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Abstract

Background and aims: Lymphoma patients are frequently treated with cancer thera-

pies that may increase the risk of adverse health outcomes later in life, including car-

diovascular disease (CVD) mortality. We sought to investigate the long-term risk of

CVD incidence in this survivor population relative to the general population to quan-

tify this health burden.

Methods: A systematic review and meta-analysis was conducted using EMBASE,

MEDLINE, and CINAHL databases, from date of inception to November 2016, with

additional searches completed through June 2018. Included reports were observa-

tional studies assessing CVD incidence in patients of either Hodgkin or non-Hodgkin

lymphoma (HL, NHL) who survived for at least 5 years from the time of diagnosis or

if the study had a median follow-up of 10 years. Meta-analyses were performed

using random effects models, and subgroup analyses were conducted to determine

the incidence of specific CVD subtypes (coronary heart disease, pericardial disease,

valvular heart disease, myocardial disease, cardiac dysrhythmia, and cerebrovascular

disease). Heterogeneity was assessed using I2 statistics and prediction intervals.

Results: Of the 7734 studies identified, 22 studies were included in this review, rep-

resenting 32 438 HL and NHL survivors. Relative to the general population, lym-

phoma survivors had statistically significant two to threefold increases in the risk for

nearly all subtypes of CVD examined. Lymphoma survivors appeared to be particu-

larly susceptible to pericardial diseases (HL: 10.67, 95% confidence interval (CI),

7.75-14.69; NHL: 4.70, 95% CI, 2.08-10.61) and valvular diseases (HL: 13.10, 95%

CI, 7.41-23.16; NHL: 3.76, 95% CI, 2.12-6.66). Although the 95% CIs were sugges-

tive of increased risks, the 95% prediction intervals often included the null, reflecting

the high heterogeneity of the estimates.

Conclusion: Given the suggested increased risks of cardiovascular outcomes in lym-

phoma survivor populations relative to the general population, tailored screening and

prevention programmes may be warranted to offset the future burden of disease.
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1 | INTRODUCTION

Hodgkin Lymphoma (HL) and non-Hodgkin Lymphoma (NHL) are

solid tumours of the immune system common in both adults and

children,1 accounting for an estimated 79 990 and 509 590 cases

of cancer worldwide in 2018, respectively.2 Improvements in treat-

ment and control strategies have resulted in an increased number

of survivors, with 5-year survival estimates of 86% and 70% for

HL and NHL, respectively.3 Though many therapies have proven to

be curative, there is increasing epidemiological evidence to suggest

that individuals treated for cancer have an increased risk of

adverse health outcomes, including fertility issues, cardiovascular

diseases (CVD), and secondary cancers relative to the general

population.4-12

In general, treatment for lymphoma involves chemotherapy

alone or in combination with radiation, stem cell transplantation, or

biologic therapies.3 The long-term cardio-toxic effects of these

treatments, especially chemotherapy regimens utilizing

anthracyclines and radiation therapy, have become more apparent in

cancer survivors over the past decade.13-19 We previously con-

ducted a meta-analysis and found that the number of deaths due to

CVDs within HL and NHL survivors were 7.31 (95% CI, 5.29-10.10)

and 5.35 (95% CI, 2.55-11.24) times greater than the general popu-

lation, respectively.20 In acknowledging that there is a substantially

increased risk of mortality because of cardiovascular-related events,

we sought to further investigate if there is also an increased risk of

CVD incidence within this population. It is possible that both the

CVD incidence and mortality rates experienced by this survivor

group relative to the general population are different because of

cardio-toxic effects of treatment and damage to the cardiovascular

system. Additionally, given that HL and NHL account for 3.2% of all

cancers globally,2,21 there is a need to quantify the long-term risk of

CVD development among these survivors. Currently, international

guidelines recommend lifelong follow-up and surveillance of paediat-

ric survivors treated with either high-dose anthracyclines or high-

dose radiotherapy to the chest to decrease the burden of CVDs

attributed to these treatments.22

To our knowledge, no meta-analyses have previously examined

the long-term risk of CVD incidence among HL and NHL survivors

compared with the general population. As such, in the current system-

atic review and meta-analysis, we sought to examine the association

of CVD development after treatment for HL and NHL, with particular

emphasis on the type of CVD. We hypothesized that long-term HL

and NHL survivors will have an elevated risk of incident CVD events

relative to the general population, and that the incidence would differ

by type of CVD.

