Annals of Oncology

5. Hershman DL, Kushi LH, Shao T et al. Early discontinuation and nonadherence to 15. Dezentje VO, van Blijderveen NJ, Gelderblom H et al. Effect of concomitant
adjuvant hormonal therapy in a cohort of 8,769 early-stage breast cancer CYP2D6 inhibitor use and tamoxifen adherence on breast cancer
patients. J Clin Oncol 2010; 28(27): 4120-4128. recurrence in early-stage breast cancer. J Clin Oncol 2010; 28(14):
6. Demissie S, Silliman RA, Lash TL. Adjuvant tamoxifen: predictors of use, side 2423-2429.
effects, and discontinuation in older women. J Clin Oncol 2001; 19(2): 322-328. 16. Mayer EL, Partridge AH, Harris LN et al. Tolerability of and adherence to
7. Muss HB, Berry DA, Cirrincione CT et al. Adjuvant chemotherapy in older combination oral therapy with gefitinib and capecitabine in metastatic breast
women with early-stage breast cancer. N Engl J Med 2009; 360(20): cancer. Breast Cancer Res Treat 2009; 117(3): 615-623.
2055-2065. 17. Bonadonna MD, Valagussa P. Dose-response effect of adjuvant chemotherapy in
8. Partridge AH, Archer L, Kornblith AB et al. Adherence and persistence with oral breast cancer. N Eng J Med 1981; 304: 10-14.
adjuvant chemotherapy in older women with early-stage breast cancer in CALGB 18. Waterhouse DM, Calzone KA, Mele C et al. Adherence to oral tamoxifen: a
49907: adherence companion study 60104. J Clin Oncol 2010; 28(14): comparison of patient self-report, pill counts, and microelectronic monitoring. J
2418-2422; 7. CTCAE v.2, 1999. Clin Oncol 1993; 11(6): 1189-1197.
9. Weingart SN, Toro J, Spencer J et al. Medication errors involving oral 19. Choo PW, Rand CS, Inui TS et al. Validation of patient reports, automated
chemotherapy. Cancer 2010; 116(10): 2455-2464. pharmacy records, and pill counts with electronic monitoring of
10. Chlebowski RT, Geller ML. Adherence to endocrine therapy for breast cancer. adherence to antihypertensive therapy. Med Care 1999; 37.
Oncology 2006; 71(1-2): 1-9. 846-857.
11. Partridge AH. Non-adherence to endocrine therapy for breast cancer. Ann Oncol 20. Fink AK, Gurwitz J, Rakowski W et al. Patient beliefs and tamoxifen
2006; 17(2): 183-184. discontinuance in older women with estrogen receptor-positive breast cancer.
12. Owusu C, Buist DS, Field TS et al. Predictors of tamoxifen discontinuation among J Clin Oncol 2004; 22(16): 3309-3315.
older women with estrogen receptor-positive breast cancer. J Clin Oncol 2008; 21. Haynes RB. A critical review of the ‘determinants’ of patient compliance with
26(4): 549-555. therapeutic regimens. In Sackett DL, Haynes RB (eds), Compliance with
13. Thompson AM, Johnson A, Quinlan P et al. Comprehensive CYP2D6 genotype Therapeutic Regimens. Baltimore, MD: The Johns Hopkins University Press
and adherence affect outcome in breast cancer patients treated with tamoxifen 1976; 26-39.
monotherapy. Breast Cancer Res Treat 2011; 125(1): 279-287. 22. Leventhal H, Nerenz D, Leventhal E et al. The behavioral dynamics of clinical
14. McCowan C, Shearer J, Donnan PT et al. Cohort study examining tamoxifen trials. Prev Med 1991; 20: 132-146.
adherence and its relationship to mortality in women with breast cancer. Br J 23. Goldhirsch A, Colleoni A, Castiglione-Gertsch M et al. Adding adjuvant CMF
Cancer 2008; 99(11): 1763—1768. chemotherapy to either sradiotherapy or tamoxifen: are all CMFs alike? Ann

Oncol 1998; 9: 489-493.

Annals of Oncology 23: 3081-3091, 2012
doi:10.1093/annonc/mds144
Published online 27 June 2012

Risk of treatment-related esophageal cancer among
breast cancer survivors

L. M. Morton™, E. S. Gilbert!, P. Hall2, M. Andersson3, H. Joensuu?, L. Vaalavirta*, G. M. Dores':%,
M. Stovall®, E. J. Holowaty’, C. F. Lynch8, R. E. Curtis’, S. A. Smith8, R. A. Kleinerman?,

