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Acute lymphoblastic leukemia (ALL) survivors are at risk for developing subsequent neoplasms, but there is limited information
on long-term risks and risk factors for both subsequent malignant neoplasms (SMNs) and subsequent non-malignant
neoplasms (SNMNs). We analyzed long-term risk and risk factors for SMNs and SNMNs among 3291 5-year ALL survivors from
the Dutch Childhood Cancer Survivor Study-LATER cohort (1963–2014). We calculated standardized incidence ratios (SIRs) and
cumulative incidences and used multivariable Cox proportional hazard regression analyses for analyzing risk factors. A total of
97 survivors developed SMNs and 266 SNMNs. The 30-year cumulative incidence was 4.1% (95%CI: 3.5–5.3) for SMNs and 10.4%
(95%CI: 8.9–12.1) for SNMNs. Risk of SMNs was elevated compared to the general population (SIR: 2.6, 95%CI: 2.1–3.1). Survivors
treated with hematopoietic stem cell transplantation (HSCT) with total body irradiation (TBI) (HR:4.2, 95%CI: 2.3–7.9), and
without TBI (HR:4.0,95%CI: 1.2–13.7) showed increased SMN risk versus non-transplanted survivors. Cranial radiotherapy (CRT)
was also a risk factor for SMNs (HR:2.1, 95%CI: 1.4–4.0). In conclusion, childhood ALL survivors have an increased SMN risk,
especially after HSCT and CRT. A key finding is that even HSCT-treated survivors without TBI treatment showed an increased
SMN risk, possibly due to accompanied chemotherapy treatment. This emphasizes the need for careful follow-up of HSCT
and/or CRT-treated survivors.
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INTRODUCTION
Acute lymphoblastic leukemia (ALL) is the most common type
of childhood cancer [1–3], with a 5-year survival rate currently
exceeding 90% [4]. However, ALL survivors are at risk for long-
term adverse health outcomes including the development of
subsequent neoplasms [5, 6]. Compared to the general
population, childhood ALL survivors have a 2.6 to 13.5 times
higher risk of developing subsequent malignant neoplasms
(SMNs) [5–8]. The most frequently observed SMNs in ALL
survivors are central nervous system (CNS) tumors [6, 9]. In
addition to SMNs, some types of subsequent non-malignant
neoplasms (SNMNs) can also cause serious morbidity, such as
subsequent meningiomas [5, 10].
Treatment protocols for ALL patients have changed over

time. Major adjustments in the Netherlands were 1) the
substitution of cranial radiotherapy (CRT) by CNS prophylaxis
with intrathecal high-dose methotrexate since to the DCOG-
ALL VI protocol in December 1984 [11, 12] and 2) trials with

replacing TBI with a chemotherapy conditioning regimen for
HSCT between 2011 and 2021 [13, 14] Several studies examined
treatment-related risk factors for subsequent neoplasms in ALL
survivors [5, 15–17]. Although many studies were limited by
short follow-up times [15–17] or the limited availability of
specific treatment data [5, 15–17], several risk factors have
been suggested. The risk of developing a subsequent neoplasm
was found to be higher in patients who were treated with
radiotherapy [18], especially CRT [7, 16, 19]. Furthermore,
patients who received HSCT also showed an increased risk of
subsequent neoplasms as compared to non-transplanted
leukemia survivors [20–23], which is often suggested to be
due to TBI [17, 21, 24, 25]. However, the separate impacts of
HSCT and TBI are not fully clear.
In the current study, we aimed to analyze the long-term risk

and associated risk factors for developing SMNs and SNMNs in
5-year survivors of childhood ALL diagnosed between 1963
and 2014.
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Table 1. Characteristics of ALL survivors from DCCSS-LATER cohort and of survivors with an SMN, SNMN, BCC.

Characteristics Total Subsequent malignant
neoplasms

Subsequent non-malignant
neoplasms

Basal cell
carcinomas

Total cohort 3291 97 266 172

Sex

Male 1819 (55%) 48 (49%) 114 (43%) 87 (51%)

Female 1472 (45%) 49 (51%) 15 (57%) 85 (49%)

Age at ALL diagnosis

0–4 yrs 1386 (42%) 35 (36%) 108 (41%) 73 (42%)

5–9 yrs 1293 (39%) 36 (37%) 110 (41%) 68 (40%)

10–14 yrs 471 (14%) 20 (21%) 42 (16%) 27 (16%)

15+ yrs 141 (4%) 6 (6%) 6 (2%) 4 (2%)

Year of ALL diagnosis

1984 629 (19%) 52 (54%) 133 (50%) 128 (74%)

1985–1994 673 (20%) 29 (30%) 71 (27%) 36 (21%)

1995–2004 981 (30%) 10 (10%) 47 (18%) 8 (5%)

2005+ 1008 (31%) 6 (6%) 15 (6%) 0 (0%)

Follow-up time (years)a

0–9 449 (14%) 7 (7%) 6 (2%) 0 (0%)

10–19 1025 (31%) 25 (26%) 31 (13%) 7 (4%)

20–29 909 (28%) 33 (34%) 65 (24%) 15 (9%)

30+ 908 (28%) 32 (33%) 164 (62%) 150 (87%)

