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Abstract

Objective: Childhood Hodgkin lymphoma (HL) and non-Hodgkin lymphoma (NHL) are potentially

curable, but outcomes differ across development levels. The authors assessed global burden and

inequalities among children aged 0�14 years from 1990 to 2021 and projected burden to 2035.

Methods: GBD 2021 estimates for 204 locations provided age-standardized incidence, mortality,

and disability-adjusted life-year (DALY) rates by sex and Sociodemographic Index (SDI). Esti-

mated annual percentage changes (EAPCs) summarized trends; the slope index of inequality (SII)

and concentration index (CII) measured absolute and relative inequalities. An exploratory Coun-

try Priority Index (CPI) combined mortality and DALY rates, absolute DALYs, and adverse trajecto-

ries. Autoregressive integrated moving average (ARIMA) models generated forecasts.

Results: From 1990 to 2021, incidence declined modestly. Mortality declined from 0.152 to 0.095

per 100,000 for HL and from 0.75 to 0.45 for NHL; corresponding DALY rates fell from 12.50 to

7.78 and from 63.38 to 37.83. Boys and low-SDI settings had higher burdens, and SDI was strongly

inversely associated with mortality and DALYs. For NHL mortality, the SII improved from -0.91 to

-0.61, whereas the CII worsened from -0.38 to -0.49. The CPI ranked Pakistan, Uganda, South

Sudan, Zimbabwe, and Nigeria highest. By 2035, projected HL and NHL incidence rates were 0.20

and 0.98, mortality rates 0.08 and 0.35, and DALY rates 6.22 and 27.25 per 100,000, respectively.

Conclusion: Childhood lymphoma outcomes improved globally, but relative inequalities

remained concentrated in lower-SDI settings. CPI-based prioritization supports investment in

diagnosis, treatment, essential medicines, supportive care, and surveillance. Forecasts repre-

sent conditional baseline trajectories.

© 2026 The Author(s). Published by Elsevier España, S.L.U. on behalf of Sociedade Brasileira de

Pediatria. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
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Introduction

Childhood Hodgkin lymphoma (HL) and non-Hodgkin lym-

phoma (NHL) are potentially curable when accurate diagno-

sis, protocol-directed treatment, essential medicines, and

supportive care are consistently available. However, chil-

dren in many low-income and middle-income settings still

encounter delayed recognition, fragmented referral, treat-

ment abandonment, and preventable treatment-related

mortality. These failures produce large geographic differen-

ces in survival and health loss [1,2]. Joint analysis is appro-

priate because both diseases depend on pathology, staging,

chemotherapy, supportive care, and sustained follow-up.

Observed incidence is shaped by case ascertainment.

Children who never reach specialist services, lack patho-

logical confirmation, or are omitted from registration

may be absent from observed counts. Thus, low recorded

incidence can coexist with high mortality and may indi-

cate underdiagnosis or incomplete registration rather

than low biological occurrence. Registry analyses show

that childhood cancer incidence varies with diagnostic

and health-system capacity, and international compari-

sons remain sensitive to coverage and data quality [3,4].

Mortality and disability-adjusted life-years (DALYs) pro-

vide complementary information on downstream care and

premature health loss.

The Global Burden of Disease (GBD) 2021 study provides

internally comparable estimates across locations, years,

ages, and sexes [5]. A recent GBD analysis described HL

among children and adolescents aged 0�19 years, but the

broader age range limits direct comparison with conven-

tional childhood surveillance [6]. The authors therefore

examined HL and NHL among children aged 0�14 years from

1990 to 2021 using identical definitions. The present study’s

objectives were to quantify global and national burden,

assess sex and Sociodemographic Index (SDI) patterns, mea-

sure absolute and relative inequalities, identify countries

where high burden and adverse trends converge, and pro-

vide conditional forecasts to 2035.

Methods

Study design and data sources

The authors conducted a population-based secondary analy-

sis of publicly available GBD 2021 estimates for 204 countries

and territories, 21 GBD regions, and five SDI strata from 1990

to 2021. The prespecified age range was 0�14 years, consis-

tent with the conventional childhood stratum used in inter-

national cancer surveillance [4]. Adolescents aged

15�19 years were excluded; accordingly, the results should

not be interpreted as the total lymphoma burden among all

children and adolescents.

The authors extracted annual age-, sex-, location-, and

cause-specific estimates and 95% uncertainty intervals

(UIs) for incidence, deaths, and DALYs due to HL and NHL.

