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1.0 INTRODUCTION 

Analysis of a cohort of 1380 survivors of childhood Hodgkin's disease (HD) from the Late Effects Study Group (LESG) has 
shown a 75-fold increased risk of breast cancer compared with the general population. The cumulative probability of 
developing breast cancer approaches 35% by 40 years of age among the female survivors of HD. The median age at 
diagnosis of breast cancer in this cohort was 31.5 years (15.4 to 42 years) and the median latency was 19.3 years (2.4 to 
28.5 years). We hypothesized that patients with HD who subsequently develop breast cancer have a genetic susceptibility 
to develop second cancer, specifically breast cancer. The purpose of this proposal was to identify a sub-population among 
the survivors of HD that is at an increased risk for developing breast cancer, and to institute intervention in the form of 
active screening and possibly chemoprevention. We planned to obtain and validate family histories of individuals with 
secondary breast cancer in order to quantitate the risk of breast cancer in the respective families. We also planned to 
identify somatic and/or germline mutations in candidate genes known to be associated with breast cancer including p53, 
BRCA1 and ATM. We planned to make recommendations for mammographic screening of patients identified to be at an 
increased risk of developing secondary breast cancer (age between 10 and 16 years at time of diagnosis of HD, mantle 
radiation). In addition, there will be ongoing surveillance and expansion of the original cohort to recruit more patients to 
the study. 

1.1 SPECIFIC AIMS 

The goal of this proposal is to identify a sub-population among survivors of HD, that is at an increased risk for 
developing breast cancer. We will use an established and active cohort of female survivors of HD, diagnosed 
between 1955 and 1986 at one of the participating institutions of the Late Effects Study Group (LESG) (see 
Appendix). Thus far, seventeen patients have been identified with secondary breast cancer in this cohort. 

1.1.1 Specific Aim 1. 
To obtain and validate family histories of individuals with secondary breast cancer following 
successful treatment of HD, in order to quantify the risk of breast cancer in the respective families. 

1.1.2 Specific Aim 2. 
To identify somatic and germline mutations in candidate genes known to be associated with both 
breast cancer and sensitivity to radiation-induced carcinogenesis. 

i Tumor tissue (paraffin-embedded or frozen) will be obtained from the 17 patients with post-HD 
breast cancer. Tissue will be examined, using PCR-SSCP and immunochemistry, for somatic 
mutations in p53, a gene known to be involved in both radiation sensitivity and in the etiology of 
breast cancer. Additionally, in frozen samples where RNA is available, tumor will be screened for 
mutations in the gene ATM which is mutated in ataxia telangiectasia. 

ii Samples of peripheral blood will be obtained from those patients with breast cancer who are known 
to be surviving (n=12), and will be examined using PCR-SSCP for germline mutations in p53, and by 
RT-PCR and SSCP for germline mutations in the gene ATM. 

iii A recurring mutation in exon 20 of the gene BRCA1 has been described in families with breast 
cancer and HD. PCR-SSCP will be used to screen the study population for germline or somatic 
mutation of BRCA1 at this site. 

iv Samples of peripheral blood will also be obtained from control HD patients who have not 
developed breast cancer. Controls will be matched with the breast cancer patients for age, length of 



follow-up and treatment course. These samples will also be studied using PCR-SSCP for germline 
mutations in p53 and BRCA1, and by RT-PCR and SSCP for mutations in ATM. 

1.1.3 Specific Aim 3. 
To maintain and expand the cohort of HD survivors under surveillance, in order to incorporate any 
newly diagnosed patients with breast cancer into the current studies. 

2.0    SIGNIFICANCE OF THE PLANNED RESEARCH 

With current therapies, 90% of pediatric HD patients are cured of their cancer.(l) Current data suggest that 
approximately 35% of the female HP survivors are going to develop secondary breast cancer by the time they 
are 40 years of age. It is therefore very important to identify risk factors for the development of secondary 
breast cancer, those related both to HD treatment (age at radiation exposure and dose of radiation) and to 
genetic susceptibility (p 53, BRCA1, ATM). This information is needed in order to consider instituting measures 
for early detection (in the form of active screening, specifically mammographies), chemoprevention and 
modification of therapy for HD. 

3.0 RESEARCH DESIGN AND METHODS 

3.1 Patient Eligibility: 
i) Diagnosis of HD at one of the LESG institutions between 1955 and 1986; 
ii)        Age less than 16 years at diagnosis of HD; 
iii)       Diagnosis of breast cancer after successful treatment for Hodgkin's disease. 

3.1.1 Control selection 
Controls for Specific Aim 2 have been identified from the remaining population of female Hodgkin's 

disease survivors using the following criteria for matching: 
i) Age at diagnosis of Hodgkin's disease (+ 1yr) 
ii)        Length of follow-up following Hodgkin's disease (+ 1 yr) 
iii)       Radiation to mantle area 
iv)       Primary institution 

3.2 Methods - Specific Aim 1 

Family Histories 
Pedigrees were constructed including all first and second degree relatives of the proband, by using the 

detailed family history approach.(54). A chronological listing of all first and second degree relatives were 
obtained and information obtained on demographic factors, vital status of the person (if deceased, the cause of 
death and age; if alive, inquiry will be made into his or her medical history). If the person had a history of breast 
and or ovarian cancer, information was obtained about age at diagnosis and the hospital where the diagnosis 
was made. This information was used to determine the incidence of cancer in the families (data analysis 
section). 

3.3 Methods - Specific Aim 2. 
Blood samples from the surviving cases are being collected by the respective institutions and shipped 

to City of Hope for analysis. Study participants are being informed that results of the analysis will not be 
available on an individual basis. 



3.3.1 Molecular Studies 
1. p53 - Sample of tumor tissue (paraffin-embedded or frozen) is being obtained from the 17 patients 

already identified as having developed breast cancer after treatment for childhood HD. Tumor tissue is being 
studied for p53 mutation using immunochemistry and PCR-SSCP. Immunochemistry is being performed on 
paraffin embedded tissue using a purified mouse monoclonal antibody that recognizes wild type and mutant 
p53 (clone DO-1, Oncogene Science). The presence of detectable p53 protein by immunochemistry has been 
correlated with the presence of mutation in the gene, and the distribution (nuclear and cytoplasmic) has been 
suggested to be important in the pathogenesis of breast cancer.(56) The paraffin embedded tissue is dewaxed 
and then incubated with unlabeled primary monoclonal antibodies. Specifically bound antibody is then 
visualized by incubation with a biotinylated secondary antibody followed by a preformed avidin-biotinylated 
horseradish peroxidase macromolecular complex and substrate. Samples are examined by light microscopy 
and the presence of p53 staining and its distribution recorded and compared with positive and negative 
controls provided by the manufacturer. PCR-SSCP is then used to identify sites of mutation in the p53 gene, 
which are then characterized by direct DNA sequencing. DNA is extracted from paraffin-embedded tissue 
using standard techniques. Briefly, 10 micron slices are prepared from paraffin blocks in a sterile manner. 
Samples are then chopped into small fragments with a fresh sterile scalpel blade for each sample, 
deparaffinized with xylene, rehydrated in TEN buffer (10 microm Tris, HCI pH 7.5, 2 mM EDTA and 100 mM 
NaCI) and digested overnight with proteinase K. Samples are then extracted with phenol-chloroform, ethanol 
precipated, washed with 70% ethanol, dried and resuspended in TE buffer for amplification. DNA is similarly 
extracted from frozen tissue by homogenization followed by proteinase K digestion, phenol extraction and 
ethanol precipitation. PCR amplification of exons 4 to 10 of the p53 gene are performed using six different sets 
of primers to generate fragments of a suitable size for SSCP, as described by Murakami et al.(57) Briefly, the 
5' ends of primers is labeled by the polynucleotide kinase reaction with [32P]ATP. The DNA samples (100 ng) 
are subjected to PCR using each primer pair. Five microliters of the PCR product are then mixed with 
formamide dye (95% formamide, 20mm EDTA, 0,05% xylene cyanol and 0.05% bromophenol blue), heated to 
80 degrees Centigrade and applied to a 0.5XMDE (mutation detection enhancement, AT Biochem) gel. 
Samples are then dried on filter paper and exposed to x-ray film for 12 hours. DNA fragments showing mobility 
shift by PCR-SSCP analysis are subjected to direct sequencing using dideoxy chain termination as previously 
described to characterize the mutation and distinguish polymorphisms. 

2. ATM - A cDNA clone representing part of the coding sequence of the gene mutated in ataxia 
telangiectasia has recently been isolated and the sequence deposited in Genbank.(37) We screen study 
participants for mutations in this cDNA by extraction of RNA and RT-PCR followed by SSCP, as previously 
described.(37) Total RNA is extracted from peripheral blood leukocytes or frozen tumor tissue with the Tri- 
reagent system (Molecular Research Center, Cincinnati, OH) and reverse transcribed with Superscript II 
reverse transcriptase (Gibco-BRL, Gaithersburg, MD) and an oligo-(dT) primer. The reaction products serve as 
template for gene-specific primers which is devised from the known sequence of ATM and used for PCR 
amplification and SSCP analysis. Fragments with abnormal migration identified by SSCP are sequenced as 
described above. It is estimated that approximately 20 primer pairs are needed to cover the 5.9 kb of known 
sequence. As genomic sequence of the ATM becomes available, genomic primers will be devised and utilized 
to look for somatic mutations of the ATM gene in paraffin-embedded tumor tissue. 

3. BRCA1 - Peripheral leukocytes and tumor tissue from all study participants will be screened for 
mutations in exon 20 of BRCA1. DNA will be extracted, amplified using specific primers as described by 
Simard et al,(58) and screened for mutation using SSCP as described above. Fragments with abnormal 
mobility will be directly sequenced to characterize the mutation. In patients with a high Family History Score 
(methods for Specific Aim 1), the entire BRCA1 coding sequence will be screened for germline and somatic 
mutation by PCR-SSCP as described by Simard et al.(58) 

3.3.2 Controls Subjects 



Samples of peripheral blood are being obtained from control HD patients who have not developed 
breast cancer. These samples are being used to study germline mutations in p53, BRCA1 and ATM. 

3.4 Methods - Specific Aim 3. 
AH patients who were alive at the time of the last update have been identified, and a survey has been 

sent to the physician in the respective institutions. The following information is being gathered: 1) date of last 
contact; 2) vital status of the patients at last contact; 3) development of neoplasm since the last contact; 4) 
recurrence of HD. Patients newly diagnosed with breast cancer will be incorporated into the study, and 
consent obtained for construction of pedigrees and procuring blood and tissue samples for identifying somatic 
and/or germline mutations in the candidate genes. 

4.0 DATA ANALYSIS 

4.1 Specific aim 1: The expected number of affected family members based on demographic information 
(age, sex, race, and possibly birth cohort) were calculated for the cases (HD/breast cancer). Estimates of 
cumulative incidence rates derived from appropriate population surveys (SEER registry, and registries from 
other countries representing the case-control families) were multiplied by the total person-years at risk for the 
family to calculate the expected number of cases for a family. Person-years at risk were accumulated from 
birth until age at interview or age at death for persons without cancer, or age at diagnosis for persons with 
breast cancer. Gender, race, age and time-specific incidence rates will be used to compute the expected 
number of cases. This expected number (Ej) for the ith family is then compared to the observed number (Oi) to 
give a summary family history (FH) score for this family as FH = Or Ei/(Ei)1/2 (where Oi =_Ojj and Ei = _Eij for all 
j members of the ith family).(55) Family history scores directly quantitate the risk of disease in a family, but they 
can also be categorized into groups of essentially negative family history (FH<0.5), mild positive family history 
(1.0<FH<2.0), and very strong family history (FH>2.0).(55). Analyses will be performed with the Epilog 
software.(59) 

4.2 Specific Aim 2: Conditional logistic regression will form the basis of most statistical analysis for cases and 
their matched controls. Three groups of variables will be defined: predominantly hereditary factors (family 
history, body height), reproductive factors (age at menarche, age at menopause, when applicable, reproductive 
history) and body measurements. Within these groups, a forward stepwise analysis based on comparison of p- 
values will be performed to identify risk factors. Relative Risk based on odds ratio will be tested for trend and 
linearity. In testing a particular variable only those study participants will be excluded, who have missing values 
for that variable or for those already included in the model. 

5.0 PROJECTS COMPLETED AS OF JUNE 2000 

5.1 Specific Aim 1 

As of June 2000, I have completed the construction of pedigrees for families of patients with secondary breast 
cancer. Pedigrees were constructed including all first and second-degree relatives of the proband, by using the 
detailed family history approach. A chronological listing of all first and second degree relatives were obtained 
and information was obtained on demographic factors, vital status of the person (if deceased, the cause of 
death and age; if alive, inquiry was made into his or her medical history). If the person had a history of breast 
and or ovarian cancer, information was obtained about the site and type of cancer, age at diagnosis and the 
hospital where the diagnosis was made. The expected number of affected family members based on 
demographic information (age, sex, race, and possibly birth cohort) was calculated for the cases (HD/breast 
cancer). Estimates of cumulative incidence rates derived from appropriate population surveys (SEER registry) 



were multiplied by the total person-years at risk for the family to calculate the expected number of cases for a 
family. Person-years at risk were accumulated from birth until age at interview or age at death for persons 
without cancer, or age at diagnosis for persons with cancer. This information was used to determine the 
incidence of cancer in the families (data analysis section). Analysis of the data collected form these families 
reveals no excess risk compared to the general population. Since the last report, findings from this study have 
been published in Lancet (Bhatia S, Meadows AT, Robison LL. Family History of Breast Cancer after 
Treatment of Hodgkin's Disease in Childhood. Lancet 1997;350:888-889, see Appendix). 

5.2      Specific Aim 2 

Mutation in the p53 gene 

A total of six patient samples (paraffin embedded tissue) were examined for mutations in exons 5-9 of the p53 
gene. One more sample is in the process of being examined at the time of this report. This region contains 
about 80% or more of all mutations reported for p53. Paraffin sections were treated with proteinase K in buffer 
containing Tween 20. Each exon was amplified individually, using nested primers, each PCR product was 
sequenced in both directions by cycle sequencing using thermosequenase 33P radiolabeled terminator 
sequencing kit from Amersham (#US79750). Mutations were verified by re-amplification and re-sequencing of 
the affected exon. 