Attained age (years)

5–14 392 (12%) 3 (2%) 6 (2%) 0 (0%)

15–24 987 (30%) 23 (24%) 19 (7%) 5 (3%)

25–34 895 (27%) 30 (31%) 74 (28%) 17 (10%)

35+ 1017 (31%) 41 (42%) 167 (63%) 150 (87%)

Relapse

No 2609 (79%) 62 (64%) 167 (63%) 99 (58%)

Yes 420 (13%) 24 (36%) 48 (18%) 41 (24%)

Vital status

Alive 3060 (93%) 62 (64%) 240 (90%) 162 (94%)

Deceased 231 (7%) 35 (36%) 26 (10%) 10 (6%)

Treatment for AL

CT no HSCT 2395 (73%) 28 (29%) 87 (33)%) 15 (9%)

RT+ CT 593 (18%) 51 (53%) 129 (48%) 130 (76%)

CT+HSCT (no RT) 57 (2%) 1 (1%) 1 (0.4%) 0 (0%)

RT+ CT+HSCT 226 (7%) 17 (18%) 48 (18%) 27 (16%)

Unknown 20 (1%) 0 (0%) 1 (0.4%) 0 (0%)

Radiotherapy typej,k

No radiotherapy 2285 (69%) 27 (28%) 72 (72%) 15 (9%)

CRT no TBI 528 (16%) 45 (46%) 102 (38%) 104 (60%)

TBI no CRT 160 (5%) 10 (10%) 31 (12%) 16 (9%)

CRT+ TBI 28 (1%) 3 (3%) 8 (3%) 5 (3%)

Other radiotherapyb 16 (0.5%) 1 (1%) 2 (1%) 0 (0%)

Chemotherapeutic agentsj

Alkylating agentsc 1984 (60%) 46 (47%) 115 (43%) 64 (37%)

Anthracyclinesd 2084 (63%) 57 (59%) 131 (49%) 75 (44%)

Epipodophyllotoxinse 509 (15%) 27 (28%) 56 (21%) 35 (20%)

Platinum agentsf 2 (0.06%) 0 (0%) 0 (0%) 0 90%)

Vinca alkaloidsg 3003 (91%) 86 (89%) 215 (81%) 140 (81%)

Antimetabolitesh 3003 (91%) 86 (89%) 215 (81%) 140 (81%0

Asparaginasei 2827 (86%) 77 (79%) 186 (70%) 114 (66%)
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METHODS
Patients
In this multicenter study, 11 704 5-year survivors diagnosed under the age
of 18 in any of the seven former pediatric oncology/stem cell centers in the
Netherlands, in the period 1963–2014 were included in the Dutch
Childhood Cancer Survivor Study (DCCSS)-LATER cohort [26, 27]. Data
collection from both the original cohort (1963–2001) [26] and the
expansion cohort (2002–2014) has been previously documented [28]. In
the current study, we included 3291 survivors diagnosed with ALL
according to the International Classification of Disease for Oncology, Third
Edition (ICD-D-O-3) [29] (ICD-O-3 morphology code 9835/3, 9836/3 or
9837/3).

Data collection
Information about demographics, diagnosis, and childhood cancer
treatment, including relapses, was collected by trained data managers.
For 262 (8%) survivors who objected to adding additional linkage data, we
only had basic yes/no treatment data available. For the other 3029 ALL
survivors, detailed treatment data were available including type and doses
of chemotherapy and radiotherapy and information about hematopoietic
allogeneic stem cell transplantation (HSCT). For anthracyclines and
alkylating agents, cumulative doses were calculated. For anthracyclines,
we used the doxorubicin isotoxic equivalent (DIE) to sum doses of agents
[30] (Table S1). For alkylating agents, dose was summed according to the
cyclophosphamide equivalent dose (CED) [31] (Table S2).
Data on subsequent neoplasms were ascertained by linkages to two

nationwide registries: the Netherlands Cancer Registry (NCR) [32], with
nationwide coverage since 1989, (although some regional registries
attained full local coverage earlier), and the Dutch Nationwide Pathology
Databank (Palga) [33], with nationwide coverage since 1991. The linkage
procedure for the DCCSS-LATER cohort has been reported previously
[26, 28]. The NCR data were used as main source for malignant
neoplasms. For malignant tumors diagnosed before 1989, we used the

partially available NCR data in combination with data from Palga and
from the DCCSS-LATER registry, based on medical record data. Pathology
reports were reviewed to resolve discrepancies between multiple SMN
sources. SMN data was complete up to January 31st, 2022. Palga were
used as source for histologically confirmed non-malignant tumors and
basal cell carcinomas (BCCs) of the skin. SNMNs were defined as
subsequent benign, borderline malignant, or in situ tumors. Non-
malignant skin tumors were excluded. Excerpts were manually reviewed
to identify and classify non-malignant neoplasms according to the ICDD-
O-3 [29]. Challenging records were discussed with a pathologist (RdK).
SNMN data was complete up to April 7th, 2022 for the original cohort
and up to November 30th, 2022 for the expansion cohort. BCC data was
complete until November 30th, 2022. We included subsequent
neoplasms that occurred five years or more after ALL diagnosis and
were histologically different from the ALL.

