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Purpose: To determine the incidence of and risk fac-
tors for second malignancies after allogeneic bone mar-
row transplantation (BMT) for childhood leukemia.

Patients and Methods: We studied a cohort of 3,182
children diagnosed with acute leukemia before the age
of 17 years who received allogeneic BMT between
1964 and 1992 at 235 centers. Observed second can-
cers were compared with expected cancers in an age-
and sex-matched general population. Risks factors
were evaluated using Poisson regression.

Results: Twenty-five solid tumors and 20 posttrans-
plant lymphoproliferative disorders (PTLDs) were ob-
served compared with 1.0 case expected (P < .001).
Cumulative risk of solid cancers increased sharply to
11.0% (95% confidence interval, 2.3% to 19.8%) at 15
years and was highest among children at ages younger
than 5 years at transplantation. Thyroid and brain
cancers (n = 14) accounted for most of the strong age

tion before BMT. Multivariate analyses showed in-
creased solid tumor risks associated with high-dose
total-body irradiation (relative risk [RR] = 3.1) and
younger age at transplantation (RR = 3.7), whereas
chronic graft-versus-host disease was associated with
a decreased risk (RR = 0.2). Risk factors for PTLD
included chronic graft-versus-host disease (RR = 6.5),
unrelated or HLA-disparate related donor (RR = 7.5),
T-cell-depleted graft (RR = 4.8), and antithymocyte
globulin therapy (RR = 3.1).

Conclusion: Long-term survivors of BMT for child-
hood leukemia have an increased risk of solid cancers
and PTLDs, related to both transplant therapy and treat-
ment given before BMT. Transplant recipients, espe-
cially those given radiation, should be monitored
closely for second cancers.
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trend; many of these patients received cranial irradia-

LLOGENEIC BONE marrow transplantation (BMT) conventional induction theragy® However, there is grow

from an HLA-identical sibling donor is generally ing concern about possible late consequences of BMT,
considered the treatment of choice for consolidation therapyarticularly new cancers resulting from total-body irradia-
in children with acute myelogenous leukemia (AML)n tion (TBI) and high-dose chemotherapy used as the condi-
children with acute lymphoblastic leukemia (ALL), trans- tioning regimen for transplantation (reviewed in a report by
plantation is often used for those who relapse after primaryDeeg and So¢fe). Transplant recipients are known to have
chemotherapy and, occasionally, as front-line treatment iran increased risk of posttransplant lymphoproliferative dis-
patients with high-risk features, such as the t(9;22) ororders (PTLDs), and several studies have reported an
t(4;11) translocations, or in those who respond poorly toelevated incidence of second malignanci@sn a previous
study, we identified an increased risk of solid tumors in
BMT recipients and reported that risk was particularly high
in patients who underwent transplantation before the age of
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PATIENTS AND METHODS
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than 90% of patients were followed through the end date of the study Table 1. Characteristics of 3,182 Patients Younger Than 17 Years Who
(IBMTR, December 31, 1991; Seattle, December 31, 1992). The Underwent Transplantation for Acute Leukemia
median duration of follow-up was 0.9 years (rangel month to 20.7

