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Abstract
Introduction: Advances in treatments for Hodgkin 
Lymphoma (HL) have significantly increased survival of 
childhood and adult patients; however, the leading cause 
of death in HL survivors is due to secondary malignancy 
following HL treatment [1,2]. Among women treated for 
HL, breast cancer (BC) is the most common secondary 
malignancy [3]. We explored if an association exists 
between HL and BC exists within families.

Methods: Utilizing the Utah Population Database and the 
Utah Cancer Registry, we identified 988 women with HL, 
and no history of BC prior to HL, diagnosed in Utah from 
1966-2014. We examined if women with HL were at greater 
risk of developing BC based on the presence or absence 
of family history of BC. We also examined the familial 
recurrence risk of BC among female FDRs of women with 
HL and BC using Cox regression methods.

Result: Among 988 female HL patients, 42 (4.3%) were 
diagnosed with subsequent BC while among 9,876 matched 
controls, 280 controls (2.8%) were diagnosed with BC from 
1966-2014 (P < 0.05). We observed a significant 3-fold 
increased risk of BC in the first-degree relatives (parent, 
full sibling, or child of patient) of female HL patients with 
subsequent BC, compared to FDR in controls (HR = 2.8, 
95%CI 1.4-5.6; P = 0.005). Female HL patients who had a 
family history of BC were significantly more likely to develop 
BC, compared to HL patients with no history of BC among 
relatives (HR = 3.3, 95%CI 1.6-7.1; P = 0.002).

Conclusion: Women with HL and a family history of BC 
are at even higher than anticipated risk of BC, as are their 
female relatives. Obtaining a thorough family history for a

woman preparing to undergo therapy for HL is important 
for treatment decisions for HL and maintaining an up 
to date family history over time is also important for the 
management of a woman’s ongoing cancer risks and her 
surveillance strategy following survival of HL.
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Background
Due to advances in treatments for Hodgkin 

Lymphoma (HL) significantly more children and 
adults now survive following their initial diagnosis 
[1,2]; however, the leading cause of death in HL 
survivors is a secondary malignancy potentially 
related to HL treatments [2]. Among women treated 
for HL, breast cancer (BC) is the most common type 
of secondary malignancy, particularly those who 
received supradiaphragmatic radiation therapy [3,4]. 
The cumulative risk of BC over the 30 years following 
treatment for HL approaches 40%, which is influenced 
by factors such as the woman’s age at the time of 
treatment, the dose of radiation, size of radiotherapy 
field, and chemotherapy type [5-7]. The younger the 
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has been correlated with metachronous contralateral 
BC among HL survivors when compared to sporadic 
BC [19,22]. An increased incidence of contralateral BC 
has been reported among patients previously treated 
for BC who also had been previously treated for HL 
compared to those who had contralateral BC without a 
prior HL diagnosis [6]. As HL is a relatively rare diagnosis 
and secondary BC is typically associated with a 
longer latency, at risk populations and healthcare 
providers should understand the increased risk for BC 
in HL survivors in order to offer personalized screening 
and risk reduction options [18,23-25]. Using a large, 
genealogical database linked to statewide cancer 
records, we investigated families of women who 
developed BC following a diagnosis of HL to determine 
if family history of breast cancer could be predictive of 
risk for BC in HL survivors. 

Methods

Databases
This study takes advantage of two interlinked pop-

ulation data resources, the Utah Population Database 
(UPDB) and the Utah Cancer Registry (UCR). The UPDB 
is a research resource housed at the University of Utah 
that contains computerized data records for over 9 mil-
lion individuals who have lived in Utah or currently re-
side in the state [26]. As previously described [27], the 
UPDB was created in the 1970’s from genealogic data 
of pioneer founders and their descendants (1.63 million 
individuals born from the early-1800’s to mid-1900’s) 
[23].

Established in 1966, the UCR is a statewide 
registry with near complete ascertainment of cancers 
diagnosed in Utah and since 1973 has been part 
of the Surveillance, Epidemiology, and End Results 
(SEER) network of the National Cancer Institute (NCI) 
registries. State law requires that all primary cancers 
diagnosed in Utah be reported to the UCR. These data, 
available for approved research purposes, are updated 
routinely and probabilistic record-linking is performed 
with individuals in the UPDB [28]. Due to its large size 
and the varied sources of its information, most families 
living in the state of Utah are represented [26]. For 
example, 84% of all individuals born in Utah in 1950 
have grandparent information and 67% have five or 
more previous generations documented in the UPDB. 
As such, the UPDB is the only database of its kind in the 
U.S., and one of only a few in the world, that can permit 
such analyses as performed in this study.

