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Introduction: Congestive heart failure (CHF) is a known complication after anthra-
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2.26-4.02). Patients treated with <200 mg/m? of anthracyclines had HR of 2.89
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remains relevant.

1 | BACKGROUND

Patients with classical Hodgkin lymphoma (cHL) have an excellent 5-
year survival of around 80%-95% depending on the stage and risk
classification [1, 2]. With the bimodal peak incidence in age groups 18-
30 and around 50 years, the residual life expectancy is very long after
successful treatment of cHL [3, 4]. The favorable prognosis of cHL is
attributed to the use of multiagent chemotherapy and radiotherapy,
which can be associated with overlapping late toxicities, one of them
being congestive heart failure (CHF) [5]. The risk of CHF is explained
by the use of mediastinal radiotherapy and/or anthracycline-containing
chemotherapy such as current worldwide standard treatments like
ABVD (Adriamycin [doxorubicin], bleomycin, vinblastine, and dacar-
bazine) and BEACOPP (bleomycin, etoposide, Adriamycin [doxoru-
bicin], cyclophosphamide, vincristine, procarbazine, and prednisone)
[6-9]. Whereas multiagent chemotherapy remains a critical compo-
nent of cHL treatment regardless of stage, the use of radiotherapy
has changed substantially in past decades with the implementation of
fluorodeoxyglucose-positron emission tomography (FDG-PET)-guided
treatment leading to less and smaller radiation fields. Radiotherapy
is now predominantly used in patients with limited-stage disease as
only a minority of patients with advanced-stage disease have FDG-
PET-positive residual lesions after chemotherapy [8, 10]. Concerning
anthracyclines, the use of doxorubicin remains unchanged in the stan-
dard first-line treatments (50 mg/m? per cycle of ABVD and 25 mg/m?2
for BEACOPP) and is also included in the most recently developed first-
line chemotherapy regimens such as BrECADD (brentuximab vedotin,
etoposide, cyclophosphamide, Adriamycin [doxorubicin], dacarbazine,
and dexamethasone), A+AVD (brentuximab vedotin, Adriamycin [dox-
orubicin], vinblastine, and dacarbazine), and N-AVD (nivolumab, Adri-
amycin [doxorubicin], vinblastine, and dacarbazine) [11-13].
Nimwegen et al. showed that treatment with anthracyclines in
patients with cHL increased the risk of CHF 3-fold, independent
of concomitant radiotherapy, compared with patients treated with
chemotherapy without anthracyclines, based on data from patients
treated between 1965 to 1995 [6]. More recent data based on Danish
registers showed a dose-response relationship between the cumu-
lative dose of anthracyclines and the risk of CHF in patients with
non-Hodgkin lymphoma, with a hazard ratio (HR) of 6.8 for patients
treated with six cycles of R-CHOP(-like) treatment using lymphoma

(95% Cl: 1.51-3.47) versus 3.91 (95% Cl: 2.72-5.60) for >200 mg/m?. Treatment with
ABVD was associated with a significantly higher CHF rate (adjusted HR = 3.25, 95%
Cl: 2.31-4.23), while BEACOPP was not (adjusted HR = 1.95, 95% Cl: 0.91-4.16).
The increase in relative rates translated to the absolute scale, with an increased risk
persisting up to 18 years for low cumulative doses.

Conclusion: These findings highlight that cHL survivors still face a substantial excess
risk of CHF in the modern treatment era and that focus on cardiovascular health

patients treated without anthracyclines as reference [14]. As CHF is
also a common disease in the background population, investigating the
CHF incidence associated with anthracycline use for cHL relative to the
expected incidence in the general population is critical to understand-
ing the potential absolute CHF reduction that would be achievable with
less cardiotoxic therapies. However, these contrasts are not well stud-
ied. Furthermore, the decrease in the use of mediastinal radiotherapy
warrants a re-examination of the risk of CHF in nationwide cohorts of
real-world patients with cHL treated in a modern era.