Four of the six samples contained mutations, although one was a silent mutation that would not change the 
protein sequence and another sample contained two intron mutations (not in the splice site region) that 
probably do not affect the protein structure or splicing. Only two samples contained mutations that would affect 
the protein structure; one of these contained two mutations. The summary of these mutations is as follows: 

Tumor # Exon Codon Nucleotide change Codon change AA change 

1 7 
8 

260 
281 

OG 
G>A 

TCOTGC 
GAOAAC 

ser>cys 
asp>asn 

2 7 233 OT CAOTAC his>tyr 

3 

4 

8 

int7 
(E7+40bp) 

into 

'•     300 OA 

g>a 

t>c 

GCOCCA pro>pro 
(silent) 

5 no mutations found 

6 no mutations found 

Mutations in the A TM gene,BRCA1&2 genes 

Peripheral blood was obtained from four patients with secondary breast cancer following Hodgkin's Disease. To screen for 
the Alw I polymorphism in Exon 24 of the ATM gene, 50 ng of genomic DNA was amplified in a 20 Ql PCR reaction. The 
primers were ATME23F (5'-TCTTTGmGTTAATGAGTA-3') and ATME23R (5'-CAGCATTCCAAATACTTCAT-3'), and 
were used at 1 OM each.   The PCR amplification was performed in a Perkin Elmer 9600 Gene Amp.   The reaction 



contained 1x Perkin Elmer PCR II Buffer (50 mM KCI, iOmM Tris-HCI [pH 8.3], and 1.5 mM MgCI2), and also contained 
0.2 DM dNTPs, and 1U of AmpliTaq Gold DNA Polymerase. There was a 10-minute incubation at 95° C to activate the 
polymerase. Then, 35 rounds of cycling were performed as follows: denaturation at 94° C for 30 sec; annealing at 52° C 
for 45 sec, and extension at 72° C for 30 sec. The reactions were then held at 4° C. The PCR products were then 
digested with 1 U of Alw I restriction endonuclease for at least 2 hours at 37 ° C. The digestion products were then 
resolved on native 6% polyacrylamide gels. In addition to patient samples, genomic DNA from a known homozygous wild 
type individual and a known heterozygous individual were always run as digestion controls. 

Using the methodology outlined above, we examined three of the four samples for mutations in the ATM gene. 
No mutations were identified. 

No mutations in the BRCA1 or 2 genes were found in the blood samples from two patients with secondary 
breast cancer. 

Because this study is a multi-institutional study, the investigators are dependent upon the responsible 
investigators at the primary institutions for a timely delivery of the specimens. Multiple reminders have been 
sent to the various institutions, and have been assured of eight additional peripheral blood samples and five 
additional tissue samples shortly from France and Italy, which will be analyzed as soon as they arrive. 

RECOMMENDATIONS FOR SCREENING OF SURVIVORS OF HODGKIN'S DISEASE AT INCREASED RISK FOR BREAST CANCER 

After an extensive review of the literature, we have formulated recommendations for screening female 
survivors of Hodgkin's Disease for early detection of secondary breast cancer. This manuscript has been 
submitted for publication to Annals of Internal Medicine (manuscript is provided in Appendix). In this 
manuscript we conclude that there exists an increased risk of breast cancer among women treated with 
radiation to the chest for Hodgkin's disease in early puberty, with the excess cancers typically developing after 
a latent period of 10 or more years. Since the increased risk of cancer may persist for decades after irradiation, 
survivors of childhood Hodgkin's disease should be monitored carefully throughout their lives. We recommend 
a baseline mammogram at 25 years of age, repeated every three years till the age of 40, and then annually. 
For patients with an increased risk of breast cancer due to other risk factors, we recommend annual 
mammograms, beginning at age 25 years. Self-breast examination every month and clinical breast 
examination every six months, beginning at age 15 years (or later for those diagnosed and treated after 15 
years of age), are also recommended. We propose to institute these recommendations among a limited 
number of member institutions of the Children Cancer Group - to address feasibility and compliance issues. 

Specific Aim 3: 

The Late Effects Study Group was last updated approximately eight years ago. Since this cohort is the largest 
and best-followed group of adolescent Hodgkin's disease patients followed for the longest period of time, every 
additional year comes closer to estimating the total life-time risk of adult-onset cancers in this population. All 
the members of the Late Effects Study Group have been contacted to get their commitment for updating the 
LESG cohort. A roster of all surviving patients has been generated. The following information has requested 
from the 15 member institutions: 

1) date of last contact; 
2) vital status of the patients at last contact; 
3) development of neoplasm since the last contact (pathology report of the second neoplasm); 
4) recurrence of HD; 
5) details of treatment for recurrence; 
6) cause of death, if the patient has died (autopsy report, if available). 



Over the last year, we have collected this information from 85% of the participating institutions. Once the data 
collection is completed, we will code and enter this information - thus updating the previous database - and 
analyze the data for the incidence and identification of risk factors. 

7.0 KEY RESEARCH ACCOMPLISHMENTS 

> Specific Aim 1: Obtained pedigree information on all patients with secondary breast cancer. Analyzed data 
for excess risk in the family members and published results in Lancet. (Bhatia S, Meadows AT, Robison 
LL. Family History of Breast Cancer after Treatment of Hodgkin's Disease in Childhood. Lancet 
1997;350:888-889, see Appendix). 

> Specific Aim 2: Efforts are ongoing to obtain all relevant tissue and blood samples for examining mutations 
in the candidate genes. 

> Specific Aim 3: Have made recommendations for screening Hodgkin's disease survivors at high risk for 
development of breast cancer (submitted for publication to Annals of Internal Medicine: Manuscript 
provided in the Appendix). We propose to institute these recommendations as a limited institution study - 
to assess the feasibility and compliance. 

> Specific Aim 4: We are in the process of updating the LESG cohort - in order to define the incidence and 
the risk factors for the development of second neoplasms in a cohort of patients with a median length of 
follow-up of ~ 20 years. 

8.0 REPORTABLE OUTCOMES 

Publications 

1) Bhatia S, Meadows AT, Robison LL. Family History of Breast Cancer after Treatment of Hodgkin's Disease 
in Childhood. Lancet 1997;350:888-889. 

2) Bhatia S, Meadows AT; .Robison LL. Second Cancers after Pediatric Hodgkin's Disease. (J Clin Oncol 
1998;16:2570-1). 

3) Bhatia S, Hudson M, Meadows, AT, Robison LL: Screening for Breast Cancer in Survivors of Childhood 
Hodgkin's Disease (Submitted, 2000). 

4) Bhatia S, Meadows AT, Robison LL. Breast Cancer following Hodgkin's Disease: Identification of Risk 
Factors and Intervention. Abstract presented at the Era of Hope Meeting in Atlanta, GA, June, 2000 

9.0 CONCLUSION 

Analysis of 1380 survivors of childhood Hodgkin's disease (HD) has shown a 75-fold increased risk of breast 
cancer. The purpose of this proposal is to identify a sub-population among survivors of HD, at an increased 
risk for developing breast cancer. Construction of pedigrees of patients with secondary breast cancer did not 
reveal excess cancer among family members. We also planned to identify somatic and/or germline mutations 
in candidate genes such as p53, BRCA1 & 2, and ATM. Four of the six breast cancer samples examined so 

10 



far, contained mutations in exons 5-9 of the p53 gene. Three of three blood samples examined for mutations in 
the ATM gene have shown no mutations. We are recommending a baseline mammogram at 25 years of age, 
repeated every three years till the age of 40, and then annually. For patients with an increased risk of breast 
cancer due to other risk factors, we recommend annual mammograms, beginning at age 25 years. We propose 
to institute these recommendations among a limited number of member institutions of the Children Cancer 
Group - to address feasibility and compliance issues. In addition, we have are updating the LESG cohort to 
identify new second cancers and associated risk factors. 
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Table 1. Characteristics of the 17 patients with secondary breast cancer 

LESGNO* Age at HD** Age at BC# Years to BC Status 

252 6yrs 34.5 yrs 28.5 yrs Alive 

256 12yrs 16.3 yrs 4.3 yrs Alive 

257 14 yrs 22.3 yrs 8.2 yrs Alive 

448 15yrs 28.7 yrs 13.7 yrs Dead 

454 11 yrs 32.1 yrs 21.1 yrs Alive 

596 13 yrs 15.4 yrs 2.4 yrs Alive 

606 15 yrs 37.3 yrs 22.3 yrs Alive 

629 14 yrs 39.0 yrs 25.0 yrs Alive 

642 15 yrs 37.1 yrs 22.1 yrs Alive 

674 14 yrs 27.1 yrs 13.1 yrs Alive 

701 12 yrs 38.4 yrs 26.4 yrs Alive 

756 12 yrs 36.2 yrs 24.2 yrs Alive 

914 15 yrs 25.0 yrs 10 yrs Alive 

2174 14 yrs 29.8 yrs 15.8 yrs Dead 

2175 14 yrs 42.0 yrs 28.0 yrs Unknown 

2176 12 yrs 36.3 yrs 24.3 yrs Dead 

2253 13 yrs 30.8 yrs 17.8 yrs Unknown 

"LESGNO denotes Late Effects Study Group Number 

** Age at HD dnotes age at diagnosis of Hodgkin's disease 

# BC denotes breast cancer 

Late Effects Study Group 
The Late Effects Study Group (LESG) consists of 15 institutions from the United States, Canada and 

Western Europe, and is involved in studying Long-Term Complications following childhood cancer. The 
following institutions are included in the LESG: 

Dana-Farber Cancer Institute, Boston 
Columbus Children's Hospital, Columbus 
Children's Hospital of Philadelphia 
Children's Memorial Hospital, Chicago 
Roswell Park Memorial Institute, Buffalo 
University of Minnesota, Minneapolis 
Children's Hospital of Los Angeles, LA 
Institut Gustave-Roussy, Villejuif, France 

Children's Hospital Medical Center, Cincinnati 
Children's NationalMedical Center, Washington DC 
Children's Hospital of Pittsburgh 
Hospital for Sick Children, Toronto 
Emma KinderZiekenhuis, Amsterdam 
Royal Manchester Children's Hospital, England 
Istituto Nazionale Tumori, Milan, Italy 
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BREAST CANCER AND OTHER SECOND NEOPLASMS AFTER 
CHILDHOOD HODGKIN'S DISEASE 

SMiTA BHATIA, M.D., M.P.H., LESLIE L. ROBISOS, PH.D., ODILE OBERU.N, M.D., 
MARK GREEXBERC, M.B., CH.B., GRETA BUNIN, PH.D., FRANCA FOSSATI-BELUNI, M.D.. 

AND ANNA T. MEADOWS, M.D. 
/ 
/ 

Abstract Background. Patients who survive Hodgkin's 
disease are at increased risk for second neoplasms. As 
survival times increase, solid tumors are emerging as a 
serious long-term complication.   ' ■ 

Methods. The Late Effects Study Group followed a 
cohort of 1380 children with Hodgkin's disease to deter- 
mine the incidence of second neoplasms and the risk fac- 
tors associated with them. 

• Results. In this cohort, there were 88 second neo- 
plasms as compared with 4.4 expected in the general 
copulation (standardized incidence ratio, 18.1; 95 percent 
confidence interval, 14.3 to 22.3). The estimated actuar- 
ial incidence of any second neoplasm 15 years after the 
diaqnosis of Hodgkin's disease was 7.0 percent (95 per- 
cent confidence interval, 5.2 to 8.8 percent); the inci- 
dence of solid tumors was 3.9 percent (95 percent con- 
fidence interval, 2.3 to 5.5 percent). Breast cancer was 
the most common solid tumor (standardized incidence 
ratio, 75-3; 95 percent confidence interval, 44.9 to 118.4), 

1( )NG-TERM sequela'trof the treatment of Hodgkin's 
j 'disease are being encountered with increasing fre- 

quency because of the marked improvement in surviv- 
•i| '•' Second neoplasms, particularly acute myelogenous 
leukemia, are well-known late complications in patients 
who have been treated for Hodgkin's disease as adults.*'3 

An increased risk of second neoplasms in patients treat- 
ed Ihr Hodgkin's disease in childhood has also been re- 
tried bv the Late Effects Study Group'" and others.''"1 

In an earlier study, we estimated the cumulative proba- 
hili'lv of anv second neoplasm to be 20 percent (4 percent 
i;„- 1,-tikemi'a and Hi percent for solid tumors) 20 years af- 
,,.,. ;l diagnosis of Hodgkin's disease in childhood.1" To 
iiivr'.sligaie further the incidence of second neoplasms af- 

,.,„„, ,„c Department of Pediatrics. University of Minnesota. Minneapolis 
et II ltf Hie Instant Gus.ave-Roussy. Villejuif. France IO.O.I; the Hospital 
IM SKÜ'lnu'rcn. Toronto i.M.G.i: the Children's Hospital of Philadelphia Ph.l- 

I Inliri t(i I* \ r M.i: -tnd the National Tumor Institute. Milan. Italy iF.I-.-U.i. 
"\ I1 'ss reprint requests to Dr. Ruhison at the Division ot Pediatrie Epulemiol- 
.,.'„■ .„»I Clinical Research. r.mcrsity of Minnesota. Box ill CMIIC. Minneap- 

""s,nm„ri«l hv the Cm-ersiiv <>l Minnesota Children's Cancer Research Fund 
,„l .! Puhlic liealth Service framine f Irani <T}2 CAO-Wi from the National 

i;,„,i lii-iiime 

with an estimated actuarial incidence in women that ap- 
proached 35 percent (95 percent confidence interval, 17.4 
to 52.6 percent) by 40 years of age. Older age (10 to 16 
vs. <10 years) at the time of radiation treatment (relative 
risk, 1.9) and a higher dose (2000 to 4000 vs. <2000 cGy) 
of radiation (relative risk, 5.9) were associated with signif- 
icantly increased risk of breast cancer. The estimated ac- 
tuarial incidence of leukemia reached a plateau of 2.8 per- 
cent (95 percent confidence interval, 0.8 to 4.8 percent) 14 
years after diagnosis. Treatment with alkylating agents, old- 
er age at the diagnosis of Hodgkin's disease, recurrence 
of Hodgkin's disease, and a late stage of disease at diag- 
nosis were risk factors for leukemia. 

