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A B S T R A C T

Purpose
To compare characteristics and outcomes of breast cancer in women with and without a history
of radiation therapy (RT) for Hodgkin’s lymphoma (HL).

Patients and Methods
Women with breast cancer diagnosed from 1980 to 2006 after RT for HL were identified from
eight North American hospitals and were matched three-to-one with patients with sporadic breast
cancer by age, race, and year of breast cancer diagnosis. Information on patient, tumor and
treatment characteristics, and clinical outcomes was abstracted from medical records.

Results
A total of 253 patients with breast cancer with a history of RT for HL were matched with 741
patients with sporadic breast cancer. Median time from HL to breast cancer diagnosis was 18
years. Median age at breast cancer diagnosis was 42 years. Breast cancer after RT for HL was
more likely to be detected by screening, was more likely to be diagnosed at an earlier stage, and
was more likely to be bilateral at diagnosis. HL survivors had an increased risk of metachronous
contralateral breast cancer (adjusted hazard ratio [HR], 4.3; 95% CI, 1.7 to 11.0) and death as a
result of any cause (adjusted HR, 1.9; 95% CI, 1.1 to 3.3). Breast cancer–specific mortality was
also elevated, but this difference was not statistically significant (adjusted HR, 1.6; 95% CI, 0.7
to 3.4).

Conclusion
In women with a history of RT for HL, breast cancer is diagnosed at an earlier stage, but these
women are at greater risk for bilateral disease and are more likely to die as a result of causes other
than breast cancer. Our findings support close follow-up for contralateral tumors in these patients
and ongoing primary care to manage comorbid conditions.

J Clin Oncol 29:2466-2473. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Scientific and clinical advances have brought dra-
matic improvements in the treatment and outcomes
of Hodgkin’s lymphoma (HL), with 10-year relative
survival now exceeding 80%.1 However, the radio-
therapy and chemotherapy regimens responsible for
these improvements are themselves carcinogenic.
Consequently, second malignancies are now the
leading cause of death in long-term HL survivors.2

Among female HL survivors, breast cancer is the
most commonly diagnosed solid tumor.3 For
women treated for HL before age 30 years, the risk of
developing breast cancer is six times greater than in
the general population, with an absolute excess risk
of 20 to 40 occurrences per 10,000 annually.4,5 Most

of this excess risk is attributed to irradiation of the
axillae and mediastinum in HL, with relative risks
varying by age at radiation, radiation dose, extent of
radiation field, and receipt of chemotherapy.3-10

Although the increased incidence of breast
cancer in HL survivors is well documented, less is
known about the characteristics, treatment, and
outcomes of these cancers. Most available informa-
tion is from relatively small, single-institution co-
horts and lacks comparison to sporadic breast
cancer controls.11,12 Because early breast cancer
screening is advocated in HL survivors, it could po-
tentially result in earlier detection and, therefore,
more favorable prognosis.13,14 Yet, because of their
often bilateral radiation exposure, women with a
history of radiation for HL may be at increased risk
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of synchronous or metachronous bilateral breast cancer,11,15 and they
may not be candidates for breast-conserving therapy.16 Many HL
survivors may also have received chemotherapy, at initial HL diagno-
sis or for HL recurrence, limiting their options for systemic adjuvant
therapy after a breast cancer diagnosis. Thus, local control, prevention
of metastases, and prevention of contralateral breast tumors are of
particular concern for women who develop breast cancer after radia-
tion for HL. The objectives of this study were to identify the unique
patient and breast tumor characteristics in women with a history of
radiation for HL and to compare clinical outcomes with those of
women with sporadic breast cancer.

PATIENTS AND METHODS

Study Cohort

Women with a history of radiation for HL who were diagnosed with
breast cancer between 1980 and 2006 were identified from eight medical
centers in North America. Patients were excluded from this cohort if their
medical records made no mention of supradiaphragmatic radiation as a com-
ponent of treatment for primary or recurrent HL.