. Characteristic No. of Patients %
years) for all patients and 3.6 years (range, 1 to 20.7 years) for 2,410
patients who survived at least 1 year after transplantation. Cohort
Pathology reports and selected slides were reviewed centrally for [BMTR 2,384 749
95% of the patients with new solid tumors (W.D.T.). PTLDs were Sectile 798 25.1
confirmed by centralized histopathologic review in 13 cases (E.S.J.Sex of the recipient
D.W.K.), pathology report evaluation in four cases (P.M.B.), and Male 1,945 61.1
published reports in the pathology literature in another two ¢asés Female 1,237 38.9
one case was documented by transplant center report only. In sitfirimary disease
hybridization was performed for Epstein-Barr virus (EBV)-encoded ALl 2,022 63.5
RNA (EBER1) expression in 12 of 13 PTLD cases with tissue ANL 1,130 355
available; one additional case was documented as EBV-positive in the Acvte leukemia undifferentiated or not otherwise 30 0.9
literature using similar method$. specified
Donor-recipient relationship and histocompatibility
Treatment and Risk Factors HLA-identical sibling 2,385 75.0
Twin 96 3.0
Patients with ALL comprised 63.5% of the cohort, acute nonlym-  HiA-identical related, not sibling 53 17
phocytic leukemia (ANLL) comprised 35.5%, and acute leukemia HiA-mismatched related 493 15.5
undifferentiated or not otherwise specified comprised 0(%%ble J). Unrelated 125 3.9
Classification of ALL according to French-American-British group or  Ogher or uncertain 30 0.9
by immunophenotype was available only for patients registered withinconditioning regimen
the IBMTR database. Sixty percent of the ALL cases reported to the Tp| + cyclophosphamide + other drugs 2,311 72.6
IBMTR were common ALL antigen—positive, 25% were T-cell ALL, 18| + other drugs (no cyclophosphamide) 443 13.9
and 15% were other subtypes. The French-American-British classifi- |F| + cyclophosphamide = other drugs 12 0.4
cation for patients with ANLL was as follows: M1/M2, 50%; M4/M5, Busulfan + cyclophosphamide + other drugs 315 9.9
34%; and other subtypes (M3, M6, or M7), 16%. Cyclophosphamide =+ other drugs 41 1.3
Most patients received bone marrow from an HLA-identical sibling  Other 60 1.9
(IBMTR, 83%; Seattle, 66%). Median age at transplantation was 10.1 Rgdiation-based conditioning regimen 2,766 86.9
years (range, 0.1 to 16.9 years). Conditioning regimens for 2,766 Non-radiation-based conditioning regimen 416 13.1
patients (87% of the cohort) consisted of TBI or limited-field irradia- prygs given for GVHD prophylaxis
tion combined with cyclophosphamide and/or other drugs. Only 13% of  Methotrexate, no cyclosporine 1,110 34.9
patients received conditioning without irradiation. Conditioning with  Cyclosporine, no methotrexate 772 243
high-dose TBI (defined as= 10-Gy single-dose TBI o= 13-Gy Cyclosporine + methotrexate + other drugs 931 29.2
fractionated TBI) was used for 27% of IBMTR and 74% of Seattle  No drugs* 250 7.8
patients. Prophylaxis against graft-versus-host disease (GvHD) varied Oher 119 38
during the time period; methotrexate, cyclosporine, or a combination off.cel| depletion of donor marrow 361 11.3
both drugs were the most commonly used regimens. T-cell depletion ofcyte GvHD (grades IIHV) 1,122 353
the graft was used as prophylaxis against GVHD in 11% of patientschronic GvHD (moderate, severe/extensive)t 361 14.5
(IBMTR, 15%; Seattle, 0.3%). Antithymocyte (or antilymphocyte) 1g| dose
globulin was given as prophylaxis or therapy in 11% of patients sjngle dose
(IBMTR, 7%; Seattle, 19%). The incidence of moderate to severe (ie, < 10 Gy 325 10.2
grades Il to IV) acute GvHD and chronic GvHD among 90-day =10 Gy 577 18.1
survivors was low (35% and 15%, respectively). Fractionated
For patients with second malignancies, information on prior radiation < 12 Gy 287 9.0
therapy for the primary disease was abstracted from transplant center 13 Gy 845 26.6
records, but such data were generally unavailable for other subjects. 14 Gy 175 55
. =14 Gy 487 153
Statistical Analyses Unknown 58 18

For each transplant recipient, the number of person-years at risk was Abbreviation: LFl, limited-field irradiation.
calculated from the date of transplantation until the date of last contact, *Category includes twins and patients with T-cell-depleted transplants.
death, diagnosis of second malignancy, or study end date(s), whichever tPercent chronic GvHD among 2,494 patients who survived at least 90
occurred first. Age-, sex-, calendar year—, and geographic regiondays.
specific incidence rates for all invasive solid tumors and non-Hodgkin’s
lymphoma combined and for invasive solid tumors at specific sites
were applied to the appropriate person-years at risk to compute theésk was calculated as the observed minus the expected number of second
expected numbers of invasive second malignancies. Ratios of observazhncers per 10,000 recipients per year. The cumulative probability of a
to expected second cancer cases (O/E) and 95% confidence intervatew malignancy was estimated by the Kaplan-Meier metfod.
(Cls) were calculated on the assumption that the observed number of Univariate and multivariate analyses were used to compare risk for
malignancies followed a Poisson distributihThe absolute (excess) various subgroups of transplant recipients. Because multivariate anal-
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Table 2. Solid Cancers After Bone Marrow Transplantation Among Children With Acute Leukemia

