 1.05; HR .. 0.66; 95% CI: 0.41 to 1.04). Females
additionally had decreased childbirth rates in this time
frame when diagnosed with T-/NK-cell lymphomas (HR:
0.52; 95% CI: 0.28 to 0.96). Childbirth rates were similar to
those of comparators after 3 years post-diagnosis across sex
and histological subtypes (Table 2).

There were significant differences in the CIFs by sex and
histological NHL subtypes (Table 3, Figure 1, Table S7). Both
females and males diagnosed with DLBCL had lower CIFs up
to 10years post-diagnosis when contrasted to their matched
comparators (ACIF; .. —0.07; 95% CI: -0.11 to -0.02;
ACIE_ . —0.05; 95% CI: ~0.10 to —0.01). Male FL and T-/
NK-cell lymphoma patients had CIFs similar to their com-
parators. However, female patients diagnosed with FL and
T-/NK-cell lymphomas had lower CIFs up to 2years (ACIF:
—0.03; 95% CI: —0.06 to —0.01) and 5years (ACIF: —0.08; 95%
CIL: —0.14 to —0.01) post-diagnosis, respectively. Similar pat-
terns were observed in the analysis of the mean number of
childbirths (Figure 2, Table S7).

Males and females diagnosed with DLBCL or T-/NK-cell
lymphoma had higher proportions of children born after
the use of ART compared to their matched comparators.
Proportions among male patients with FL were similar to
comparators (Table 4).

Clinical NHL subtypes

Overall, both female and male NHL patients diagnosed
with an aggressive lymphoma subtype had childbirth rates
below their matched comparators, whereas rates for patients

with indolent subtypes were similar to their comparators
(Table 2). Childbirth rates were 67% (HR: 0.43; 95% CI: 0.31
to 0.59) and 39% (HR: 0.61; 95% CI: 0.47 to 0.78) lower for
females and males diagnosed with aggressive NHL subtypes
compared to comparators, respectively, in between 9 months
and 3years after index date. After 3years post-diagnosis,
childbirth rates among males and females diagnosed with an
aggressive subtype were similar to comparators. Childbirth
rates for male and female patients diagnosed with an indo-
lent lymphoma were not significantly different from com-
parators throughout the study period (Table 2).

We observed differences in the CIF of childbirth be-
tween NHL patients and comparators by sex and clinical
NHL subtype (Table 3, Figure S5, Table S7). Both male and
female NHL patients with an aggressive subtype had lower
CIFs up to 10years post-diagnosis (ACIF;, ... —0.06; 95%
CL: -0.11 to =0.02; ACIF_ ,..: —0.04; 95% CI: -0.08 to —0.00).
Among patients with an indolent subtype, only females had
a lower CIF when contrasted to their comparators up to
2years post-diagnosis (ACIF: —0.04; 95% CI: —0.06 to —0.02).
Estimates of the mean number of childbirths showed similar
patterns (Figure S5). Partners of male patients and female
patients with aggressive subtype had an estimated average
of 0.44 (95% CI: 0.37 to 0.50) and 0.39 (95% CI: 0.33 to 0.46)
childbirths at 10 years after index date, whereas the numbers
among comparators were 0.48 (95% CI: 0.45 to 0.50) and 0.50
(95% CI: 0.48 to 0.53), respectively (Table S6).

Among those who had a childbirth during follow-up, the
use of ART was more common in both males and females
previously diagnosed with an aggressive NHL compared to
general population comparators (Table 4).

TABLE 3 Differences in cause-specific cumulative incidence (ACIF) of childbirth by sex and NHL subtype in the presence of death as competing