Each patient in the HL survivor cohort was matched with three patients
with breast cancer diagnosed at the same institution who had no history of HL.
Patients with sporadic breast cancer, identified from an institutional registry or
breast cancer database at each site, were matched to the HL survivors by race,
year of breast cancer diagnosis, and age at breast cancer diagnosis. For HL
survivors with fewer than three exact matches, the criteria were relaxed to allow
matching within 2 years of breast cancer diagnosis and 2 years of age at breast
cancer diagnosis.

Patient and Disease Characteristics

We collected information about breast cancer characteristics and treat-
ment from each patient’s medical record. Family history was categorized as
breast cancer in a first-degree relative, no breast cancer in a first-degree relative,
or unknown. Menopausal status at breast cancer diagnosis was defined as
premenopausal, peri- or postmenopausal, or unknown. Breast cancer stage at
diagnosis was classified according to the American Joint Committee on Cancer
Staging Manual, sixth edition. Other tumor characteristics included laterality,
histology, hormone receptor status, human epidermal growth factor receptor
2 (HER2) status, and method of detection. We identified treatment modalities
for breast cancer, including radiation therapy, adjuvant chemotherapy, and
hormonal therapy, and type of surgery. For HL survivors, we also collected
information regarding stage and treatment of HL, including radiation dose
and field.

Breast Cancer Outcomes

From medical records, we identified local and regional failures, distant
recurrences, contralateral breast tumors, and deaths. Cause of death was cate-
gorized as breast cancer, other, or unknown. Any tumor found in the con-
tralateral breast more than 1 month after initial breast cancer diagnosis was
classified as a metachronous contralateral breast cancer.

Statistical Analysis

Associations between patient characteristics and cohort membership
(HL survivors v patients with sporadic breast cancer) were assessed by �2

statistics, accounting for the matched cohort design. We estimated time to
local or regional failure, metastatic failure, metachronous contralateral breast
cancer, breast cancer death, any breast cancer event, and death as a result of any
cause by using Kaplan-Meier survival estimation. The unadjusted impact of a
history of radiotherapy for HL on each end point was assessed by using a
competing risk framework, with death as a result of non–breast cancer causes
treated as a competing risk and with observations censored at last follow-up.
Cumulative incidence functions estimated in the competing-risk analysis were
compared using Gray’s test.17 We used multivariable Cox proportional haz-
ards regression to estimate the impact of a history of radiation for HL on the
risk of each outcome, controlling for patient, tumor, and treatment character-

istics. Women who had synchronous bilateral disease at diagnosis or prophy-
lactic contralateral mastectomy were excluded from analysis of metachronous
contralateral cancer. Patient race, age at breast cancer diagnosis, and year of
breast cancer diagnosis were not included as covariates, because the cohorts
were matched on these characteristics. Standard errors were adjusted for
matching by using a proportional hazards model stratified by matched groups,
a standard method for analysis of matched censored data.18

RESULTS

We identified 253 women with a history of radiotherapy for HL
diagnosed with breast cancer between 1980 and 2006. HL survivors
were matched with 741 women who had breast cancer and no
history of HL. Matching was complete for 94% of HL survivors;
others were matched with fewer than three patients with sporadic
breast cancer.

Table 1. Demographic and Clinical Characteristics of HL in Survivor Cohort

Characteristic

Patients

No. (N � 253) %

Year of HL diagnosis
Before 1980 136 54
1980-1989 97 38
� 1990 20 8

HL stage at diagnosis
I 38 15
II 155 61
III 27 11
IV 13 5
Unknown 20 8

“B” symptoms at diagnosis
No 158 62
Yes 63 25
Unknown 32 13

Lymph node involvement
Mediastinal hilar 164 65
Supraclavicular/infraclavicular 134 53
Cervical 126 50
Axillary 38 15
Abdominal 14 6
Pelvic 3 1
Other 34 13

Chemotherapy
No 156 62
Yes 88 35
Unknown 9 4

Radiation dose, Gy
Median 39
Range 10-50

Age at HL diagnosis, years
Median 23
Range 11-67

Age at BC diagnosis, years
Median 42
Range 24-84

Interval from HL to BC, years
Median 18
Range 1-42

Abbreviations: HL, Hodgkin’s lymphoma; BC, breast cancer.
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HL Characteristics and Treatment in Survivor Cohort