SOCIE ET AL

Vital Status/Survival

Patient Primary Donor/Age at TX TBI Dose (Gy)/Other Latency (years)/Death Caused by

No. Solid Cancer Disease (years)/Sex RT (Gy) (years) GvHD NM

1 Tongue, SCC ALL Identical sib/10.3/M  No TBI/brain 24 2.6 — Alive/4.0/—

2 Tongue, SCC ALL Identical sib/6.8/M FTBI 15/brain 24, 10.7  Chronic, Dead/6.5/no

testes 17 moderate
3 Tongue, SCC ALL Identical sib/14.0/M  STBI 10/brain 24 7.1 Acute, grade 2 Dead/1.6/yes
4 Sdlivary gland, mucoepidermoid ~ ANLL Identical sib/4.5/M FTBI 13.2 6.5 — Alive/0.8/—
carcinoma
5  Sdlivary gland, mucoepidermoid ~ ANLL Identical sib/5.4/F STBI 10 6.6 — Alive/9.5/—
carcinoma

6 Osteosarcoma ANLL Identical sib/6.5/M FTBI 13.2 6.6 — Dead/2.4/yes

7  Osteosarcoma ANLL Identical sib/9.8/F FTBI 12 2.5  Acute, grade 1 Alive/6.8/—

8 MFH ANLL Identical sib/11.6/M FTBI 12 1.7 — Alive/2.3/—

9 Melanoma (skin) level Ill ANLL Twin/4.2/M STBI 7.5 0.4 — Alive/12.3/—
10 Melanoma (skin) level Il ANLL Identical sib/14.1/F STBI 10 5.2 — Alive/3.2/—
11 Melanoma (skin) in situ ANLL Identical sib/16.4/F FTBI 12 47  Acute, grade 2 Alive/11.4/—
12 Melanoma (skin) level Il ALL Identical sib/8.1/F STBI 10/brain 18 1.8 Acute, grade 1 Alive/12.0/—
13 Thyroid, papillary carcinoma ALL Identical sib/9.2/F STBI 10 10.9  Acute, grade 2 Alive/3.6/—
14 Thyroid, papillary carcinoma AL Twin/8.8/F STBI 10/brain 26 14.3 — Alive/8.8/—
15 Thyroid, papillary carcinoma AL Identical sib/7.7/F STBI 10/brain 20, 104 — Alive/7.7/—

18-26 ovaries 20
16 Thyroid, papillary carcinoma ALL Identical sib/5.5/M STBI 10/brain 24 4.5  Acute, grade 2 Alive/8.5/—
17 Thyroid, papillary carcinoma ANLL Identical sib/15.6/M  FTBI 15.8 6.5 — Alive/4.6/—
9 Brain cancers* ALL (6) 6 identical sib, 1 twin,  STBI 10 (n = 4), 0.98-9.3  Acute, grade 1 9 dead/0.2-2.7/
ANLL (3) 2 mismatch related/ FTBI 11-15.8 (2), grade 2 yes (8), no (1)
1.0-9.7/6 M, 3F (n = 5)/brain = (2)
other (n = 6)

Abbreviations: TX, transplant; GvHD, graft-versus-host disease; identical sib, HLA identically matched sibling; MFH, malignant fibrous histiocytoma; STBI,
single-dose to’rc|-body irradiation; FTBI, fractionated tok]l-body irradiation; brain, cranial irradiation + spina| irradiation; RT, radiation; SCC, squamous cell
carcinoma; NM, new second malignancy; AL, acute leukemia undifferentiated or not otherwise specified.