Statistical analyses
Analyses were done separately for SMNs, SNMNs, and BCCs, because of the
differences in entry time. For SMNs, follow-up started five years after ALL
diagnosis and for SNMNs and BCCs follow-up started five years after ALL
diagnosis or January 1, 1991 (start nationwide coverage Palga), whichever
occurred last. Follow-up ended on the date of diagnosis of the first
subsequent neoplasm of interest (e.g., for analyses on malignant CNS
tumors, at date of first CNS tumor, irrespective of a prior SMN, SNMN, or
BCC), date of death, date last known vital status (emigration, loss to follow
up), or end of study (January 31st, 2022 for SMNs and April 7, 2022, for
SNMNs and BCCs), whichever occurred first.
We calculated standardized incidence ratios (SIRs) and absolute excess

risks (AERs) of SNMs. The SIR was calculated by dividing the observed
number by the expected number based on age-, sex-, and calendar year-
specific general population rates from the NCR. The AER was calculated as
the excess number of SMNs per 10,000 person-years. SIRs and AERs were
calculated for any SMN and for specific subgroups. For SNMNs and BCCs,

Table 1. continued

Characteristics Total Subsequent malignant
neoplasms

Subsequent non-malignant
neoplasms

Basal cell
carcinomas

Alkylating agents (cumulative dose; CED) mg/m2j

None 1021 (31%) 40 (41%) 99 (37%) 76 (44)%

0-2000 1125 (34%) 13 (13%) 29 (11%) 12 (7%)

2000+ 809 (25%) 32 (33%) 81 (30%) 46 (27%)

Unknown 336 (10%) 1 (1%) 6 (2%) 6 (3%)

Anthracyclines (cumulative dose) mg/m2j

None 923 (28%) 29 (30%) 83 (31%) 65 (38%)

<200 1288 (39%) 39 (40%) 91 (34%) 58 (34%)

200+ 752 (23%) 17 (18%) 35 (13%) 15 (9%)

Unknown 66 (2%) 1 (1%) 6 (2%) 2 (1%)

Epipodophyllotoxins agents (cumulative dose) mg/m2j

None 2495 (76%) 59 (61%) 158 (59%) 105 (61%)

<1485 241 (7%) 12 (12%) 19 (7%) 19 (11%)

1485+ 246 (7%) 15 (15%) 34 (13%) 15 (9%)

Unknown 47 (1%) 0 (0%) 2 (1%) 1 (1%)

Bold shows the overall numbers.
SMN Subsequent malignant neoplasm, SNMN Subsequent non-malignant neoplasm, BCC Basal cell carcinoma, ALL Acute lymphocytic leukemia, CRT Cranial
radiotherapy, TBI Total body irradiation.
aFollow-up time since ALL diagnosis.
bSeven Mantle field, six testis, one mantle+ testis, one Neck/Cervical, and one unknown.
c286 survivors with unknown data of therapy.
d22 survivors with unknown data of therapy.
e25 survivors with unknown data of therapy.
f33 survivors with unknown data of therapy.
g16 survivors with unknown data of therapy.
h15 survivors with unknown data of therapy.
i17 survivors with unknown data of therapy.
jThis is part of subset of the data (n= 3029) of whom we had additional treatment details available with 86 SMNs, 215 SNMNs, and 140 BCCs.
kIn total 79 survivors received unfractionated TBI, 62 survivors in 2 fractions, and 38 survivors in 3 or more fractions.
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there are no reference rates for the general population and we could
therefore not calculate SIRs and AERs.
For SMNs, SNMNs, and BCCs we calculated cumulative incidences,

accounting for death as a competing risk. We also calculated the
cumulative incidence for survivors diagnosed before and after 1984. The
cut-off of 1984 was based on the switch from protocol ALL-V to ALL-VI,
where cranial radiotherapy (CRT) was omitted as standard of care for non-
high-risk ALL survivors. Differences between curves were compared using
Gray’s tests [34]. Furthermore, we examined potential risk factors by using
multivariable Cox proportional hazard regression models, with attained
age as time scale [35]. Our base model included sex, age at diagnosis,
cranial radiotherapy, HSCT ± TBI as part of the conditioning regimen for
HSCT. In addition, we analyzed the following chemotherapy groups and
dose categories: alkylating agents, anthracyclines, etoposide. Etoposide
was predominantly administered to HSCT patients as part of initial
treatment in this high-risk group or/and as conditioning for HSCT and was
sparingly administered to patients without HSCT. In order to stratify these
risks, mutually exclusive groups were created combining etoposide
exposure with HSCT subgroups. Stratification on etoposide exposure was
only feasible in the HSCT with TBI group, but not in the HSCT without TBI
group due to low numbers. Furthermore, we were not able to analyze
effects of platinum agents (not part of standard ALL treatment, and
therefore only very few patients in our cohort were treated with this),
glucocorticoids, vinca alkaloids, antimetabolites and asparaginases (part of
ALL treatment in almost all protocols and therefore almost everyone in our
cohort had this as part of therapy). Although we adjusted for all treatments
in our main analysis, we did conduct a sensitivity analysis including only
survivors with a relapsed ALL to evaluate the effect of HSCT in a more
homogenous group of survivors with intensive treatments. The propor-
tional hazard assumption was tested in all models and was not violated. All
analyses were performed using SPSS v 29.0 or R studio v 4.2.