Conclusions. The risk of solid tumors, especially breast 
cancer, is high among women who were treated with ra- 
diation for childhood Hodgkin's disease. Systematic screen- 
ing for breast cancer could be important in the health care 
of such women. (N Engl J Med 1996;334:745-51.) 
©1996. Massachusetts Medical Society. 

ter the treatment of childhood Hodgkin's disease and to 
identifv specific factors associated with the risk, we ex- 
tended the median Follow-up for the cohort of the Late 
Effects Study Group from 7 to 11.4 years and increased 
the size of the cohort from 979 to 1380. 

METHODS 

Fifteen institutions participated in this study (see the Appendix). The 
cohort consisted o( children who were less than Iß years of age when 
their Hodgkin's disease was diagnosed and who received their primary 
treatment between 1953 and 19H6 at a participating institution. 

At each institution, a roster of all patients with Hodgkin's disease 
was prepared, and data were abstracted trout the clinical records. Dos- 
es, fields, and equipment used in radiation therapy were noted, as were 
agents, doses, .uui durations of chemotherapy. For each patient, the 
date of last contact was obtained from the clinical records. For patients 
in «horn second neoplasms developed, the date of diagnosis, the his- 
tologic charactct istics and site of the tumor, and whether the tumor 
arose in the radiation-therapy field «ere recorded. If the patient died, 
lite date and cause of death «ere also reported. Pathological undine:* 
were emtlirmed .11 the treating institution. The length of time at risk 
liir second neoplasms u.ts computed from the date of the diagnosis ol 
1 lodgkin's disease 'o the date „i the diagnosis of the second neoplasm, 
the dan- of death. <r the dale ■•( last contact, wilit hev.-r . .tine first. 

For purposes ol .m.iKsis. patients-'.en- classified :;i -.tie   'I  dm- 

alU exc! The lir-t 4!' ii!J ".illt.e 

Reorintüd from Tin- .Wir England Journal t'i'Ut-ilkiiic 
334:745-751 1 March :i 1. IWfi 
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tion therapy alone, the second group received clirmmherapy alone, 
and the third group received both radiation therapy and chemother- 
apy (the latter either as part of the primary treatment or as salvage 
therapy for recurrence). 

Patients who were treated with alkylatinir agents «ere analyzed sep- 
arately. The following; drugs were included in that class: mechlor- 
ethatriine hydrochloride, cyclophosphamide, chlorambncil, prncarba- 
zine, nitrosoureas. tricthylenemelamine. thiotepa. and dacarbazine. A 
score for the doses of alleviating agents received by each patient1" was 
calculated as follows: a single alkylating agent administered for at 
least six months was assigned a score of 1; two alkylating agents for 
six months, a score of 2: and so on. All such scores corresponding to 
the patient's treatment course were added together and rounded to 
the nearest integer. 

To estimate the risk of second neoplasms, the number of person- 
vears of observation was compiled for subgroups of the cohort defined 
by age and sex. Rates of incidence of cancer (obtained from the reg- 
istry of the Surveillance, Epidemiology, and End Results Program of 
the Rational Institutes of Health1'1) were used to calculate the expect- 
ed foimber of cases of cancer. Standardized incidence ratios were cal- 
culated as the ratios of observed to expected cases. The 95 percent 
confidence intervals were estimated by a method described by Van- 
denbroucke.J" Cumulative probabilities of second neoplasms were cal- 
culated with actuarial methods.-1 Cox regression techniques were 
used to calculate estimates of relative risk. Variables included in the 
regression model were sex, age at the diagnosis of Hodgkin's disease, 
clinical stage of the disease, treatment group, whether splenectomy 
had been performed, the alkylating-agem score, and the dose of radi- 
ation. Recurrence, was included as a time-dependent covariate in the 
regression model. Age at the diagnosis of Hodgkin's disease was an- 
alyzed both as a categorical variable (less than 10 years or 10 to 16 
vears) and as a continuous variable. Clinical stages I and II and clin- 
ical stages III and IV were grouped because of the strong correlation 
between treatment and clinical presentation. 

RESULTS 

The median duration of follow-up was 11.4 years, and 
80 percent of the cohort of 1380 eligible patients with 
Hodgkin's disease were alive at the time of last contact 

Table 1. Characteristics of the Patients. 

Table 2. Observed and Expected Rates of Second Cancers in 
the Entire Cohort, According to Type and Site. 

TOTAL 

CHARACTERISTIC "COHORT PATIENTS WITH SECOND CANCER 

NON- 

SOLID HODGKIN'S 

TUMOR LEUKEMIA LYMPHOMA 

No. of patients 1380 56 26 6 

Male sex — % 65 43 69 50 

Stage of Hodakin's disease — "& 
I or II 65 76 31 67 
III or IV 35 24 69 33 

Age at diagnosis 
Median — yr II 12 11 11 
Range — yr 1-16 2-16 3-15 "-15 
<10 yr — no. o patients 504 (60251 17 6 ■, 

lperson-yr of follow-up) 
10-16 yr —no. of patients 876 (96351 39 20 4 

lperson-yr of follow-upi 

Time to second cancer —\ r 
Median — 14 4 !4 
Range — o.s-:s as-14 •IS-IS 

Foiknv-up — v r 
Median 11.4 !') 5 13 
Range 0.1-37 4-?h 2-15 !-:.' 

Treatment — '<■ m patent'. 
Radiation jinne 13 •-0 ii 

ChemniheraD} .. one ■i , H) :" 
Küdiatuin ..nu ^nemniiicrap;. -i'.> US SI 'O 

Deal n — • l'i '.{1 'h V 

SrANOAKDI/l.t) 
OnSfiRVI-D EXACTED INCIDENCE RATIO 

TYPE OK .SITE CAM« CAM* ItM CD- 

All cancerst 79 4.4 IS. 1 (14.3-22.3) 
Leukemia 26 ' . 0.3 78.8(56.6-123.2) 
Acute myelogenous leukemia 24 0.1 321.3(207.5-167.1) 
Non-Hodgkin's lymphoma 6 0.3 20.9 (7.7-42.0) 
Solid tumors! 47 3.9 11.8(8.7-15.4) 

BreastS 17 0.2 75.3(44.9-118.4) 
Thyroid 10 0.3 317(15.3-55.31 
Bone 4 0.2 24.6 (6.4-54.5) 
Brain 4 0.4 10.5 (2.7-23.4) 
Colorectal 3 0.1 38.9 (7.3-95.3) 
Gastric 2 0.(12 121.3(11.4-145.2) 

*CI denotex confidence interval. 

tThis category excludes the nine cases of nonmelanoma >kin cancer. 

+This category excludes lymphatic and hematopoielic tumors. The sum of the solid tumors 
listed does not equal the total number civen becau.se only types tor which the risk was signif- 
icantly elevated are included. 

SThe cohort for this analysis mclu'led only women. 

(Table 1). At the time data were abstracted, there had 
been documented contact with approximately 71 per- 
cent of the patients within the previous five years and 
with 54 percent of the patients within the previous two 
years. Treatment for Hodgkin's disease consisted of ra- 
diation and chemotherapy in 69 percent of the patients, 
radiation alone in 23 percent, and chemotherapy alone 
in 8 percent. Among the patients who received radia- 
tion therapy, orthovoltage techniques were used for 
treatment in only 2 percent. 

Second neoplasms developed in 109 patients: 56 had 
solid cancers, 26 had leukemia, 6 had non-Hodgkin's 
lymphoma, and 21 had benign tumors. The benign tu- 
mors included 12 thyroid adenomas, 4 osteochondromas, 
3 fibroadenomas of the breast, and 2 dysplastic nevi. 

The numbers of observed and expected second can- 
cers are shown in Table 2. There were significantly el- 
evated relative risks for all cancers combined, for leu- 
kemia, for non-Hodgkin's lymphoma, and for breast, 
thyroid, bone, central nervous system, colorectal, and 
gastric cancers. 

Figure 1 shows the actuarial risks of all second can- 
cers, solid tumors, leukemia, and non-Hodgkin's lym- 
phoma. The mean cumulative incidence of any second 
cancer was 7.0 percent (95 percent confidence interval. 
5.2 to 8.8 percent) at 15 years. Most of this risk was due 
to solid tumors; the steep increase in the cumulative in- 
cidence of solid tumors began 12 years after the diag- 
nosis of Hodgkin's disease, and the risk rose to 3.9 per- 
cent (95 percent confidence interval. 2.3 to 5.5 percentl 
at 15 years. In contrast, the risk of leukemia reached a 
plateau at 2.8 percent (95 percent confidence interval. 
0.8 to 4.8 percent), and the risk of non-Hodgkin's lym- 
phoma plateaued at 1.1 percent (95 percent confidence 
interval. I) to .5.1 percent). 

We also estimated the standardized incidence ratio 
for cancer according to the period of observation (i.e.. 
i:u- interval from tir^t treatment it) the diagnosis of a 
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second cancer) (Table 3). The standardized incidence 
ratio was highest during the first five years of follow-up 
and gradually declined thereafter. This phenomenon is 
consistent with the increase in the expected incidence 
of cancer with increasing age. For leukemia, the excess- 
risk appeared within the lirst 5 years of treatment and 
declined over the next 10 years of follow-up. No cases of 
leukemia were observed beyond 15 years after the diag- 
nosis of Hodgkin's disease. 

Leukemia 

Leukemia developed in 26 patients. Twenty-four of 
them had acute mycloid leukemia, one had acute lym- 
phoblastic leukemia, and one had chronic myeloid leu- 
kemia. There were no cases of leukemia in the group 
treated only with radiotherapy. The cumulative risks ol 
leu>emia (at 15 years) were higher in the group of pa- 
tients who received chemotherapy alone (7.9 percent; 95 
percent confidence interval, 1.0 to 14.8 percent) than 
among the patients who were treated with both radia- 
tion and chemotherapy (3.4 percent; 95 percent confi- 
dence interval, 1.8 to 4.9 percent)- (Table 4). 

The risk of leukemia rose with an increase in the al- 
kylating-agent score (relative risk of leukemia per unit 
increase in the score, 1.5; 95 percent confidence inter- 
val, 1.2 to 1.8). Among the 340 patients who received a 
combination of mechlorethamine, vincristine, procarba- 
zine, and prednisone, the cumulative probability of leu- 
kemia 15 years after the diagnosis of Hodgkin's disease 
was 2.9 percent (95 percent confidence interval, 0.7 to 
5.1 percent), as compared with 0.9 percent (95 percent 
confidence interval, 0 to 9.5 percent) among the 103 pa- 
tients who received a combination of doxorubicin, bleo- 
mvcin, vinblastine, and dacarbazine. Univariate analysis 
revealed that patients were at increased risk for leukemia 
if they had had one or more recurrences of Hodgkin's 
disease (relative risk, 2.3; 95 percent confidence inter- 
val. 1.2 to 5.2), a later stage (III or IV) at diagnosis (rel- 
ative risk, 4.2; 1.7 to 10.3), or an older age (10 to ^16) at 
the diagnosis of Hodgkin's disease (relative risk, 3.6; 1.1 
to 12.2). The risk of leukemia was not significantly in- 
creased in the subjects who had undergone splenectomy 
(relative risk, 1.4; 95 percent confidence interval, 0.6 to 
3.4). Of the 572 patients who underwent splenectomy, 
13 had leukemia, as compared with 9 of the 637 patients 
who did not undergo splenectomy. 

Multivariate analysis revealed that a late stage of Hodg- 
kin's disease at diagnosis and recurrent disease independ- 
ently predicted the risk of secondary leukemia. However, 
patients presenting with late-stage disease had a signifi- 
cantly higher mean (=SE) alkylating-agent score than 
those presenting with early-stage disease (2.4=0.06 vs. 
1.2=0.04. P<0.001). Similarly, patients with recurrent 
Hodgkin's disease had received significantly higher cu- 
mulative doses of alkvlating agents than patients with no 
recurrence (mean score. 2.5=0.08 vs. 1.2=0.03: P<lUMHL 
In addition, patients who presented with late-stage dis- 
ease and had also had a recurrence had significant iy 
hisrher .ukvkuin^-.ig'-ut scores than patients ulm pivsi-.u- 

ed with earlv-stagc disease and had no subsequent recur- 
rence (mean score, 3.4±0.1 vs. 0.9±0.04; P<0.l)()l). 

Of the 26 patients with leukemia, 25 died; the median 
survival was 2.5 months after the diagnosis of leukemia. 
Twenty-three patients died of secondary leukemia, one in 
an accident, and one of progressive Hodgkin's disease. 

Lymphomas 

Non-Hodgkin's lymphoma developed in six patients. 
The alkylating-agent score was the only significant inde- 
pendent risk factor for non-Hodgkin's lymphoma (rela- 
tive risk, 1.7; 95 percent confidence interval, 1.2 to 2.6). 
Five patients with non-Hodgkin's lymphoma died; the 
median survival was 2.5 months. Four died of the non- 
Hodgkin's lymphoma, and one of progressive Hodgkin's 
disease. 

Solid Cancers 

Solid cancers developed in 56 patients. Breast cancer 
was the most common solid tumor, occurring in 17 pa- 
tients. Ten patients had thyroid cancer, nine had basal- 
cell carcinomas, four had bone tumors, four had brain 
tumors, and three had colorectal carcinomas. Gastric 
carcinomas, tumors of the female genitourinary tract, pa- 
rotid-gland tumors, soft-tissue sarcomas, and neuroblas- 
toma occurred in one or two patients each. Risk factors 
were analvzed both with and without the inclusion of 
basal-cell carcinomas. There was no difference between 
the results of the two analyses, and so those of the latter 
are reported. 

Sixtv-six percent of the solid cancers developed in 
the °roup of patients who had received both radiation 
and chemotherapy (Table 4). The estimated cumula- 
tive probability of a solid tumor 20 years after the di- 
agnosis of Hodgkin's disease was significantly higher 
among women (12.6 percent; 95 percent confidence in- 
terval, 6.8 to 18.4 percent) than men (3.9 percent; 1.5 to 
6.3 percent). When the 17 women with breast cancer 
were excluded, the cumulative probability of solid tumors 
among the women in the group (8.8 percent; 95 percent 
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Figure 1. Cumulative Probability of Second Cancers in 1380 Pa- 
tients '.vith Hodgkin's Disease in Childhood. 
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Table 3. Standardized Risk Ratios for Second Cancers, According to the Length of the Follow-up Interval. 

