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HDT-ASCT also increased the risk of other cardiac diseases. These findings are ap-
plicable for the benefit/risk assessment of HDT-ASCT versus novel therapies.

KEYWORDS

cardiology, cytotoxicity, epidemiology, high-dose therapy, lymphoma

INTRODUCTION

High-dose therapy followed by autologous stem cell trans-
plant (HDT-ASCT) has been used as consolidation therapy
for patients with relapsed/refractory (R/R) aggressive lym-
phoma for decades." It is also standard consolidation in first
line for chemosensitive mantle cell lymphoma (MCL) and
peripheral T-cell lymphoma (PTCL).>® Lymphoma survi-
vors have increased risk of cardiovascular disease (CVD),
especially congestive heart failure (CHF), compared with
the general population,*” but the contribution of salvage
chemotherapy and HDT-ASCT to the CVD risk is poorly
understood. In a cross-sectional study of 274 Norwegian
patients assessed by echocardiography at a median of
12years after HDT-ASCT, the prevalence of left ventricular
dysfunction was 16%.” There is a lack of population-based
longitudinal data on CVD risk after HDT-ASCT for lym-
phoma of various subtypes. Previous studies were limited
by single-centre or cross-sectional designs, or had narrow
focus on one lymphoma subtype.*® Due to the emergence
of CAR-T with curative potential in R/R aggressive B-cell
lymphoma and use of upfront BTK inhibitors combined
with immunochemotherapy in MCL, the use of HDT-ASCT
is expected to decrease substantially in coming years.'”"'2
Moreover, several novel therapies have shown promising re-
sults in the R/R lymphoma setting and have already received
or been recommended for marketing authorization, such as
bispecific CD20x CD3 antibodies”® and CD79b antibody-
drug conjugates." In pivotal phase III CAR-T trials in early
high-risk R/R diffuse large B-cell lymphoma (DLBCL), the
12-month event-free survival rate was impressive 47%-57%
after CAR-T therapy versus 17%-23% with HDT-ASCT.'*"
However, in late relapse of DLBCL, the optimal use of new
therapies (such as CAR-T) against conventional HDT-ASCT
remains to be determined, particularly in light of known
more favourable outcomes with the latter in the late relapse
setting.'® In fact, the choice between conventional HDT-
ASCT and novel immunotherapies may eventually not be
driven by superior efficacy of one therapy over the other but
a total benefit/risk assessment, that also includes consider-
ations of early and late toxicities.

In this national population-based matched cohort
study, the short- and long-term risks of CHF and non-
CHF CVD after HDT-ASCT were investigated and com-
pared to the risks in a matched general population. The
isolated contribution of HDT-ASCT on the risk of CVD
among patients who were eligible to HDT-ASCT was
also explored in analyses where HDT-ASCT was a time-
dependent exposure.

MATERIALS AND METHODS
Study populations

Three cohorts were analysed in this study; (1) patients
treated with HDT-ASCT (main HDT-ASCT cohort), (2)
matched comparators from the general population and (3)
a separate cohort of patients with newly diagnosed aggres-
sive lymphoma who was eligible for later HDT-ASCT (HDT-
ASCT eligible cohort).

The main HDT-ASCT cohort consisted of adult
(=18years) Danish patients with DLBCL, Hodgkin lym-
phoma (HL), MCL and PTCL treated with HDT-ASCT be-
tween 2001 and 2017. Patients were identified in the Danish
National Lymphoma Registry (LYFO). LYFO has been na-
tionwide since 2000 and 98.4% of patients in Denmark re-
ferred for lymphoma treatment are captured in the register."”
Reports on clinicopathological features, treatment, response
and relapses are prospectively entered. The data quality of
LYFO has been validated and positive predictive values of
more than 98% have been reported for the evaluated vari-
ables used in this study.”” HDT-ASCT treatment was iden-
tified by a LYFO registration of HDT-ASCT. If HDT-ASCT
dates were missing in LYFO, they were retrieved from proce-
dure codes in the Danish National Patient Register (DNPR),
which has been described elsewhere.'® Patients were ex-
cluded if HDT-ASCT dates could not be retrieved.