In this nationwide Swedish matched cohort study, the risk of CHF
after contemporary cHL treatment was investigated and compared
to the incidence observed in matched comparators. Furthermore,
risk factors associated with CHF among the patients with cHL were
investigated.

2 | METHODS

2.1 | Data sources and study population
This cohort study included all newly diagnosed cHL patients aged 18-
80 who were treated with ABVD or BEACOPP during 2000-2018 and
registered in the Swedish Lymphoma Register (SLR). The SLR was initi-
ated in 2000 and contains detailed information on diagnosis, baseline
clinicopathological values, treatment regimens, response evaluations,
and information on relapse. SLR has a high coverage of 95% using data
from the Swedish Cancer Register as areference [15, 16]. The SLR does
not contain explicit information on doses of chemotherapy, but esti-
mated doses were calculated from treatment regimens and the number
of treatment cycles with the assumption of full doses in every cycle.
The date of the end of first-line chemotherapy was in most cases reg-
istered by the treating physician, but for those patients with a missing
date (n = 73), the end of treatment was calculated by the known length
of the combination of treatment regimen and the number of treatment
cycles. Patients treated with AVD were categorized in the ABVD group
(n = 48), escalated BEACOPP was categorized as BEACOPP (n = 66),
and patients treated with both ABVD and BEACOPP were allocated to
the BEACOPP group (n = 46).

Using the identification number unique to all Swedish residents,
patients with cHL were linked to other national registers [17]. The
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Swedish Cancer Register, initiated in 1958, was used to ensure only
the first ever cHL diagnosis for each patient was included [18]. The
Swedish Total Population Register was used for matching each cHL
patient in a 1:10 ratio based on sex and birth year to population
comparators. The matched comparators had to be alive, residing in
Sweden, and free from cHL on the matching date (from this point
referred to as the inclusion date).

CHF diagnoses and comorbidities were identified in the Swedish
National Patient Register using the International Classification of Dis-
eases 10th and 9th revision (ICD-10 and ICD-9) codes (see Table S1 for
all codes). This register contains data on all inpatient hospital contacts
(with national coverage since 1987) and all outpatient hospital con-
tacts (since 2001) [19]. In addition to the ICD-codes, diabetes mellitus
was also identified by Anatomical Therapeutic Chemical Classification
System codes for prescriptions of insulin and blood glucose-lowering
drugs. The first hospital contact where CHF was the main or sec-
ondary diagnosis following study inclusion was considered an event.
Comorbidities considered included hypertension, thyroid diseases,
hyperlipidemia, renal diseases, diabetes mellitus, atrial fibrillation, and
acute myocardial infarction and were defined as any hospital contact
with a main or secondary diagnoses codes of comorbidity in 10 years
prior to inclusion (see Table S1 for specific codes).

Dates of death were retrieved from the National Swedish Cause
of Death Register, and dates of first emigration after inclusion date
from the Swedish Total Population Register [17, 20]. Educational level
was obtained from the Swedish Longitudinal Integrated Database for
Health Insurance and Labor Market Studies, defined as the highest
achieved educational level at the time of inclusion [21], and categorized
as low (<9 years), intermediate (10-12 years), and high (>13 years).

Patients with cHL (n = 12) and comparators (n = 415) who had any
diagnosis of CHF within the previous ten years before the inclusion
date were excluded, as only incident events were of interest. Addi-
tionally, missing information on treatment (number of cycles or dates)
for the cHL patients was an exclusion criterion (n = 25). Due to the
exclusion criteria for comparators, some cHL patients had less than ten

comparators.