LENGTH OF FDLLUW-UP 

6-10 YR 11-15 YR 16-20 VR >20YR 

15 17 8 |0 
17.9(10-28.5) 15.3(8.9-23.5) 6.7(2.9-12.2) 35.9(17.1-61.7) 

TYPE OF CANCER' 

0-5 YR 

All cancers 
Observed 29 
Observed:expected 28.0(18.8-39.2) 

(95% CD 
Leukemia 

Observed 18 
Observed:expected 99.6(58.9-150.9 

(95% CD 
Non-Hodgkin's Iymphoma 

Observed 2 
Observed:expected 24.6 (2.3-70.6) 

(95% CI) 
Solid tumors 

All 
Observed 9 
Observed:expected 11.6(5.2-20.5) 

s 
(95% CD 

Breast 
Observed 2 

6 2 0 
99.6(58.9-150.9) 83.3(29.9-163.3) 37.3(3.5-106.9) 0 

2 I I 
33.1(3.1-94.7) 13.3(0-52.3) 12.6(0-49.5) 

14 10 
10(3.9-18.7) 14.3(7.8-22.2) 6.5(2.6-12.2) 39.7(18.9-68.1) 

2 4 1 8 

Observed:expected 4950.5(466.7-14.188.8)      231.8(21.8-664.3) 76.2(19.8-169.2)      7.5(0-29.6) 141.5(604-2565) 
(95% Cl) 

Thyroid 
Observed I 3 4 2 () 
Observedxxpected 18.7(0-73.2) 41.1(7.7-100.7) 40.9(10.6-90.8)      21.5(2.0-61.7) 0 

(95% CI) 

■Observed denotes the number of cases observed. ohserved:expected the ratio of observed to expected cases, and CI confidence interval. 

confidence interval, 3.4 to 14.2 percent) approached 
that among the men (3.9 percent; 1.5 to 6.3 percent). 
Multivariate analysis revealed that female sex was as- 
sociated with an increased risk of solid tumors (relative 
risk, 2.9; 95 percent confidence interval, 1.5 to 5.4). Old- 
er patients (those 10 to 16 years of age at the diagnosis 
of Hodgkin's disease) also appeared to be at increased 
risk for solid tumors (relative risk as compared with 
those <10 years at diagnosis, 1.8; 95 percent confidence 
interval, 0.96 to 4.0). Exclusion of the nine patients with 
basal-cell carcinoma made this association nonsignifi- 
cant (relative risk, 1.6; 55 percent confidence interval, 
0.8 to 3.1). 

Seventeen of the 56 patients with solid tumors died. 
The median survival was 12.5 months after the diasno- 
sis of the second neoplasm; 10 deaths were due to the sec- 
ond neoplasm and 7 to accidents. 

Breast Cancer 

Of the 17 women in whom breast cancer developed, 
7 had received radiation therapy alone and 10 had re- 
ceived radiation and chemotherapy. Of the 17 cancers, 16 
appeared within or at the margin of the radiation field. 
In one patient, the tumor (a multifocal infiltrating duc- 
tal carcinoma) occurred outside the radiation field (the 
patient had received radiation to the neck). Five patients 
had bilateral breast tumors. The majority of the tumors 
were infiltrating ductal or lobular carcinomas. The me- 
dian age at the time of diagnosis of breast cancer was 
31.5 years (range. 16 to 42). Three patients died of their 
breast cancer (median survival. 3 years), eight wen.' alive 
with disease at this writing (median length of Ibllow-up 
after diagnosis. 10 months), four were alive without dis- 

ease (median length of follow-up. 4.5 years), and the 
status of two was unknown. 

The women in our cohort of survivors of Hodgkin's 
disease had a risk of breast cancer that was 75 times 
the risk in the general population (Table 2). The risk of 
breast cancer was elevated throughout the follow-up 
period, and the interval from the diagnosis of Hodg- 
kin's disease to the diagnosis of breast cancer was less 
than five years in two cases (Table 3). Figure 2 shows 
the estimated cumulative probability of breast cancer as 
a function of the age of the cohort of female survivors 
of Hodgkin's disease. The estimated actuarial cumula- 
tive probability of breast cancer was 35 percent (95 per- 
cent confidence interval, 17.4 to 52.6 percent) at 40 years 
of age. 

Univariate analysis revealed that patients who were 
10 to 16 years of age when Hodgkin's disease was diag- 
nosed and treated were at increased risk for breast can- 
cer as compared with those who were younger than 10 
at diagnosis (relative risk, 6.7: 95 percent confidence in- 
terval. 1.2 to 28.6). In addition, patients who underwent 
splenectomy appeared to be at increased risk for breast 
cancer (relative risk. 2.6: 95 percent confidence interval. 
0.96 to 5.0). Patients with breast cancer received a high- 
er dose of radiation to the mantle region (median, 4000 
cGy: range. 0 to 4750) than those in whom breast can- 
cer did not develop imedian. 2000 c(.iy: range. 0 to 5200). 
Seventy-six percent of ihe patients who had breast can- 
cer had received at least 20110 cGy of radiation to the 
mantle region, as compared with 4M percent of the pa- 
tients who did not have breast cancer. 

Multivariate anaK.M.s revealed that an any of more 
than 11) vears al the time of diagnosis of Hodgkin's tlis- 
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Table 4. Risks of Second Cancers According to the Type 
of Treatment for Hodgkin's Disease.* 

CUMULATIVE 
OBSERVED:EXPECTED PROBABILITY 

OBSERVED CASES AT 15 YR 

TVPB OP CANCER AND TREATMENT CASES (95% CD (93ft CD 

Leukemia 
Radiation 0 0 0 

Chemotherapy 5 1091 (344-2256) 7.9(1.0-14.8) 
Radiation and chemotherapy 21 439 (270-645) 3.4(1.8-4.9) 

Non-Hodgkin's lymphoma 
Radiation 1 11 (0.01-44) 0.4 (0-1.2) 

Chemotherapy 1 60 (0.02-235) 0.0 
Radiation and chemotherapy 4 23 (6-50) 0.9(0-1.9) 

Solid tumors 
Radiation 15 11 (6-17) 3.3 (2.9-3.7) 

Chemotherapy I 5 (0.01-18) 19 (2.3-3.5) 

Radiation and chemotherapy 31 13 (9-18) 4.6 (4.4-4.8) 

/CI denotes conlidence interval. 

ease was independently associated with increased risk 
(relative risk, 1.9; 95 percent confidence interval, 1.1 to 
3.2), as was a higher dose of radiation (as compared with 
a radiation dose of <2000 cGv, the relative risk for a 
dose between 2000 and 4000 cGy was 5.9 [1.2 to 30.3], 
and the relative risk for a dose exceeding 4000 cGy was 
23.7 [3.7 to 152.3]). 

DISCUSSION 

Among the 1380 patients who were treated for child- 
hood Hodgkin's disease between 1955 and 1986 at 15 
institutions, we found the estimated cumulative risk of 
a second cancer to be 7.0 percent 15 years after the ini- 
tial diagnosis. This report provides evidence that the 
risk of a second neoplasm is increased about 18 times 
in long-term survivors of childhood Hodgkin's disease. 
The risk was highest in patients who were older when 
they had Hodgkin's disease, with 74 percent of the can- 
cers occurring in those-who received diagnoses between 
10 and 16 years of age. This finding is similar to that re- 
ported by Beaty et al.17 

Breast cancer was the most common solid tumor in 
this group of patients. The women in our cohort had a 
risk of breast cancer 75 times greater than that in the 
o-eneral population. Moreover, the estimated cumulative 
probability of breast cancer among women in our cohort 
who survived childhood Hodgkin's disease approached 
35 percent at 40 years of age. For our multinational in- 
vestigation, we used the rates of the U.S. Surveillance, Ep- 
idemiology, and End Results Program for the incidence 
of breast cancer in the general population10 because the 
age-standardized rates for France (66.2 per 100,000). It- 
afv (65.4 per 100.000), and the United. Kingdom (63.4 
per 100.000) are roughlv similar to that in the United 
States (89.2 per 100,000)'." 

An increased risk of breast cancer has been observed 
among women exposed to radiation from atomic-bomb 
explosions, repeated chest hWoseopy. or treatment oi 
postpartum mastitis.-"'-'-* Most previous studies of lar^e 

populations of patients who were treated for Hodgkin's 
disease did not detect a significantly elevated risk of 
breast cancer. W'29-33 This maybe because of the long in- 
terval between the occurrence of Hodgkin's disease and 
the appearance of breast cancer. The paucity of young 
patients in most reported series must also be taken into 
account because of the association of the risk of breast 
cancer with younger age at the time of treatment for 
Hodgkin's disease.34 One study of 885 women who were 
treated for Hodgkin's disease with radiation before 30 
years of age found a fourfold increase in the risk of breast 
cancer.33 However, only 76 patients in this report were 
less than 15 years old when Hodgkin's disease was diag- 
nosed; 3 of those 76 patients had breast cancer. 

In our study, breast cancer occurred exclusively in 
women. The majority of breast cancers arose within the 
field of radiation. We found that the risk of breast can- 
cer increased with the dose of radiation; most breast 
cancers occurred in patients who had received at least 
2000 cGy in the mantle region. 

The increased risk of breast cancer after treatment 
for Hodgkin's disease was related to age at the time of 
radiation exposure. Sixteen of the 17 breast cancers oc- 
curred in patients who were between 10 and 16 years of 
age when Hodgkin's disease was diagnosed. Hancock 
et al. reported an increased risk of breast cancer among 
women who were less than 30 years old when Hodg- 
kin's disease was diagnosed.35 In atomic-bomb survivors, 
an increased risk of breast cancer was found in the group 
of women who were in the first three decades of life 
when they were exposed to the radiation.27 The high 
incidence of breast cancer in women who are exposed to 
high doses of radiation between 10 and 16 years of age 
suggests that the tumorigenic influence of radiation main- 
lv affects proliferating breast tissue. 

We found that after a relatively short period of latency 
(4.4 years), the cumulative incidence of leukemia rose 
sharply, but it appeared to reach a plateau after 14 years, 
which is consistent with data from other studies.13 The 
dose-dependent association of alkylating agents with sec- 
ondary leukemia and non-Hodgkin's lymphoma has been 
reported by others.15-18 The combination of doxorubicin, 
bleomycin, vinblasrine, and dacarba2ine appeared to be 
less leukemogenic than the combination of mechloreth- 
amine, vincristine, procarbazine, and prednisone, but the 
difference was not statistically significant. 

It has not been established that splenectomy is a risk 
factor for secondary leukemia.17JW4 In the original cohort 
of 979 survivors of Hodgkin's disease in the Late Effects 
Siudv Group, splenectomy had borderline significance as 
a risk factor (P = 0.09).IS and in the present study, we did 
not find anv independent relation between splenectomy 
and the risk of secondary leukemia or solid tumors. 

In contrast to the risk of treatment-related leukemia. 
which plateaued after 14 years, the risk of solid tumors 
continued to increase beyond 15 years and approached 
30 percent at 30 years. This is an important problem in 
survivors of Hud-ikihs disease and underscores die :u- 
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Figure 2. Cumulative Probability of Breast Cancer as a Function 
of Ag^in the Cohort of Female Survivors of Hodgkin's Disease 

/• in Childhood. 
Bars indicate standard errors. 

cessity of medical monitoring. The high risk of breast 
cancer in women exposed to radiation at a young age 
raises important issues regarding screening programs 
(such as physical examination of the breast, sonography, 
mammography, and quantitative magnetic resonance im- 
aging). We must also consider chemoprevention (tamox- 
ifen and retinoids) for survivors of Hodgkin's disease v. ho 
are at high risk for breast cancer. Efforts to develop treat- 
ments for Hodgkin's disease that are curative but less 
carcinogenic should continue. 

APPENDIX 

In addition to the authors, the Late Effects Study Group included 
the following: Dana-Farber Cancer Institute, Boston — S. Sallen and 
F. Li; Columbus Children's Hospital. Columbus. Ohio— R. Ruymann 
and W. Newton: Children's Memorial Hospital, Chicago — E. Mor- 
gan; Royal Manchester Children's Hospital. Manchester, England — 
P. Morris-Jones and J. Birch; Emma Kinderziekenhuis. Amsterdam — 
P.A. Voute: Children's Hospita'l,-L°s Angeles — S. Siegel; Children's 
Hospital Medical Center, Cincinnati — C. DeLaat; Children's Nation- 
al Medical Center, Washington, D.C. — H.S. Nicholson; and Chil- 
dren's Hospital, Pittsburgh —J. Blatt. 
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Continuous 
hyperfractionated 
accelerated therapy in non- 
smail-ceil lung cancer 
SIR—-Micheie Saunders and colleagues 
(July 19, p 161)' describe the treatment 
of inoperable non-small-ceil lung cancer 
(NSCLC) irradiated with one of the 
most isvenriVe radiation therapy 
regimens currendy under investigation. 
The design, data management, and 
results of this randomised trial are 
impressive and clearcut; it shows a- 
significant increase in survival of patients 
irradiated wiih 54 Gy in 
the continuous hyperfractionated 
accelerated radiotherapy (CHART) 

-'group. 
A major obstacle to tumour clearance 

in the treatment of NSCLC is local 
failure. Two different treatment 
strategies can be adopted to overcome 
this obstacle. The first is to reduce the 
overall treatment time of radiation 
therapy, assuming that «population of 
tumour cells during therapy contributes 
significantly to treatment failures. 
CHART addresses tjb^s hypothesis by 
reducing the overall treatment time from 
about 6 weeks to 12 days. The results 
indicate that «population does indeed 
have a negative role in radiotherapy of 
human cancers. The second strategy is 
to increase the total dose to about 70 Gy 
either conventionally fractionated or 
with hyperfractionated radiotherapy. 
After 60 Gy, 2-year survival of 13-20% 
can be expected, which is supported by 
the results for the control group in the 
CHART trial.1-5 Increasing the total dose 
to about 70 Gy can increase 2-year 
survival to 25-29%,"" which compares 
favourably with CHART. Perhaps an 
increase in the. total dose with CHART 
might further improve the results. 
However, normal tissue toxicity might 
Emit a substantial increase in dose. 
54 Gy with CHART produced severe 
dysphagia and paraesthesia in the lower 
limbs, which did not occur in the control 
group. Such paraesthesia suggests a 
decreased radiation tolerance of the 
spinal cord if three fractions daily are 
given with interfracrion time intervals of 
6-3 h. The spinal cord dose should 
probablv be limited to 30-35 Gy in 
CHART. 