*Brain cancer case cell types: primitive neuroectodermal tumor (n = 1), glioblastoma multiforme (n = 5), and astrocytoma (n = 3).

yses for solid tumors assumed a minimum 1-year latent period, as imThe median age at transplantation was 8.2 years (range, 1 to
previous investigation¥’ we excluded patients with less than 1 year of 16.4 years). Fifteen patients were boys and 10 were girls.

follow-up. Multivariate analysis for PTLD included all time periods he median time from transplantation to diagnosis of a solid
because of the high risk of these malignancies during the first year afte-ll— P g

transplant. Poisson regression methods for grouped survival data wefé!Mmor was 6 years (range, 0.3 to 14.3 years). Two invasive
used; analyses were stratified according to the interval since transplarsolid tumors, a melanoma and a brain cancer, occurred in

tation and were adjusted fqr the cohort (Seattle or IBMTR). Occur-the first year after transplant. More than half of the 25
Lir\'/‘;?;é;acme and chronic GVHD were entered as time-depender, - qje solid tumors were cancers of the brain or thyroid:
nine of these 14 patients had CNS irradiation before BMT
(six of nine patients with brain cancer and three of five
patients with thyroid cancer). Twelve patients with solid
cancers died, 10 as a direct consequence of their new
Characteristics. Among the 3,182 children with acute Mmalignancies.
leukemia who underwent BMT, 45 invasive second cancers The 20 PTLDs (11 boys, nine girls) occurred in 11
(25 invasive solid cancers and 20 PTLDs) and one in situpatients who underwent transplantation for ALL and in
cancer were observed. The characteristics of all patientsine who underwent transplantation for ANLL. The
with solid tumors are listed in Table 2. The underlying median age at transplantation was 5.8 years (range, 0.4 to
primary disease of the 25 patients with invasive solid16.1 years). The median time from transplantation to
malignancies was ALL in 12 patients, ANLL in 11 patients, diagnosis of PTLD was 1.5 years: 15 PTLDs occurred in
and acute leukemia not otherwise specified in two patientsthe first year after transplant, four occurred between 12

RESULTS

New Malignancies
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Table 3. Ratio of Observed to Expected Cases of New Invasive Malignancies According to Time Since Transplantation

Time After Transplantation (years)

<1 1-4 5-9 =10 Total
o O/E (@] O/E (@] O/E (@] O/E (@] O/E
No. of patients 3,182 1,658 602 150 3,182
Person-years at risk 2,191 3,961 1,730 328 8,209
All malignancies 17 77 12 29 12 46 4 50 45 45
PTLD 15 540 5 97 0 0 0 0 20 182
Solid tumors 2 12 7 23 12 63 4 60 25* 34
Tongue 0 0 1 2,888 1 2,582 1 5,369 3 2,765
Salivary 0 0 0 0 2 1,745 0 0 2 519
Melanoma 1 176 1 62 1 56 0 0 3 65
Brain/CNS 1 18 2 21 6 169 0 0 9 46
Thyroid 0 0 1 69 1 69 3 522 5 125
Bone, connective tissue 0 0 2 28 1 32 0 0 3 20

*In addition to these 25 cases of invasive solid tumors, 1 case of in situ malignant melanoma was observed.

and 18 months after transplant, and one occurred at 4.8xpected risk in the 5 to 9 year and d40Oyears after
years after transplant. All 20 patients with PTLD died; in transplant. The Kaplan-Meier estimates of the probability of
18 cases, PTLD was the primary €116) or contributing new invasive solid tumors at 5, 10, and 15 years after
(n = 2) cause of death. EBV genome was detected in 13ransplantation were 0.9% (95% CI, 0.3% to 1.5%), 4.3%
of 13 assessable cases. (95% ClI, 2.2% to 6.5%), and 11.0% (95% CI, 2.3% to
Overall incidence and tumor type.The risk of develop- 19.8%), respectively. In contrast, the risk of PTLD was
ing a new malignancy was significantly increased, with 45highest during the first 5 years after transplant 1 year,
invasive cancers observed compared with 1.0 case expect&@/E = 540; 1 to 5 years, O/E= 97) but then decreased
in an age- and sex-matched general population (©/&5; sharply with no cases of PTLD reported among-$ear
95% CI, 33to 61P < .001; Table 3). Significantly elevated survivors. The cumulative rate of PTLD was 1.0% (95% ClI,
risks were observed for PTLD (O/E 182), solid tumors 0.5% to 1.5%) at 5 years. In absolute terms, the excess
overall (O/E = 34) and specifically for cancers of the cancer rate (PTLD and solid cancers) was 53 cancers/
tongue (O/E= 2,765), salivary glands (O/E 519), brain  10,000/y over all time periods, and 120/10,000/y among
and CNS (O/E= 46), thyroid (O/E= 125), bone and 10+-year survivors.
connective tissue (O/E= 20), and malignant melanoma  Risk of a new malignancy did not vary by type of
(O/E = 65). The exceptionally high O/E ratios for cancers leukemia (Table 4; ALL, O/E= 44; ANLL, O/E = 48).
of the tongue and salivary gland result in part from the rarityHowever, there was a strong relationship between patient
of these neoplasms among children and young adults. Thage at the time of transplantation and second cancer risk in
increase in risk for invasive solid tumors compared with theboth relative (O/E) and absolute (excess risk) terms. The
general population increased over time from 23-fold duringexcess risk in patients younger than 5 years was 117/
the 1 to 4 years after transplant to more than 60 times thd0,000/y, whereas it was 68/10,000/y in patients between 5