GBD maps ICD-9 and ICD-10 codes to standard cause hier-

archies and combines cancer-registry, vital-registration,

verbal-autopsy, and other data after corrections for

incompleteness and misclassification. Cause-specific mor-

tality is estimated using the Cause of Death Ensemble

model; non-fatal outcomes are synthesized in DisMod-MR

2.1 [5,7,8]. Years of life lost are combined with years lived

with disability to calculate DALYs [9,10]. UIs reflect propa-

gated estimation uncertainty. Reporting followed GATHER

recommendations [11].

Ethics

This study used only publicly available, de-identified,

aggregate GBD data and involved no participant recruit-

ment, contact, intervention, or access to identifiable

records. Under applicable institutional policy, review and

approval by an institutional review board or ethics com-

mittee, and individual informed consent, were therefore

not required.

Measures and statistical analysis

Primary outcomes were age-standardized incidence, mortal-

ity, and DALY rates per 100,000 population, together with

absolute case, death, and DALY counts. SDI is a 0�1 compos-

ite of lag-distributed income per capita, mean educational

attainment among persons aged 15 years or older, and total

fertility among those younger than 25 years. The authors

used SDI as a country-level development indicator, not as a

measure of individual socioeconomic position. Global,

regional, national, sex-specific, and SDI-stratified estimates

were compared across 1990�2021.

Temporal trends were summarized using estimated

annual percentage changes (EAPCs). For each rate, a log-lin-

ear model was fitted as ln(rate) = a+b £ calendar year; EAPC

was calculated as 100 £ [exp(b)-1], with a positive value

indicating an average increase. Spearman coefficients

assessed monotonic associations between SDI and incidence,

mortality, and DALY rates at regional and national levels.

These ecological correlations describe co-variation between

country development and population burden and do not esti-

mate individual-level effects.

Development-related inequality was evaluated across

the full SDI distribution rather than only by comparing

extreme quintiles. The slope index of inequality (SII) was

obtained from population-weighted regression on the

ridit-ranked SDI distribution and represents the modelled

absolute rate difference between the highest and lowest

development positions. The concentration index of

inequality (CII) was calculated as twice the covariance

between an outcome and fractional SDI rank divided by

the outcome mean. For mortality and DALYs, negative

values indicate concentration at the lower-SDI end.

Reporting both measures is necessary because an abso-

lute gap can narrow while the remaining burden becomes

more relatively concentrated [12,13]. Inequality esti-

mates were calculated across GBD uncertainty draws and

summarized with 95% UIs.

The authors constructed an exploratory Country Priority

Index (CPI) using three domains: (1) percentile-ranked 2021

HL and NHL mortality and DALY rates, (2) absolute HL and

NHL DALYs, and (3) EAPCs for mortality and DALY rates. Com-

ponent percentiles were averaged within domains; domain

scores were equally weighted and rescaled from 0 to 100.

Ranks 1�21 were Tier 1, ranks 22�51 Tier 2, and the remain-

der Tier 3. Mean relative UI width across the four rate inputs
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was a separate imprecision flag and did not change scores.

Robustness was assessed using alternative weights and

leave-one-domain-out analyses. The author-defined CPI was

treated as a prioritization aid, not a validated performance

measure.

Autoregressive integrated moving average (ARIMA)

models were fitted to annual age-standardized series for

boys, girls, and both sexes. Stationarity was assessed with

the KPSS test; candidate autoregressive, differencing, and

moving-average orders were compared using Akaike and

Bayesian information criteria. Residual autocorrelation

was evaluated with the Ljung-Box test. Forecasts to 2035

were accompanied by 80% and 95% prediction intervals.

ARIMA is suitable for extrapolating serial patterns but

does not represent causal mechanisms or intervention

scenarios [14]; projections were therefore interpreted as

conditional baselines assuming that historical dynamics

broadly persist.

Results

Global, national, sex, and development patterns

In 2021, national estimates were highly heterogeneous

(Figure 1; Tables S1-S6). The highest estimated HL incidence

rates occurred in Libya and Monaco (both 0.828 per

100,000), followed by Pakistan (0.740), Uganda (0.600), and

Algeria (0.569). NHL incidence was highest in Estonia

(20.64), Niue (14.78), Malta (14.27), Tokelau (11.71), and

Iceland (7.29). Several of these locations have small child

populations and wide UIs, so the extreme rates should not

be interpreted as precise biological rankings.