HL Probands
We identified 988 women with primary HL (and 

no prior history of BC) diagnosed in Utah from 1966-
2014 who linked to pedigree information (Figure 1). 
All subsequent diagnoses of primary BC tumors among 
these patients were gathered, and 42 women with 
secondary BC were identified. Probands with a diagnosis 

patient’s age at HL treatment, the higher the radiation 
dose and the use of alkylating chemotherapy are all 
positively associated with an increased risk of BC [8,9].

The treatment of HL has evolved and improved 
greatly over time. Initially treated solely with radiation, 
the first successful chemotherapy regimen for HL was 
MOPP (mechlorethamine, vincristine, procarbazine, 
prednisone), developed in the 1960’s [10]. Over the 
next few decades, other combinations were developed 
and refined into the standard protocols currently in use; 
these generally include at minimum an anthracycline, 
alkylator, bleomycin, a corticosteroid, and a vinca 
alkaloid [11]. Patients with favorable risk and good 
response to chemotherapy often avoid radiation, while 
patients with high risk features or poor response to 
chemotherapy continue to be offered radiation therapy 
[12]. A small number of patients are still treated with 
radiation alone, usually based on their histologic 
subtype and inability to receive chemotherapy [13].

Radiation oncologists, when possible, have offered 
less radiation to women since 2000 because of the 
recognition of markedly increased risk of subsequent 
BC; however, fewer women receiving mantle radiation 
has not decreased the BC incidence among HL survivors 
as expected [6]. The reason for the lack of reduction 
remains unclear, but may be related to fewer women 
undergoing premature menopause because of less 
gonado-toxic chemotherapy regimens or to lead time 
bias because of improved BC screening methodology 
[14]. Early breast cancer screening and chemoprevention 
is routinely only recommended to those women exposed 
to chest radiotherapy [15]. Clinical breast exams, annual 
mammogram, annual breast MRI and consideration 
of chemoprevention are now recommended to HL 
survivors because of the persistent and increased BC 
risk following HL treatment [13]. BC that occurs among 
HL survivors is clinically distinct from sporadic breast 
cancer in multiple ways [16]; diagnosis at a median age 
of 42-years-old (compared to 61-years-old for sporadic 
BC) and earlier clinical stage at diagnosis (likely due to 
being identified by screening) [17]. Treatment options 
are more limited in HL-related BC since lumpectomy 
with radiation is often not an option and chemotherapy 
choices may be limited since women may have 
previously been exposed to alkylating chemotherapy 
[6,14].

Several attempts have been made to understand 
the underlying factors that predispose women 
disproportionately to secondary BC following HL 
treatment [18-20]. A genome-wide association study 
performed among HL survivors, contrasting between 
those who did and did not develop a second malignancy, 
suggested that variants at 6q21 were associated with 
increased risk for secondary malignancy following 
radiation for HL [7,21]. A family history of BC among 
first degree relatives (FDR; parent, full sibling, or child) 
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FDR’s who were alive on January 1, 1966 with follow 
up in Utah (including mothers, full sisters, and children) 
were determined from UPDB genealogy information 
for cases and controls. We examined if HL probands 
were at greater risk of developing BC based on the 
presence or absence of a first-degree family history of 
BC compared to risk of BC in their corresponding age-
matched controls, and In a case by case comparison 
we examined BC risk in HL probands with or without 
family history of BC adjusted for age at HL diagnosis. We 
also examined the familial recurrence risk of BC among 
female FDRs of women with HL and a subsequent BC 
diagnosis compared to the familial recurrence risk of 
BC among female FDR of age-matched 10:1 population 
controls, adjusting for race/ethnicity and FDR birth 
year. Likewise, the familial recurrence risk of BC among 
relatives of women with HL and no personal history of 
BC was compared to relatives of their matched controls. 
All models included an adjustment for race and ethnicity. 
Women who died without a BC diagnosis or who were 
not diagnosed by December 31, 2014 were treated as 
right-censored. As observations within families are non-
independent, the Huber-White sandwich estimator of 
variance for clustered data was used because it accounts 
for departures from standard statistical assumptions 
[29,31,32]. This analysis corrects for any families that 
were analyzed multiple times because of multiple women 
with BC within the family. 