Table 4. Ratio of Observed to Expected Cases of New Invasive Malignancies According to Age at Transplant and Primary Disease

No. of

Excess

Patients Observed Expecfed O/E 95% Cl Risk*
Primary disease
ALL + AL 2,052 25 0.57 44 28-65 50
ANLL 1,130 20 0.42 48 29-74 60
Age at transplant
< 5 years 487 14 0.12 115 63-193 117
5-10 years 1,071 20 0.27 75 46-115 68
10-16 years 1,624 1 0.59 18 9-33 25

*Excess risk = ([observed — expected]person-years at risk) X 10,000.
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Table 5. Risk Factors for New Invasive Solid Cancers Among 1,658 Children Who Survived at Least 1 Year After Transplantation for Acute Leukemia

Model Variables PYR Cases™* Relative Risk 95% Cl P
Multivariate Poisson regression model I: 23 solid tumors; 5,843 PYR
Cohort
IBMTR 4,248 10 1.0 Reference .28
Seattle 1,595 13 1.7 0.7-4.4
Transplant age
0-9 years 2,893 18 37 1.5-11.2 .005
10-16 years 2,950 5 1.0 Reference
Radiation
No or low-dose TBI 3,679 5 1.0 Reference
High-dose TBIt 2,164 18 3.1 1.1-10.3 .03
Chronic GvHD
None, mild 4,880 22 1.0 Reference
Moderate, severe 963 1 0.2 0.01-0.9 .03
Multivariate Poisson regression model Il: 13 brain and thyroid cancers; 5,843 PYR
Cohort
IBMTR 4,248 4 1.0 Reference
Seattle 1,595 9 2.3 0.7-9.8 .20
Transplant age
0-9 years 2,893 12 12.2 2.4-223 .0009
10-16 years 2,950 1 1.0 Reference
Radiation
No or low-dose TBI 3,679 2 1.0 Reference
High dose TBIT 2,164 11 3.6 0.8-25.9 .10
Chronic GvHD
None, mild 4,880 13 1.0 Reference
Moderate, severe 963 0 0.0 0.0-0.6 .01

Abbreviations: PYR, person-years at risk.
*Model I includes all solid tumors (n = 23); model Il includes a subject of solid tumors (n = 13 brain and thyroid cancers).

tHigh dose TBI defined as = 10-Gy single-dose TBI or = 13-Gy fractionated TBI.

to 10 years of age, and 25/10,000/y in patients between 16hronic GvHD had a significantly lower risk of solid
and 16 yearsH for trend < .0001). Second cancers of the cancers (RR= 0.2).

brain and thyroid, which tended to occur among the very We evaluated risk factors for the 13 brain and thyroid
young, accounted for much of the age difference. cancers that occurred among 1-year survivors separately
from the 10 solid tumors of other types (tongue, salivary
gland, melanoma, sarcomas). Younger age at transplanta-

Srhd tur?o_r S"( ;rh? res%ultsthof 2r2u_lt|var|_ate rel%retssmn tion was the strongest risk factor for developing cancer of
analyses of risk factors for the invasive solid tumors, -\ . thyroid (RR= 12.2; P = .0009: Table 5).