2 | METHODS

2.1 | Protocol and registration

This systematic review was conducted and reported in accordance

with the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines.23 The protocol was registered in

PROSPERO (registration number: CRD42016052342).

2.2 | Data sources and search strategy

We conducted a search of the EMBASE, MEDLINE, and CINAHL

databases from their dates of inception up until November 22,

2016. The search strategy comprises four major themes related to

our research question: (a) lymphoma, (b) long-term survivor, (c) car-

diovascular disease, and (d) observational study. There were no

restrictions applied by geographical location, date, or language.

Keywords, along with medical subject headings, were included in

the search and have been previously published.20 Observational

study design filters were adapted using keywords and subject

headings from two previously designed search strategies.24,25 Ref-

erence lists of included studies were hand-searched to identify

additional studies for inclusion. The search was rerun in MEDLINE

on June 7, 2018 to ensure our results were up-to-date at the time

of manuscript submission.

The initial screening was completed by two reviewers (D.J.B. and

A.T.M.), who independently assessed articles in a two-stage process.

In the first stage, the title and abstract of each study were screened,

and studies were then considered for full-text assessment if they met

the following criteria: (a) the study was published in a peer-reviewed

journal, (b) original data were presented, (c) human participants were

under investigation, and (d) the article was relevant to the objectives

of this review. In the second stage, studies were assessed in their

entirety to determine whether or not they were eligible for inclusion

into the systematic review. To be included in this review, all of the fol-

lowing criteria had to be met: (a) the population studied were patients

with a diagnosis of and prior treatment for lymphoma; (b) the patients

survived a minimum of 5 years after diagnosis, the study had a median

follow-up of at least 10 years from the time of diagnosis, or the study

presented risk estimates specific to individuals who survived for

5 years or more after their diagnosis; (c) there was a comparator group

that was representative of the general population; (d) the outcomes
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reported included risk, hazards, or odds ratios, or sufficient data were

provided for their calculation; (e) the study was of a cohort, case-con-

trol, nested case-control, case-cohort, or cross-sectional design. A

third reviewer updated the search utilizing the same two-stage pro-

cess (AM), consulting with C.R.S. and D.J.B. to ensure consistency.

At each stage of review, percent agreement and kappa (κ) statis-

tics were used to quantify agreement between the two reviewers.

Any disagreements were resolved by consensus between the

reviewers. In cases where there were multiple studies using the same

study population and assessing the same outcome, the study with the

largest sample size was retained in the review and the study with the

smaller sample size was excluded.

2.3 | Data extraction and study quality assessment

A data extraction form to collect study information was created spe-

cifically for this review. Extracted variables included study population

(ie, sex and median age at diagnosis), study characteristics (ie, design

and comparator population), country, type(s) of CVD measured,

median duration of follow-up, treatment era, proportion receiving

anthracycline chemotherapy, proportion treated with cardiac or medi-

astinal radiation, and mean cardiac radiation dose (Gy). Mean values

were used when median values were not reported for relevant vari-

ables (ie, age at diagnosis and duration of follow-up). Additionally,

method of adjusting for confounders (modelling or matching), level of

adjustment (crude, basic, extensive), study design, comparator group

(expected, sibling or community controls), incidence or prevalence

estimates (RR, SIR, HR, OR, or PR), and accompanying 95% confidence

intervals (CIs) were extracted. For each study, we extracted incidence

or prevalence estimates (RR, SIR, HR, OR, or PR) and 95% CIs. Esti-

mates for population subgroups were extracted if overall estimates

were not presented.