Median age at HL diagnosis was 23 years (range, 11 to 67 years),
and the median interval from HL to first breast cancer diagnosis was
18 years (range, 1 to 42 years; Table 1). Slightly more than half of the
cohort was diagnosed with HL before 1980, 38% were diagnosed in
1980 to 1989, and 8% were diagnosed in 1990 or later. A majority of
HL survivors were diagnosed with stage I or II HL, and 62% had no
“B” symptoms at diagnosis. The median cumulative radiation dose for
HL was 39 Gy (range, 10 to 50 Gy), and 90% of patients received more
than 30 Gy. Approximately one third of the cohort received chemo-
therapy for HL.

Breast Cancer Characteristics and Treatment: HL

Survivors and Patients With Sporadic Breast Cancer

Both cohorts had a median age of 42 years at breast cancer
diagnosis (range, 24 to 85 years), 94% were white and non-Hispanic,
and 58% were diagnosed with breast cancer before 2000. Compared
with patients who had sporadic breast cancer, HL survivors were more
likely to have breast cancer detected by screening mammography
(40% v 33%), were more likely to be diagnosed at an earlier stage (ie,
ductal carcinoma in situ or stage I; 61% v 42%), were less likely to have
axillary lymph node involvement (25% v 39%), and were more likely
to present with bilateral disease (6% v 2%; Table 2). HL survivors were
also less likely to be premenopausal at diagnosis (49% v 69%), perhaps

Table 2. BC Characteristics and Treatment in HL Survivors and Matched
Patients With Sporadic BC

Characteristic

HL
Survivors

Sporadic
BC

PNo. % No. %

Stage
0 43 17 92 12 � .001
I 112 44 222 30
II 61 24 201 27
III 28 11 116 16
IV 4 2 33 4
Unknown 5 2 77 10

No. of positive lymph nodes
0 147 58 384 52 � .001
1-3 37 15 163 22
4-9 17 7 73 10
� 10 7 3 50 7
Unknown 45 18 71 10

Laterality at diagnosis
Unilateral 234 92 717 97 � .01
Bilateral 14 6 15 2
Unknown 5 2 9 1

Histology
Ductal carcinoma in situ 43 17 92 12 NS
Invasive ductal carcinoma 179 71 558 75
Invasive lobular carcinoma 14 5 39 5
Other/unknown 17 7 52 7

Extensive intraductal component
No 125 49 348 47 NS
Yes 44 17 108 15
Unknown 84 33 285 38

Multifocal disease
No 115 45 358 48 NS
Yes 52 21 179 24
Unknown 87 34 204 28

Type of surgery
Lumpectomy 59 23 406 55 � .001
Unilateral mastectomy 120 47 212 29
Bilateral mastectomy 60 24 29 4
Other/no surgery/unknown 14 6 94 13

Surgical margins
Negative: � 3 mm 174 69 473 64 � .05
Close: 1-3 mm 32 13 74 10
Positive: � 1 mm 4 2 39 5
Unknown 43 17 155 21

Hormone receptor status
Negative 72 28 155 21 NS
Positive 112 44 374 50
Unknown 69 27 212 29

HER2 status
Negative 71 28 206 28 NS
Positive 21 8 95 13
Unknown 161 64 440 59

Location
Upper outer quadrant 108 43 254 34 � .001
Upper inner quadrant 26 10 54 7
Lower outer quadrant 10 4 63 9
Lower inner quadrant 10 4 29 4
Central 20 8 33 4
Multiple quadrants 16 6 109 15
Other/unknown 63 25 99 7

(continued in next column)

Table 2. BC Characteristics and Treatment in HL Survivors and Matched
Patients With Sporadic BC (continued)

Characteristic

HL
Survivors

Sporadic
BC

PNo. % No. %

Method of detection
Patient detected 103 41 404 55 � .01
Clinical exam 23 9 42 6
Screening mammogram 102 40 242 33
Other or unknown 25 10 53 7

Menopausal status
Premenopausal 124 49 508 69 � .001
Peri- or postmenopausal 91 36 188 25
Unknown 38 15 45 6

Family history of BC
None 173 68 545 74 � .001
First-degree relative 43 17 147 20
Unknown 37 15 49 7

Any chemotherapy�

Yes 119 47 447 60 � .001
No 113 45 260 35
Unknown 21 8 34 5

Any hormonal therapy�

Yes 89 35 348 47 � .01
No 125 49 309 42
Unknown 39 15 84 11

Any radiation therapy�

Yes 20 8 454 61 � .001
No 218 86 241 33
Unknown 15 6 46 6

Abbreviations: BC, breast cancer; HER2, human epidermal growth factor
receptor 2; HL, Hodgkin’s lymphoma; NS, not statistically significant.

