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Abstract 

Background: Second primary malignancies and premature death are a concern for patients surviving treatment for 
childhood lymphomas. Despite in-depth reports on second cancer risk after Hodgkin lymphoma, there is limited 
published information on clinical, demographic, and treatment risk factors for second malignant neoplasms (SMNs) 
or deaths after non-Hodgkin lymphoma(NHL). 

Methods: We assessed mortality and SMNs among 1,082 five-year survivors ofNHL in the Childhood Cancer 
Survivor Study, a multi-institutional North American retrospective cohort study of pediatric cancer survivors 
diagnosed between 1970 and 1986 before age 21. We searched the National Death Index for dates and causes of 
death and inquired about SMNs in periodic questionnaires, with confirmation of all reported SMNs by a study 
pathologist. We calculated standardized mortality ratios (SMRs) and standardized incidence ratios (SIRs) based on 
United States population rates. We calculated relative risks (RRs) for death and SMNs by demographic, clinical, and 
treatment characteristics using proportional hazards modeling. Medical physicists determined organ exposure to 
radiation therapy (R T) based on clinical RT records. 

Results: There were 87 deaths among 5-year survivors (SMR=4.2, 95% confidence interval (CI): 1.8, 4.1). Leading 
causes of death were NHL (n=21), solid tumors (n=17), circulatory diseases (n=12), and leukemia (n=lO). There 
were elevated rates of mortality due to NHL, solid tumor SMN s, leukemia, cardiac disease, and pneumonia. The 
mortality rate remained elevated beyond 20 years after NHL. Risk factors for death included NHL relapse (RR=8.5), 
doxorubicin (RR=l.8), bleomycin (RR=4.1), platinum agents (RR=4.0),and cardiac RT exposure (RR=1.8). There 
were 31 SMNs, including 27 solid tumor SMNs (SIR=3.9, 95%.CI: 2.6, 5.7), specifically SMNs of the breast (n=6, 
SIR=9.1), thyroid (n=6, SIR=9.4), oral cavity and pharynx (n=3), brain and nervous system (n=3), bone (n=2) and 
urinary bladder (n=2). Risk factors for solid tumor SMNs were female sex (RR=3.1), mediastinal NHL disease 
(RR=5.2), and breast RT exposure (RR=4.3). Overall cumulative incidence of solid tumor SMNs from 5 to 20 years 
after NHL diagnosis was 0.03 (95% CI: 0.02, 0.05). 

Conclusions: We identified a four-fold risk of mortality and three-fold risk of SMNs in a large cohort of pediatric 
NHL survivors relative to the general U.S. population. Survivors of childhood NHL, particularly those treated with 
chest RT, may be at continued increased risk of early mortality and solid tumor SMNs. Health care providers 
responsible for this population should remain alert to second cancers and other severe late health outcomes. 
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Introduction 
• IIHL SCQOISI!S lor 6% Gl cancer& .age <20 In US, \'11111 
78.2% 5--yeat surlli>'el (lot IlNse dl~oosed 1992-1998) 
~ieslAGelal, U.S. SB:R Pnlgralll. 1975-1919). 

• Seoond prirwy maligr.anciiiS (StANs) and P1'9mahlre 
dtelh are a cJooem lor he growl'lg populallonof 
d«dR!fl sunllo'i"l!lraalm9nl for clllldhood lymp1omas. 

• lals effects IIIler lloofomenl lor liOn-Hodgkin l)'lllplooma 
(NHl) are nm well cllano:teriMd, btt have app!!Bred lo 
be les.s seYer,. 1ha11 allwolher pli"nuy CBfiCBI"!, -.o:rudlng 
Hodgkin I)'TIIJlhoma (HL). 

Study Alms 
• TJ eslmale rtanobirdi:ml incidence rates (Sll1) for 
CJCXmrenc:e or SMNs tond ::ausoe-..,atiftc standaoclillld 
roo1alhy r111es (SMR) armng 5-year ~16\'ivon; d NHL _ 

• To il'lues11)Jal! lrea1menlexposwesall0" damoJraphl~ 
li'IC dlnk:al cblnlclerisUcl u prettk:b111 of SMN& and 
de all>. 