M. Kaijser?, H. H. Storm'0, E. Pukkala'!, R. E. Weathers®, M. S. Linet!, P. Rajaraman’,

J. F. Fraumeni, Jr', L. M. Brown'2, F. E. van Leeuwen's, S. D. Fossa'4, T. B. Johannesen'®,

F. Langmark®, S. Lamart!, L. B. Travis'® & B. M. P. Aleman'’

"Division of Cancer Epidemiology and Genetics, National Cancer Institute, NiH, DHHS, Bethesda, USA; “Department of Medical Epidemiology and Biostatistics,
Karolinska Institute, Stockholm, Sweden; Department of Oncology, Copenhagen University Hospital, Copenhagen, Denmark; “Department of Oncology, Helsinki
University Central Hospital and University of Helsinki, Helsinki, Finland: °US Department of Vieterans Affairs Medical Center, Oklahoma City; ®Department of Radiation
Physics, The University of Texas MD Anderson Cancer Center, Houston, USA; Dalla Lana School of Public Health, University of Toronto, Toronto, Canada; ®Department
of Epidemiology, University of lowa, lowa City, USA; 9Clinical Epidemiology Unit, Department of Medicine, Karolinska Institute, Stockholm, Sweden; "9Cancer Prevention
and Documentation, Danish Cancer Society, Copenhagen, Denmark; " Finnish Cancer Registry, Institute for Statistical and Epidemiological Cancer Research, Helsinki,
Finland; "“Statistics & Epidemiology, RTI International, Rockville, USA; "®Department of Epidemiology, The Netherlands Cancer Institute, Amsterdam, The Netherlands;
"“Department of Oncology, Oslo University Hospital and University of Oslo, Oslo, Norway; "®Cancer Registry of Norway, Oslo, Norway; "®Department of Radiation
Oncology, University of Rochester Medical Center, Rochester, USA; "Department of Radiotherapy, The Netherlands Cancer Institute, Amsterdam, The Netherlands

Received 26 July 2011; revised 10 April 2012; accepted 16 April 2012

*Correspondence to: Dr L. M. Morton, Division of Cancer Epidemiology and Genetics,
National Cancer Institute/NIH/DHHS, 6120 Executive Boulevard/EPS 7040/MSC 7238,
Rockville, MD 20892, USA. Tel: +1-301-435-3972; Fax: +1-301-402-0207;

E-mail: mortonli@mail.nih.gov

Published by Oxford University Press on behalf of the European Society for Medical Oncology 2012.



Annals of Oncology

Background: Radiotherapy for breast cancer may expose the esophagus to ionizing radiation, but no study has
evaluated esophageal cancer risk after breast cancer associated with radiation dose or systemic therapy use.

Design: Nested case—control study of esophageal cancer among 289 748 >5-year survivors of female breast cancer
from five population-based cancer registries (252 cases, 488 individually matched controls), with individualized radiation

dosimetry and information abstracted from medical records.

Results: The largest contributors to esophageal radiation exposure were supraclavicular and internal mammary chain
treatments. Esophageal cancer risk increased with increasing radiation dose to the esophageal tumor location

(Pirena < 0.001), with doses of >35 Gy associated with an odds ratio (OR) of 8.3 [95% confidence interval (Cl) 2.7-28].
Patients with hormonal therapy <5 years preceding esophageal cancer diagnosis had lower risk (OR = 0.4, 95% Cl
0.2-0.8). Based on few cases, alkylating agent chemotherapy did not appear to affect risk. Our data were consistent
with a multiplicative effect of radiation and other esophageal cancer risk factors (e.g. smoking).

Conclusions: Esophageal cancer is a radiation dose-related complication of radiotherapy for breast cancer, but
absolute risk is low. At higher esophageal doses, the risk warrants consideration in radiotherapy risk assessment and

long-term follow-up.

Key words: breast cancer, esophageal cancer, radiotherapy, second cancer

introduction

Breast cancer is the most frequently diagnosed cancer among
women worldwide [1]. In recent decades, the prognosis for
breast cancer patients has improved considerably [2-4]. The
resulting large population of long-term breast cancer survivors
is at risk for subsequent malignancies associated with late
effects of treatment.

The occurrence of esophageal cancer among breast cancer
survivors is of particular concern because the esophagus is
within or near the border of several radiotherapy fields
commonly used to treat breast cancer [2]. Previous studies of
second cancers in breast cancer survivors have documented
increased esophageal cancer risks [2, 5-20], possibly related to
radiotherapy [2, 5, 7, 8, 10, 16, 17, 20, 21]. However, no study
has quantified the radiation dose-response relation for
esophageal cancer, evaluated the risk associated with other
breast cancer treatments (chemotherapy, hormonal agents), or
investigated modification of the radiation-related risk by
chemotherapy, hormonal agents, or other esophageal cancer
risk factors [22-24].