2.2 | Statistical analysis

Patients were followed from the end of first-line lymphoma treatment
until an event of CHF, death from all causes, or censoring (emigra-
tion from Sweden or end of the study period, December 31, 2019),
whichever came first. The underlying timescale for all analyses was
time since the end of first-line treatment. Cause-specific HRs with
associated 95% confidence intervals (Cls) for CHF, comparing patients
to matched comparators, were estimated using flexible parametric sur-
vival models (FPMs) with two degrees of freedom (df) for the baseline
cumulative hazard rate [22]. Both univariable and multivariable models
were applied, with the latter adjusted for the following confounders:
sex, age, and calendar year of inclusion (the latter two assuming non-
linear effects using restricted cubic splines with three df), highest

achieved education, and previous comorbidities (hypertension, thyroid

disease, hyperlipidemia, renal disease, diabetes mellitus, atrial fibrilla-
tion, and acute myocardial infarction). Additional models are described
in Statistical Appendix S1. Among the cHL patients, separate unad-
justed and adjusted (for age and sex) FPMs were applied to assess
potential clinical risk factors. The choice of df was determined based
on the Akaike information criterion.

Non-parametric estimates of the cause-specific cumulative inci-
dence (CIF) of CHF were estimated by patient/comparator status using
the Aalen-Johansen estimator, with death before CHF as a competing
event. Additionally, FPMs were used to calculate cause-specific CIFs
for CHF. These are described in detail in Statistical Appendix S2. All
Cls (non-parametric and model-based) were calculated using the delta
method.

All analyses were conducted in Stata (StataCorp. Stata Statistical
Software: Release 18; StataCorp LLC.) using the packages merlin and
multistate [23, 24]. The study was approved by the Swedish Ethical
Review Authority (no. 2019-00242).

3 | RESULTS

Among the 1994 cHL patients treated with ABVD or BEACOPP and
19713 matched comparators, 61 (3.1%) and 225 (1.1%), respectively,
experienced CHF during follow-up (Table 1). The number and propor-
tion of patients and comparators who died during follow-up were 169
(8.5%) and 587 (3.0%), respectively. The median age at inclusion was 34
years for patients (interquartile range [IQR]: 25-51) and comparators
(IQR: 25-50). Among the patients, 8.7% had CCl > 2 at diagnosis and
35% had a high educational level. The corresponding proportions for
comparators were 5.1% and 34%.

Most cHL patients had advanced-stage disease (57%), non-bulky
disease (79%), and absence of B-symptoms (55%) (Table 2). A total
of 1,642 (82%) were treated with ABVD (including 48 with AVD)
and 352 (18%) were primarily treated with BEACOPP (including 66
with escalated BEACOPP and 46 with both ABVD and BEACOPP).
With an estimated mean cumulative anthracycline dose of 237 mg/m?2
(standard deviation 93.6), a total of 271 patients (14%) were treated
with <100 mg/m? anthracycline, 726 (36%) with 101-200 mg/m?2, 635
(32%) with 201-300 mg/m?, and 362 (18%) with > 300 mg/m?2.

The median follow-up was 8.1 years (range: 0.0-19.7). Based on the
adjusted model, the CHF-specific HR was 3.02 (95% Cl: 2.26-4.02)
when comparing all cHL patients to matched comparators (Table 3).
When relaxing the PH assumption, the time-dependent HR decreased
over time, from a 7-fold rate initially after the end of treatment to
2-fold after 14 years and onward until the end of follow-up (Figure S1).

When contrasting patients to comparators by cumulative dose
of anthracyclines received, both patients exposed to <200 mg/m?2
and >200 mg/m? had a significantly higher CHF rate than compara-
tors when assuming proportional hazards (adjusted HR = 2.89, 95%
Cl: 1.51-3.47, for <200 mg/m? and HR = 3.91, 95% Cl: 2.72-4.72
for >200 mg/m?2) (Table 3). Relaxing the PH assumption showed that
patients treated with less anthracycline experienced an increased CHF