A cohort of matched comparators from the Danish gen-
eral population was identified to compare the risks of car-
diovascular diseases to that of the background population.
Patients from the main HDT-ASCT cohort were matched
on exact values of birth year, sex and Charlson comorbid-
ity index score to individuals from the Danish general pop-
ulation in a ratio of 1:5 (matched comparators). Matched
comparators were sampled from the entire Danish gen-
eral population identified in the Danish Civil Registration
System, which contains information on all individuals in
Denmark."” Matching was done with incidence density sam-
pling without replacement, and matched comparators had
to be alive and living in Denmark at the time of inclusion.
Although more matched comparators were available, the
number of matched comparators was limited to five random
individuals within the matching criteria for each patient.

A third cohort of newly diagnosed HDT-ASCT eligible
lymphoma patients (HDT-ASCT eligible cohort) was identi-
fied to assess the excess rates of CHF and non-CHF CVD as-
sociated with treatment with HDT-ASCT compared to those
who only received conventional chemotherapy treatment.
This cohort included all patients with DLBCL or HL between
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age 18 and 65 and with performance status 0-2 at lymphoma
diagnosis. Patients were chosen for their assumed eligibility
for transplant at first relapse. Patients were followed from
lymphoma diagnosis, and the associations between CVD
and HDT-ASCT were analysed with HDT-ASCT as a time-
dependent exposure.*’

In all cohorts, individuals with CVD prior to the index
date were excluded.

Information on highest completed educational level at
time of diagnosis was retrieved from the Danish Population
Education Register®" and stratified as low or high (Data SI,
educational level). Comorbidities, which were identified as
possible confounders a priori, were identified via the DNPR
and/or the Danish prescription registry. Full comorbidity
definitions can be found in Data S1 (comorbidities).

Outcomes

Outcomes of interest were CHF and non-CHF CVD. CHF
was defined by ICD-10 codes for CHF and cardiomyopa-
thy in the DNPR. Non-CHF CVD was identified by ICD-10
codes for ischaemic heart disease (IHD), pericarditis, re-
strictive cardiomyopathy, valvular disease, atrial fibrillation
(AF) and flutter or malignant arrhythmias as well as with
procedure codes for coronary artery bypass grafting or per-
cutaneous coronary intervention. Full definitions are avail-
able in Data S1 (CVD events).

Statistical analysis

Patients with lymphoma in the main HDT-ASCT cohort
were followed from the date of ASCT, and matched com-
parators were followed from the day of inclusion of the index
patient. All included individuals were followed until the
event of interest (CHF or non-CHF CVD), death, emigration
or administrative censoring on 31 December 2018. Median
follow-up was calculated using the reverse Kaplan-Meier
method.

Univariable and multivariable Cox regressions were per-
formed to provide crude and adjusted cause-specific hazard
ratios (HRs) for CHF and non-CHF CVD. In the adjusted
Cox model, the HR was adjusted for sex, age, educational
level and comorbidities. The Cox proportional hazards as-
sumption was assessed visually using Schoenfeld residuals
and was not satisfied for analyses of both CHF and non-CHF
CVD. To compensate for this, the time-varying HR was plot-
ted over time using flexible parametric modelling with two
degrees of freedom for the main effect and two degrees of
freedom for the interaction with time.*”

Cause-specific cumulative incidences (from here on re-
ferred to as cumulative risk) of CHF and non-CHF CVD
with death before CVD as competing event were estimated
for patients and comparators using the Aalen-Johansen es-
timator. Differences in cumulative risks between the groups,
for the entire follow-up, were tested using Gray's test. The
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overall survival was estimated using the Kaplan-Meier
method.