Methods 
• P.elrospec:U'fe OOflort stJid,. ol 1,0llZ five-year sunliYOrS 

d a diagnosis or chOdhoDil NHL. 

• EllglbiiHy; c.anoer dlap-1& f97G-£6 age <21 

• Exposgre am c:llnlcal data: mediCIIrecolds 
a!oalnlctloR; oruan-speo:lic nocliatwllhwaw (Rl} 
ecpoaure dassllicallon obraast, lll)roicl, llraln) 

• Queslloonaloes: sdl·rep:H1e0' StlW'ld (not !MrbleqiJINJI) 
c&IJCIII' o~~tt:~mes wi1h p3lhologlc c::onflrmalloo. 

• Vtal ltlllus •se-ssrnenl t 213112Dtl vta NaUo1al 
llvalh lrldelC tearol>. UDfoeriYIOJO eruae CJ4 deal.'l 
d~atn*led lrom dea:lll certifocale (~9 of 1fT dellhs}. 

• SMR, SIR analyses ver>ua U.S. SEER clalal, 
st!llldardized by age, sec, end race. 

• PG!Baoll le~J!HSion moxfelaog (SAl; PHREG). 

Results 

Study subjecls 
PartidpsUoo: 1062 of 1 !531 eligible &lbjeo::ls (71'JI). 
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penOI'J-}'BIIIll ID~BBIII Clf s4.1d)' close. 

Results Fig11,.. 3. Cants of daau 

Second malignancies 
Eltwated SIRilforcancera ol lhellree&l(,..t;, SIR=9.1 (95% 
Cl: 3.3, 19.7)}. lii)'Qld (n=6. SR=9.4 (9!>'10 Cl: 3.!l, 2Ui)), oral 
Clllllly antJ ploarynK (n=3, SIR:f 4.4 (95% Cl: 2..9, 42. 1)), bone 
(n=2, SR•11.6 (9514 Cl: 1.:1, •1.1l)).l:nlln tn&3, SIR-5.6 (95% 
C!: 1 :J.. 16..6)), &fld bladder (n'=2. SIRa14~ (95'il> Cl: I .6. 
!52.2)); lnd rcr all &llld LUIOOII (11=21, SIR• 3.9 (95% 0:~1: 2 .6, 
5.7)) m a11 SMNs (11"'31. SIR•3.5 (2.4, !lO)). 

Flguor. 4. C umvl1tlve inc.idence of IMICOnd neopllsms 
after N!-1 L, adju&lt!d lor o;onopltliiJg ri,l.s. 
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• ::1% <~.~mulaliiiB hddiltl~ ol saoond calOI!fll 20 1'13ii!S after 
J>IHL (iagrmis. -

• Nonmelanomaskln can:eJ conliribul~~~o subslanllely 
beyooocl 20 years 

Conclusions 
• Tlrree-fold o~~etell risk ol SJ'II.Nsand loox.fCJid risk olmortllil)• 
relallve lo lhe age-. se•·, raOE-slalldanl.ed U.S.~QpulaUom. 

• EIOMOled clealh fllle for de.aths lmm NH., salklluomr SMNs, 
leukerMI. caldlsc diseaoe, pr19wmnla, and alter c:ar:liac Rr • 
dolWilblcln, and tleomydn. 

• loorened lnclde1ce or Clrlo:&n ol lhe b'BBSI, IJIVroO:I, 
oroph!I}'TIO<. bome, brain, aiiO" dllookler. lnr.oeased lnc<lence CJ4 
solid luoor SM~ for re..1111le "-!K and efler mediesliml NHL or 
llreest e.posurelr RT _ 

• UmilaUons: lew hdivl:ftoal uses or eacb odlcome lor 
evalualon ol preoJI::Iors; did nol assess SUNs ocwornr 
d~>'lng firsl5 1'13IIOS aRer NHL 

• Slte~>llh•: lrge dalaae1 1\11:11 delaillld madical reconls 
&lQIOSU1! crata. lora ~are grouJ CJ4 pedlalr-<: Cllllaers. 

•Heath care prcwJdllrs dooYld )I aware al1he pe111fs!ML risks 
amorvNHL !>-ye_ao &-Un/lvors, )811iculalfy aner d1es1 RT. 
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