Clinical CVD endpoints were of interest in this review rather than

subclinical endpoints. Estimates were categorized by cardiovascular

disease type, as follows: (a) CVD reported without specification of

type of disease; (b) coronary heart disease (CHD); (c) pericardial dis-

ease (PD); (d) valvular heart disease (VHD); (e) myocardial disease

(MD); (f) cardiac dysrhythmia (CD); and (g) cerebrovascular disease

(CBVD). If authors reported several incident outcomes that would be

categorized into the same CVD subtype (eg, reporting estimates for

two types of myocardial diseases: heart failure and cardiomyopathy),

all relevant clinical study outcomes were extracted and included in the

analysis, to maximize validity. It was assumed that reported outcomes

would be largely independent from one another within a given publi-

cation (ie, few people would have developed multiple clinical CVD

subtypes within a single study). The CVD groups are detailed in

Table S1.

A single reviewer (A.M.) assessed study quality using the

Newcastle-Ottawa Scale for case-control and cohort studies.26 This

scale assessed the quality of included studies with scores ranging from

0 (indicating low quality studies) to 9 (indicating high quality studies).

These scores came from three domains: selection (maximum of four

points), comparability (maximum of two points), and outcome (maxi-

mum of three points).

2.4 | Statistical analysis

Individual study results were pooled overall to derive a standardized

incidence ratio (SIR) to estimate the risk of cardiovascular incidence

among lymphoma survivors relative to the general population. All ana-

lyses were performed using Stata version 14.3. Meta-analyses were

conducted using a DerSimonian and Laird random-effects model to

acknowledge the clinical heterogeneity present in this body of litera-

ture.27 Meta-analyses were stratified and conducted across CVD sub-

types. Cumulative meta-analyses were conducted within CVD

subtypes to understand how the associations between lymphoma and

types of CVD incidence changed over time.

Heterogeneity in the literature was assessed visually using forest

plots, and statistically using I2 statistics and prediction intervals using

the Stata “rfdist” command.28,29 To assess publication bias, we visually

appraised funnel plots for asymmetry and also quantified asymmetry

of funnel plots using Begg30 and Egger's31 regression tests. Trim-and-

fill methods were applied to further assess publication bias where

applicable.32

3 | RESULTS

3.1 | Literature search

We identified 7729 records in our database search and five from

other sources (ie, reference list searches). After removing duplicates,

6282 records remained. Screening of titles/abstracts by two indepen-

dent reviewers (A.T.M. and D.J.B.) resulted in 93.2% agreement on

inclusion and exclusion (κ = 0.62). Nine hundred and thirty four

records were eligible for full-text screening. Full-text screening

resulted in 97.0% agreement on inclusion and exclusion criteria

(κ = 0.73). After full-text review, 22 records qualified for inclusion

(Figure 1).33-54

3.2 | Study characteristics

The study characteristics for the 22 included reports are summarized

in Table 1.33-54 Of the 22 articles included in this review, 13 (59%)

originated from Europe and nine (41%) originated from North Amer-

ica. All studies had a cohort design, except for three,36,49,52 that were

cross-sectional studies. Thirteen studies presented standardized inci-

dence ratios,33,35,37-40,42,44,47,48,50,51,54 two studies used hazard

ratios,41,46 three studies provided relative risk ratios,34,43,45 three

studies used odds ratios,49,52,53 and one study presented a prevalence

ratio.36 The average median duration of follow-up for included studies

was 14.7 years (range: 8.4 to 23.3; IQR: 13.6 to 18.0), median age at

diagnosis was 27.1 years (range: 6 to 52; IQR: 19.7 to 33.8), and the

median percentage of females present in the study populations was

46.4% (range: 38 to 64; IQR: 43.4 to 50.4).
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3.3 | Study quality assessment

Attributes reflecting study quality are provided for all 22 studies in

Table S2. Overall, the included studies were of high quality: six studies

received 8 out of a possible 9 points on the Newcastle-Ottawa Scale;