'Florian Würschmidt. 
Hansfsier Heilmsnn 
HermanoHoltnusen Institute for Radiotherapy, General 
Hossitai St Georg, 0-20099. Hamoupj. Germany 
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Chemotherapy for lung 
cancer 
Sm—In his July 19 commentary on the 
CHART trial Everett Vofces' suggests 
that induction chemotherapy for stage 
TU non-small-cell lung cancer has been 
validated by two important randomised 
trials and a meta-analysis, and is 
currendy standard therapy. 

One of the randomised trials cited 
showed an increased 5-year survival rate 
of 7% versus 17%,-2 me actual numbers 
of patients alive at.5 years were four 
in the radiotherapy arm and 12 in 
the combined treatment arm, which 
may be regarded as too few patients on 
which to base definitive conclusions. 
Interestingly, the disease-free survival at 
5 years was identical—ie, four patients in 
each category—and was subsequently 
better in the radiotherapy arm, but there 
were fewer than four patients in each 
arm. Moreover, the response rate, 
though higher in the combined 
treatment arm, was not significantly 
different in the two arms of the study 
(p<0-092). So if there were a survival 
advantage with induction chemotherapy 
it must be unrelated to anritumour 
treatment. A reasonable interpretation is 
that the differences in outcome probably 
reflect biological differences in the 
disease or in the supportive measures 
used 

The second randomised trial cited 
was larger and included some stage II 
cases. It also emphasised the importance 
of careful preselection criteria for these 
treatments.1 Although a survival 
difference was detected, it was 2-4 
months rather than 4-1 months, as 
reported by Dillman and colleagues.2 In 
fact the difference in median survival 
between the hyperfractionated radiation 
therapy and combined treatment groups 
was only 1-5 months. In a 3-year follow- 
up of the second study,' the differences 
between the groups decreased slighdy 
and the survival difference between 
hyperfrarionated radiation therapy and 
combined therapy was 1%.' 

The meta-analysis suggests a benefit 
for chemotheärby of early-stage surgical 
patients but no demonstrable advantage 

for stage III surgical patients.5 For 
surgery and radiotherapy in stage HI 
cases an advantage was present. In all 
instances of benefit the effect was 
modest. We do not regard induction 
chemotherapy as the standard treatment 
for non-small-cell lung cancer stage HI, 
but as an option to be considered for 
carefully selected patients and those 

. included in clinical trials. 

RoseJPapac 
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Family history of patients 
with breast cancer after 
treatment of Hodgkin's 
disease in childhood 
SIR—Sabine Kony and colleagues July 
12, 91-95)' report that both generic 
factors and exposure to ionising radiation 
have independent effects on die risk of 
second malignant neoplasms after a first 
cancer in childhood. Compared with 
patients who had no family history of 
eariy-onset cancer, those with one or 
more affected family members had a 4-7- 
fold increased risk of developing a second 
malignant neoplasm. The role of generic 
predisposition in the development of a 
second malignant neoplasm has been 
explored by Scans? and colleagues, who 
showed that p:/.. j-.:-. .-w. rrr.iration 
carriers among relatives of patients with 
soft tissue sarcomas are at increased risk 
for second malignant neoplasms/ 

In a recent study of the Late Effects 
Study Group (LESG),' we found an 
increased risk of breast cancer among 
female survivors of Hodgfcin's disease 
diagnosed in childhood (standardised 
incidence ratio [SIR] 75-3), with the 
estimated actuarial incidence 
approaching 35% by age 40. Age at time 



THE LANCET 

History of cancer In family mmoan Oesemd 

All relatives 19 
Relatives of prooands «13 years at dragrnsia of HO 10 
Relatives of prooands >13 years at diagnosis of HO 9 
Relatives of prooands «34 years at diagnosis a* BC 13 
Relatives of prooands >34 years at diagmsis of BC 5 
First-degree relatives 3 
Maternal relatives 13 
Paternal relatives S 

Expected sinosxci) 
30-9 0-6 (0-4-0-9) 
12-3 0-8(0-4-1-4) 
18-6 0-5 (0-2-0-9) 
12-7 1-0(0-5-1-7) 
13-2 0-3 (0-1-0-6) 
5-3 0-5 (0-1-1-3) 

13-2 1-0(0-5-1-6) 
17-1 0-4(0-1-0-7) 

BCabreast carcinoma. HD=Hodgkin'sd 

Risk of cancer in relatives <rf patients (in LESS cohort1) with secondary breast cancer 
according to age of proband and relationship to proband 

of radiation (10-16 years: relative risk 
1-7) and radiation dose (relative risk 5-9) 
were associared with significandy 
increased risk. This finding suggests that 
pubertal breast tissue is especially- 
sensitive to the carcinogenic effects oif 
ionising radiation. Others have reported 
an increased risk of breast cancer after 

-radiation therapy for Hodgkin's in this 
' age group.' However, the influence of 

well established risk factors &r breast 
cancer (eg, a family history) on the 
development of radiation-associated 
tumours have not been explored yet. 

We studied the role of genetic 
predisposition (as measured by' family 
history of cancer) in the development of 
breast cancer among the LESG cohort of 
survivors of Hodgkin's disease in 
childhood. Of 17 wwnen with breast 
cancer identified in this cohort,1 13 
probands (76%) or their surviving next of 
kin were available for constmcaon of 
pedigrees. The median age at diagnosis of 
Hodgkin's disease for these patients was 
13 years (range 7-15 years), and that for 
breast cancer was 34 years (range, 24-40 
years). 19 family members among the ISO 
first-degree and second-degree relatives 
(total follow-up of 9351 person-years) 
were reported to have had cancer. 
Observed and expected cases (with cancer 
incidence rates from the Surveillance, 
Epidemiology, and'' End Results 
Registry1), standardised incidence ratios 
(SIR), and 95% CI were calculated. 

OveraU, there was a significandy 
decreased risk of cancer among 
the family members (SIR 0-6, 95% 
CI, 0-4-0-9) (table). Breast cancer 
was reported in three family members 
(median age at diagnosis, 59-5 years; 
range 46-70 yean). There was no 
excess of breast cancer overall or in 
any of the subgroup of relatives examined. 

Thus in an expanded assessment of 
the 13 cases with breast cancer 
developing at a young age after treatment 
for Hodgkin's disease, we did not find 
any evidence of familial aggregation of 
cancer (breast or otherwise) among 
family members. However, the influence 
of other well established risk factors for 
the development of breast cancer, and 
biomarkers of generic susceptibility 
(mucarions in candidate genes), need to 
be explored in future studies, in order :o 
identify high-risk populations. 
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Stress, bottlefeeding, 
and diabetes 
SIR—David J Petritt and colleagues (July 
19, p 166)1 report a two-fold higher rate 
of type 2 diabetes in botdefed Pima 
Indians. Their interpretation of this 
important observation, based on a 
nutritional thrifty hypothesis, is 
debatable. A limitation of the thrifty 
hypothesis is that it addresses only 
ovemumtion and physical inactivity as 
contributing factors, and overlooks 
stress associated with urbanisation, as an 
important secular change. Although type 
2 diabetes has been proposed as a 
civilization disease,2 or one of the stress 
disorders,' the role of stress in the 
pathogenesis of type 2 diabetes has been 
hard to prove. 

Studies in non-human primates by 
Harry Hariow* and others have shown 
that early mother-child separation or 
lack of contact comfort from the mother 
in early infanchood are among the most 
potent Stressors to infants, contributing 
to abnormal behaviour, immune 
dysfunction, and raised concentrations 
of cortisol, which may have longiasring 
consequences later in life. The mother- 
child bond formed by breastfeeding has 
a positive effect on a child's physical and 
emotional development and health.' So, 
an alternative emanation for Pectin and 

co-workers' observation of a link 
between bottlefeeding and type 2 
diabetes could be that bortiefeeding may 
not involve the type of dose contact with 
the mother that is associated with 
breastfeeding. This difference could be a 
psychological Stressor superimposed on 
to other generic and environmental risk 
factors for diabetes in the Pirna Indians 
at this susceptible time of life. 
Bottlefeeding may lack not only a satiety 
signal, but also die kind of intimate 
interaction between anther and child 
provided uniquely by breastfeeding. 

It would also be interesting to 
compare the life stress events for Pima 
mothers during pregnancy and 
postpartum ia the two feeding groups, 
and to identify underlying causes of 
boctiefeeding, since psychological stress 
can affect lactation. Bottlefeeding is 
often chosen because of lack of milk 
production, lack of interest in 
breastfeeding, fitde time or energy for 
breastfeeding at home or work, physical 
or mental illnesses, or absence of the 
mother. All these factors may be 
associated with psychological stress for 
both mother and infam 

If bottlefeeding is a marker of 
psychological stress for the mother and 
child, the mysterious links between type 
1 diabetes and cow's milk, as well as 
between type 2 diabetes and botde- 
feeding, might be partly explained by a 
cascade of stress-activated hypo- 
thalarnic-pituitary-adrenal-axis events.5 

For an individual or ethnic group with 
generic defects involving the processes of 
insulin secretion or truiilm action, an 
additional Stressor, such as bottlefeeding 
in the neonatal period, could 
hypotherically trigger me pathogenesis of 
diabetes, by alterations in the immune 
system targeted on ß-cell destruction (in 
type 1 diabetes) or in glucose 
metabolism, tmnliri secretion, or insulin 
sensitivity (in type 2 diabetes). 

*Ze Huang, Victoria Cabanela. 
Timothy Howell 
Ceoartmem of Aging and Metaeolic Clseases. 

Wisconsin Regional Primate Researcn Caiier. Section 
of Geriatrics and Gerontology. 

Deoartmem of Medicine. Decartmeru of Psyc.-iiativ, 
University of Wisconsin a Maotson: and -Macison 

Geriatrie Research Education and «meat Canter. 

William S Middleton Memorial Veterans Hoscital. 
Maoidson. Wl S37C5. USA 

E-mati: zenuang@primate.wise.edu 

1 Perritt DJ, Fonnan MR, Hanson RL, 
Knowler WC, Bennett PH. Breastfeeding and 
incidence of non-insuun-dependent diabetes 
meilirus in Pirna Indians. Lsrut 1997; 350: 
166-63. 

2 Bjömtorp P. Endocrine abnormalities of 
obesity. MmöoSm 1995; 44 (suppt 3): 
21-23. 

3 Scacaids CA, Chrousos G?. 
Neuroendocrinoiogy and cachophysioiogy of 
the stress system. Am NYAeaiSa 1995; 
771: 1-18. 

4 Hariow HF. Tas nature of love. Am ?r:chai 
1953; 13: 673-35. 

5 White 31- The Srst ihres yean af'iis, .-.e-.v 
and re-; edn. New Yors: Simon i Schuster. 
1993: 2o-^55, 301-3-*. 

Vol 350 • September 20, 1997 



Recommendations for Screening 

Survivors of Childhood Hodgkin's Disease 

for Breast Cancer 

Smita Bhatia, M.D., M.P.H. 

"/ Melissa M. Hudson, M.D. 

Anna T. Meadows, M.D. 

Leslie L Robison, Ph.D. 

S. Bhatia (Division of Pediatrics), City of Hope National Medical Center, Duarte, 

California; M. Hudson (Department of Pediatric Hematology-Oncology), St. Jude 

Children's Research Hospital, Memphis, Tennessee; A. Meadows (Division of Pediatric 

Oncology), Children's Hospital of Philadelphia, Philadelphia, Pennsylvania; L. Robison 

(Division of Pediatric Epidemiology and Clinical Research), University of Minnesota, 

Minneapolis, Minnesota. 

Address reprint requests to: Smita Bhatia, Division of Pediatric Hematology-Oncology, 

City of Hope National Medical Center, 1500 E. Duarte Road, Duarte, CA 91010-3000; 

Phone no. 626-301-8426; Fax no. 626-301-8978; email: sbhatia@smtplink.coh.org 



ABSTRACT 

There has been a marked improvement in survival following Hodgkin's disease in 

childhood, with five-year survival rates now approaching 90%. With this improvement in 

survival, increasing attention is being focused on long-term sequelae, including second 

neoplasms. Women with Hodgkin's disease who receive mantle irradiation have been 

observed to be at an increased risk of breast cancer. Results from several studies show 

that 10 or more years after radiation, the overall breast cancer risk is increased 

approximately four-fold and can be as high as 75-fold in girls exposed to radiation at 

puberty, thus indicating that the risk of breast cancer after irradiation for Hodgkin's 

disease is influenced by the age at radiation exposure, with the highest risk seen 

among women irradiated at puberty. Since the increased risk of breast cancer may 

persist for decades after irradiation, survivors of childhood Hodgkin's disease should be 

monitored carefully throughout their lives. We recommend a baseline mammogram at 

25 years of age, repeated every three years until the age of 40, and then annually. For 

patients with an increased risk of breast cancer due to other risk factors (family history 

of breast cancer, younger age at menarche, nulliparity or older age at first live birth), we 

recommend annual mammograms, beginning at age 25 years. Self-breast examination 

every month and clinical breast examination every six months, beginning at age 15 

years (or later for those diagnosed and treated after 15 years of age), are also 

recommended. 