rate relative to the comparators for the first 13 years after the end
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TABLE 1 Frequencies and percentages of characteristics for TABLE 2 Frequencies and percentages of clinical characteristics
patients with classical Hodgkin lymphoma (cHL) and comparators. for patients with classical Hodgkin lymphoma (cHL).
cHL patients ~ Comparators cHL patients
(N =1994) (N=19713) (N =1994)
Characteristic n (col %) n (col %) Characteristic n (col %)
CHF event during follow-up Ann Arbor stage
Yes 61(3.1) 225(1.1) Limited (IA-11A) 849 (42.6%)
Deceased during follow-up Advanced (IIB-1VB) 1128 (56.6%)
Yes 169 (8.5) 587(3.0) Missing 17 (0.9%)
Sex Bulky disease
Male 1052(52.8) 10,391 (52.7) 0 1578 (79.1%)
Female 942 (47.2) 9,322 (47.3) 1 380 (19.1%)
Age at inclusion (years) Missing 36 (1.8%)
0-25 515(25.8) 5,071(25.7) WHO performance status
26-40 714(35.8) 7,115 (36.1) 0 1469 (73.7%)
41-60 534 (26.8) 5,263(26.7) 1 425 (21.3%)
>60 231(11.6) 2,264 (11.5) 2 52(2.6%)
Median age (IQR) 34 (25-51) 34 (25-50) 3 22 (1.1%)
Inclusion year 4 6(0.3%)
2000-2006 523(26.2) 5176 (26.3) Missing 20(1.0%)
2007-2012 722(36.2) 7162 (36.3) B-symptoms
2013-2018 749 (37.6) 7375(37.4) 0 1095 (54.9%)
Highest achieved educational level 1 874 (43.8%)
Low (<9 yrs) 948 (47.5) 9659 (49.0) Missing 25(1.3%)
Intermediate (10-12 yrs) 319(16.0) 2984 (15.1) Radiotherapy
High (>13yrs) 703(35.3) 6699 (34.0) 0 140 (7.0%)
Missing 24(1.2) 371(1.9) 1 523(26.2%)
Thyroid disease Missing 1331 (66.8%)
Yes 27 (1.4) 282 (1.4) Chemotherapy regimen (first line)
Hyperlipidemia ABVD 1642 (82.3%)
Yes 29(1.5) 261(1.3) BEACOPP 352 (17.7%)
Renal disease Number of treatment cycles (first line)
Yes 41(2.1) 236(1.2) 1 8(0.4%)
Hypertension 2 254 (12.7%)
Yes 110(5.5) 767 (3.9) 3 34 (1.7%)
Diabetes mellitus 4 252 (12.6%)
Yes 72(3.6) 555(2.8) 5 30(1.5%)
Abbreviations: CHF, congestive heart failure.; col, column; IQR, inter- 6 636 (31.9%)
quartile range; n, number; yrs, years. 7 21(1.1%)
Due to rounding, some percentages might not add up to 100. 3 276 (13.8%)
Missing 483 (24.2%)
of treatment, while those treated with a high dose had an elevated Anthracycline dosage
relative CHF rate throughout follow-up (Figure 1). <100 mg 271(13.6%)
Stratifying patients by Ann Arbor stage showed similar elevated 101-200 mg 726 (36.4%)
HRs when assuming PH (Table 3). When allowing for HRs to be time- 201-300 mg 635 (31.8%)
dependent, limited-stage patients experienced a constant significantly +300 mg 362 (18.2%)

elevated CHF rate throughout follow-up. Advanced-stage patients had
an almost 8-fold CHF rate in relation to comparators early on, which

(Continues)
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TABLE 2 (Continued)
cHL patients
(N=1994)
Characteristic n (col %)
Anthracycline dosage, dichotomized
<200 mg 997 (50.0%)
>200 mg 997 (50.0%)
Mean dose (sd) 237.3(93.6)

Abbreviations: ABVD, adriamycin [doxorubicin], bleomycin, vinblastine, and
dacarbazine; BEACOPP, bleomycin, etoposide, Adriamycin [doxorubicin],
cyclophosphamide, vincristine, procarbazine, and prednisone; cHL, classical
Hodgkin lymphoma; col, column; n, number; sd, standard deviation; WHO,
World Health Organization.

Due to rounding, some percentages might not add up to 100.