To identify risk factors for CHF and non-CHF CVD
among the main HDT-ASCT cohort, a multivariable Cox
regression analysis, adjusted for age and sex, was performed.
Risk factors investigated in this analysis included age, sex,
educational level, comorbidities, lymphoma subtype, perfor-
mance status (stratified as 0-1 or >2), number of treatment
lines prior to treatment with HDT-ASCT (1 or >2), cumula-
tive dosage of anthracycline prior to HDT-ASCT (stratified
as <300 or >300 mg/m?; estimated on the basis of number of
treatment cycles and an assumption of full dose per cyclein a
relatively young and healthy HDT-ASCT cohort) and radio-
therapy (information on radiation field was not available in
LYFO). The count of treatment lines before the HDT-ASCT
procedure was defined as follows: One line if HDT-ASCT
was used as consolidation in first-line treatment; two or
more lines if HDT-ASCT was used as consolidation for re-
lapsed/refractory disease following one or more lines of sal-
vage therapy. The HDT-ASCT procedure was not counted as
a treatment line.

In the HDT-ASCT eligible cohort, the multivariable Cox
regression analysis of HDT-ASCT as a time-dependent ex-
posure was adjusted for age and sex, and stratified on lym-
phoma subtype.*°

A descriptive analysis of IHD and AF occurring after
HDT-ASCT but before CHF was performed to investigate
the cardiovascular pathways leading to CHF for patients in
the main HDT-ASCT cohort versus matched comparators.

The study was registered in the North Denmark Region
(study ID: 2021-150).

RESULTS

In the main HDT-ASCT cohort, a total of 787 patients treated
with HDT-ASCT (34% DLBCL, 29% MCL, 22% PTCL and
15% HL) were included and matched to 3935 matched com-
parators (Table 1). The median age was 57years and me-
dian follow-up was 7.6years for patients. Five-year overall
survival was 67% (95% CI: 64-71) for patients treated with
HDT-ASCT and 96% (95% CI: 66-97) for matched com-
parators (Figure S1). Among included patients, 54% (1 =426)
received HDT-ASCT as part of first-line therapy. Of the pa-
tients treated with HDT-ASCT in first line, the majority had
MCL or PTCL subtypes (81%), while only 1% had HL and
18% had DLBCL. Of the patients with DLBCL treated with
HDT-ASCT in first line, 90% had transformed lymphoma
(co-existing new indolent lymphoma at first diagnosis of
DLBCL).

Risk of CHF

The crude and adjusted HRs for CHF were 5.0 (95% CI:
3.5-7.2) and 5.5 (95% CI: 3.8-8.1), respectively, for patients
treated with HDT-ASCT (main HDT-ASCT cohort) relative
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TABLE 1 Baseline characteristics of patients from the main HDT-ASCT cohort and matched comparators.

Patients treated with HDT-ASCT

Variable Level (n=787) Matched comparators (n=3935)
Age (median, IQR) 57 (47, 63) 57 (47, 64)
Sex Male 503 (63.9) 2515 (63.9)
Female 284 (36.1) 1420 (36.1)
Educational level Low 549 (70.7) 2792 (72.2)
High 228 (29.3) 1075 (27.8)
Missing 10 68
Lymphoma subtype MCL 225 (28.6)
DLBCL 270 (34.3)
PTCL 173 (22.0)
cHL 119 (15.1)
Number of treatment lines 1 426 (54.1)
>2 361 (45.9)
Radiotherapy Yes 113 (14.4)
Anthracycline dose <300 mg/m2 276 (35.1)
>300 mg/m? 511 (64.9)
Ann Arbor stage 1-2 164 (20.8)
3-4 623 (79.2)
Performance status at diagnosis 0-1 722 (91.7)
22 65 (8.3)
Thyroid diseases Yes 21 (2.7) 105 (2.7)
Hypertension Yes 106 (13.5) 676 (17.2)
Diabetes mellitus Yes 42 (5.3) 221 (5.6)
Renal diseases Yes 17 (2.2) 71 (1.8)

Abbreviations: cHL, classic Hodgkin lymphoma; DLBCL, diffuse large B-cell lymphoma; HDT-ASCT, high-dose chemotherapy and autologous stem cell transplant; MCL,

mantle cell lymphoma; PTCL, peripheral T-cell lymphoma.