of BC in 1994 or later were cross referenced with 
genetic testing records from the University of Utah, the 
predominant provider of genetic services in the state 
during the timeframe of the study, and no carriers of 
a pathogenic BRCA variant were identified. Diagnosis 
details, including date of HL diagnosis, date of BC 
diagnosis, and receipt of radiation for HL, BC diagnoses, 
cancer stage, estrogen receptor (ER), progesterone 
receptor (PR), and HER2 status were obtained. For all 
women with HL and for matched controls, BC diagnoses 
among their FDR’s were identified as shown in Figure 1. 

Population controls
Using the UPDB, random female controls with no 

history of HL who had familial pedigree information 
were selected and individually matched on birth year 
to women with HL in a 10:1 target ratio. In order to 
be included, control probands were required to have 
follow up information in UPDB for at least as long as 
the follow-up period of their respective matched case 
(Figure 1). 

Statistical analysis
As previously described [29,30], software developed 

at the University of Utah specifically for the UPDB and 
in conjunction with the software package R (R version 
3.0.2 for Linux OS, Vienna, Austria) was used to estimate 
the magnitude of familial recurrence risk in relatives, 
as determined from a Cox regression hazard rate ratio. 

 

58%

31%

60%
65%

54%

0%

10%

20%

30%

40%

50%

60%

70%

0

5

10

15

20

25

30

35

40

1986-90 1991-95 1996-00 2001-05 2006-11

Pe
rc

en
t w

ith
 b

ea
m

 ra
di

ati
on

Fe
m

al
e 

HL
 w

ith
 tr

ea
tm

en
t d

at
a 

 (N
)

Subset of 146 female HL with treatment data

Yes

No

Yes %

Figure 1: Proportion of women receiving radiation in a subset of 146 female HL patients with treatment data available by five-
year intervals of diagnosis year (1986-2011).
Notes: P value for Fisher’s exact test. Treatment data were not available before 1986.
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diagnosis (8.6%) than were FDR of HL patients with no 
BC (2.4%) or compared to the FDR of controls matched 
to HL patients with and without BC (3.0% and 2.5%, 
respectively).

The ‘baseline’ risk in Utah of BC among FDR of BC 
patients is 1.8-fold (P < 0.0001) compared to women 
with no FDR family history of BC (Table 2). Importantly, 
women diagnosed with HL had a markedly higher BC 
risk if they also had a history of BC in FDR compared 
to controls (HR = 3.8, 95%CI 1.9-7.7; P < 0.0001), more 
than double that of baseline, or that of BC risk in HL 
patients with no FDR history of BC (HR = 1.7, 95%CI 1.2-
2.5; P = 0.002). In a case-case comparison, female HL 
patients who had a FDR history of BC were significantly 
more likely to develop BC themselves compared to HL 
patients with no history of BC in FDR (HR = 3.3, 95%CI 
1.6-7.1; P = 0.002; see Table 2).

We observed a significant and nearly 3-fold increased 
risk [33] of BC in the FDR of female HL patients who had 
a subsequent BC, compared to FDR of their correspond-
ing controls (HR = 2.8, 95%CI 1.4-5.6; P = 0.004; Table 
2). The majority of HL patients who developed BC were 
diagnosed with HL before year 2000 (40 of 42 cases), 
and thus at high likelihood of radiation exposure [18,19]. 
Sixty-one percent of women with BC after HL were 30 
or younger at the time of HL diagnosis, with a median 

Results
The characteristics of HL patients, shown separately 

for those with a subsequent BC diagnosis and those with 
no BC, and of their corresponding matched controls 
are shown in Table 1. Overall, among 988 female HL 
patients, 42 (4.3%) were diagnosed with a subsequent 
BC while among 9,876 controls matched to HL patients, 
280 controls (2.8%) were diagnosed with BC during 
the study period (1966-2014). Both case and control 
probands were predominantly non-Hispanic white 
women, reflecting the overall characteristics of the 
Utah population (Table 1).