Hodgkin's disease is the fourth most common neoplasm in children less than 20 

years of age, with an annual incidence of 1.2 per 100.000.1 Over the last three 

decades there has been a marked improvement in survival, with five-year rates now 

approaching 90%. • Because, of this improvement in survival, long-term sequelae of 

Hodgkin's disease and its treatment such as second neoplasms are now being 

/ 4-1? 
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Women with Hodgkin's disease who receive mantle irradiation are at an 

increased risk of breast cancer.13,14,15 Results from several registries show that 10 or 

more years after radiation, the overall breast cancer risk is increased approximately 

four-fold,16"25 and can be as high as 33- to 75-fold, in girls exposed to radiation at 

puberty. The risk" of developing breast cancer remains elevated through the entire 

follow-up period.13 Moreover, follow-up of a cohort of female Hodgkin's disease 

survivors diagnosed and treated for Hodgkin's disease before 16 years of age, showed 

that the actuarial estimated cumulative probability of developing breast cancer 

approached 35+9% at 40 years of age (Figure 2).13 Table 1 shows the risk of breast 

cancer as a second neoplasm following Hodgkin's disease, according to age at 

diagnosis of Hodgkin's disease, and latency from treatment for Hodgkin's disease.6,13,16" 

27 



The high risk of breast cancer in women exposed to radiation for the treatment of 

Hodgkin's disease during adolescence raises important issues about cooperative efforts 

among institutions to mount prospective screening programs including breast physical 

examination, sonography, mammography or quantitative magnetic resonance imaging 

for these patients. 

Although breast cancer is a heterogeneous disease, with a wide range of growth 

patterns, most breast cancer has a long preclinical phase. The median doubling time for 

breast cancer may be 100 to 200 days,28,29 and the preclinical lead time gained by 

screening is two to four years compared to clinical detection. " Moreover, treatment of 

early stage disease is more effective than treatment of late-stage disease. There is 

convincing and unequivocal evidence that breast cancer screening with mammography 

reduces the breast cancer mortality rate for screened compared to control-group 

women by approximately one third.33 The most conservative recommendation for 

average risk women is annual or biannual screening mammography for ages 50 to 6934, 

or perhaps ages '50 to 7432. The American Cancer Society (ACS) and the National 

Cancer Institute (NCI) now recommend regular mammograms for average-risk women 

in their 40s, although the recommended intervals differ (yearly for the ACS and every 1 

or 2 years for the NCI).35'36 

When screening mammography is performed in asymptomatic average-risk 

women younger than 35 years old, it is reported to be of little value.37,38 These findings 

are not surprising if one considers the low prevalence of breast cancer in women less 

than 35 years old and the possibly diminished sensitivity of mammography in these 



women (increased density of glandular breast tissue in younger women).39 However, it 

seems that early-onset breast cancers are readily evident on mammography. Meyer et 

al reported 28 out of 31 (90%) cancers in women younger than 35 were visible on 

mammography.40 Morrow reported that 34 of 42 (81%) cancers in women aged 40 

years and younger had mammographic abnormalities.41 Yahalom et al reported 

mammographic abnormalities in 81% of the patients diagnosed with secondary breast 

cancer diagnosed at a median age of 27 years.26 Dershaw et al identified a 

subpopulation of 27 women with 29 breast carcinomas who had previously undergone 

treatment for Hodgkin's disease and for whom mammograms were available.42 Nine 

patients were younger than 40 years at diagnosis of breast cancer. Mammography 

demonstrated 26 of the 29 cancers (90%); 11 of the 29 cancers (38%) were detected 

only with mammography. 

If the prevalence of breast cancer is higher, as in high risk populations, then. 

screening at a young age may be justified. Mammographic screening for breast cancer 

beginning at age 25 has been advocated for women from families with multiple first- 

degree relatives affected with breast cancer, particularly when the disease had been 

diagnosed premenopausally and was bilateral.43 Recommendations for breast cancer 

surveillance for carriers of BRCA1 and BRCA2 mutations include monthly breast self- 

examination beginning early in adult life (e.g. by age 18-21 years), annual or 

semiannual clinician examination beginning at age 25 to 35 years, and annual 

mammography, beginning at age 25 to 35 years. 



A prospective program of breast physical examination with screening 

mammography conducted within large institutional settings will help define rational 

screening recommendations for patients with Hodgkin's disease, who are at an 

increased risk for secondary breast cancer. The issues that need to be addressed 

include the following: 

i) defining a high risk population 

ii) minimum age to initiate screening, and frequency of screening 

iii) evaluation of sensitivity, specificity and predictive value for screening in 

younger women'. 

i) DEFINING A HIGH RISK POPULATION 

Review of reports from the literature identify three important risk factors for the 

development of secondary breast cancer following treatment for Hodgkin's disease: 

a) irradiation; b) age at irradiation; and c) genetic predisposition. 

a) Irradiation 

A dose-dependent relationship between irradiation and risk of subsequent breast 

cancer has been reported frequently. Results of the Late Effects Study Group13 showed 

that 16 of the 17 patients had developed breast cancer within or at the margin of the 

radiation field. Moreover, patients with breast cancer received a higher dose of radiation 

to the mantle (median 4000 cGy) as compared to those who did not develop breast 

cancer (median 2000 cGy, p=0.05). Multivariate analysis revealed radiation to be 

associated with an increased risk in a dose-dependent fashion (as compared with a 



radiation dose of < 2000 cGy, the relative risk for a dose between 2000 and 4000 cGy 

was 5.9 [95% CI, 1.2 to 30.3], and the relative risk for a dose exceeding 4000 cGy was 

23.7 [95% CI, 3.7 to 152.3]. Twenty-three of the 25 breast cancers, in the Hancock 

study15 developed in patients who had received > 4000 cGy to the mantle region 

(SIR=4.3, 95% CI, 2.6 to 6.1);.One patient had received 3000-3900 cGy, and one had 

not received any radiation. Thus a higher dose of radiation to the mantle region was 

associated with an increased risk of secondary breast cancer. 

b) Age at diagnosis and treatment of Hodakin's Disease 

Table 1 summarizes the reports in the literature on risk of secondary breast 

cancer by age and latency. Multivariate analysis of the LESG Hodgkin's disease 

cohort13 showed that age between 10 and 16 years (as compared to. less than 10 

years) at diagnosis of Hodgkin's disease was independently associated with an 

increased risk of developing secondary breast cancer (RR=1.9; 95% CI, 1.1 to 3.2). 

Hancock's study15 showed age at irradiation strongly influenced risk (22 of the 25 

breast cancers developed in patients who were less than 30 years of age at diagnosis 

of Hodgkin's disease): RR was 136 for women treated before 15 years of age, declined 

with age at irradiation, but the elevation remained statistically significant for subjects 

less than 30 years old at the time of irradiation (for those 15-24 years, RR=19; for those 

24-29 years, RR=7). In women above 30 years of age, the risk was not elevated 

(RR=0.7). 

Using the results of these two studies, it would seem that the risk for developing 

secondary breast cancer is increased for patients diagnosed and treated for Hodgkin's 



disease between 10 and 30 years of age, and is greatest for patients in the second 

decade at diagnosis and treatment of Hodgkin's disease. 

c) Genetic predisposition 

Primary breast cancer has been attributed to a genetic predisposition associated 

with the BRCA1 and BRCA2 genes in 5% to 10% of patients. In addition to these two 

genetic loci, other germ-line mutations may confer some susceptibility to radiation- 

associated breast cancer. These mutations include the tumor-suppressor gene p53 and 

the ataxia telangiectasia (AT) gene. In vitro data indicate that the p53 tumor-suppressor 

gene is an important participant in the cellular response to ionizing radiation. Cells 

lacking in p53 are unable to arrest the cell cycle to repair DNA damage or enter into 

apoptotic cell death following irradiation.45 Heterozygotes for the AT gene are five times 

more likely to develop breast cancer than are non-carriers. People with this genetic 

background appear to be particularly sensitive to the effects of ionizing radiation.46 In a 

study to evaluate the role of genetic predisposition (as measured by family history of 

cancer) in the development of breast cancer among the LESG cohort of survivors of 

Hodgkin's disease in childhood,13 the authors failed to demonstrate any evidence of 

familial aggregation of cancer (breast or otherwise) among family members.47 The role 

of genetic predispostion, and its interaction with radiation, and other risk factors in the 

development of breast cancer after Hodgkin's disease is unclear and needs to be 

explored further. 



ii) MINIMUM AGE TO INITIATE SCREENING AND FREQUENCY OF SCREENING 

a) Routine self breast examinations /clinical breast examinations 

Breast self-exams and clinical breast exams are probably equally important as 

mammography in this population, but neither has been properly evaluated. There is 

indirect evidence from the HIP study (Health Insurance Plan of Greater New York) in 

favor of a benefit from clinical breast exam, by skilled examiners, especially in women 

aged 40 to 49.48The American Cancer Society recommends clinical breast examination 

(every three years for women between the ages of 20 and 40 and then annually) and 

breast self-examination (monthly, beginning at age 20). 

In the absence of additional data, screening guidelines to perform monthly breast 

self-exams beginning at age 15 or at end of therapy for Hodgkin's disease (if age at 

diagnosis is greater than 15 years) are appropriate. In this high-risk population it is 

critical that patients be properly instructed, with confidence in and accuracy of breast 

self-examination increasing with training. A clinical breast exam should be performed by 

a physician or other health care professional on a regular basis (at least twice per year), 

beginning with each follow-up visit at age 15 years or, for patients older than 15 years 

at diagnosis of Hodgkin's disease, beginning as soon as they finish therapy. 

b) Mammooraphv 

We recommend that survivors of childhood Hodgkin's disease treated with 

thoracic irradiation have their first mammogram at 25 years of age. This is based on 

prior studies that have shown that the pubertal breast tissue (10 to 16 years of age) is 



especially sensitive to the carcinogenic effects of ionizing radiation, with excess cancers 

13 16-77 50 
typically developing after a latent period of 10 or more years. •^'•oyj Moreover, 

secondary breast cancers were detected at a median age of 28 to 32 years, for patients 

diagnosed and treated for their primary Hodgkin's disease in puberty.13,27 We 

recommend screening mammograms every 3 years after the baseline mammogram 

(unless clinical findings or the presence of other known risk factors such as a mother, 

sister or daughter with breast cancer history, younger age at menarche, nulliparity or 

older age at first live birth, dictate a more frequent evaluation), and annual screening 

beginning at 40 years of age. Mammograms should be done at a consistent location 

when possible, with prior films for comparison. Individuals should be counseled that the 

risks and benefits of mammography before age 50 years are not established and that 

benefits for women aged 50 years and older are based on studies of average-risk 

women. 

The stated "risks" from mammography (i.e. false positive results, false negative 

results, anxiety, and a potential increased cancer risk associated with early and 

repeated radiation exposure) should be quantified and efforts made to minimize 

adverse consequences associated with the limitations of mammography. All of these 

problems have been reported to be more frequent in younger women: screening misses 

up to a quarter of cancers in younger women (compared with a tenth in older women), 

and the false positive rate is higher in younger women, leading to more benign 

biopsies, increased costs, and greater anxieties.51 Diagnostic radiation exposure has 

been estimated to account for fewer than  1% of all breast cancer cases, with 



mammography accounting for only 10% of diagnostic exposure. The risk of radiation- 

induced cancer may be regarded as an adverse side effect of mammography, but must 

be balanced against the likelihood of a cancer being present and detected, and hence 

the adverse effect of any such cancer remaining undetected if mammography is not 

performed. 

In a recent report, Joseph et al53 suggest that survivors of childhood cancer be 

screened for breast cancer with a clinical breast exam every six months, and yearly 

mammography, beginning 10 years after the diagnosis of childhood cancer. Van 

Leeuwen et al7 also strongly recommend breast palpation and yearly mammography 

beginning 10 years after the initial treatment of the primary cancer, as do Goss and 

Sierra54, who recommend initiating mammography eight years post-radiation. Our 

recommendations are to initiate monthly self-breast exam and biannual clinical breast 

exam at. age 15 years or after completion of treatment for Hodgkin's disease (for 

patients   diagnosed   with   Hodgkin's   disease   after  the   age   of   15).   Baseline 

mammography is' recommended for this group of survivors at age 25, with screening 

mammograms every three years after the first one, followed by annual mammography 

after age 40 years. Our recommendations appear to be slightly more conservative than 

the above authors,7,53   but are similar to those proposed by Kaste et al,27 who 

recommend initiation of screening mammography at age 25 years, repeated every 3 

years till age 40, followed by annual mammographic exams thereafter. They also 

recommend breast self-exam and annual clinical breast exam starting at puberty. 



These are, however, suggested guidelines, and the primary oncologists need to assess 

each survivor on an individual basis, when making the decisions. 

in) EVALUATION OF SENSITIVITY, SPECIFICITY, PREDICTIVE VALUE FOR SCREENING IN YOUNGER 

WOMEN. 

The ultimate goal of screening for a progressive disease is a reduction in 

mortality from that disease. The ideal way to assess the efficacy of screening is to 

conduct a randomized trial with cancer-specific mortality as the endpoint of interest. 

Unfortunately, an extended period of time may be required to observe any impact on 

mortality in this group of patients. Early indicators of the effectiveness of a screening 

test are the length of time the diagnosis is advanced by screening (lead time), and the 

sensitivity of the screening test. Using a model described by Straatman et al55, it is 

possible to simultaneously estimate the mean lead time and the sensitivity when only 

the number of cancers detected at the successive screenings and the number of 

cancers occurring'In the time interval between screening examinations are known. This 

model would be particularly useful in assessing the effect of screening when the 

underlying cancer incidence in the screened group (such as the survivors of Hodgkin's 

disease) is unknown. 