TABLE 2 Crude and adjusted hazard ratios for congestive heart failure (CHF) and cardiovascular diseases not defined as congestive heart failure
(non-CHF CVD) for patients treated with high-dose chemotherapy and autologous stem cell transplant compared to matched comparators.

Crude hazard ratio (95% CI)

CHF 4.97 (3.45-7.18)
Non-CHF CVD 2.09 (1.66-2.62)

p-Value Adjusted hazard ratio (95% CI) p-Value
<0.001 5.52(3.79-8.06) <0.001
<0.001 2.22 (1.76-2.81) <0.001

Note: Crude analyses were based on all 4722 individuals from the main cohort and the comparator cohort, and the adjusted analyses were based on 4644 patients due to

missing data.

Abbreviations: CI, confidence interval; CHF, Congestive heart failure; CVD, Cardiovascular diseases.

to matched comparators (Table 2). The time-varying HR es-
timates (Figure 1A) showed highest risk immediately after
HDT-ASCT (HR ~8.9 at 3 months) and subsequent decline
to a plateau at HR ~3.6 after 10 years. The cumulative risk of
developing CHF was higher in patients treated with HDT-
ASCT (main HDT-ASCT cohort) as compared to matched
comparators (p <0.001 for the whole period, Figure 2). After
5years, the cumulative risk of CHF for patients was 4.3%
(95% CI: 2.8-5.8) as compared to 1.0% (95% CI: 0.7-1.3) for
matched comparators. After 10years, the cumulative risk
was 8.0% (95% CI: 5.7-10.3) as compared to 2.0% (95% CIL:
1.5-2.5) respectively. The risk difference between patients
and matched comparators was highest for males (10-year

cumulative risk 10.2% [95% CI: 6.8-13.6] vs. 2.7% [95% CI:
1.9-3.4], p<0.001 for the whole period, Figure S2A) and less
for females (10-year cumulative risk 4.4% [95% CI: 1.8-7.0]
vs. 0.9% [95% CI: 0.2-1.5], p<0.001 for the whole period,
Figure S2B). The risk of CHF was significantly higher in
patients treated HDT-ASCT after 22 prior lines of therapy
when compared to patients treated with HDT-ASCT after
one prior line of therapy (Figure S3, p=0.02).

A total of 116 individuals developed CHF during fol-
low-up (49 patients from the main HDT-ASCT cohort and
67 matched comparators). CHF occurred more often with-
out any prior clinically identified IHD or AF in the HDT-
ASCT setting (80% vs. 43%, p<0.001). Patients with CHF
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FIGURE 1 Time-varying hazard ratio from a flexible parametric model for (A) congestive heart failure (CHF) and (B) cardiovascular diseases
not defined as congestive heart failure (non-CHF CVD) as function of follow-up time. HDT, high-dose therapy.
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FIGURE 2 Cause-specific cumulative risk of congestive heart failure (CHF) in lymphoma patients treated with high-dose chemotherapy and
autologous stem cell transplant (HDT-ASCT) and matched comparators from the general population.

after HDT-ASCT were younger than matched comparators
at the time for first CHF diagnosis (55 vs. 60 years).

Risk factors for the development of CHF among the main
HDT-ASCT cohort were male sex (HR of 2.1 [95% CI: 1.1-
4.2]), treatment with two or more lines of therapy prior to
HDT-ASCT (HR of 2.7 [95% CI: 1.5-4.9]), hypertension (HR
0f 2.0 [95% CI: 1.0-4.1]) and treatment with >300 mg/m2 cu-
mulative dosage of anthracycline compared to <300 mg/m*
(HR of 2.1 [95% CI: 1.1-4.0]) (Table 3).

In the HDT-ASCT eligible cohort, a total of 4089 patients
with DLBCL and HL were included in the multivariable Cox

regression with HDT-ASCT as a time-dependent exposure.
The HR for CHF associated with HDT-ASCT exposure was
2.6 (95% CI: 1.8-3.8), p <0.001, after adjusting for age and sex
and stratifying on lymphoma subtype.