RESULTS
Patient characteristics
Among the 3291 childhood ALL survivors, 55.2% were male
(Table 1). Median age at diagnosis was 4.7 years (range: 0.0–17.8
years). In total, 72.8% were treated with chemotherapy only, 18.0%
with a combination of chemotherapy and any radiotherapy, 1.7%
with chemotherapy and HSCT, and 6.9% with a combination of
chemotherapy, radiotherapy and HSCT. Of the 3029 survivors with
additional treatment data, 24.5% were treated with any type of
radiotherapy, of whom 17.4% with only CRT, 5.3% with only TBI,
0.9% with CRT and TBI, and 0.5% with other types of radiotherapy
(Table 1). Of the 420 survivors who experienced a relapse, 39.3%
received only CRT, 25.2% only TBI, 6.2% CRT and TBI, and 2.4%
other types of radiotherapy (Table S3).
Of all survivors, 430 (13.1%) developed at least one subsequent

neoplasms, of whom 97 (2.9%) survivors developed at least one
SMN, 266 (8.1%) at least one SNMN and 172 (5.2%) at least one
BCC. In total, 21 of the 430 survivors who developed a subsequent
neoplasm developed both an SMN and SNMN. Among the
420 survivors with relapsed disease, 24 developed at least
one SMN.

Subsequent malignant neoplasms
The median follow-up time for SMN was 21.6 (range: 5.0–54.9)
years since ALL diagnosis. In total, 106 SMNs were observed in
97 survivors, with 9 survivors developing multiple SMNs. The
median latency between childhood ALL diagnosis and occurrence
of an SMN was 26.5 (range: 5.8–46.1) years. 87 SMNs were solid
tumors. The most frequently observed SMN sites were CNS
(n= 15), thyroid (n= 13), and skin (13 melanomas and 4 squamous
cell carcinomas) (Table 2).
Overall SMN risk was significantly increased in ALL survivors

compared to the age-, sex-, and calendar-year matched general
population with an SIR of 2.6 (95% CI 2.1–3.1) and an AER of 10.0
per 10,000 person-years. The AER increased with follow-up time
after diagnosis and was 25.5 per 10,000 person-years for follow-up
time beyond 30 years. The highest AERs compared to the general
population were observed for CNS tumors (AER: 2.2) and thyroid

malignancies (AER: 2.0) (Table 2). High SIRs were observed for
survivors who were treated with chemotherapy and HSCT (SIR: 8.4,
95%CI: 0.2–47.0) and chemotherapy, HSCT, and radiotherapy (SIR:
10.5, 95%CI: 6.1–16.8) (Table S4). Types of SMNs after HSCT are
shown in Table S5. ALL survivors who had a relapse (n= 24; SIR:
5.6, 95%CI: 3.6–8.4) had a higher SIR than those without a relapse
(n= 62; SIR: 2.2, 95%CI: 1.7–2.8) (Table S4).
The 30-year cumulative incidence of any SMN was 3.8% (95%CI:

2.9–4.9) (Fig. 1). The cumulative incidence of any SMN was not
different between survivors diagnosed ≤ 1984 and survivors
diagnosed > 1984 (p= 0.64), the year where CRT was omitted as
standard of care (Fig. 2). However, the cumulative incidence of
subsequent CNS tumors was significantly lower for survivors
diagnosed after 1984 compared to survivors diagnosed in or
before 1984 (p= 0.005) (Fig. 2).

Subsequent non-malignant neoplasms
In total, 266 survivors developed histologically confirmed SNMNs,
with a median latency time between childhood cancer diagnosis
and the first SNMN of 25.7 (range: 5.5–48.3) years. The most
frequently observed SNMNs were non-malignant meningiomas
(n= 81), urogenital system neoplasms (n= 42), and lipomas
(n= 36) (Table 2). Types of SNMNs after HSCT are shown in Table
S5. The 30-year cumulative incidence of any SNMN was 9.9% (95%
CI: 8.5–11.5) and highest for SNMN subtypes meningiomas (2.5%,
95% CI: 1.7–3.5) and urogenital neoplasms (1.9% 95% CI: 1.3–2.8)
(Fig. 1, Table 2). For any SNMN, the cumulative incidence was not
different for survivors diagnosed ≤ 1984 and 1984 > (p= 0.84), but
we did see a significant decrease in the incidence of non-
malignant meningiomas for survivors diagnosed after 1984
(p < 0.001) (Fig. 2).

Basal cell carcinoma risk
In total, 172 survivors developed at least one basal cell carcinoma
(BCC), with a median latency time of 26.1 (range: 5.6–43.5) years.
The 30-year cumulative incidence of BCC was 5.6% (95%CI:
4.5–7.0) (Fig. 1). Among survivors treated with radiotherapy, the
30-year cumulative incidence for BCC was 10.9% (95% CI: 8.6–12.6)
compared to 1.2% (95% CI: 0.6–2.4) for survivors treated without
radiotherapy (Fig. S1). The HR was 19.3 (95%CI: 12.2–29.8) for
survivors treated with TBI and 7.6 (95%CI: 5.5–10.5) for survivors
treated with CRT (data not shown).