occurring among patients who survived at least 1 year aftef, . . . S S
g among p . . y E’atlents with chronic GvHD had a significantly lower risk in
transplantation are summarized in Table 5 (one brain cance

and one melanoma occurring in the first year after BMTt‘:'ese analyses, whereas the risk associated with high-dose

were excluded). Patients who received pretransplantatioH—Bl remained elevated but was not statistically significant

conditioning with high-dose TBI 10-Gy single-dose TBI .(RR = 3.6;P = .10). No significant.factors were identified
or = 13-Gy fractionated TBI) had a higher risk of cancer N M0dels that evaluated other solid tumor types<(ri0;

than those who received lower-dose TBI or no radiationdata not shown). Age at transplant had only a marginal
(relative risk [RR] = 3.1). Age at transplant was also a association on risk of solid tumors of other types (RR..6
significant risk factor in multivariate analyses, with a nearly for ages< 10 yearsv 10 to 16 years;P = .49), but
fourfold risk of solid tumors in patients who underwent higher-dose TBI was again associated with increased risk
BMT at an age younger than 10 years. No difference in solidRR = 2.8; P = .16). Thus, although the effects of
cancer risk was detected for children younger than 5 yearbigh-dose TBI seemed to be consistent across solid tumor
at transplantation versus those aged 5 to 9 years {RR types, difference in risk by age at transplantation was
3.9 v 3.6; P = .87). Patients with moderate to severe confined to second brain and thyroid cancers alone.

Risk Factor Analyses
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Table 6. Risk Factors for PTLDs Among 3,182 Children Who Underwent Transplantation for Acute Leukemia

Cases Relative

Model Variables PYR (n =20) Risk 95% Cl P
Multivariate Poisson regression model: 20 PTLDs; 8,213 PYR

Chronic GvHD

None, mild 7,070 14 1.0 Reference

Moderate, severe 1,143 6 6.5 2.0-19.8 .003
HLA

HLA-identical related, twin, or HLA 1-Ag-mismatched relative 7,788 9 1.0 Reference < .0001

HLA 2+ Ag-mismatched relative, or unrelated 425 11 7.5 2.9-19.7
T-cell depletion

No 7,587 12 1.0 Reference

Yes 626 8 4.8 1.7-12.4 .003
Antithymocyte globulin (prophylaxis or treatment for acute GvHD)

No 7,391 14 1.0 Reference

Yes 822 6 3.1 1.1-8.2 .04

Abbreviations: Ag, antigen; PYR, person-years at risk.

PTLD. The results of multivariate regression analysesdate, Neglia et af evaluated 9,720 children treated for ALL
for PTLD risk factors are summarized in Table 6. Patientsand estimated the cumulative incidence of all second neo-
who developed moderate/severe chronic GvHD had 6.plasms at 2.5% at 15 years based on 10 new leukemias and
times the risk of PTLD compared with patients who hadlymphomas, 24 CNS tumors, and nine other solid tumors. A
no/mild chronic GvHD after transplant. Transplantation high 22-fold increased risk of brain cancer developed that
from an unrelated donor or two HLA-antigen disparate as linked to cranial irradiation, but only a small, nonsig-
family donors was associated with a 7.5-fold increased riskyificant 1.8-fold excess of other solid neoplasms was
of PTLD. T-cell depletion of the marrow graft was also a gpserved. Other studies indicate that the cumulative inci-
significant risk factor (RR= 4.8), as was use of antithymo- gence of secondary brain cancer after conventional therapy
cyte (or antilymphocyte) globulin for prophylaxis or treat- ¢or ALL is typically between 0.5% and 2.093:1° although
ment of acute GVHD (RR= 3.1). risks as high as 12.8% at 8 years have been reported after

DISCUSSION intensive systemic antimetabolite therapy before and during

hi uati ¢ q ; tor child radiotherapy® A recent study of 1,597 childhood ALL
This evaluation of second cancers after BMT for chi " patients from a multicenter cohort reported an overall

hood acute leukemia showed that solid cancer risk increase S . . L
umulative incidence of new malignancies similar to the

1 1 0, 0 0, 0,
over time to an estimated 11% (95% ClI, 2.3% to 19.8%) atstudy by Neglia et &F (2.7% at 18 years; 13 malignancies),

15 years, and that children who had undergone transplan- . . . .
tation when younger than 10 years had the highest riSI?Jut only five nonbrain solid tumors were describ&iData