TABLE 3 Unadjusted and adjusted hazard ratios (HRs) with 95%

confidence intervals (Cls) estimated from flexible parametric
proportional hazards models, comparing congestive heart failure
(CHF) rates between Hodgkin lymphoma (HL) patients and

comparators.

Matched comparators
HL patients

By cumulative
anthracycline dose

Matched comparators

HL patients exposed to
<200 mg/m2

HL patients exposed
to > 200 mg/m2

By Ann Arbor stage
Matched comparators

HL patients limited stage
(IA-11A)

HL patients advanced stage
(IA-1VB)

By treatment regimen
Matched comparators
ABVD

BEACOPP

HR? (95% Cl)
1.00
2.84(2.14-3.77)

1.00
2.11(1.39-3.18)

3.74(2.63-5.32)

1.00
2.38(1.56-3.63)

3.29(2.32-4.66)

1.00
3.07(2.28-4.13)
1.79(0.84-3.80)

HR® (95% Cl)
1.00
3.02(2.26-4.02)

1.00
2.89(1.51-3.47)

3.91(2.72-5.60)

1.00
2.73(1.79-4.16)

3.31(2.32-4.72)

1.00
3.25(2.40-4.39)
1.95(0.91-4.16)

Abbreviations: ABVD, adriamycin [doxorubicin], bleomycin, vinblastine, and
dacarbazine; BEACOPP, bleomycin, etoposide, Adriamycin [doxorubicin],
cyclophosphamide, vincristine, procarbazine, and prednisone; CHF, con-
gestive heart failure; Cl, confidence interval; HL, Hodgkin lymphoma; HR,
hazard ratio.

2Unadjusted.

bAdjusted for sex, age, and calendar year of inclusion (modeled using
restricted cubic splines), highest achieved education, and previous comor-
bidities (hypertension, thyroid disease, hyperlipidemia, renal disease, dia-
betes mellitus, atrial fibrillation, and acute myocardial infarction).

decreased over time and with the 95% Cl including unity after 16 years
(Figure S2).

Contrasting patients to comparators by treatment regimen (ABVD
or BEACOPP), patients treated with ABVD were older (median age
38.8 vs. 36.0), more likely to be female (49.6% vs. 36.4%), and received
higher mean cumulative doses of anthracyclines (248 mg/m?vs.
188 mg/m?) (Table S2). When compared with comparators, patients
treated with ABVD had a significantly higher CHF rate (adjusted
HR = 3.25, 95% Cl: 2.40-4.39). Patients treated with BEACOPP had
an adjusted HR of 1.95 (95% CI: 0.91-4.16) (Table 3).

Based on non-parametric estimation of cause-specific CIFs, the 5-,
10-, and 15-year cumulative risk of CHF was 1.82% (95% Cl: 1.27-
2.52), 3.80% (95% Cl: 2.85-4.95), and 4.81% (95% Cl: 3.61-6.25)
for cHL patients, and 0.59% (95% Cl: 0.49-0.72), 1.21% (95% ClI:
1.03-1.42),and 2.03% (95% Cl: 1.73-2.37) for comparators (Figure 2).

The predictions of the cause-specific CIFs for patients and compara-
tors were standardized by calendar year of diagnosis and are given by
sex (male/female) and age (30/60 years) in Figure 3 (by anthracycline
dose) and Figure 4 (by stage). In the younger age group (30 years), the
cumulative risks of CHF were small for both sexes, regardless of stage
and anthracycline dose. Among individuals who entered the study at
age 60, patients with cHL who received more than 200 mg of anthra-
cyclines had a higher risk of CHF relative to comparators throughout
follow-up (male-specific 10-year cumulative risk for high dose and
comparators: 19.1% [95% Cl: 13.5%-26.2%] and 6.2% [95% CI: 5.1%-
7.6%)) (Figure 3, accompanying table: Table S3). 60-year-old patients
who received a low anthracycline dose experienced an increased risk
during the first 10 years (male-specific 5-year cumulative risk for low
dose: 11.9%[95% Cl: 8.0%-17.4%)]).