Risk factors for subsequent neoplasms
We analyzed risk factors for SMNs and SNMNs in multivariable
models among 3029 survivors for whom extensive treatment
details were available. ALL survivors treated with cranial radio-
therapy (CRT) (n= 48 SMNs) had a significantly higher risk of
developing any SMN compared to survivors treated without CRT
(n= 38 SMNs) (HR: 2.3, 95% CI: 1.4–4.0) (Table 3). Furthermore,
HSCT was significantly associated with increased SMN risk,
regardless of whether TBI was included in the conditioning
regimen (HR for HSCT with TBI: 4.2, 95% CI: 2.3–7.8; HR for HSCT
without TBI: 4.0, 95% CI: 1.2–13.7) (Table S6). After adjusting for
chemotherapy, we still observed a significant effect of HSCT
without TBI (n= 3 SMNs) (HR: 3.8, 95% CI: 1.1–13.8) (Table 3).
Survivors treated with HCST, TBI, and etoposide (n= 11 SMNs)
appeared to have a higher risk (HR: 5.7; 95% CI: 2.5–12.8)
compared to survivors treated with HSCT and TBI without
etoposide (n= 2 SMNs) (HR: 1.5; 95% CI: 0.5–6.5); however, this
difference was not significant.
ALL survivors treated with CRT also had a higher risk of

developing any SNMN compared to survivors treated without CRT
(HR: 1.9, 95% CI: 1.3–2.6) (Table 3). Furthermore, compared to
survivors treated without HSCT, survivors who received HSCT with
TBI showed a significantly increased risk of developing SNMN (HR:
6.4, 95% CI: 3.9–10.4), whereas those treated with HSCT without
TBI did not show a significant increase (HR: 1.9, 95%CI: 0.6–7.7)
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Table 2. Cumulative Incidence, SIRs, EARs, and latency of subsequent neoplasms.

Type of subsequent
neoplasm

ICD-O-3 code Cases SIR (95% CI) AER/
10.000 PY

30-year Cumulative
Incidence (95% CI)

Median latency
(range), yearsa

Total SMNsb 97 2.6 (2.1–3.1) 10.0 3.8 (2.9–4.9) 26.5 (5.8–46.1)

Solid tumors C000–C809 87 2.7 (2.2–3.4) 9.3 3.4 (268–4.4) 26.5 (5.8–46.1)

Head and neck C000–149, C300–C329,
C690–C699

10 11.1 (5.3–20.4) 1.5 0.2 (0.07–0.5) 31.2 (9.3–41.6)

Digestive organsc C150–C269 9 24.8 (11.3–47.0) 1.4 0.4 (0.2–1.0) 29.5 (19.9–39.0)

Pulmonaryd C339–C349, C384,
C390–C399

2 1.5 (0.2–5.5) 0.3 0.05 (0.007–0.4) 30.8 (19.0–42.7)

Bone C400–C419 5 6.6 (2.2–15.5) 0.1 0.1 (0.06–0.4) 13.4 (6.8–33.0)

Soft tissuee C470–C499 6 8.0 (2.9–17.5) 0.9 0.3 (0.1–0.7) 22.1 (9.0–31.1)

Female breastf C500–C509 10 1.3 (0.6–2.3) 0.4 0.4 (0.2–0.9) 29.2 (13.1–39.8)

Female genital organsg C510–C589 4 1.5 (0.4–4.0) 0.2 0.07 (0.01–0.5) 35.2 (23.8–46.1)

Male genital organs C600–C639 3 0.7 (0.1–2.0) −0.2 0.07 (0.01–0.5) 17.3 (6.3–44.3)

Testis C620–C629 2 0.5 (0.06–1.8) −0.4 0.08 (0.02–0.3) 11.8 (6.3–17.3)

Central nervous system C700–C729 15 9.2 (5.1–15.1) 2.2 0.6 (0.4–1.2) 26.2 (5.8–37.6)

Brain C710–C719 7 4.6 (1.8–9.4) 0.9 0.3 (0.1–0.8) 28.6 (11.5–37.8)

Meninges C700–C709 5 360
(117.0–841.1)

0.8 0.2 (0.06–0.7) 28.0 (16.3–37.6)

Thyroid C730–C739, C323, 13 10.9 (5.8–18.5) 2.0 0.6 (0.3–1.2) 28.4 (10.8–33.9)

Melanomah C44, C69—M8720–M8790 12 2.4 (1.3–4.0) 1.3 0.5 (0.3–1.1) 26.5 (11.8–40.8)

Nonmelanoma skin
(BCC excluded)

C44 excluding
M8720–M8790

4 4.0 (1.1–10.4) 0.5 0.09 (0.02–0.4) 25.4 (12.6–30.8)

Hematological C42, C77—
M9591–M9948

10 1.7 (0.8–3.2) 0.7 0.4 (0.2–0.9) 25.2 (15.7–42.7)

Leukemias C42—M9800–M9948 2 1.1 (0.1–3.8) 0.02 0.05 (0.006–0.3) 26.2 (17.7–34.7)

Myeloid M9840–M9948 1 1.3 (0.03–7.5) 0.04 0 34.7 (34.7–34.7)