The highest HL mortality rates were estimated in Pakistan

(0.444 per 100,000), Nigeria (0.427), Uganda (0.366),

Mozambique (0.288), and Ethiopia (0.287). NHL mortality

was highest in Malawi (3.21), Uganda (2.25), South Sudan

(1.91), Haiti (1.50), and Eritrea (1.14). Pakistan showed a

Fig. 1 Global distribution of the burden of Hodgkin and non-Hodgkin lymphoma among children aged 0�14 years in 2021. (A) Inci-

dence of Hodgkin lymphoma; (B) Incidence of non-Hodgkin lymphoma; (C) Mortality rate of Hodgkin lymphoma; (D) Mortality rate of

non-Hodgkin lymphoma; (E) DALY rate of Hodgkin lymphoma; (F) DALY rate of non-Hodgkin lymphoma.
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distinctive combination of high rates and large population

burden: its HL DALY rate declined from 38.64 in 1990 to

36.27 in 2021, yet absolute HL DALYs increased from 19,026

to 30,989. Its NHL DALY rate increased from 97.16 to 107.27,

while absolute NHL DALYs rose from 47,845 to 91,656.

Globally, HL incidence declined from 0.246 (95% UI

0.159�0.299) in 1990 to 0.213 (0.130�0.277) per 100,000 in

2021, and NHL incidence from 1.23 (1.00�1.44) to 1.03

(0.85�1.26). HL mortality declined from 0.152

(0.085�0.195) to 0.095 (0.052�0.129), and NHL mortality

from 0.75 (0.57�0.89) to 0.45 (0.36�0.56). Corresponding

DALY rates fell from 12.50 (6.97�16.11) to 7.78

(4.26�10.51) for HL and from 63.38 (48.09�75.72) to 37.83

(29.95�47.17) for NHL (Figure 2). Declines in mortality and

DALYs were therefore much larger than declines in inci-

dence.

Boys consistently had a higher burden than girls. HL inci-

dence declined from 0.316 to 0.264 among boys and from

0.173 to 0.158 among girls; in 2021, HL mortality was 0.121

versus 0.069, and the DALY rate was 9.97 versus 5.45. NHL

incidence declined from 1.70 to 1.31 among boys but

remained approximately 0.74 among girls. In 2021, NHL mor-

tality was 0.58 among boys and 0.31 among girls. The sex dif-

ferences were descriptive and persisted across most

development strata.

Development gradients were pronounced for adverse

outcomes. HL mortality declined from 0.319 to 0.202 in

low-SDI settings and from 0.029 to 0.007 in high-SDI set-

tings; the corresponding 2021 HL DALY rates were 16.52

and 0.59. NHL mortality declined from 1.58 to 0.90 in low-

SDI settings and from 0.27 to 0.11 in high-SDI settings; 2021

NHL DALY rates were 76.26 and 9.39. Regional SDI was

weakly associated with incidence (HL: r = 0.075, 95% CI

�0.004 to 0.174; NHL: r = 0.188, 0.103�0.260) but strongly

inversely associated with mortality (HL: r = �0.635, �0.697

to �0.565; NHL: r = �0.782, �0.819 to �0.740) and DALYs

Fig. 2 Trends in the burden of Hodgkin and non-Hodgkin lymphoma among children aged 0�14 years across five SDI quintiles world-

wide, 1990�2021. (A) Incidence of Hodgkin lymphoma; (B) Incidence of non-Hodgkin lymphoma; (C) Mortality rate of Hodgkin lym-

phoma; (D) Mortality rate of non-Hodgkin lymphoma; (E) DALY rate of Hodgkin lymphoma; (F) DALY rate of non-Hodgkin lymphoma.
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(HL: r = �0.623, �0.679 to �0.546; NHL: r = �0.783,

�0.821 to �0.740) (Figure 3).

Country EAPCs were heterogeneous (Figure 4). HL inci-

dence EAPCs ranged from �5.14% to 7.13% and NHL inci-

dence EAPCs from �5.84% to 5.43%. HL mortality ranged

from �8.06% in Norway to 4.21% in Saint Kitts and Nevis,

whereas NHL mortality ranged from �5.70% in Ghana to

5.16% in Zimbabwe. DALY trends were broadly similar: most

countries had declining HL DALY rates, while NHL DALY EAPCs

ranged from �5.74% in Ghana to 5.22% in Zimbabwe. Rate

estimates with broad UIs and trends in small populations

require cautious interpretation.