When contrasting by stage, the 10-year cumulative risks of CHF for
60-year-old males were 14.6% (95% Cl: 10.5%-20.1%) for advanced
stage, 16.0% (95% Cl: 10.6%-23.3%) for limited stage, and 6.2%
(95% Cl: 5.1%-7.6%) for comparators, respectively. For 60-year-old
females, the 10-year cumulative risks of CHF by stage were 8.1% (95%
Cl: 5.5%-11.9%) for advanced stage, 8.5% (95% Cl: 5.4%-13.1%) for
limited stage, and 3.2% (95% Cl: 2.4%-4.1%) for comparators (Figure 4,
accompanying table: Table S4).

Overall, the cumulative risk of CHF was higher among older (aged
60 at diagnosis) individuals, and the differences between cHL patients
and comparators remained throughout follow-up for both males and
females (Figure S3).

Baseline features associated with an increased rate of CHF among
the cHL patients were male sex (unadjusted HR for females =0.51, 95%
Cl: 0.30-0.86), age per 1-year increase (sex-adjusted HR = 1.09, 95%
Cl:1.07-1.11), diabetes mellitus (sex- and age-adjusted HR = 2.26, 95%
Cl: 1.10-4.62), and acute myocardial infarction prior to cHL diagnosis
(sex- and age-adjusted HR = 5.56, 95% Cl: 1.96-15.8) (Table S5).

4 | DISCUSSION

In this Swedish matched cohort study, cHL patients treated with

anthracycline-containing chemotherapy experienced an increased rate
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FIGURE 1 Adjusted time-dependent hazard ratios (HRs) with 95% confidence intervals, comparing the cause-specific rate of congestive heart
failure between patients with classical Hodgkin lymphoma treated with low (left panel) and high (right panel) cumulative doses of anthracycline to
comparators. Adjusted for sex, age, and calendar year of inclusion (the latter two modeled using restricted cubic splines), highest achieved
education, and previous comorbidities (hypertension, thyroid disease, hyperlipidemia, renal disease, diabetes mellitus, atrial fibrillation, and acute
myocardial infarction).
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FIGURE 2 Aalen-Johansen estimates of cumulative risk of congestive heart failure (CHF) in percent among patients with classical Hodgkin
lymphoma (cHL) and comparators. 95% confidence intervals estimated using the delta method.
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FIGURE 3 Cumulative probability of congestive heart failure (CHF) among males (top panels) and females (bottom panels), aged 30 and 60
years, by anthracycline dose (for patients with classical Hodgkin lymphoma (cHL)). Predicted from a flexible parametric survival model adjusted for
sex, age, and diagnosis year at inclusion (the latter two modeled with restricted cubic splines). Standardized over calendar year distribution in the
study population. Note the difference in scale on the y-axis between left and right panels. Pointwise 5- and 10-year estimates with 95% confidence

intervals (Cls) are given in Table S3.

of new-onset CHF compared to comparators from the general popula-
tion for more than a decade after the end of treatment. Interestingly,
this increased rate was not found when limiting the analysis to patients
treated with BEACOPP relative to comparators. An increase in abso-
lute risk was especially notable among patients treated with high
cumulative anthracycline doses. The data concerning the duration of
time for which cHL patients remained at an increased risk of CHF add
valuable information to the existing literature as this information can
specify time windows where increased awareness of symptoms consis-
tent with CHF is needed. The dose-response relationship established
here is equally important from a treatment strategy perspective when
considering dose reductions.