Lymphoblastic M9811–M9837 1 1.0 (0.03–5.7) 0.01 0.05 (0.006–0.3) 17.7 (17.7–17.7)

Lymphomas C77—M9591–M9738 7 3.8 (1.5–7.7) 0.9 0.4 (0.2–0.8) 25.2 (15.7–37.3)

Non-Hodgkin
lymphoma

M9591, M9670–M9738 5 2.9 (0.9–6.7) 0.5 0.2 (0.09–0.6) 25.2 (15.8–37.3)

Hodgkin-lymphoma M9650–M9667 2 1.0 (0.1–3.7) 0.0 0.1 (0.03–0.5) 21.2 (15.7–26.7)

Other hematologic M9732 1 6.3 (0.2–24.9) 0.1 0 42.7 (42.7–42.7)

Total SNMNs 267 NA NA 9.9 (8.5–11.5) 25.6 (5.5–48.3)

Colorectal C18–C21 27 NA NA 0.9 (0.5–1.6) 29.3 (14.8–44.2)

Liver adenoma C22.0 1 NA NA 0.04 (0.006–0.3) 15.4 (15.4–15.4)

Thyroid/parathyroid
adenomas

C73.9, C75.0 12 NA NA 0.7 (0.4–1.4) 24.7 (12.3–34.3)

Lipomas M8850–M8881 35 NA NA 1.7 (1.1–2.5) 25.8 (10.3–43.3)

Fibromas M8391, M8810–M8836,
M8965, M9013–M9030,
M9321, M9540–9550

11 NA NA 0.4 (0.2–0.8) 23.9 (12.6–38.8)

Neurofibromas M9540–M9550 3 NA NA 0.09 (0.02–0.3) 16.9 (12.6–33.9)

Head and Neck C00–C14, C30–C32, C69,
C76.0

15 NA NA 0.7 (0.4–1.3) 23.8 (5.9–48.3)

Oral (squamous) C03.0–C06.0/
M8050–M8070,
M808–M8081, M8560

4 NA NA 0.2 (0.05–0.6) 23.6 (9.5–48.3)

Bone neoplasms C40.0–41.9 18 NA NA 0.7 (0.4–1.1) 13.4 (6.4–41.6)

Osteoma M9180–M9200 2 NA NA 0 40.2 (38.7–41.6)

Osteochondroma M9210 2 NA NA 0.5 (0.3–0.9) 10.7 (6.4–17.3)

Chondroma M9220–M9241 2 NA NA 0.09 (0.02–0.3) 14.2 (11.8–16.7)

Giant Cell tumor M9250 2 NA NA 0.09 (0.02–0.4) 16.7 (15.6–17.9)

Female breast C50.0–50.9 28 NA NA 1.0 (0.6–1.7) 27.7 (23.5–38.0)
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(Table S6). After adjusting for chemotherapy, significant effects
were still observed for HSCT with TBI, both with etoposide (HR: 4.9,
95% CI: 2.8–10.3) and without etoposide (HR: 4.9, 95% CI: 2.3–10.3)
(Table 3).
ALL survivors treated with radiotherapy were at an increased

risk of developing basal cell carcinoma, with HRs of 4.3 (95% CI:
2.8–6.7) for CRT vs. no CRT and 6.4 (95% CI: 3.9–10.4) for HSCT plus
TBI vs. no HSCT (Table S6).
In a sensitivity analysis including only survivors who experi-

enced a relapse, HSCT remained a significant risk factor for SMNs
(HR: 2.5, 95%CI: 1.0–3.4), and BCCs (HR: 2.7, 95%CI: 1.4–5.4), but
not for SNMNs (HR: 4.9, 95%CI: 0.5–2.0) (Table S7).

DISCUSSION
This study demonstrates that 5-year survivors of childhood ALL
have an increased risk of developing subsequent neoplasms,
especially after HSCT. A significant new finding is that ALL
survivors treated with HSCT but without TBI also have an

increased risk of SMNs compared to ALL survivors not treated
with HSCT, possibly due to accompanying chemotherapy.
Furthermore, CRT was a significant risk factor for development
of both SMNs and SNMNs. The risk of any SMN and any SNMN did
not decrease for survivors treated after 1984, when prophylactic
CRT was omitted from standard protocols, compared to those
treated in or before 1984. However, the risk of malignant CNS
tumors and benign meningiomas decreased significantly among
those treated after 1984.
In this study, we showed that ALL survivors who received HSCT,

both with and without TBI, had an increased risk of SMNs
compared to survivors treated without HSCT. Previous studies that
reported on subsequent neoplasms after HSCT vs. no HSCT have
also shown significantly increased risk for SMNs and SNMNs after
HSCT [20, 21] with most studies attributing this increased risk to
TBI conditioning [21, 25]. Recently, similar findings have also been
reported for ALL survivors [17]. In our cohort, we observed a
similar increased risk of SMNs for ALL survivors who received HSCT
with TBI and those who received HSCT without TBI, compared to

Table 2. continued

Type of subsequent
neoplasm

ICD-O-3 code Cases SIR (95% CI) AER/
10.000 PY

30-year Cumulative
Incidence (95% CI)