12 studies were scored at 7, three at 6, and only one study received a

score of 5. All studies had a representative cohort of lymphoma survi-

vors and a nonexposed comparator group drawn from the same com-

munity. Thirteen studies did not explicitly demonstrate that

individuals with a history of CVD were excluded at base-

line.33-35,38,39,41-44,46,51,53,54 All but three studies36,37,44 controlled or

matched for age and sex, and four studies38,41,43,46 controlled for

additional factors. All studies had an adequate duration of follow-up,

which we defined as 5 years or more since time of diagnosis, or having

a median follow-up of 10 years or CVD incidence estimates exclusive

to 5-year survivors. Four investigations36,41,44,45 relied on self-

reporting of CVD outcomes, however, all remaining studies measured

the outcome objectively. Five studies did not describe the attrition of

participants or had a loss-to-follow up greater than 20% with no

description of lost participants.38,39,49,52,53

3.4 | Meta-analyses

Within HL survivors, there were statistically significant increased

risks estimated for all seven CVD subtypes assessed relative to the

general population, with the largest increases of risk seen for MD

(3.95, 95% CI, 2.48-6.27; I2 = 97.1%), PD (10.67, 95% CI, 7.75-14.69;

I2 = 63.3%), and VHD (13.10, 95% CI, 7.41-23.16; I2 = 96.2%)

(Table 2). NHL survivors were also found to have statistically signifi-

cant elevated risks for all CVD subtypes relative to the general popu-

lation, with the exception of coronary heart diseases, for which the

pooled effect estimate was 1.14 (95% CI, 0.95-1.37). The largest

increases of risk seen in NHL survivors were also MD (5.38; 95% CI,

3.35-8.64; I2 = 89.8%), PD (4.70; 95% CI, 2.08-10.61), and VHD

(3.76; 95% CI, 2.12-6.66; I2 = 51.5%). When considering the 95%

prediction intervals, nearly all results included the null value of 1 and

were no longer statistically significant. Figures 2 and 3 depict forest

plots for PD and VHD, respectively, sorted by median treatment era

in ascending order, to allow visual inspection on how estimates have

changed across time. Cumulative meta-analyses conducted within

CVD subtypes indicate that studies over time have consistently

found statistically significant increases in risk and that the estimates

are generally becoming more precise, as seen by narrowing CIs

(Figures S1-S13).

3.5 | Publication Bias

Publication bias was assessed within each CVD subtype among HL

and NHL survivors. Within HL analyses, there was no evidence of

publication bias according to either the Begg test or the Egger test, or

inspection of funnel plots for CD, CHD, CVD, MD, PD, or VHD. Cere-

brovascular disease, however, showed evidence of potential publica-

tion bias (Begg test P value = .032; Egger test P value = .060).

Additionally, within NHL analyses, there was no evidence of statisti-

cally significant publication bias for CD, CVD, or MD, although both

CBVD and CHD displayed conflicting evidence between the Begg test

and the Egger tests (P values .462 and .034; and .260 and .030,

respectively, for CBVD and CHD), indicating a possibility of publica-

tion bias present for these estimates. After applying trim-and-fill

methods, the estimates were not changed significantly.

F IGURE 1 Flow of information
through all phases of the systematic
literature search
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4 | DISCUSSION

This systematic review and meta-analysis suggests that, compared

with the general population, lymphoma survivors are at an elevated

risk of developing cardiovascular events. Together with the meta-

analysis that we previously completed, in which we investigated car-

diovascular mortality in lymphoma survivors,20 it is apparent that both

HL and NHL survivors have both a higher incidence and severity of

cardiovascular events compared with the general population. Though

there were high levels of unexplained heterogeneity present, a novel

finding in our meta-analysis is the differences in observed magnitude

of increased risk between the various CVD subtypes, notably, the

10-fold and 13-fold increases in risk for PD and VHD, respectively, in

HL. PD in lymphoma survivors may be more severe in magnitude com-

pared with the general population because of the use of chemothera-

peutic drugs including anthracyclines, as well as mediastinal radiation.