Major strengths of our study include the large numbers Offrom the National Cancer Institute’s Surveillance, Epidemi-

children evaluated and the efforts made to ensure nearl;9|09y’ and End Results Program from 1973 to 1993, provide

complete follow-up throughout the period of study some evidence that children with ALL have a significantly
Ideally, the risk of second malignancy among 'patientsincreased risk of solid cancers at sites other than brain and

who receive allogeneic transplantation should be compare{NS (O/E=4.6;95% Cl, 1.8 10 9.4; seven cases; R. Curis,
with the subsequent cancer risk after “conventional” ther-Personal communication, October 1999). Our current study
apy. Because the incidence of PTLD is rare in persons wittPf children with acute leukemia undergoing allogeneic
normal immune function, the comparison focuses on thdransplantation found a 34-fold increased risk of solid
risk of secondary solid tumors. Unfortunately, the literaturecancers, including excesses of cancers of the tongue, sali-
on solid cancer risk after childhood ALL and AML with Vvary glands, brain, thyroid, bone and connective tissue, and
conventional therapy is sparse for individual solid tumor malignant melanoma. Although statistical comparisons are
sites, with the exception of secondary cancers of the braifimited by small numbers, these risks seem to be higher than
and CNS. To our knowledge, no studies have evaluated th#hat observed to date after conventional therapies.

risk of solid cancers after AML, most likely reflecting the A large proportion of the children in our study died and
generally poor prognosis for these patients and the smallvere censored during the early years after BMT, and only
numbers of long-term survivors. In the largest ALL study to 150 of 3,182 recipients survived 10 years after transplant.
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Thus, the estimates of cumulative risk of solid cancerswhen younger than 10 years; there is little evidence of
among long-term survivors should be viewed with caution.increased risk among those who undergo irradiation at ages
Other investigators have observed that when the majority o5 to 20 yearg’” Recent reports of children who received
second cancer events occur at follow-up intervals beyondnantle irradiation for Hodgkin’s disease estimate the thy-
which most of the patients in the cohort were censored, theoid cancer risk to be 10- to 30-fold times that expected in
late events tend to magnify the percent change in theéhe general populatiof?** Although reports of thyroid
actuarial riské* Moreover, some investigators warn that the cancer after ALL are infrequen;?®*>*4he absorbed dose
Kaplan-Meier method provides an inappropriate estimate ofo the thyroid gland after prophylactic cranial irradiation of
the probability of an event when end points are subject tal8 to 24 Gy can be substantial, in the range of 0.13 to 1.3
competing risks, and that the cumulative incidence estimat&y,*® and high doses are delivered to the thyroid when
is preferred® In our series, the cumulative incidence conditioning for transplant with TBI.
method gives substantially lower estimates of solid cancer The patterns of excess cancers of the salivary gland,
risk at 10 years (1.7%; 95% CI, 0.8% to 2.5%) and 15 yearshone, and connective tissues in our series are also consistent
(3.9%; 95% ClI, 1.0% to 6.8%) as compared with the Kaplanwith a radiation effect. Cancers of the parotid gland are rare
Meier method (4.3% and 11.0%, respectively). Thus, studamong children. Case reports have noted this tumor devel-
ies with larger numbers of long-term survivors are needed tmping 5 to 15 years after cranial irradiation for APE;*”
confirm the magnitude of late cancer risk after BMT. and a significantly increased risk of salivary gland cancer
Although several factors likely contributed to the solid has been noted among children who undergo irradiation for
tumor excess, our results indicate that high-dose irradiatiotdodgkin’s diseasé®“® An exceptionally strong dose +e
at a young age played an important role. The elevations irsponse was found for mucoepidermoid carcinoma of the
risk for several second malignancies in our study seensalivary gland in the atomic bomb survivor coh8ttRadk
compatible with a radiogenic effect, particularly cancers ofation-related excesses of second cancers of the bone have
the brain, thyroid, bone, connective tissue, and salivanbeen reported in several studies of patients treated with
gland (reviewed by Boice et &F Parker** and Holnt®).  high-dose radiation ¥ 10 Gy)° and sarcoma risk is
These results are consistent with the increased risk o$ignificantly related to radiation dose among childhood
malignancies found in previous investigations of secondcancer survivor§?:>°
cancers after irradiation for childhood cané&t?26-2¢0ur Neither melanoma nor cancer of the tongue has been linked
dose-response analyses found higher solid tumor risko ionizing radiation in previous studiéMelanoma has been
associated with higher TBI doses, providing evidence for areported to occur in excess among immunosuppressed patients,
radiation effect. such as renal transplant recipiéftnd childhood survivors of
Brain and thyroid cancers accounted for more than one halHodgkin's diseas&® Tongue cancer is exceedingly rare among
of all solid tumors in our study. There was a strong relationshipyoung children and is not observed in excess in other child-
between age at transplantation and the risk of these tumorspod cancer cohorts, which suggests that the transplant envi-
suggesting that the brain and thyroid gland are highly sensitiveonment of severe immune dysfunction/immunosuppression
to the effects of irradiation at very young ages. It is likely that likely contributes to the pathogenesis of these rare tumors.
prior therapy contributed to this excess because nine of the 1€ancers of the tongue have also been described in patients who
children with second brain or thyroid cancer had receivedundergo BMT for aplastic anemia, particularly those who had
cranial irradiation as prophylaxis or therapy for acute leukemiasevere chronic GvHBE
before BMT. In previous studies of children who received The decreased risk of solid tumors after chronic GvHD in
conventional therapy, cranial irradiation for ALL was associ- our study was unexpected because our previous investiga-
ated with 20- to 50-fold increased risks of CNS tumi$rs?  tion that evaluated BMT recipients (all ages and primary
Irradiation of the developing brain before the age of 5 yeardiseases) found that chronic GvHD was strongly associated
was particularly hazardous in the series by Neglia®¥taid  with an increased risk of squamous cell cancers of the oral
accounted for 23 of the 24 CNS tumors. cavity and skin but negatively associated with risk of brain
The thyroid gland is highly sensitive to the effects of and CNS tumors® Although the deficit in risk of solid
ionizing radiatior?’ Increased risks of thyroid cancer are tumors among children with acute leukemia may be simply
found after head and neck irradiation during childhood ata chance finding, pretransplant factors not evaluated in our
doses as low as 0.10 &yand at high doses more than 10 analysis may, in part, explain this result. In addition, very
Gy used in therapeutic radiation for cané®rAge at  young children may not have had sufficient time to reach the
exposure is known to be an important factor in radiogenicage at which GvHD-induced squamous cell cancers of the
thyroid cancer, with the highest risk found for those exposedral cavity or skin typically develop, because no deficit in
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risk of these solid tumor sites was observed for older Most children included in our study received treatment
patients with acute leukemia in this cohort. modalities that were commonly used in the 1980s or earlier.