�Chemotherapy, hormonal therapy, or radiation therapy for treatment of
breast cancer.
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as a result of early menopause associated with HL treatment. HL
survivors were less likely than women with sporadic breast cancer to
have a lumpectomy (23% v 55%), and they were less likely to receive
radiation as part of their breast cancer treatment (8% v 61%).

Breast Cancer Outcomes

Median follow-up after breast cancer diagnosis was 4.6 years for
HL survivors and was 5.2 years for the matched patients with sporadic
breast cancer. Breast cancer event–free survival (Fig 1A) and breast
cancer–specific survival (Fig 1B) were similar in the two groups. The
cumulative incidence functions for these events were not significantly
different between groups, although rates of the competing event—
nonbreast cancer death—were significantly higher in HL survivors
(Gray’s test P � .05). In adjusted analysis, rates of local/regional and
metastatic failure and breast cancer mortality were elevated, but these
differences were not statistically significant (Table 3).

HL survivors were more likely than patients with sporadic breast
cancer to develop a metachronous contralateral breast cancer (Fig

1C). The 5-year cumulative risk of metachronous contralateral cancer
was 18% in the HL survivor cohort and was 6% in the sporadic breast
cancer cohort. Controlling for patient and tumor characteristics and
breast cancer treatment, the rate of metachronous contralateral tu-
mors was more than four times greater in the HL survivors, compared
with the matched patients with sporadic breast cancer (adjusted haz-
ard ratio [HR], 4.3; 95% CI, 1.7 to 11.0; P � .01). In multivariable
analysis, only type of surgery and family history were also significantly
associated with metachronous contralateral breast cancer (Table 4).

Overall survival (Fig 1D) was poorer in HL survivors than in
patients with sporadic breast cancer. Controlling for patient and dis-
ease characteristics and breast cancer treatment, HL survivors had
almost twice the hazard of death as a result of any cause (adjusted HR,
1.9; 95% CI, 1.1 to 3.3; P � .05). Independent of HL history, the risk of
death as a result of any cause was greater in women with stage II or
more advanced disease, those with unknown lymph node status and
type of primary surgery, those with positive surgical margins, and
those who were peri- or postmenopausal at diagnosis (Table 4).
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Fig 1. Breast cancer (BC) outcomes in Hodgkin’s lymphoma (HL) survivors and matched patients with sporadic breast cancer. Plots depict the proportion of each
cohort (ie, patients with breast cancer [BC] who have a history of radiation for Hodgkin’s lymphoma[HL] and matched patients with sporadic BC) surviving free of (A)
any BC event, (B) death as a result of BC, (C) metachronous contralateral BC, and (D) death as a result of any cause. BC events include local/regional failure, metastatic
failure, metachronous contralateral cancer, and BC death.

Breast Cancer After Radiation for Hodgkin’s Lymphoma

www.jco.org © 2011 by American Society of Clinical Oncology 2469



Women with screen-detected breast cancers had almost half the risk of
death of women whose cancers were patient- or clinician-detected as a
result of symptoms (adjusted HR, 0.5; 95% CI, 0.3 to 0.8; P � .05).

DISCUSSION

In this cohort of 253 HL survivors who were treated with radiotherapy
to the upper torso and later developed breast cancer, several breast
cancer characteristics and outcomes differed significantly from those
of a matched cohort of 741 patients with sporadic breast cancer.
Notably, HL survivors had a greater risk of bilateral breast cancer, both
synchronous and metachronous; their breast cancers were typically
diagnosed at an earlier stage and were more likely to be screen de-
tected. Although HR survivors had a greater risk of death as a result of
any cause, rates of local/regional failure, metastatic failure, and death
as a result of breast cancer did not differ significantly between the
two groups.