CONCLUSIONS 

There exists an increased risk of breast cancer among women treated with 

radiation to the chest for Hodgkin's disease in childhood, with the excess cancers 



typically developing after a latent period of 10 or more years. Since the increased risk of 

cancer may persist for decades after irradiation, survivors of childhood Hodgkin's 

disease should be monitored carefully throughout their lives. We recommend a baseline 

mammogram at 25 years of age, repeated every three years till the age of 40, and then 

annually. For patients with an increased risk of breast cancer due to other risk factors, 

we recommend annual mammograms, beginning at age 25 years. Self-breast 

examination every month and clinical breast examination every six months, beginning 

at age 15 years (or later for those diagnosed and treated after 15 years of age), are 

also recommended. 
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1KB LANCET 

Continuous 
hyperfractionated 
accelerated therapy in non- 
small-ceil lung cancer 

SIR—Michele Saunders and colleagues 
(July 19, p 161)' describe the treatment 
of inoperable non-small-cell lung cancer 
(NSCLQ irradiated with one of the 
most inventive radiation therapy 
regimens currendy under investigation. 
The design, data management, and 
results of this randomised trial are 
impressive and clearcut; it shows a 
significant increase in survival of patients 
irradiated with 54 Gy in 
the continuous hyperfractionated 
accelerated radiotherapy (CHART) 
group. 
s A major obstacle to tumour clearance 
in the treatment of NSCLC is local 
failure. Two different treatment 
strategies can be adopted to overcome 
this obstacle. The first is to reduce the 
overall treatment time of radiation 
therapy, assuming that repopulanon of 
tumour cells during therapy contributes 
significantly to treatment failures. 
CHART addresses rjjjs hypothesis, by 
reducing the overall treatment time from 
about 6 weeks to 12 days. The results 
indicate that repopulanon does indeed 
have a negative role in radiotherapy of 
human cancers. The second strategy is 
to increase the total dose to about 70 Gy 
either conventionally fractionated or 
with hyperfractionated radiotherapy. 
After 60 Gy, 2-year survival of 13-20% 
can be expected, which is supported by 
the results for the control group in the 
CHART trial.'"' Increasing die total dose 
to about 70 Gy can increase 2-year 
survival to 25^-29%,w which compares 
favourably with CHART. Perhaps an 
increase in the total dos'C with CHART 
might further improve the results. 
However, normal tissue tcodcity might 
limit a substantial increase in dose. 
54 Gy with CHART produced severe 
dysphagia and paraesthesia in the lower 
limbs, which did not occur in the control 
group. Such paraesthesia suggests a 
decreased radiation tolerance of the 
spinal cord if three fractions daily are 
given with mterfracrion time intervals of 
6-8 h. The spinal cord dose should 
probabiv be limited to 30-35 Gy in 
CHART. 

"Florian Würscamidt, 
Har&Pater Heilmann 
HermanrvHaithusen Institute fcrRaoiotrteracy, General 
Hosoital SC Georg, 0-2C099. Hamourg, Germany 

1 Saunders M, Dische S, Barrett A, Harvey A, 
Gibson D, Partner M. Continuous 
hypernacaooacerl accelerated radiotherapy 
(CHART) versus conventional radiotherapy 
in aon-ämall-ceü lung cancer: a randomised 
mulccenore trial. Loot 199"; 350:161-65. 

2 Cos JD, Azarrja N, 3yhardt RW, Shin KH, 
Eraarni S, Pajak TF. A Randomized phase 
LH trial ofhypersncrianaced radiation 
chsraov with total doses of 60*0 Gv to 79-2 

Gy: possible survival benefit with »69-6 Gy 
in favorable patients with Radiation Therapy 
Oncology Group stage HI notwmall-ceü lung 
carcinoma: report of Radiation Therapy 
Oncology Group 83-H. JCSn Oncol 1990; 3: 
1543-55. 

3 DiIlrnanRO,SeagreaSL,PropertKJ,«al.A 
randomized trial of induction chemotherapy 
plus high-dose raithrinn versus radiation 
alone in stage JR non-small ceQ hmg cancer. 
NEngtJMed 1990; 323:940-45. 

4 Wurschrnidt F, Buucmana H, Bünemann C, 
Bedc-Bomholdt H-P, Heumanxi H-P. 
Inoperable non-small cefl lung cancer: a 
retrospective analysis of 427 patients rrcnted 
with high-dose radiotherapy, la J Radial 
Oncol Bui Phys 1994; 28:583-38. 

; Chemotherapy for lung 
cancer 
SIR—la his July 19 commentary on die 
CHART trial Everett Voices' suggests 
that induction chemotherapy for stage 
HI non-small-cell lung cancer has been 
validated by two important randomised 
trials and a mem-analysis, and is 
currently standard therapy. 

One of the randomised trials cited 
showed an increased 5-year survival rate 
of 7% versus 17%^ me actual numbers 
of patients alive at 5 years were four 
in the radiotherapy arm and 12 in 
the combined treatment aim, which 
may be regarded as too few patients on 
which to base definitive conclusions. 
Interestingly, the disease-free survival at 
5 years was identical—ie, four patients in 
each category—and was subsequendy 
better in the radiotherapy arm, but there 
were fewer than four patients in each 
arm. Moreover, the response rate, 
though higher in the combined 
treatment arm, was not significandy 
different in the two arms of the study 
(p<0-092). So if there were a survival 
advantage with induction chemotherapy 
it must be unrelated to antitumour 
treatment. A reasonable interpretation is 
that the differences in outcome probably 
reflect biological differences in the 
disease or in the supportive measures 
used. 

The second randomised trial cited 
was larger and included some stage II 
cases. It also emphasised the importance 
of careful preselection criteria for these 
treatments.' Although a survival 
difference was detected, it was 2-4 
months rather than 4-1 months, as 
reported by Dillman and colleagues.2 In 
fact the difference in median survival 
between the hyperfractionated radiation 
therapy and combined treatment groups 
was only 1-5 months. In a 3-year foilow- 
up of the second study,' the differences 
between the groups decreased siighdy 
and the survival difference between 
hyperfrarionated radiation therapy and 
combined therapy was 1 %.' 

The meta-analysis suggests a benect 
for chemotherapy of early-stage surgical 
patients but no demonstrable advantage 

for stage m surgical patients.5 For 
surgery and radiotherapy in stage TTT 
cases an advantage was present. In all 
instances of benefit the effect was 
modest. We do not regard induction 
chemotherapy as the standard treatment 
for non-small-cell lung cancer sage IH, 
but as an option to be considered for 
carefully selected patients and those 
included in clinical trials. 

RoseJPapac, 
Section of Medical Oncology. Yale University School o< 
Medicine, New Haven. CT 06520. USA 

1 VokesEE. CHART for non-anatt-ceU lung 
finer—promises and limitations. Lancet 
1997;350:156-57. 

2 Dillman RO.HemdonJ.SeagrenSL, 
Eaton wX, Green MR. Improved survival in 
stage III non-small-cell lung cancer: seven- 
year follow-up of Cancer and leukemia 
Group-B (CALGB) trial J Nad Conor In* 
1996; S3:1210-15. 

3 Sause wT, Scott C, Taylor S, et aL Radiation 
Therapy Oncology Group (RTOG) 88-08 
and Eastern Cooperative Oncology Group 
(ECOG) 4588: preliminary results of a phase 
HI trial in regionally advanced, tmresecrable 
non-small-cell lung cancer. Jifad Cancer Ina 
1995; S7:198-205. 

4 SauseVr,ScorxC,TaylorS,JohnsonD, 
et aL RTOG 8808 ECOG 4588, preliminary 
analysis of a phase HI trial in regionally 
advanced unresectable non-small-cell lung 
mncrr wi&'nuniznum three yearioüow-up. 
Proceedings of the 37th Annual ASTRO 
meeting. IntJSaSat Oncol BioiPhys 1995; 32 
(suppll):95. 

5 Non-small Cdl Lung Cancer Collaborative 
Group. Chemotherapy in non-small-cell lung 
cancer: a meta-analysis using updated data on 
individual patients from 52 randomised 
dmical trials. BMJ 1995; 311:899-909. 

Family history of patients 
with breast cancer after 
treatment of Hodgkin's 
disease in childhood 

SIR—Sabine Kony and colleagues (July 
12, 91-95)' report that both generic 
factors and exposure to ionising radiation 
have independent effects on the risk of 
second malignant neoplasms after a first 
cancer in childhood. Compared with 
patients who had no family history of 
early-onset cancer, those with one or 
more affected family members had a 4-7- 
fold increased risk of developing a second 
malignant neoplasm. The role of genetic 
predisposition in the development of a 
second malignant neoplasm has been 
explored by Strong and colleagues, who 
showed that pV.'. i-.-. ,ri».: nutation 
carriers among relatives of patients with 
soft tissue sarcomas are at increased risk 
for second malignant neoplasms.' 

In a recent study of the Late Effects 
Study Group (LESG),' we found an 
increased risk of breast cancer among 
female survivors of Hodgkin's disease 
diagnosed in childhood (standardised 
incidence ratio [SIR] 75-3), with the 
estimated        actuarial incidence 
approaching 35% by age 40. Age at time 
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Hlstnry of cancer In family members 

All relatives 19 
Relatives of prooands «13 years at dagmsis of HO 10 
Relatives of prcbands >13 years at (tiagwsis of HO 9 
Relatives of prooands <34 years at diagnosis of BC 13 
Relatives of prooands >34 years at diagnosis of SC 5 
First-degree relatives 3 
Maternal relatives 13 
Paternal relatives S 

Observed Expected SIR (95% Cl) 

30-9 0-5 (0-4-0-9) 

12-3 0-8 (0-4-1-4) 

ia-6 0-5 (0-2-0-9) 
12-7 1-0 (0-5-1-7) 

18-2 0-3 (0-1-0-6) 
5-3 0-5 (0-1-1-3) 

13-2 1-0 (0-5-1-6) 
17-1 0-4 (0-1-0-7) 

BObreast carcinoma. H0=Hodgta'n's dBase. 
Risk of cancer In relatives of patients (in LE56 cohort*) with secondary breast cancer 
according to age of proband and relationship to proband 

of radiation (10-16 years: relative risk 
1-7) and radiation dose (relative risk 5-9) 
were associated with sgnificandy 
increased risk. This finding suggests that 
pubenal breast tissue is especially 
sensitive to the carcinogenic effects of. 
ionising radiation. Others have reported 
an increased risk of breast cancer after 
radiation therapy for Hodgkin's in this 
age group.4 However, the influence of 

/well established risk factors &r breast 
cancer (eg, a family history) on the 
development of radiation-associated 
tumours have not been explored yet. 

We studied the role of genetic 
predisposition (as measured by family 
history of cancer) in the development of 
breast cancer among the LESG cohort of 
survivors of Hodgkin's disease in 
childhood. Of 17 vwmen with breast 
cancer identified in this cohort,1 13 

. probands (76%) or their surviving next of 
kin were available for construction of 
pedigrees. The median age at diagnosis of 
Hodgkin's disease for these patients was 
13 years (range 7-15 years), and that for 
breast cancer was 34 years (range, 24-40 
years). 19 family members among the 180 
first-degree and second-degree relatives 
(total follow-up of 9351 person-years) 
were reported to have had cancer. 
Observed and expected cases (with cancer 
incidence rates from the Surveillance, 
Epidemiology, and End Results 
Registry1), standardised incidence ratios 
(SIR), and 95% a were calculated. 

Overall,   there   was  a  significantly 
decreased    risk    of   cancer   among 
the family members (SIR 0-6,  95% 
CI,   0-4-0-9)   (table).   Breast  cancer 
was reported in three family members 
(median age at diagnosis, 59-5 years; 
range   46-70  years).  There was  no 
excess of breast cancer overall or in 
any of the subgroup of relatives examined. 

Thus in an expanded assessment of 
the    13    cases   with   breast   cancer 
developing at a young age after treatment 
for Hodgkin's disease, we did not find 
any evidence of familial aggregation of 
cancer  (breast or otherwise) among 
family members. However, the influence 
of other well established risk factors for 
the development of breast cancer, and 
biomarkers   of genetic  susceptibility 
(mutations in candidate genes), need to 
be explored in future studies, in order to 
identify high-risk populations. 
Supported in part by the Department of the Army 
Grant No DAMD17-96-1-6106. 

»STT/TS Btiatia, Anns T Meadows, 
Leslie L Robison. for t/ie members of the 
Late Effects Study Group 
•CSy of Hope National Medical Center. Ouarte.CA 

91010. USA; Children's Hospital of Philadelphia. PA; and 
Urivostty of Minnesota, Minneapolis. MN 

1 Kony SJ, Vathairc F, Chompiet A, et aL 
Radiation and genetic factors in tne risk of 
second malignant neoplasm* after a first 
cancer in chüdhcocL Lanca 1997; 350:91-95. 

2 Smn^I^WiffiarnsWR,Taimk!rMA.The 
Ij-fiaiimrm Syndrome: from rfinirnl 
epidemiology to molecular granirs. 
JmJEpidowl 1992; 135:190-99. 

3 Bharia S, Robison IX, OberJmO, et aL Breast 
cancer and other second neoplasms after 
childhood Hodgkin's disease. .VStj/J Mtd 
1996; 334:745-51. 

4 Travis LB, Curds RE, BoiceJD. Late effects 
of treatment for childhood Hodgjdn's disease. 
NBiglJMtti 1996; 335:352-53. 

5 MSIer BA, Ries LAG, Hankey BF, et ai, eds. 
SEER Cancer Starisrics Review: 1973-1990. 
Bethesda (MO): National Institutes of Health, 
National Cancer Insrimte; December, 1993. 
PunBcarionNo: NJH-NCI-93-27S9. 

Stress, bottlefeeding, 
and diabetes 
Sm—David J Pettitt and colleagues (July 
19, p 166)' report a two-fold higher rate 
of type 2 diabetes in botdefed Pima 
Indians. Their interpretation of this 
important observation, based on a 
nutritional thrifty hypothesis, is 
debatable. A limitation of the thrifty 
hypothesis fa that it addresses only 
ovemutrition and physical inactivity as 
contributing factors, and overlooks 
stress associated with urbanisation, as an 
important secular change. Although type 
2 diabetes has been proposed as a 
civilization disease,2 or one of the stress 
disorders,1 the role of stress in the 
pathogenesis of type 2 diabetes has been 
hard to prove. 

Studies in non-human primates by 
Harry Harlow* and others have shown 
that early mother-child separation or 
lack of contact comfort from the mother 
in early infanrhood are among the most 
potent Stressors to infants, contributing 
to abnormal behaviour, immune 
dysfunction, and raised concentrations 
of cortisol, which may have longlasring 
consequences later in life. Tne mother- 
child bond formed by breastfeeding has 
a positive effect on a child's physical and 
emotional development and health.' So, 
an alternative txolanarion for Pettitt and 

co-workers' observation of a link 
between bottlefeeding and type 2 
diabetes could be that bottlefeeding may 
not involve the type of dose contact with 
the mother that is associated with 
breastfeeding. This difference could be a 
psychological Stressor superimposed on 
to other genetic and ernriromnental risk 
factors for diabetes in the Pima Indians 
at this susceptible rime of life. 
Bottlefeeding may lack not only a satiety 
signal, but also the kind of intimate 
interacriaa between mother and child 
provided uniquely by breastfeeding. 