We found a particularly high risk of EBV-related PTLD However, current treatment protocols for children with
occurring during the first year after transplant that was stronglyacute leukemia frequently exclude prophylactic CNS irra-
related to factors associated with immune dysfunction. PTLDdiation for low- and intermediate-risk patients, and when
represent a spectrum of clinically and morphologically heter-radiation is given, lower doses are often useédnong very
ogeneous proliferations that are typically associated with T-celijoung children who require transplantation, conditioning
dysfunction and the presence of EBV.Twenty PTLDs regimens that include chemotherapy without TBI are now
occurred in our patients, and all but one occurred within 18commonly given. Long-term follow-up of these children
months after transplant. The presence of the EBV genome wasill be necessary to determine whether this change in
detected in all cases tested. PTLDs were the first malignancigseatment strategy results in a lower risk of second cancers.
for which risk factors were described after BMT; however, Our results alert pediatricians to the increased risk of
past investigations have combined both childhood and aduubsequent neoplasms after BMT for childhood acute leu-
BMT recipients in their reports/° and some series have kemia and to the increasing risk over time. Patients with
included patients with primary immune-deficiency diseaseseverely compromised immune function following T-cell—
who have a predisposition to canéé?rior studies have found depleted marrow grafts, HLA-mismatched grafts, or mod-
significant associations in multivariate analysis with T-cell erate to severe chronic GvHD should be considered at high
depletion of donor marrow, unrelated donor, or HLA-mis- risk for development of PTLD, particularly within the first
matched related donor and the use of antithymocyte globulin o2 years after transplant. Long-term surveillance of children
anti-CD monoclonal antibody (64.1) to treat acute GVMD. undergoing BMT will be needed to detect late-developing
Our results confirm the importance of these PTLD risk factorssolid tumors, particularly at sites most sensitive to radiation
in children who undergo BMT and identify chronic GVHD as exposure such as the brain, thyroid, salivary gland, bone,
an additional strong risk factor. and breast.
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