We conducted a multi-center nested case—control study
within a cohort of 289 748 breast cancer patients (diagnosed
1946-1996), collecting detailed treatment and esophageal
cancer risk factor data to provide new insights into esophageal
cancer risk following the treatment of breast cancer [25].

methods

study design and patients

Women who survived >5 years following first primary, histologically
confirmed invasive breast cancer or ductal carcinoma in situ (DCIS)
reported to population-based cancer registries in Denmark (1943-1999),
Finland (1953-2002), Sweden (1958-2002), Iowa (USA, 1973-2001), or
Ontario (Canada, 1964-2003) were potentially eligible (n = 289 748).
Registry reports identified cases with second primary invasive esophageal
cancer >5 years after breast cancer. For cases with available medical
records, two controls per case were identified by stratified random sampling
from the cohort, individually matching by registry, race (Ilowa/Ontario),
birth date (+5 years), breast cancer diagnosis date (+5 years), and survival
without subsequent cancer at least as long as the matched case’s interval
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from breast cancer to esophageal cancer. The final study population
included 252 cases and 488 matched controls (for additional details, see
supplementary methods, available at Annals of Oncology online). The study
was approved by each study center’s institutional review board and
exempted from review by the National Cancer Institute because analyses
used only existing, de-identified data.

data collection and review

Detailed data from hospital, clinic, radiotherapy, physician, and cancer
registry records were abstracted onto standardized forms. Information was
collected on demographics, breast cancer diagnosis and treatment,
esophageal cancer risk factors (smoking, alcohol, height, weight, and family
history of cancer), and, for cases, esophageal cancer diagnosis.

Radiotherapy data were obtained from full treatment records, treatment
summaries, radiotherapy notes, and treatment planning information.
Detailed data were available for 411/452 (91%) patients receiving
radiotherapy. Abstracted radiotherapy details included dates of
administration, reason for treatment (primary or recurrence), beam energy,
dose delivered, and field location and configuration. Information on
chemotherapy and hormonal agents included specific drugs/regimens and
dates and the duration of administration or number of cycles, including all
treatments given before the date of esophageal cancer diagnosis
(comparable date for controls). Drug doses were not collected.

Abstracted data on cigarette smoking and alcohol consumption included
amount and status (current use at the time of medical record report or year
quit). Former smokers were identified by medical record reports indicating
that the patient quit >5 years preceding esophageal cancer diagnosis
(comparable date for controls). Data on family history of cancer in first-
degree relatives included relationship to the patient and cancer type. To
minimize potential bias arising from more complete information on
smoking, alcohol, and family history of cancer for cases than controls, only
data recorded at least one year preceding esophageal cancer diagnosis
(comparable date for controls) were used. Body mass index (BMI, kg/mz)
was computed at breast cancer diagnosis. Data on smoking, alcohol, family
history of cancer, and BMI were available for 42%, 23%, 47%, and 66% of
cases, respectively, and 44%, 27%, 42%, and 54% of controls, respectively.

For cases, pathology, radiology, surgery, endoscopy, hospital, clinic, and
registry records were reviewed to confirm esophageal cancer diagnoses.
Tumor location data (proximal/distal ends, length) were abstracted from
endoscopy reports and imaging studies and translated to bony landmarks
for dosimetry.

Volume 23 | No. 12 | December 2012


http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mds144/-/DC1

Annals of Oncology

radiation dosimetry

Radiation doses to the esophagus and gastroesophageal (GE) junction were
estimated using a custom-designed dose program, based on measurements
in water and anthropomorphic phantoms constructed of tissue-equivalent

material [26]. Dosimetry was based on individual patient’s fields and dose

information abstracted from radiotherapy records.

Women in our study population were treated with medial and lateral
tangential or direct chest radiotherapy fields (including boosts), with/
without supraclavicular, direct internal mammary chain (IMC), and
axillary fields (Figure 1), with 73% of women receiving radiation following
modified or radical mastectomy. Beam energies included cobalt-60 gamma
rays, orthovoltage X-rays (100-400 kVp), photons (4-18 MV), and
electrons (6-20 MeV). Cumulative target doses to the breast and/or
peripheral regions were typically 40-50 Gy, using conventional
fractionation. We reviewed the location of the supraclavicular field relative
to midline for each patient due to its variable contribution to the
esophagus dose (Figure 1). Doses were calculated for each patient at 24
positions, each located centrally in the esophagus, anterior to the midpoint
of each vertebrae and intervertebral disc from C6 (depth of 3.6 cm from
the skin surface) to T10 (depth: 11.2 cm), plus the GE junction (T10/T11,
2 cm left of midline, depth: 10.7 cm ). Esophagus depths were derived from
CT scans of normal BMI females. The total radiation dose at each position
along the esophagus was computed by summing doses from all treatments
received >5 years preceding esophageal cancer diagnosis (comparable date
for controls); only 18 patients received radiotherapy within 5 years of
esophageal cancer diagnosis. Analyses of radiotherapy risks used dose to
the esophageal tumor midpoint (comparable location for controls); for the

Radiotherapy field (% cases, controls) ?