event.
Difference in CIF of first childbirth after HL diagnosis with 95% CI comparing cases to matched comparators
At 2years At 5years At 10years
Females
Clinical subtypes
Aggressive subtypes -0.07 (=0.08 to —0.06) -0.08 (=0.11 to —0.05) -0.06 (=0.11 to —0.02)
Indolent subtypes -0.04 (=0.06 to —0.02) -0.03 (-0.07 to 0.02) -0.04 (=0.10 to 0.01)
Morphological subtypes
DLBCL -0.07 (=0.08 to —0.05) -0.08 (=0.11 to —0.04) -0.07 (=0.11 to —0.02)
FL -0.03 (-0.06 to —0.01) -0.03 (-0.09 to 0.03) -0.03 (-0.10 to 0.04)
T-/NK-cell lymphoma -0.07 (-0.10 to —0.05) -0.08 (-0.14 to —0.01) -0.03 (-0.12t0 0.07)
Males
Clinical subtypes
Aggressive subtypes —-0.05 (=0.06 to —0.04) -0.04 (=0.07 to —0.02) —-0.04 (=0.08 to 0.00)
Indolent subtypes -0.01 (-=0.03 to 0.01) 0.00 (—0.04 to 0.04) -0.01 (-=0.06 to 0.04)
Morphological subtypes
DLBCL -0.05 (-0.06 to —0.04) -0.05 (-0.08 to —0.02) -0.05 (=0.10 to —0.01)
FL -0.01 (-0.04 to 0.02) -0.01 (-0.06 to 0.04) -0.03 (-=0.09 to 0.03)
T-/NK-cell lymphoma -0.02 (=0.05 to 0.01) 0.01 (=0.05 to 0.08) -0.01 (=0.10 to 0.08)

Abbreviations: DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; NHL, non-Hodgkin lymphoma.
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FIGURE 1 Proportion of non-Hodgkin lymphoma (NHL) patients and comparators with a first childbirth after diagnosis by subtype for males

(A-C) and females (D-F). Proportions across time since NHL diagnosis were estimated by the cause-specific cumulative incidence functions (CIF) in the
presence of death as competing event. The upper part of the graph shows the difference in proportions between NHL cases and comparators.

Results for histological and clinical NHL subtypes were
not altered when additionally excluding patients with a his-
tory of autoimmune disease (n=26), or when additionally
adjusting for education in the subset of NHL patients diag-
nosed in Denmark and Sweden (Tables S7, S9 and S10).

DISCUSSION

In this Scandinavian population-based cohort study, we
found that childbirth rates in NHL survivors were lower
than among general population comparators for both male
and female patients with an aggressive NHL subtype, spe-
cifically DLBCL, during the first 3years post-diagnosis.
Rates were additionally decreased for female T-/NK-cell
lymphoma patients during the same period. However, after
3years childbirth rates for both male and female patients
were similar to their comparators among all clinical and his-
tological subtypes. Nevertheless, the probability of having at
least one child, as measured by the cumulative incidence, as
well as the mean number of childbirths, was slightly lower
throughout the entire follow-up for both male and female pa-
tients with DLBCL and other aggressive subtypes than in the
matched population. The same pattern was observed for T-/
NK-cell lymphomas, but only among females. Patients with
an aggressive NHL subtype additionally conceived children
more often with help of ART than their comparators.
Previous population-based studies have reported con-
flicting results concerning childbirth patterns among NHL

overall while no studies have yet been able to differentiate
between NHL subtypes. Two previous studies reported de-
creased childbirth rates among NHL patients compared
to the general population.'*'> These estimates are likely
to be driven by the high prevalence of the DLBCL subtype
among NHL patients in general.' Conversely, one study from
Canada reported childbirth rates of NHL survivors similar
to those of the general population.” However, survivors in-
cluded in that study were required to be relapse-free until at
least 5years post-diagnosis which likely caused an underes-
timation of the difference for the whole population of NHL
patients.

Decreased childbirth rates among NHL patients might
be due to a combination of treatment toxicities, disease ac-
tivity and changes in reproductive behaviour. These factors
are likely to have a particularly strong impact on childbear-
ing during the first years after diagnosis, whereas their im-
pact might diminish with increasing time since diagnosis.
Childbirth is closely related to fertility, which might be
affected by toxic effects of NHL treatments on spermato-
genesis®®® and ovarian function.*'>" This is especially
important for aggressive NHL subtypes which require im-
mediate treatment often including high doses of alkylating
agents and anthracyclines, whereas an initial wait-and-watch
approach may be used for patients with indolent subtypes.
However, using ART, pre-treatment fertility can sometimes
be sufficiently restored through the use of cryopreservation
of oocytes or sperm.”’” According to current international
guidelines, timely information on infertility risks inherent
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FIGURE 2 Mean number of childbirths of non-Hodgkin lymphoma (NHL) patients and comparators by subtype for males (A-C) and females

(D-F). The mean numbers were estimated taking death as competing event into account. The upper part of the graph shows the difference in mean

numbers of childbirths between NHL cases and comparators.

TABLE 4 ART treatment use among NHL survivors in Denmark and Sweden after 2007. The percentages (and 95% confidence intervals) represent
the proportion of children who were conceived after ART treatment among all children born to the NHL survivors and comparators, respectively.