Risk of non-CHF CVD

The crude and adjusted HRs for non-CHF CVD, mainly
ischaemic heart disease and atrial fibrillation, after
HDT-ASCT (main HDT-ASCT cohort) were 2.1 (95% CI:
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TABLE 3

Risk factors for congestive heart failure (CHF) and cardiovascular diseases not defined as congestive heart failure (non-CHF CVD) among

patients treated with high-dose chemotherapy and autologous stem cell transplant.

CHF Non-CHF CVD

Variable Level Hazard ratio (95% CI) p-Value Hazard ratio (95% CI) p-Value
Sex Male 2.14 (1.09; 4.21) 0.03 1.45 (0.93; 2.27) 0.10
Age per decade 1.01 (0.99; 1.03) 0.47 1.06 (1.03; 1.08) <0.001
Performance status >2 0.25(0.03; 1.81) 0.17 1.41 (0.73; 2.72) 0.30
Previous radiotherapy 0.90 (0.40; 2.02) 0.80 1.38 (0.83; 2.31) 0.22
Number of treatment lines >2 2.69 (1.48; 4.90) <0.001 1.65 (1.10; 2.48) 0.01
Diabetes mellitus 0.74 (0.18; 3.05) 0.67 1.75 (0.88; 3.50) 0.11
Thyroid diseases 1.27 (0.17; 9.43) 0.81 1.53 (0.48; 4.93) 0.47
Renal diseases 0.88 (0.12; 6.41) 0.90 2.10 (0.85; 5.20) 0.11
Hypertension 2.04 (1.00; 4.13) 0.05 1.62 (0.99; 2.66) 0.05
Anthracycline 2300 mg/m2 2.06 (1.07; 3.99) 0.03 1.86 (1.19; 2.91) 0.01
Lymphoma subtype cHL Reference

DLBCL 1.80 (0.74; 4.39) 0.19 1.48 (0.71; 3.10) 0.30

MCL 0.37 (0.12; 1.18) 0.09 0.70 (0.31; 1.55) 0.38

PTCL 1.17 (0.44; 3.15) 0.75 1.42 (0.64; 3.15) 0.38

Note: All models were adjusted for age and sex (except for the age model and the sex model respectively). Analyses were based on all 787 individuals from the HDT-ASCT-

treated cohort.

Abbreviations: cHL, classic Hodgkin lymphoma; CI, confidence interval; DLBCL, diffuse large B-cell lymphoma; HDT-ASCT, high-dose chemotherapy and autologous stem

cell transplant; MCL, mantle cell lymphoma; PTCL, peripheral T-cell lymphoma.
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1.7-2.6) and 2.2 (95% CI: 1.8-2.8), respectively, compared
to matched comparators (Table 2). The risk of non-CHF
CVD was highest immediately after HDT-ASCT (HR ~4.5
at 3 months) and declined to a plateau of HR ~1.2 at 10 years
(Figure 1B). The cumulative risk of developing non-CHF
CVD was increased in patients treated with HDT-ASCT
(main HDT-ASCT cohort) as compared to matched com-
parators (p<0.001 for the whole period, Figure 3). After

5years, the cumulative risk of non-CHF CVD was 9.0%
(95% CI: 6.9-11.1) for patients and 4.7% (95% CI: 4.0-5.4)
for matched comparators. After 10years, the cumulative
risk was 15.2% (95% CI: 12.2-18.3) for patients and 9.6%
(95% CI: 8.5-10.8) for matched comparators. For males,
risk of non-CHF CVD was statistically significantly dif-
ferent for HDT-ASCT-treated patients and matched com-
parators (10-year cumulative risk 17.7% [95% CI: 13.6-21.9]
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for patients vs. 11.7% [95% CI: 10.1-13.3] for comparators,
p=0.01 for the whole period, Figure S4A). Female patients
had increased risk of non-CHF CVD (11.0% [95% CI: 6.7-
15.3] for patients vs. 6.2% [95% CI: 4.7-7.7] for matched
comparators, p<0.001 for the whole period, Figure S4B).
The risk of non-CHF CVD was similar in patients treated
HDT after >2 prior lines of therapy compared to patients
treated with HDT-ASCT after one prior line of therapy
(Figure S5, p=0.55).