Inequality and country priorities

Absolute inequality in mortality and DALYs narrowed, but

relative concentration in lower-SDI settings increased

(Figure 5). For HL mortality, SII changed from �0.07 (95%

UI �0.10 to �0.04) in 1990 to �0.06 (�0.07 to �0.05) in

2021, while CII changed from �0.43 (�0.54 to �0.27) to

�0.54 (�0.63 to �0.44). For NHL mortality, SII improved

from �0.91 (�1.06 to �0.77) to �0.61 (�0.69 to �0.54),

whereas CII worsened from �0.38 (�0.50 to �0.25) to

�0.49 (�0.59 to �0.37). DALY SIIs improved from �5.88

to �4.72 for HL and from �77.77 to �49.90 for NHL, while

both CIIs became more negative. For incidence, HL SII

decreased from 0.10 to 0.05 while CII shifted from �0.21

to �0.35; NHL SII changed from �0.02 to 0.60, reinforcing

the distinction between occurrence, detection, and out-

come inequalities.

The CPI ranked Pakistan (96.67), Uganda (94.36), South

Sudan (92.94), Zimbabwe (91.58), and Nigeria (91.56) high-

est (Table S11). Twenty-one locations were Tier 1 and 30

were Tier 2. Alternative specifications correlated strongly

with the base ranking (Spearman rho = 0.873�0.989), and

Tier 1 overlap ranged from 57.1% to 90.5%; agreement was

Fig. 3 Trends in the burden of Hodgkin and non-Hodgkin lymphoma among children aged 0�14 years across 21 GBD regions world-

wide, 1990�2021. (A) Incidence of Hodgkin lymphoma; (B) Incidence of non-Hodgkin lymphoma; (C) Mortality rate of Hodgkin lym-

phoma; (D) Mortality rate of non-Hodgkin lymphoma; (E) DALY rate of Hodgkin lymphoma; (F) DALY rate of non-Hodgkin lymphoma.
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lowest when population burden was omitted. Twenty-one

locations had high relative UI width, indicating that prioriti-

zation should be accompanied by local verification rather

than determined by rank alone.

Forecasts

Conditional forecasts suggested continued global improve-

ment through 2035 (Figure 6; Table S7 and S10). Projected

HL incidence was 0.244 among boys, 0.158 among girls, and

0.200 for both sexes; corresponding NHL incidence was 1.18,

0.77, and 0.98 per 100,000. Projected HL mortality was

0.104 among boys, 0.057 among girls, and 0.076 overall,

while NHL mortality was 0.439, 0.249, and 0.347. Projected

DALY rates were 7.83, 4.52, and 6.22 for HL and 36.85,

20.79, and 27.25 for NHL. Residual diagnostics were accept-

able for most models, although the NHL mortality model for

girls had a marginal Ljung-Box result (p = 0.044), increasing

uncertainty for that series.

Discussion

From 1990 to 2021, global mortality and DALY rates for child-

hood HL and NHL fell substantially, whereas incidence

declined only modestly. Progress was uneven: boys and

lower-SDI settings retained higher adverse outcomes, devel-

opment gradients were much stronger for mortality and

DALYs than for incidence, and several countries combined

high rates with large or increasing absolute burden. Absolute

gaps narrowed, but more negative CIIs showed that the

remaining mortality and health loss became increasingly

concentrated at the lower end of the development distribu-

tion. These paired findings are not contradictory;

Fig. 4 Associations between SDI and the estimated annual percentage change (EAPC) in Hodgkin and non-Hodgkin lymphoma among

children aged 0�14 years. (A) Incidence of Hodgkin lymphoma; (B) Incidence of non-Hodgkin lymphoma; (C) Mortality rate of Hodgkin

lymphoma; (D) Mortality rate of non-Hodgkin lymphoma; (E) DALY rate of Hodgkin lymphoma; (F) DALY rate of non-Hodgkin lym-

phoma.

6

C. Wang, Y. Peng and W. Hu



proportional gains can be smaller in disadvantaged settings

even when absolute differences fall.

Incidence requires careful interpretation. Population-

based registries remain the reference source for observed

occurrence, whereas GBD models complete time series

where registration and vital statistics are sparse [3�5].

Extreme estimates should trigger examination of case

counts, morphology verification, death-certificate use, com-

pleteness, and coding rather than immediate conclusions

about biological risk [15,16]. Discordance among outcomes

is informative: low incidence paired with high mortality

should prompt scrutiny of ascertainment, delayed presenta-

tion, and care access. Weak SDI-incidence associations may

reflect competing influences of risk and ascertainment. Mor-

tality and DALYs arise further downstream and are more

responsive to diagnostic delay, treatment access, comple-

tion, and supportive care. These ecological associations can-

not establish that national SDI causes an individual child’s

outcome.