Several findings are consistent with some small, single-institution
studies of HL survivors that did not include comparison co-
horts.11,12,16,19,20 However, the authors of a recent systematic review of
these and other studies of women treated with chest irradiation for
childhood, adolescent, or young adult cancer concluded that the
characteristics of breast cancer in women treated with chest irradia-
tion and the outcomes after diagnosis are similar to those of women in
the general population.21 Our results do not support that conclusion.

By comparing HL survivors with patients who had sporadic
breast cancer matched on race, age, and year of diagnosis, we were able
to control for these characteristics, all of which are associated with HL

diagnosis and with breast cancer characteristics and outcomes. For
example, young age at breast cancer diagnosis has been well estab-
lished in HL survivors with prior chest irradiation.7,11,12,16,19-21 The
median age at breast cancer diagnosis in our cohort—42 years—is
almost 20 years younger than the median age of 61 years of patients
with breast cancer in the general population.21 Breast cancer in young
patients is likely to display a more aggressive phenotype, to be hor-
mone receptor negative, and to exhibit more vascular and lymphatic
invasion and pathologic grade 3 features.22 Age younger than 40 years
may be an independent adverse prognostic factor for time to re-
lapse, time to distant failure, and overall survival.23,24 For similar
reasons, we also controlled for race25 and year of breast cancer
diagnosis,26 thereby minimizing possible bias introduced by these
important confounders.

The results of our matched-cohort analysis support uncontrolled
prior observations of a high incidence of both synchronous and meta-
chronous bilateral breast cancer in patients who received radiotherapy
for HL.11,12,16,20,27,28 Those series showed a bilaterality rate of 12.8%
(5.5% synchronous and 7.3% metachronous).21 Among the HL sur-
vivors in our study, the rate of bilaterality at diagnosis was 6%; among
those with a breast at risk, the actuarial rate of metachronous con-
tralateral breast cancer was 18% at 5 years. In multivariable analysis,
history of radiation for HL had a far greater impact on risk of meta-
chronous contralateral breast cancer than did other patient and dis-
ease characteristics.

Although bilateral breast cancer has previously been associated
with a greater risk for local recurrence and distant metastasis,29,30 we
did not see higher rates of these events in our HL survivor cohort
compared with the matched patients with sporadic breast cancer.
However, the increased risk of developing a metachronous contralat-
eral cancer and the potential for poorer prognosis after a contralateral
cancer both support the need for close surveillance of the contralateral
breast. Our findings provide important information for discussions of
the option of prophylactic contralateral mastectomy in patients who
had significant radiation exposure of both breasts at a young age.

Several prognostic characteristics and tumor features were more
favorable in the HL survivors than in their matched peers with spo-
radic breast cancer. Although a family history of breast cancer has been
shown to increase the risk of developing breast cancer in patients who
received radiotherapy for HL,27,31 we found that breast cancer in a
first-degree relative was less common in the HL survivors who devel-
oped breast cancer than in the patients with sporadic breast cancer.
The HL survivors were also diagnosed at an earlier stage (stage 0 or 1)
and were less likely to have lymph node involvement. This difference
in stage distribution is likely associated with the greater frequency of
screen-detected cancers in the HL survivor cohort. Since the associa-
tion between radiotherapy for HL and the increased risk of breast
cancer was clearly established,7,11,32 awareness and guidelines for early
detection, primarily with initiation of early routine mammograms,
have been promoted for HL survivors. Most breast tumors that de-
velop after HL are detectable by mammography,13,14 and implemen-
tation of routine screening has increased the proportion of patients
diagnosed at earlier stages.16

Despite the greater frequency of screen-detected tumors and
earlier stage at diagnosis in our HL survivor cohort, these women did
not have better breast cancer outcomes than their peers with sporadic
breast cancer. Rates of local failure and metastatic failure were similar
in the two groups, controlling for patient and disease characteristics