Males Females
Cases Controls Cases Controls
% (95% CI) % (95% CI) % (95% CI) % (95% CI)
Clinical subtypes
Aggressive 25.5 (19.3-32.8) 52 (4.3-6.3) 10.6 (6.2-17.6) 47 (3.7-5.9)
Indolent 10.8 (5.8-19.3) 5.6 (4.2-7.3) 5.9 (2.0-15.9) 6.2 (4.5-8.4)
Histological subtypes
DLBCL 23.1 (16.2-31.9) 5.4 (4.3-6.7) 10.7 (5.7-19.1) 4.9 (3.8-6.4)
I#IL, 6.8 (2.3-18.2) 6.6 (4.7-9.2) <12.0 =2 4.2 (2.5-7.0)
T-/NK-cell 27.3 (16.3-41.8) 4.1 (2.6-6.4) 12.9 (5.1-28.9) 4.2 (2.6-6.7)

lymphoma

Abbreviations: DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; NHL, non-Hodgkin lymphoma.

*Numbers cannot be disclosed due to low cell counts.

to gonadotoxic treatments should be provided to young
adult cancer patients, with a referral to fertility counsel-
ling.”’ Additionally, fertility might be negatively affected
by the disease itself. Some studies have reported decreased
sperm counts and anti-Miillerian hormone concentration
among NHL patients prior to treatment suggesting that
spermatogenesis and ovarian reserve is also affected by dis-
ease activity.*'* Although these effects may be partly revers-
ible by successful treatment, this may not always be the case.
Finally, reproduction does not only depend on biological but

also behavioural factors, for example, child wish and sexual
activity, which might be affected by an NHL diagnosis and
its treatment.*®~*

National treatment guidelines for DLBCL and FL are rel-
atively homogeneous across the Nordic countries. DLBCL
patients are usually treated with R-CHOP, R-CHOEP or
R-DA-EPOCH depending on risk factors and treatment
areas. FL patients are commonly followed with a wait and
watch approach and if needed treated with single ritux-
imab, R-bendamustine or R-CHOP. GnHR agonists are not
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commonly used across the Nordic countries and there exist
no general guidelines in the Nordic countries recommend-
ing to refrain from childbearing after being diagnosed with
or treated for NHL. However, some centres in the Nordic
countries might still recommend against pregnancies for the
first few years after NHL treatment.

Our study has several strengths. Firstly, the availabil-
ity of population-based data from three Nordic countries
provided us with sufficient power to analyse reproductive
patterns among young males and females with the most
common histological and clinical NHL subtypes. Secondly,
the mandatory reporting to the registries,”**'~* the use of
clinical databases with high coverage,* and the full access to
specialized health care for all residents in the Nordic coun-
tries limit potential bias due to loss of follow-up or selection
of included individuals.

Our study also faces limitations. We were not able to in-
vestigate childbirth rates among other distinct B-cell lym-
phoma subtypes such as mantle cell lymphoma, due to small
numbers. We were not able to adjust for the potential con-
founding effect of education and history of autoimmune dis-
ease in our main analysis. Nevertheless, adjustment for these
factors in the subset of patients diagnosed in Sweden and
Denmark did not alter the direction of effects. Additionally,
we were not able to estimate the direct effect of NHL sub-
types on fertility. Instead, we estimated the total effect on re-
production, which includes possible mediators, for example,
treatment and behavioural factors. Nevertheless, estimates
of the total effect might be especially useful from a patient's
perspective due to their relevance to real-world situations.**
We were further only able to obtain data on the use of ART
that resulted in a childbirth, but not on the overall use of
ART among NHL patients and comparators.

In conclusion, we found that 10-year childbirth rates
among NHL patients are similar to those of the general pop-
ulation. However, for both male and female DLBCL patients,
the proportion of individuals with at least one childbirth and
the average number of childbirths were slightly decreased up
to 10years after diagnosis. Thus, albeit having childbirth
rates similar to the general population, DLBCL patients still
do not catch up with regards to the proportion of individuals
with first childbirths and the average number of childbirths
up to 10years post-diagnosis. Also, they more often require
ART treatment to conceive. Our results convey a positive
message for NHL survivors overall, but still underscore the
importance of fertility counselling and fertility preserva-
tion in patients with DLBCL and other forms of aggressive
lymphomas.
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