Women with HL subsequently diagnosed with BC 
were more likely to have at least one FDR diagnosed 
with BC (10 of 42 patients, 23.8%) compared to women 
with HL and no subsequent BC (55 of 946 patients, 5.8%; 
P < 0.001). In the associated controls of women with 
HL who developed BC, 36 controls (8.6%) had at least 
one FDR with BC (P = 0.005). In contrast, women with 
HL but no subsequent BC were no more likely to have 
at least one FDR with BC than were their respective 
matched controls (5.8% and 6.2%, respectively; P = 
0.72). The total number of female FDR of HL patients 
and their associated population controls are shown in 
Table 1. Among HL patients with subsequent BC, their 
close female relatives were more likely to also have a BC 

Table 1: Characteristics of female Hodgkin's patients with and without breast cancer and 10:1 controls.

HL with BC Controls HL without BC Controls case-case
Characteristic N % N % P N % N % P P
Total 42 100% 420 100% ― 946 100% 9,456 100% ― ―
Race and ethnicity
White/non-Hispanic 41 97.60% 386 91.90% 851 90% 8,363 88.40%
Other ethnicity 1 2.40% 34 8.10% 0.35 95 10% 1,093 11.60% 0.18 0.11
Year of HL diagnosis
1966-1999 40 95.20% ― ― 534 56.40% ― ―
2000-2011 2 4.80% ― ― ― 412 43.60% ― ― ― < 0.001
Age of HL diagnosis
≤ 30 years 26 61.90% ― ― 490 51.80% ― ―
> 30 years 16 38.10% ― ― ― 456 48.10% ― ― ― 0.21
Median age at HL (range) 25y (8-69y) ― ― ― 30y (2-93y) ― ― ― 0.19
Breast cancer diagnosis
No 0 0% 407 96.90% 946 100% 9,189 97.20%
Yes 42 100% 13 3.10% ― 0% 0% 267 2.80% ― ―
Age at BC diagnosis
≤ 55 years 27 64.30% 8 61.50% ― ― 89 33.30%
> 55 years 15 35.70% 5 38.50% 0.02 ― ― 178 66.70% ― ―
Median age at BC (range) 48y (31-77y) 53y (34-93y) 0.09 ― ― 63y (30-94y) ― ―
Median time to BC (range) 37y (16-49y) 38y (21-46y) 0.57 ― ― 36y (1-49y) ― ―
Mean follow up (± SD), y 35.9 (8.9y) 47 (5.9y) < 0.001 36.9 (12.2y) 40.9 (10.0y) < 0.001 0.48
Number of HL/controls:
No BC in FDR 32 76.20% 384 91.40% 891 94.20% 8870 93.80%
Yes BC in FDR 10 23.80% 36 8.60% 0.005 55 5.80% 586 6.20% 0.72 < 0.001
BC age ≤ 55y in FDR 6 14.30% 20 4.80% 0.02 37 3.80% 408 4.30% 0.61 0.008

Number of FDR: 140 100% 1272 100% 2595 100% 25,475 100%
No BC diagnosis 128 91.40% 1234 97% 2533 97.60% 24,833 97.50%
Yes BC diagnosis 12 8.60% 38 3% 0.003 62 2.40% 642 2.50% 0.74 < 0.001
FDR per proband 3.3 3 2.7 2.7
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HL cases and controls and in their female FDR’s were 
available for 15 HL patients, 69 non-HL control patients, 
18 FDR of case patients and 132 FDR of control patients 
(Supplemental Table S1). These data include estrogen 
receptor (ER), progesterone receptor (PR), and human 
epidermal growth factor receptor 2 (HER2) status. In 
our BC historic cohort, the tumor marker data often 
indicate a tumor receptor status of unknown result 
or unassessed, however, when available, the tumor 
subtype data is consistent in BC among HL cases and 
controls as well as among their FDR. The majority of 
BCs for all groups were ER/PR positive, and when HER2 
was available, the majority subtype was ER+/PR+/
HER2-, similar to that reported in other predominantly 
Caucasian populations [34]. 