Table 3. BC Outcomes in HL Survivors and Matched Patients With
Sporadic BC

Event
No. at
Risk

No. With
Event

Adjusted
HR� 95% CI P

Local/regional failure
HL survivors 248 32 0.94 0.51 to 1.74 NS
Patients with sporadic BC 708 86 Reference

Metastatic failure
HL survivors 248 45 1.49 0.82 to 2.71 NS
Patients with sporadic BC 708 137 Reference

Metachronous contralateral
tumor

HL survivors 189 29 4.31 1.69 to 10.99 � .01
Patients with sporadic BC 699 33 Reference

Death as a result of BC
HL survivors 253 36 1.61 0.76 to 3.42 NS
Patients with sporadic BC 741 95 Reference

Death as a result of any
cause

HL survivors 253 61 1.90 1.09 to 3.32 � .05
Patients with sporadic BC 741 137 Reference

NOTE. Local-regional failure included ipsilateral, new primary tumors. Analysis of
local-regional failure and analysis of metastatic failure excluded women who pre-
sented with distant disease at or within 14 days of initial diagnoses. Analysis of
metachronous contralateral disease excluded women who had synchronous bilateral
disease at BC diagnosis or prophylactic contralateral mastectomy.

Abbreviations: BC, breast cancer; HL, Hodgkin’s lymphoma; HR, hazard ratio;
NS, not statistically significant.

�HRs were adjusted for BC stage at diagnosis, axillary lymph node involve-
ment, laterality at diagnosis, type of surgery, surgical margin status, meno-
pausal status, family history of BC in a first-degree relative, whether BC was
screen detected, receipt of radiation therapy for BC, receipt of chemotherapy
for BC, and receipt of hormonal therapy for BC.

Elkin et al
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and treatment. The rate of death from breast cancer was somewhat
elevated in the HL survivors, but this difference was not statistically
significant. In addition to the disease characteristics available in our
study, breast cancer outcomes may be associated with tumor genes
and other markers that differ between radiation-induced and sporadic
breast cancers, predisposing the former to more aggressive disease.33

In the HL survivors, breast cancer treatment options were un-
doubtedly constrained by prior exposure to chest irradiation and, in
some, to systemic chemotherapy. In a small, retrospective study com-
paring women with breast cancer after either HL or non-Hodgkin’s
lymphoma with women with sporadic breast cancer matched for age,
stage, and year of diagnosis, 5-year disease-free survival was only 54%
in the lymphoma survivors compared with 91% in the comparison
group.34 The investigators speculated that this disparity in outcome

was associated with differences in treatment and, specifically, with the
underuse of anthracycline-based chemotherapy in HL survivors.

All-cause mortality and the rate of non–breast cancer death were
significantly greater in HL survivors than in their matched peers with
sporadic breast cancer. These results reinforce prior evidence that
young cancer survivors—specifically women who received chest irra-
diation for HL—are at an elevated risk of death from other second
tumors and from noncancer causes.2,35 Survivors of HL face an in-
creased risk of cardiac death, most commonly related to acceleration
of coronary disease after mediastinal irradiation, particularly in the
presence of other coronary risk factors.36 Treatment of HL with
anthracycline-containing chemotherapy may also contribute to the
risk of heart disease.37 A recent registry-based comparison of patients
with breast cancer with and without a history of radiation for HL

Table 4. Predictors of Metachronous Contralateral BC and Death As a Result of Any Cause

Characteristic

Contralateral BC Death As a Result of Any Cause

Adjusted HR 95% CI P Adjusted HR 95% CI P

HL history
HL survivor 4.3 1.7 to 11.0 � .01 1.9 1.1 to 3.3 � .05
Sporadic BC Reference Reference

Stage
DCIS or stage I Reference Reference
Stages IIA-IV 0.8 0.3 to 2.6 NS 4.0 2.1 to 7.6 � .001
Unknown 1.1 0.2 to 6.5 NS 1.7 0.5 to 6.5 NS

Regional lymph node involvement
Negative Reference Reference
Positive 1.2 0.4 to 3.8 NS 1.1 0.6 to 2.0 NS
Unknown 1.4 0.5 to 4.2 NS 2.7 1.2 to 5.9 � .05