Risk factors for non-CHF CVD among the main HDT-
ASCT cohort were age (HR per decade of 1.6 [95% CI: 1.3—
1.8]), treatment with two or more lines of therapy prior to
HDT-ASCT (HR of 1.7 [95% CI: 1.1-2.5]), hypertension (HR
1.6 [95% CI: 1.0-2.7]) and treatment with 2300mg/m2 cu-
mulative dosage of anthracycline compared to <300 mg/m*
(HR of 1.9 [95% CI: 1.2-2.9]) (Table 3).

In the HDT-ASCT eligible cohort with HDT-ASCT as
time-dependent exposure in a multivariable Cox regression,
the HR for non-CHF CVD associated with HDT-ASCT was
1.9 (95% CI: 1.4-2.6), p<0.001.

DISCUSSION

To the best of our knowledge, this is the first study to sep-
arately address CHF and non-CHF CVD risk associated
with HDT-ASCT in lymphoma in a population-based set-
ting. HDT-ASCT increased the risk of CVD events relative
to a matched general population despite possible healthy
patient selection bias and higher competing risk of death
without CVD among patients. HDT-ASCT was also a risk
factor when analysed as a time-dependent exposure among
HDT-ASCT eligible lymphoma patients. Male sex, treatment
with two or more lines of therapy prior to HDT-ASCT, esti-
mated >300mg/m? cumulative anthracycline dose and hy-
pertension were associated with increased risk of CHF after
HDT-ASCT.

The estimated 10-year risk of CHF in HDT-ASCT-treated
patients was 8.0% in the present study, which is lower than
the 10.6% symptomatic cases identified in a cross-sectional
Norwegian study.” In the latter, all patients were invited to
echocardiography at a median of ~11 years after HDT-ASCT.
The use of echocardiography enabled the identification of
both symptomatic and asymptomatic CHF (10.6% and 5.1%,
respectively, in the Norwegian study) in contrast to the pres-
ent study, which only included formally diagnosed CHF in
hospital/outpatient registers. In addition, the cross-sectional
study investigated only living patients who were healthy
enough to travel to a tertiary hospital (69% of the invited pa-
tients alive), potentially underestimating the true prevalence
of CHF in this population.

Cumulative anthracycline dose of >300mg/m* was as-
sociated with increased CHF risk in the present study (HR
2.1), consistent with previous findings.>®***** The afore-
mentioned Norwegian cross-sectional study reported sim-
ilar association between CHF and cumulative anthracycline
dose =300 mg/m2 (odds ratio [OR] of 3.3).” Two retrospective
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case—control studies also found significantly increased CHF
risk in patients treated with cumulative doses =300 mg/m?,
with, respectively, a relative risk of 2.93*> and OR of 3.2°
(the latter study being in solely HDT-ASCT-treated patients
and having a cut-off anthracycline dose of >250mg/m?).
Anthracyclines are known to cause CHF, with a clear dose—
response relationship among patients with DLBCL undergo-
ing first-line R-CHOP therapy.**

The present study provided CVD risk estimates in a pop-
ulation that is similar agewise to those receiving HDT-ASCT
in recent trials of second-line CAR-T versus HDT-ASCT."
The age of patients considered eligible for HDT-ASCT has
increased substantially during recent decades and likely in-
fluence observed toxicity patterns after HDT-ASCT. The data
provided are more reflective of a contemporary HDT-ASCT
patient population in contrast to three prior studies of CVD
risk of HDT-ASCT where mean age was below 45 years.”®*
However, in the present cohort, age at time of HDT-ASCT
was not an independent risk factor for CHE. This was in
contrast to a US single-centre case—control study of 882
HDT-ASCT-treated patients with lymphoma that found that
patients above 55years at the time of HDT-ASCT had higher
risk for CHF with an adjusted relative risk of 4.1.%