It is possible that our inclusion criterion of results from studies of sur-

vivors who were at least 5 years post-treatment could explain, in part,

the higher incidence of pericardial disease that we observed. Delayed

pericardial diseases can develop from 6 months post-radiation treat-

ment to 15-years post treatment.55 Cardiac valves are not directly

damaged by chemotherapeutic agents, however, radiation-induced

VHD is a relatively common side effect reported for lymphoma survi-

vors.35 Interestingly, coronary heart disease in NHL was found to be

the only cardiovascular subtype that did not have a statistically signifi-

cant increased risk compared with the general population. In a con-

sensus statement by Lancellotti et al, the authors state that coronary

artery disease (which is captured within our CHD subtype), is latent

until at least 10-years after radiation exposure.56 This latency period

may account for the nonapparent increased risk found in this subtype,

since the patients included in our review may not have survived long

enough to experience this outcome.

It is unlikely that the associations found in this meta-analysis are

spurious, for several reasons. First, temporality is evident, since all sur-

vivors must have been treated for HL or NHL to be subsequently

assessed for CVD incidence within each included study. Second, the

cumulative meta-analyses performed demonstrated both consistency

in the reporting of increased cardiovascular event incidence, as well as

consistency in the overall strength and magnitude of the associations,

with between 1.1 to 13.1 times increased risk of various cardiovascu-

lar conditions relative to the general population. Finally, there are

hypothesized biologic mechanisms that could explain how lymphoma

treatment may lead to increased risk of CVD. For example,

anthracyclines are efficacious in the treatment of lymphomas, how-

ever, they generate reactive oxygen species and lipid perioxidation of

the cell membrane, which can damage cardiomyocytes.55 These mech-

anisms and treatments have also been found to increase the risk of

traditional cardiovascular risk factors such as hypertension, diabetes

mellitus, dyslipidaemia, and obesity,57 which may further contribute

to the increased incidence of CVD in lymphoma survivors relative to

the general population. Several chronic inflammatory conditions might

also be associated with increased CVD risk.58 We did not, however,T
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directly examine whether or not lymphoma survivors have a risk that

is similar or higher to other conditions that may be diagnosed in child-

hood, such as inflammatory bowel disease or juvenile rheumatoid

arthritis. Furthermore, there may be an increased risk of CVD morbid-

ity and mortality associated with childhood cancers. Consequently,

there is a need to transition survivors of severe childhood illness care-

fully to adult care so that CVD screening can occur and adverse out-

comes can be averted.

One of the limitations of this study is the level of heterogeneity

found in pooled estimates. Though we presented the results sepa-

rately by cancer type (HL and NHL) and by specific type of cardiovas-

cular event, to assess the associations for these specific combinations

of cancer and cardiovascular events, there were still high levels of

heterogeneity that could not be explained, as there were not enough

studies present within combinations of cancer and cardiovascular

events to use meta-regression techniques. The inclusion of prediction

intervals aids in the clinical interpretation of the high heterogeneity

found in our study, by estimating possible treatment effects that can

be expected in future settings.59 Although the 95% CIs consistently

suggested increased risks, the 95% prediction intervals included

values consistent with a null effect or an effect in the opposite direc-

tion. Considering the high degree of heterogeneity in this evidence

base, it is difficult to make any firm conclusions. Given the nature of

observational studies, there is likely residual confounding that may

introduce some bias to our pooled estimates. To address this concern,

the most adjusted measure of risk/incidence was used in the meta-

F IGURE 2 Forest plot of the
risk of pericardial disease among
lymphoma survivors, sorted in
ascending order by median
treatment era of each study

F IGURE 3 Forest plot of the
risk of valvular heart disease
among lymphoma survivors,
sorted in ascending order by
median treatment era of each
study
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analysis. Another limitation of this study was that we did not restrict

to studies only looking at contemporary treatments, and there have

been changes in treatments over time. Therefore, it is possible that

the large effects found in our analyses may be overestimating the

effects that truly occur in current practice with improved treatment

modalities.60

In conclusion, this systematic review and meta-analysis is the first

to investigate the long-term risks of CVD subtype incidence among

HL and NHL survivors compared with the general population. Even if

these risk estimates are overestimated because of uncontrolled con-

founding or heterogeneous studies, the overall magnitude of associa-

tions is strong enough to support the importance of utilizing

cardiovascular screening, prevention, and surveillance programmes

within this population of lymphoma survivors to potentially mitigate

the future burden of CVD.
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