It would also be interesting to 
compare the Efe stress events for Pima 
mothers during pregnancy and 
postpartum in the two feeding groups, 
and to identify underlying causes of 
bottlefeeding, since psychological stress 
can affect lactation. Botdefeeding is 
often chosen because of lack of milk 
production, lack of interest in 
breastfeeding, little time or energy for 
breastfeeding at home or work, physical 
or mental illnesses, or absence of the 
mother. All these factors may be 
associated with psychological stress for 
both mother and infant, 

If bottlefeeding is a marker of 
psychological stress for the mother and 
child, the mysterious links between type 
1 diabetes and cow's rnflk, as well as 
between type 2 diabetes and bottle- 
feeding, might be partly explained by a 
cascade of stress-activated hypo- 
thalamic-pituitary-adrenal-axis events.3 

For an individual or ethnic group with 
genetic defects involving the processes of 
insulin secretion or nwiiBn action, an 
additional Stressor, such as bottlefeedins 
-        i_ in    the     neonatal    period,     could 
hypothetically trigger the pathogenesis of 
diabetes, by alterations in the immune 
system targeted on ß-cell destruction (in 
type    1    diabetes)   or   in   glucose 
metabolism, mqili^ secretion, or ininlin 
sensitivity (in type 2 diabetes). 

*Ze Huang, Victoria Cabanela. 
Timothy Howell 
Department of Aging and Metacalfc Oseases. 

Wisconsin Regional Primate Research Canter. Section 
of Geriatrics and Gerontology. 

Ofloartment of Medicine. Department of Psyeiiiatry, 
University of Wisconsin at Madsorc and 'Madison 

Geriatric Research Education and Clinical Center. 
William S MidOleton Memorial Veterans Hosoital. 
Madldsan, Wl 53705. USA 

E-mail: zenuang@priiri3te.wts&edu 

1 Pettitt DJ, Forman MR, Hanson RL, 
Knowler WC, Bennett PH. Breastfeeding and 
incidence of non-insulin-dependent diabetes 
mellitus in Pima Indians, lasen 199"; 350: 
166-53. 

2 Bjömtorp P. Endocrine abnormalities of 
obesity. Maaho&m 1995; 44 (supol 3): 
21-23. 

3 Stratalds CA, Chrousos GP. 
Neuroendocrinology and pathophysioiogy of 
the stress system. Am iV YAadSci 1995; 
771: 1-13. 

4 Harlow HF. The nature of love. Am Pncrxi 
1953; 13: 673-35. 

5 White 3I_ The äst three years of'ifs, new 
and rev edn. Ne-.v Yoric Simon & Schuster. 
1993: 264-65,30 \-CA. 

Vol 350 • September 20, 1997 SS9 



FF Principal Investigator/Program Director: 

BIOGRAPHICAL SKETCH 

Provide the following information for the key personnel in the order listed on Form Page 2. 
Photocopy this page or follow this format for each person. 

NAME 

Smita Bhatia, M.D., M.P.H. 

POSITION TITLE 

Staff Physician, City of Hope National Medical Center 

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.) 

INSTITUTION AND LOCATION 
DEGREE 

(if applicable) YEAR(s) FIELD OF STUDY 

All India Institute of Medical Sciences, New Delhi, India MBBS 1984 Medicine 

All India Institute of Medical Sciences, New Delhi, India MD 1987 Pediatrics 

University of Minnesota, Minneapolis, Minnesota 1991 Blood Banking and 
Immunohematology 

University of Minnesota, Minneapolis, Minnesota 

University of Minnesota, Minneapolis, Minnesota 

MPH 1994 

1995 

Epidemiology 

Pediatric Hematology/ 
Oncology/BMT 

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronological order, previous employment, experience, and 
honors. Include present membership on any Federal Government public advisory committee. List, in chronological order, the titles, all authors, and 
complete references to all publications during the past three years and to representative earlier publications pertinent to this application. If the list of 
publications in the last three years exceeds two pages, select the most pertinent publications. DO NOT EXCEED TWO PAGES. 

Employment and Professional Experience 
Jan 1984-Dec 1984 
Jan 1985-Dec 1987 
Jan 1988-May 1989 
Nov 1989 -March 1990 
April 1990-June 1991 
July 1991-June 1995 
July 1995-August 1996 
September 1996 - Present 

Honors and Awards 
1983   MBBS 
1987   MD (Pediatrics) 
1992 
1993 
1995 
1996 

Internship -All India Institute of Medical Sciences, New Delhi 
Junior Resident, Pediatrics - All India Institute of Medical Sciences, New Delhi 
Senior Resident, Pediatrics - All India Institute of Medical Sciences, New Delhi 
Research Associate, Blood Bank - University of Minnesota 
Fellow, Div of Blood Banking, Dept of Lab Medicine & Pathology - University of Minnesota 
Fellow, Pediatric Hematology/Oncology and BMT - University of Minnesota 
Post Doctoral Fellow - University of Minnesota 
Staff Physician, City of Hope National Medical Center 

Second Position (Internal Medicine) 
First Position in Final Examination 
Fellow Teacher of the Year, University of Minnesota 
Fellow Teacher of the Year, University of Minnesota 
Brigid Leventhal Merit Award (American Society of Clinical Oncology) 
Young Investigator Award - American Society of Clinical Oncology 

Publications 
1. Louie A, Forman SJ, Robison LL, Bhatia S. Validation of self-reported complications following Bone Marrow 

Transplantation. (Bone Marrow Transplant, in press, 2000) 
2. Bhatia S, Estrada-Bates L, Maryon L, Bogue M, Chu D. Second Primary Tumors in Patients with Cutaneous Malignant 

Melanoma. (Cancer, 1999;86:2014-2020). 
3. Landier W, Bhatia S. Late Effects following Childhood Cancer. (Indian Pediatrics, 1999;36:975-80). 
4. Krishnan A, Bhatia S, et al. Predictors of Therapy-Related Leukemia and Myelodysplasia following Autologous 

Transplantation for Lymphoma: an Assessment of Risk Factors (Blood, 2000;95:1588-1593). 
5. Bhatia S, Pratt C, Robison LL. Genetic Epidemiology of Colorectal Cancer in Young. (Med Ped Oncol, 1999:33(5):470-5). 
6. Bhatia S, Robison LL. Epidemiology of Leukemia and Lymphoma. {Current Opin ofHematol, 1999; 6(4):201-204). 
7. Bhatia S, Meadows AT, Robison LL. Second cancers after pediatric hodgkin's disease. (J din Oncol 1998;16:2570-1). 
8. Bhatia S, Davies SM, Robison LL. Therapy-Related Leukemias. (Chapter for "Multiple Cancers" eds. Neugut, 

Meadows, 1998) 
9. Bhatia S, Ross J, Greaves M, Robison LL: Epidemiology and Etiology of Childhood Leukemias. (Chapter for 

"Childhood Leukemias" ed. Pui). 
10. Bhatia S, Ramsay NKC, Griffith, Robison LL: Bone Mineralization Following Bone Marrow Transplantation forMyeloid 

Malignancies. (Bone Marrow Transplantation, 1998;22:87-90). 

PHS 398 (Rev. 5/95) (Form Page 6) Page. 
Number pages consecutively at the bottom throughout the application. Do not use suffixes such as 3a, 3b. 

FF 



* FF Principal Investigator/Program Director: 

_' 11. Wen W-Q, Shu X-O, Sellers T, Bhatia S, Lampkin B, Robison LL. Family history of cancer and autoimmune disease 
and risk of leukemia in infancy: A report from the Childrens Cancer Group. (Cancer Causes and Control, 1998;9:161-71). 

* 12. Priest JR, McDermott MB, Bhatia S, Waaterson J, Manivel JC, Dehner LP. Pleuropulmonary Blastoma: 
Clinicopathologic Study of 50 Cases (Cancer 80(1):147-161,1997). 

13. Bhatia S, Meadows AT, Robison LL. Family history of patients with breast cancer after treatment of Hodgkin's disease 
in childhood (Lancet 350:888-889,1997). 

14. Bhatia S, Nesbit ME, Robison LL. Epidemiologie study of Langerhans cell histiocytosis in childhood (Journal of 
Pediatrics 130:774-784,1996). 

15. Bhatia S, Ramsay NKC, Steinbuch M, Shapiro R, Weisdorf D, Robison LL, Miller J, Neglia J. Malignant neoplasms 
following bone marrow transplantation (Blood, 87:3633-3639, 1996). 

16. Bhatia S, Robison LL, Oberlin O, Greenberg M, Bunin G, Fossati-Bellani F, Meadows AT. Breast cancer and other 
second neoplasms after Hodgkin's disease in childhood. (The New England Journal of Medicine, 334:745-751,1996). 

17. Bhatia S, Mertens A, Ramsay NKC, Robison LL. Thyroid disease in Hodgkin's disease survivors in childhood. (The 
Oncologist, 1:62-67,1996). 

18. Hamre M, Bhatia S, Robison LL. Langerhans, cell histiocytosis: An exploratory epidemiological study of 177 cases. 
(Medical and Pediatric Oncology, 29:1113-1116,1992). 

19. Bhatia S, Neglia JP. Epidemiology of Childhood Acute Myeloid Leukemia. (American Journal of Pediatric Hematology 
Oncology, 17(2):94-100, 1995). 

20. Bhatia S, McCullough JJ, Perry EH, Clay M, Neglia JP. Efficacy of granulocyte transfusions in fungal infections 
following bone marrow transplantation. (Transfusion, 34:226-232,1994). 

21. Lasky LC, Bhatia S. Future applications of marrow progenitor growth. Sacher RA, McCarthy LK, Smit Siblinga CT, eds. 
Processing of Bone Marrow for Transplantation. Arlington, VA: American Association of Blood Banks, 1990. 

22. Bhatia S, Verma IC, Srivastava S. Congenital Heart Disease in Down Syndrome. An Echocardiographic Study (Indian 
Pediatrics, 29:1113-1116, 1992). 

23. Bhatia S, Verma IC, Srivastava S. Management of Heart Disease in Down Syndrome: Prevention and Management of 
Down Syndrome. Rani PU, Reddy PO, Sujatha M, eds. p 38-61. 

24. Bhatia S. A study of congenital heart disease in Down syndrome. Thesis submitted to the Faculty of the Ail India 
Institute of Medical Sciences, New Delhi in partial fulfillment of the requirements for the degree of Doctor of Medicine 
(Pediatrics), New Delhi, May 1987. 

Relevant Abstracts 

1. Bhatia S, Meadows AT, Robison LL. Breast Cancer following Hodgkin's Disease: Risk Factors and Interention. 
Presented at the Era of Hope Meeting, Atlanta, GA, 2000. 

2. Bhatia S, Sather HN, Robison LL. Low Risk of Second Neoplasms following Childhood ALL treated after 1983. Follow- 
up of the Children's Cancer Group Cohort. Presented at the Late Effects Meeting in Niagara-on-the Lake, June, 2000. 

3. Davies SM, Robison LL, Buckley J, Bhatia S, Radloff GA, Ross JA, Perentesis JP. GST polymorphisms in 1017 
children with acute leukemia:-A Children's Cancer Group (CCG) Study. (Presented at SIOP, Montreal, 1999). 

4. Bhatia S. Career Development for Young Investigators. (Presented at SIOP, Montreal, 1999). 
5. Bhatia S, Sather H, Robison LL. Survival by ethnicity in children with acute lymphoblastic leukemia: A Children's 

Cancer Group Study. (Presented at American Society of Clinical Oncology, Atlanta, 1999). 
6. Krishnan A, Bhatia S, Bhatia R, et al. Therapy-related leukemia following autologous BMT for lymphoma. Presented at 

the American Society of Hematology, Miami Beach, 1998. 
7. Bhatia S, Sather H, et al. Second Malignant Neoplasms following Acute Lymphoblastic Leukemia in Childhood: CCG 

experience. Presented at the American Society of Clinical Oncology, Los Angeles, May, 1998. 
8. Chu D, Maryon T, Bhatia S. Second Primary Cancers after Cutaneous Melanoma. Presented at the American Society 

of Clinical Oncology, Los Angeles, May, 1998. 
9. Bhatia S, Krishnan A, Niland J, Forman SJ. Second Malignant Neoplasms following Bone Marrow Transplantation: 

City of Hope Experience. Presented at the American Society of Hematology, San Diego, 1997. 
10. Bhatia S, Pratt CB, Robison LL. Family History of Cancer in Children and Adolescents with Colorectal Cancer. 

Presented at the American Society of Clinical Oncology, Denver, May, 1997 
11. Bhatia S, Ramsay NKC, Steinbuch M, et al. Subsequent Malignant Neoplasms Following Bone Marrow 

Transplantation. Presented at the American Society of Hematology, Seattle, December, 1995. 
12. Bhatia S, Nesbit ME, Robison LL. Epidemiological Study of Langerhan's Cell Histiocytosis. Presented at the 

Histiocytosis Society Meeting, Virginia, October, 1995. 
13. Bhatia S, Robison LL, et al. Second Malignant Neoplasms following Hodgkin's Disease in Childhood: Update of the 

LESG Study. Presented at the American Society of Clinical Oncology, Los Angeles, May, 1995. 
14. Bhatia S, Ramsay NKC, Robison LL. Thyroid disease in Hodgkin's Disease survivors. Abstract presented at the 3rd 

International Conference on Long-Term Complications in Treatment of Children and Adolescents for Cancer, 1994. 

PHS 398 (Rev. 5/95) (Form Page 6) Page  FF 
Number pages consecutively at the bottom throughout the application. Do not use suffixes such as 3a, 3b. 



*   FF Principal Investigator/Program Director: 

■ 15. Bhatia S, McCullough JJ, Perry EH, Clay M, Ramsay NKC, Neglia JP. Efficacy of Granulocyte Transfusions in Fungal 
Infections Following Bone Marrow Transplantation. Abstract presented at the American Society of Pediatric 
Hematology and Oncology, 1992. 

16. Bhatia S, Davies SM, Shapiro R, Smith CM. Efficacy of Alpha Interferon in Chronic Immune Thrombocytopenia of 
Childhood. Abstract presented at the North West Pediatric Society Meeting, 1992. 

PHS 398 (Rev. 5/95) (Form Page 6) Page  FF 
Number pages consecutively at the bottom throughout the application. Do not use suffixes such as 3a, 3b. 



The Career Development Award from the Department of Defense provided salary 
support for the investigator. 