Discussion
The unique resource of the UPDB provides a novel 

age of 25 years. Most BC was diagnosed at a relatively 
young age, by 48 years of age, with a median time of 37 
years between HL and BC diagnoses (Table 1). Our study 
included a lengthy follow up time for most women, 
Among 988 HL patients, a subset of 146 women (15%) 
had information available from linked medical records 
in 1986-2011 related to radiation treatment (Figure 2). 
Of these 146 women, 78 (53%) had radiation treatment 
while 68 (47%) did not undergo radiation. In our limited 
subset, only 4 female HL patients who developed BC had 
treatment data, documenting only one who had radia-
tion. Therefore, we were unable to assess differences in 
treatment exposure between HL patients who had BC 
and those who did not. Based on these data (unavail-
able prior to 1986) we believe that approximately half 
of women diagnosed with HL in our study were likely to 
have received radiation treatment [18]. 

Diagnostic records of breast cancers observed in 

Table 2: Risk of breast cancer in female Hodgkin's patients and their relatives, 1966-20141

Comparison Breast Cancer HR 95% CI P
Baseline BC risk in FDR of BC patients in Utah 1.8 (1.7-1.8) < 0.0001
Risk in HL patients vs. controls
BC risk in HL patients when BC in FDR 3.8 (1.9-7.7) 0.0003
BC risk in HL patients when no BC in FDR 1.7 (1.2-2.5) 0.002
Risk in HL patients only
HL with BC in FDR vs. HL with no BC in FDR 3.3 (1.6-7.1) 0.002
HL with BC in FDR vs. HL with no BC in FDR, for HL diagnosed 1966-1999 3.7 (1.7-7.9) < 0.001
Risk in FDR of HL vs. FDR of controls:
FDR of HL patients with BC 2.8 (1.4-5.6) 0.005
 FDR of HL diagnosed 1966-1999 with BC 2.9 (1.4-5.9) 0.003
FDR of HL patients with no BC 1 (0.8-1.4) 0.97
 FDR of HL diagnosed 1966-1999 with no BC 0.9 (0.6-1.2) 0.38
1Adjusted for race/ethnicity and age.
FDR: First-Degree Relative; HL: Hodgkin's Lymphoma; BC: Breast Cancer.
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Supplemental Table S1: Breast cancer tumor characteristics of female patients and their first-degree relatives from subset with 
diagnostic records.

  Hodgkin’s 
Lymphoma 
patients

10:1 controls First-degree 
relatives of 
patients

First-degree 
relatives of 
controls

  N % N % N % N %
Total with BC 42 ─ 280 ─ 74 ─ 680 ─
BC with diagnostic records 15 35.7 69 24.6 18 24.3 132 19.4
Estrogen receptor (ER):
Total with ER result 12 100.0 62 100.0 17 100.0 122 100.0
  Positive 11 91.7 45 72.6 14 82.4 87 71.3
  Negative 1 8.3 17 27.4 3 17.6 35 28.7
ER unavailable 3 ─ 7 ─ 1 ─ 10 ─
Progesterone receptor (PR):
  Total with result 12 100.0 62 100.0 17 100.0 121 100.0
  Positive 11 91.7 41 66.1 12 70.6 76 62.8
  Negative 1 8.3 21 33.9 5 29.4 45 37.2
  PR unavailable 3 ─ 7 ─ 1 ─ 11 ─
Human epidermal growth factor receptor 2 (HER2):
  Total with result 4 100.0 19 100.0 4 100.0 39 100.0
  Positive 1 25.0 8 42.1 1 25.0 10 25.6
  Negative 3 75.0 11 57.9 3 75.0 29 74.4
  HER2 unavailable 11 ─ 50 ─ 14 ─ 93 ─
Combined status:
  Total with result 4 100.0 17 89.5 4 100.0 34 96.8
  ER+/PR+/HER2- 2 50.0 9 52.9 2 50.0 17 50.0
  HER2+ and any ER/PR status 1 25.0 6 35.3 1 25.0 5 14.7
  ER+/PR-/HER2- 1 25.0 0 0.0 0 0.0 0 0.0
  ER-/PR-/HER2- 0 0.0 2 11.8 1 25.0 12 35.3
 Combined status unavailable 11 ─ 52 ─ 14 ─ 98 ─

Notes:
a. N for controls with BC and FDR of controls with BC are totals of N in Table 1 stratified for controls matched to HL with BC and 
HL without BC, separately.
b. Unavailable includes: ordered, but test not in chart; not applicable, information not collected; and unknown or no information 
documented in patient record.
c. A borderline test result was included as a positive result (PR status, n = 5 borderline; HER2 status, n = 3 borderline). 
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