Type of surgery
Lumpectomy Reference Reference
Unilateral mastectomy 0.2 0.1 to 0.7 � .01 1.2 0.7 to 2.1 NS
Bilateral mastectomy — — — 1.2 0.4 to 3.1 NS
Other/none/unknown 2.2 0.4 to 11.7 NS 3.5 1.0 to 12.2 � .05

Surgical margins
Negative Reference Reference
Positive 1.6 0.5 to 5.0 NS 2.4 1.3 to 4.4 � .01
Unknown 0.9 0.3 to 3.0 NS 1.5 0.8 to 2.9 NS

Any chemotherapy�

No Reference Reference
Yes 1.0 0.4 to 2.6 NS 1.6 0.8 to 2.8 NS

Any hormonal therapy�

No Reference Reference
Yes 1.2 0.5 to 3.2 NS 0.8 0.5 to 1.3 NS

Any radiation�

No Reference Reference
Yes 0.7 0.3 to 1.9 NS 0.9 0.5 to 1.5 NS

Method of detection
Screening mammogram 1.2 0.5 to 2.9 NS 0.5 0.3 to 0.8 � .05
Other Reference Reference

Menopausal status
Premenopausal Reference Reference
Peri- or postmenopausal 0.7 0.2 to 2.7 NS 2.8 1.2 to 6.4 � .05
Unknown 5.2 0.8 to 35.8 NS 1.6 0.8 to 3.4 NS

Family history of breast cancer
None Reference Reference
First-degree relative 2.7 1.1 to 6.4 � .05 0.9 0.5 to 1.6 NS
Unknown 2.0 0.5 to 7.2 NS 1.1 0.5 to 2.2 NS

Abbreviations: BC, breast cancer; DCIS, ductal carcinoma in situ; HL, Hodgkin’s lymphoma; HR, hazard ratio; NS, not statistically significant.
�Chemotherapy, hormonal therapy, or radiation therapy for treatment of breast cancer.
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found that women in the former group had a seven-fold greater risk of
death as a result of other cancers and an elevated risk of death from
heart disease.38

More than half of the HL survivors in our study were diagnosed
with HL before 1980; therefore, they were likely exposed to the most
radical attempts to cure HL with radiation alone by maximizing both
the dose and the volume of radiation. It is encouraging that the
modern approach to the cure of HL utilizes significantly lower doses of
radiation, and most treatments to the upper body lymph nodes now
avoid most or all of the breast.8,39 Several studies demonstrate that
avoiding treatment of the axillae significantly reduces the risk of breast
cancer in HL survivors.6,8 Contemporary, effective treatment regi-
mens for HL have markedly reduced the amount of both chemother-
apy and radiation administered to patients.40

Several limitations of our analysis warrant mention. The study
cohorts were identified from selected tertiary academic medical cen-
ters that see a high volume of both HL and breast cancer patients. If
women seen in community-based settings differ with regard to per-
sonal factors, disease characteristics, and the treatment they receive,
the generalizability of our findings may be limited. Although we were
able to identify deaths as a result of breast cancer, we had limited
information about other causes of death. Thus, we could not clearly
distinguish deaths that were a result of noncancer causes from deaths
that were a result of secondary malignancies other than breast cancer,
such as lung cancer and non-Hodgkin’s lymphoma, both of which are
seen at an elevated rate in HL survivors.3

Our results are mostly relevant to patients treated for HL in the
era when radiation therapy alone was the dominant form of curative
therapy and was used with high radiation doses that almost always
included both breasts and the heart. This practice has changed radi-
cally, and the reduced exposure of these organs is likely to change the

risk profile for long-term complications. Thus, it may be inappropri-
ate to alarm patients who are scheduled for modern, reduced radiation
with the experience from radical radiotherapy of 3 to almost 5 decades
past. However, our findings are informative for the thousands of HL
survivors who remain at risk of long-term complications from their
original treatment, underscoring the importance of regular screening
for breast cancer and for comorbid conditions. Healthy lifestyle, ces-
sation of smoking, early detection, and treatment of high blood pres-
sure and hyperlipidemia, along with regular breast imaging, should all
be part of standard education and follow-up for HL survivors.
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