Median latency
(range), yearsa

Fibroadenoma M8392, M9010–M9011 21 NA NA 0.8 (0.5–1.3) 14.5 (6.4–38.9)

Ductal carcinoma in
situ

M8500–M8505,
M8507–M8522

7 NA NA 0.2 (0.08–0.7) 32.9 (8.8–43.6)

Urogenital neoplasms C51.0–C68.9 41 NA NA 1.9 (1.3–2.8) 25.0 (7.3–41.6)

Bladder C67 1 NA NA (0.01–0.6) 25.7 (25.7–25.7)

Female reproductive
system

C51–C58 38 NA NA 1.7 (1.2–2.6) 25.6 (7.3–41.6)

Leiomyoma M8890–M8898 8 NA NA 0.2 (0.7–0.5) 18.8 (7.5–40.5)

Cervical intra-epithelial
neoplasm

M8077 22 NA NA 1.3 (0.8–2.1) 25.8 (16.5–41.6)

Male reproductive
system

C60–C63 2 NA NA 0.1 (0.03–0.4) 18.5 (15.0–22.0)

Central nervous system C70, C71, C72 89 NA NA 2.8 (2.0–3.9) 31.6 (6.1–46.2)

Meningioma M9150 81 NA NA 2.5 (1.7–3.5) 32.2 (9.4–46.2)

Schwannoma/
neurinoma

M9560 3 NA NA 0.1 (0.03–0.5) 25.1 (17.5–31.9)

Peripheral schwannoma M9560 excluding CNS 6 NA NA 0.3 (0.1–0.7) 18.6 (13.5–23.6)

Vascular, excluding CNSi 7 NA NA 0.3 (0.1–0.7) 22.0 (5.5–38.1)

Hemangioma C49.0–49.9, C71.0–71.9/
M9120–M9136, M9141.
M9142

5 NA NA 0.2 (0.04–0.6) 27.0 (7.5–38.1)

Angioleiomyoma C49.0–49.9 / M8894 2 NA NA 0.5 (0.09–1.0 15.1 (7.5–22.6)

Subcutaneous, other C49.0–49.9 9 NA NA 0.3 (0.1–0.8) 28.9 (6.3–39.2)

Unspecified M8000 1 NA NA 0.04 (0.005–0.3) 7.3 (7.3–7.3)

Basal cell carcinoma 172 NA NA 5.6 (4.5–7.0) 26.1 (5.6–43.5)

Bold shows the overall numbers.
ICD-O-3 International classification of disease for oncology, third edition, SMN Subsequent malignant neoplasm, SNMN Subsequent non-malignant neoplasm,
SIR Standardized incidence ratio, AER absolute excess risk, PY Person years, CNS Central nervous system.
aTime since childhood ALL diagnosis.
bNine survivors developed multiple SMNs.
cOne digestive tumor occurred as second SMN after a first thyroid carcinoma.
dOne pulmonary occurred as second SMN after a first squamous cell carcinoma.
eOne soft tissue occurred as second SMN after a first squamous cell carcinoma.
fOne mamma carcinoma occurred as second SMN after a first ductal carcinoma in the other breast and one mamma carcinoma occurred after a thyroid
carcinoma.
gOne female genital organ tumor occurred as second SMN after a first mamma carcinoma.
hOne melanoma occurred as second SMN after another melanoma and one melanoma after stomach carcinoma.
iVascular neoplasms in the brain were not included in this category but in the “Central nervous system” category.
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ALL survivors treated without HSCT. This suggests that aspects of
HSCT other than TBI contribute to the elevated risk of SMN
development after HSCT. In our multivariable model, we observed
a suggestive trend with higher risks among survivors receiving

etoposide within the HSCT with TBI group. Due to a limited
number of cases, we were unable to stratify by etoposide
exposure within the HCST without TBI subgroup and can therefore
not analyze whether this increased risk might be due to
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Fig. 2 Cumulative incidence of subsequent neoplasms in the Dutch Childhood Cancer survivor study (DCCSS)-LATER cohort with a
follow-up time since childhood acute lymphoblastic leukemia diagnosis, stratified by treatment before or in 1984 or after 1984.
A Subsequent malignant neoplasms Cumulative incidence of all subsequent malignant neoplasms (SMNs). B Subsequent malignant central
nervous system tumors Cumulative incidence of subsequent malignant tumors of the central nervous system. C Subsequent non-malignant
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concurrent etoposide treatment. Other factors beyond che-
motherapy could also play a role; for instance, an association
between chronic graft versus host disease (GVHD) and oral cavity
cancers has been implied [36]. Although we lacked GVHD
information, among the nine ALL survivors with malignant oral
neoplasms in our cohort, none had received HSCT, and only one
out of four with non-malignant oral neoplasms had received HSCT.
We could therefore not confirm this previous observation.
Previous studies have indicated that unfractionated and high-

dose TBI seemed to be associated with a higher risk of SMN
compared to low-dose TBI [21, 25]. Unfortunately, our sample size
was too small to further explore the impact of the TBI dose and
fractionation. In our cohort, most survivors who received TBI were
treated with unfractionated TBI or TBI delivered in 2 fractions.
We observed a significantly lower cumulative incidence of

malignant CNS tumors and non-malignant meningiomas among
patients diagnosed after 1984. In 1984, CRT was substituted by
CNS prophylaxis involving high-dose methotrexate and intrathe-
cal chemotherapy as part of the standard ALL treatment
protocols in the Netherlands with the introduction of the