In the last two decades, improved radiotherapy techniques, such as
breathing-adapted therapy, intensity-modulated therapy, and involved
site or node radiotherapy (ISRT/INRT) have substantially reduced the
volume of healthy tissue exposed to radiation [25]. In a simulation
study performed by Maraldo et al., INRT reduced radiation to the
heart compared to mantle field treatment by a median of 17.3 Gray,
which was associated with an estimated lower risk of cardiovascular
morbidity by 7.3% points [10]. The reduced use of radiotherapy and
better techniques have likely changed the pattern of radiation-induced
late toxicities [26, 27]. However, complete omission of radiotherapy
is still not possible as the treatment remains a cornerstone in secur-

ing durable remissions in cHL. This was seen in the H10 trial, which

included an investigation into the feasibility of omitting the use of
radiotherapy [28]. The experimental FDG-PET-negative arm where
radiotherapy was omitted was closed prematurely because an interim
futility analysis identified an increased risk of early relapse [29].

Based on Swedish data, a study by Weibull et al. on temporal
trends of treatment-related incidence of diseases of the circulatory
system among patients with cHL found that this had declined since the
mid-1980s, suggesting that changes to radiotherapy techniques may
translate to fewer cases of cardiotoxicity in a population-based set-
ting. Similarly, a Swedish cohort study showed that the mortality from
diseases of the circulatory system after treatment for cHL has been
declining since the 1980s [30].

Nimwegen et al. refer to their increased risk as a persistently
increased risk in their study of cardiovascular disease after cHL treat-
ment with 40 years of follow-up. However, their study only showed that
the cumulative incidence was persistently higher. In the present study,
the time-dependent relative risk informs on the relative risk over time,
compared to a matched background population. This shows that only
patients treated with >200 mg/m? have a persistently increased risk
for CHF (Figure 1), as compared to patients treated with less, who are
only at an increased risk for about 13 years. The study by Nimwegen
reported a standardized incidence ratio for heart failure of 6.8 (95% Cl:
5.9-7.6) compared to age-, sex-, and calendar period-specific observa-

tions from the general population, which was higher than the adjusted
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intervals (Cls) are given in Table S4.

HR of 2.9 presented herein. Compared to the present study, the pre-
viously reported standardized incidence ratio of heart failure was
expected to be higher, as it was based on cHL patients treated between
1965 and 1995, where the use of radiotherapy differed substantially
compared to modern treatment regimens [5].

In a recent study investigating the risk of cardiovascular diseases
among patients with lymphoma treated in the modern treatment
era, Boddicker et al. found that factors associated with CHF were
age, smoking, and anthracycline-containing treatment [31]. Within
the present cHL cohort, risk factors were male sex, older age, dia-
betes mellitus, hypertension (although only borderline significant), and
acute myocardial infarction. Age and pre-existing cardiovascular fac-
tors, such as hypertension and diabetes mellitus, have been shown to
be associated with CHF in survivors of non-Hodgkin lymphoma, and
CHF is a known complication of acute myocardial infarction [32, 33]. It
is especially noteworthy that the 30-year-old patients had almost neg-
ligible risks of CHF independently of disease stage and anthracycline
dose, suggesting that younger patients may be less susceptible to the
cardiotoxic effects of anthracyclines.

Recent studies suggest that treatment with high-dose chemother-
apy and autologous stem cell transplantation increases the risk of CHF
independently, adding to the risks associated with first-line treatments
[34, 35]. In a previous study by our group, which included patients

with cHL, treatment with high-dose chemotherapy was associated with

an increased risk of CHF (HR of 2.6) in addition to the risk associ-
ated with previous treatment lines that included anthracyclines. The
present study did not include information on second-line therapies for
cHL such as high-dose chemotherapy and autologous stem cell trans-
plantation. Nevertheless, CHF risks observed in the present study are
mainly explained by first-line treatment due to the limited number of
relapsesin cHL.

In the current study, only patients treated with ABVD had a sig-
nificantly increased CHF rate relative to comparators. This was in
contrast to patients treated with BEACOPP and may be explained by
the lower anthracycline dose given per cycle in the two treatment regi-
mens (50 mg/m? per cycle of ABVD and 25 mg/m? for BEACOPP), thus
resultingin a lower cumulative anthracycline dose. In the current study,
the mean anthracycline dose in ABVD-treated patients was 248 mg/m?2
while in BEACOPP it was only 188 mg/m? (Table $3), which supports
this hypothesis.