The risk of CHF in HDT-ASCT-treated patients remained
higher than in the general population throughout follow-up.
Similar results were seen in a Dutch study of 4919 patients
with HL; excess cardiovascular mortality and CHF risk (over
the general population) were evident as long as 40 years after
treatment with a standardized circulatory system-specific
mortality ratio of 5.5, although these results may primarily
have been driven by radiotherapy exposure.®’ It is not fully
elucidated why the risk remains increased many years after
end of treatment, but there are several mechanisms through
which anthracyclines can damage the heart muscle. They in-
clude direct myocyte death in the short term and permanent
disruption of sarcomere structure in the long term.”

Interestingly, we found that most patients with CHF after
HDT-ASCT did not experience IHD or AF prior to CHF in
contrast to matched comparators, where only 40% developed
CHF without previous IHD or AF.

Among the strengths of the present study are the pro-
spective data collections in LYFO and administrative reg-
isters used for capturing CVD events. Only a very small
proportion of the included patients and comparators em-
igrate, and national follow-up including event capture is
complete. Therefore, attrition bias is considered minimal
compared to the cross-sectional and case—control studies. In
addition, we were able to perform a comparison of CHF risk
in HDT-ASCT patients and patients with lymphoma treated
with standard immunochemotherapy only (i.e. typically R-
CHOP/ABVD/BEACOPP) to isolate the additional contribu-
tion of salvage regimens and HDT-ASCT to CVD risk. There
were several weaknesses inherent to the dependence on reg-
ister data. No data on smoking, sedentary lifestyle, increased
body mass index and hypercholesterolemia was available.
As a proxy for these factors, information on educational
level was included in the analyses, which has been found
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to be inversely correlated to these covariates.” Patients and
comparators had very similar educational levels, which in-
dicates possible balance in these risk factors (smoking, sed-
entary lifestyle, increased body mass index). There is a risk
of surveillance bias as patients with lymphoma have more
frequent contact to health-care professionals and access to
diagnostic work-up. This could overestimate CVD risk asso-
ciated with HDT-ASCT. However, our study showed that the
time-varying HR for CHF was increased for patients during
the entire follow-up period and not only during the period
where patients were seen frequently as part of lymphoma fol-
low-up. Confirming a genuine increase in risk, HDT-ASCT
was also associated with CHF and non-CHF CVD when an-
alysing patients only.

The findings of this study are important in light of
alternative therapies to HDT-ASCT for patients with lym-
phoma.'*'*?® CVD, and in particular CHF, risks should be
considered when deciding for HDT-ASCT in patients where
alternative and equally effective (or better) therapies exist.
Risk factors for CHF (male sex, number of treatment lines,
hypertension and cumulative anthracycline dose) could
be considered before allocating patients for HDT-ASCT or
novel immunotherapies. However, it should be noted that
CAR-T therapy can also lead to cardiac adverse events in as
many as 16% of patients, especially in relation to cytokine re-
lease syndrome.” Furthermore, a report found that CAR-T
therapy could induce a lasting decrease in left ventricular
ejection fraction in roughly 3% of recipients.*

In summary, we find that the risk of CHF was signifi-
cantly increased for HDT-ASCT-treated patients compared
to both a matched general population and patients treated
with first-line therapy without consolidating HDT-ASCT,
despite likely selection of healthy patients to HDT-ASCT.
Both the risk of CHF and non-CHF CVD were significantly
increased in patients treated with HDT-ASCT and major risk
factors for CHF were male sex, two or more prior treatment
lines, 2300 mg/m* cumulative dosage of anthracycline and
hypertension. The results presented advocate a low thresh-
old for referring HDT-ASCT-treated patients with cardio-
vascular symptoms to relevant diagnostic work-up.
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