DCOG-ALL VI protocol [11, 12]. CRT has been shown to be an
important risk factor for CNS neoplasms, particularly meningio-
mas [27, 37–40]. We did not observe a decrease in the overall
incidence of SMNs and SNMNs for patients treated
1984 > vs. ≤ 1984, which is consistent with the findings of Ishida
et al. [16].
Survivors of ALL might also face an increased risk of subsequent

neoplasms due to genetic syndromes that could predispose
individuals to both ALL and subsequent neoplasms [41, 42]. Well-
established associations with childhood leukemia and subsequent
neoplasms include conditions such as neurofibromatosis-1 (linked
to CNS tumors) [43] and Li-Fraumeni Syndrome (linked to multiple
tumors such as sarcomas or breast cancer) [44]. Information on
predisposition syndromes within our cohort was incomplete,
preventing a detailed examination of their role. Based on the
partially available data, anecdotal evidence includes cases of two
congenital aberrations potentially related to the development of
subsequent neoplasms: one patient with Down syndrome who
developed subsequent B-cell leukemia and another with a
congenital bone aberration who developed an osteochondroma.

Table 3. Multivariable Cox Proportional Hazard Regression Analysis for SMNs and SNMNs.

Variable Number of
survivors

SMNa SNMNb

Number of
SMN

HR 95% CI Number of
SNMN

HR 95% CI

Sex

Male 1672 45 1 (ref) 93 1 (ref )

Female 1357 41 1.1 0.7-1.8 122 1.7 1.3-2.3

Age at diagnosis (years)

0–4 1249 31 1 (ref) 83 1 (ref )

5–9 1210 31 0.7 0.4-1.2 90 0.8 0.7-1.2

10–14 442 18 0.9 0.5-1.7 36 0.4 0.5-1.0

14+ 128 6 1.4 0.6-3.8 6 0.2 0.2-1.1

Cranial radiotherapy

No 2356 38 1 (ref) 105 1 (ref )

Yes 446 48 2.3 1.4-4.0 110 1.9 1.3-2.6

Other RT

No 3013 85 1 (ref) 14 1 (ref )

Yes 16 1 4.7 0.6-38.4 2 5.9 1.4-25.1

HSCT, TBI, etoposidec (mutually exclusive groups)

No HSCT 2728 70 1 (ref) 171 1 (ref ) 0.6–4.8

HSCT, no TBI with and without
etoposide

83 3 3.8 1.1-13.8 4 1.7 0.6-4.8

HSCT, TBI, without etoposide 25 2 1.5 0.5-6.5 9 4.9 2.3-10.5

HSCT, TBI, with etoposide 159 11 5.7 2.5-12.8 29 6.3 3.8-10.3

Anthracyclines mg/m2

None 923 29 1 (ref) 83 1 (ref )

<200 1288 39 1.4 0.8-2.5 91 1.1 0.8-1.6

200+ 752 17 1.5 0.7-3.2 35 1.0 0.6-1.6

Alkylating agents mg/m2

None 1021 40 1 (ref) 99 1 (ref )

<2000 1125 13 1.0 0.5-2.1 29 0.9 0.6-1.5

2000+ 809 32 1.0 0.5-1.9 81 1.2 0.8-1.7

These analyses were done within a subset of the cohort for whom we had additional treatment details available (n= 3029)2.
SMN Subsequent malignant neoplasm, SNMN Subsequent non-malignant neoplasm, CI Confidence interval, HR Hazard ratio, HSCT Hematopoietic stem cell
transplantation, TBI Total body irradiation.
a109 observations deleted due to missing information.
b150 survivors were not included in the analysis due to missing data.
cEtoposide as part of pre-treatment and conditioning regimen.
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Major strengths of our study include the large cohort size,
extensive follow-up duration, and comprehensive treatment data
on an individual level. Due to linkage with nationwide registries,
we ensure complete follow-up data including objective data on
both malignant and histologically-confirmed non-malignant
neoplasms. We also need to consider some limitations. Firstly,
our non-malignant data only includes pathologically confirmed
neoplasms, which might cause a slight underrepresentation of the
true SNMN incidence. However, physicians might be more alert in
childhood cancer survivors which could lead to increased
detection of SNMNs. Secondly, we lacked specific data on
protocols and risk groups among survivors, therefore comparison
of subsequent neoplasm risks across different protocols could not
be conducted. Lastly, we had only limited data on genetic
predisposition.
In conclusion, childhood ALL survivors have an increased risk of

SMNs. Previous studies have shown that TBI increases SMN risk in
HSCT survivors. Our results show that HSCT-treated survivors
without TBI conditioning also have increased risk of SMNs. This
shows the importance of future studies to further investigate the
effects of different conditioning regimes and accompanying
therapies in survivors receiving HSCT on the development of
SMNs, including more detailed assessments of chemotherapy
dose, TBI dose, and fractionation used before and after HSCT. Our
results also emphasize the need for careful follow-up of survivors
treated with HSCT with or without TBI, or with CRT.
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