In the 2022 European Society of Cardiology guidelines on cardio-
oncology, baseline echocardiography is recommended for all patients
prior to treatment with anthracyclines and within 12 months after
completion of treatment. Furthermore, for high-risk patients, echocar-
diography is recommended at every two treatment cycles and within
three months after completing therapy, and for moderate-risk patients,
it is recommended after a cumulative dose of >250 mg/m? of anthracy-

clines [36]. The present study also found a dose-response relationship
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between the estimated dose of anthracyclines and the risk of CHF
using a threshold of a cumulative dose of 200 mg/m? of anthracyclines.
Similar results have been shown by us previously for patients with dif-
fuse large B-cell lymphoma and follicular lymphoma [14]. However, it
remains to be shown that intensive screening for CHF leads to better
cardiovascular outcomes without compromising cancer survival due to
more frequent chemotherapy dose reductions.

The main strength of the present study is the utilization of prospec-
tively collected data from the SLR combined with the national registers
allowing for the capture of events with virtually no loss to follow-up.
The study, however, had some major limitations related to the iden-
tification of events. Events were identified using ICD-9 and ICD-10
codes for CHF, which are only registered for patients with a hospital
contact, thus necessitating diagnostic work-up or treatment in a
hospital setting. If individuals had more subtle signs of CHF, that is,
symptoms managed by their general practitioner, these cases were not
captured. This may have led to a risk of systematic false negatives of
CHF diagnoses for both patients and the general population. However,
patients with cHL may have been more likely to receive a diagnosis of
CHF compared to the general population due to the surveillance bias
associated with frequent hospital contacts, thus leading to a higher
degree of false negative diagnoses for the general population com-
pared to patients with cHL. This bias would overestimate the perceived
risks of CHF associated with anthracycline-containing chemotherapy
for patients with cHL relative to the general population. Among
patients with cHL, the <200 mg/m? versus >200 mg/m? cumulative
anthracycline dose stratification may be an inaccurate cutoff due to
the large likelihood of CHF diagnoses remaining undiagnosed, which
may be unequally distributed between the cutoff values. The final
limitation related to the definition of events was the impracticability of
adhering to cancer therapy-related cardiovascular toxicity definitions
as outlined in the European Society of Cardiology guidelines on cardio-
oncology [36]. As such, it was not feasible to categorize the CHF events
into a degree of severity, due to the events being based on clinical
ICD-codes.

Another major limitation was the missing information on radiother-
apy and radiation doses in SLR and the absence of information about
radiation fields. Therefore, this study cannot address cardiovascular
risks associated with contemporary radiotherapy against the medi-
astinum. The registers also did not have any parameters on lifestyle
factors such as smoking, sedentary lifestyle, or obesity, but the edu-
cational level was added as a proxy for these, as it has been shown to
be inversely correlated to these factors [37]. Finally, the anthracycline
doses reported were estimated from a number of treatment cycles and
treatment regimens, and while there was no missing information on the
parameters for the included patients, some patients may have received
dose reductions of anthracyclines. This would lead to an underesti-
mation of the perceived risk of CHF associated with treatment with
anthracyclines reported in this study. Furthermore, under the assump-
tion that there are more dose reductions in the >200 mg/m? group, this
would lead to an overestimation of the inferred risk associated with
patients treated with >200 mg/m?2 compared to those treated with
less.

In conclusion, patients with cHL treated with ABVD in the modern
treatment era had an increased risk of CHF relative to compara-
tors from the general population with a dose-response relationship
between estimated cumulative anthracycline dose and CHF risk.
Factors associated with an increased CHF-specific rate within the cHL
cohort were male sex, older age, diabetes mellitus, hypertension, and
acute myocardial infarction. Therefore, there should be a low threshold
for referring patients with symptoms of CHF to echocardiography, and
patients successfully treated for cHL should be educated about the
signs and symptoms of CHF as well as given advice on the importance

of lifestyle that maintains cardiovascular health.
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