The HL estimates were lower than those in the recent

GBD 2021 study of ages 0�19 years, consistent with the

exclusion of adolescents, among whom HL incidence is

higher [6]. Comparisons with analyses based on the same

GBD release demonstrate consistency of data extraction,

not independent validation. The higher burden among boys

accords with registry evidence that many childhood cancer

subtypes are more frequently diagnosed in males [3]. Never-

theless, aggregate GBD data cannot separate biological sus-

ceptibility from sex-related differences in symptom

recognition, referral, treatment access, or reporting; mech-

anisms should not be inferred from these descriptive pat-

terns.

The CPI adds practical information by distinguishing

countries where adverse rates, total health loss, and stalled

or worsening trajectories converge. It should not be used as

a league table or automatic funding formula. For Tier 1 loca-

tions, the next step is a country-specific assessment that

reviews each domain alongside registry completeness,

pathology and imaging capacity, referral times, treatment

availability, workforce, financing, conflict or displacement,

and feasibility. A country driven mainly by high rates may

need diagnostic and quality-of-care review, whereas one

driven by absolute DALYs may require greater service volume

and decentralized referral capacity. Locations with wide UIs

should prioritize data strengthening before fine-grained

rank interpretation.

Policy implications span the care continuum. National

childhood cancer plans can align referral, pathology, risk-

adapted protocols, supportive care, and outcome monitor-

ing with the WHO Global Initiative for Childhood Cancer

[1,17]. High treatment-related mortality in lower-resource

settings supports investment in infection management,

blood products, nutrition, intensive-care pathways, and safe

chemotherapy delivery [18]. Financial and psychosocial

assistance, navigation, accommodation, and prospective

tracking can reduce abandonment [19,20]. Essential medi-

cine access requires demand forecasting, coordinated pro-

curement, quality assurance, buffer stocks, and stock-out

monitoring because availability and catastrophic expendi-

ture remain unequal [21,22]. Registry training, standard

coding, active case finding, and linkage with pathology and

vital registration can improve surveillance [15,16].

Forecasts indicate what might occur if historical serial

patterns broadly continue; they are not estimates of the

effect of planned policies. The marginal residual result for

girls’ NHL mortality and the small number of annual observa-

tions reinforce this caution. Future incidence could change

after registry expansion, and mortality could depart sharply

from projections because of conflict, medicine shortages,

new therapies, health-system investment, or another pan-

demic. COVID-19 disrupted diagnosis, staffing, treatment,

and supply chains for childhood cancer, with disproportion-

ate effects in lower-resource settings [23,24]. Forecasts

should therefore be updated when sufficiently complete

Fig. 5 Inequality analyses of Hodgkin and non-Hodgkin lymphoma among children aged 0�14 years. (A) Incidence of Hodgkin lym-

phoma; (B) Incidence of non-Hodgkin lymphoma; (C) Mortality rate of Hodgkin lymphoma; (D) Mortality rate of non-Hodgkin lym-

phoma; (E) DALY rate of Hodgkin lymphoma; (F) DALY rate of non-Hodgkin lymphoma.
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post-2021 data become available and compared with sce-

nario-based models that explicitly represent interventions.

Strengths include coverage of 204 locations over 32 years,

identical definitions for both lymphomas, uncertainty-prop-

agated inequality analyses, and a transparent sensitivity-

tested index. Limitations include greater model dependence

where data are sparse; error in diagnosis, coding, and cause-

of-death assignment; exclusion of ages 15�19 years; and no

subtype, stage, treatment, completion, survival, or house-

hold-level socioeconomic data. SDI associations are ecologi-

cal, CPI weights are normative, and ARIMA models are

univariate. Country estimates and tiers should therefore be

triangulated with local clinical and registry evidence.

In conclusion, childhood HL and NHL outcomes improved

globally, but lower-SDI settings retained a disproportionate

and increasingly concentrated share of mortality and health

loss. Monitoring incidence together with mortality and

DALYs, and reporting both absolute and relative inequality,

provides a more defensible account of progress. Transparent

CPI domains can guide verification and needs assessment,

while investment in timely diagnosis, protocol-directed

treatment, essential medicines, supportive care, and reli-

able surveillance is required to convert projected improve-

ment into equitable outcomes.
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