Axilla (50%, 52%)

Supraclavicular, off midline (6%, 2%) ¢

Supraclavicular, at midline (27%, 17%) ¢

Supraclavicular + IMC (51%, 55%) b,c

IMC (4%, 5%) b

12 (5%) cases with unknown tumor location, analyses used dose to the
esophagus midpoint (T6/7-T7/8).

statistical analysis

The relative risk of esophageal cancer was estimated using odds ratios
(ORs) derived from conditional logistic regression analyses, comparing
cases’ exposure histories with those of individually matched controls, using
the software package Epicure [27]. The general model for most analyses
was as follows: OR = exp(zjajxj)[l + Bz], where z is radiation dose in Gy, 8
is the excess OR per Gray (EOR/Gy), the x; are variables measuring
chemotherapy, hormone therapy, or other risk factors, and the OR for x; is
given by exp(a;x;). This linear dose-response model has been used
extensively in epidemiologic evaluations of radiation risks [28]. Two-sided
P-values and 95% confidence intervals (CI) were based on the likelihood
ratio statistic. Missing data were handled by including indicator variables.

To calculate absolute excess risk after 25 years, we used non-Hispanic
white age-specific esophageal cancer rates from Surveillance, Epidemiology,
and End Results (SEER) registries [29] to estimate the number of
esophageal cancers expected in the absence of radiation exposure, taking
account of competing risks in the US female general population. These
estimates were then multiplied by the dose of interest and the EOR/Gy.
Results using esophageal cancer rates from the other international cancer
registries in this study were similar (results not shown). The attributable
risk was calculated by summing the quantities E/(1 + E) over all cases,
where E = dose x EOR/Gy.

Additional details on the statistical analysis are provided in
supplementary methods, available at Annals of Oncology online.

Tangential breast (48%, 41%)

Breast or chest wall direct (45%, 42%)

BTotal ®Upperesophagus ™ Middle esophagus

10 15 20 25
Mean radiation dose (Gy)

O Lower esophagus

Figure 1 Mean radiation dose to the esophagus, by region of the esophagus, for specific breast cancer radiotherapy fields. IMC, internal mammary chain.
The upper, middle, and lower esophagus were defined as C6-T4, T4/5-T7/8, and T8-T10/11, respectively.

*Percentage of cases and controls with radiotherapy who received a particular field, excluding women with unknown fields. Beam energies included cobalt-
60 gamma rays (53%), orthovoltage x-rays (100-400 kVp; 36%), photons (4-18 MV; 18%), and electrons (6-20 MeV; 21%).

*Most IMC fields were direct anterior fields.

“We categorized the location of each patient’s supraclavicular fields relative to midline as at/over midline, off-midline, or unknown due to the variable

contribution to the esophagus dose. The supraclavicular field at/over midline was positioned so that the esophagus was directly below the medial field edge
on the patient skin surface. The supraclavicular field off-midline was positioned so that the esophagus was approximately 2 cm outside the medial field
edge. Supraclavicular fields with unknown medial border were positioned at midline. Supraclavicular fields were simulated as direct beams.
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results

Median age at breast cancer diagnosis was 59 years (range,
28-88 years), and over half the patients were diagnosed in
1975 or later (Table 1). During the study period, the use of
breast-conserving surgery, chemotherapy, and hormonal agents
increased, whereas the use of radiotherapy decreased. Nearly all
women (96% cases, 92% controls) were in clinical remission
from breast cancer at the time of esophageal cancer diagnosis
(comparable date for controls). The median interval between
breast cancer and esophageal cancer was 13 years (range, 5-37
years). The esophageal cancers diagnosed were predominantly
squamous cell carcinoma (71%) and occurred more often in
the upper or middle than lower esophagus. Overall survival
after esophageal cancer diagnosis was poor [232/252 (92%)
died; median, 6 months; range, 0-11 years].

Radiotherapy was administered to 167 (66%) cases and 285
(58%) controls. The supraclavicular region was the most
common radiotherapy target, and the supraclavicular field with a
medial border at or over the midline resulted in the highest
mean doses to the esophagus, particularly the upper region (>15
Gy, Figure 1). IMC irradiation, which became less frequently
used during the study period, resulted in relatively high mean
doses to the middle esophagus (>15 Gy). Other commonly used
radiotherapy fields, including the axillary, tangential breast, and
direct fields to the breast or chest wall, delivered lower mean
doses to all regions of the esophagus (<2 Gy).

Esophageal cancer risk increased with increasing radiation
dose to the esophageal tumor location (Pyeng < 0.001, Table 2).
Compared with women who received no radiation dose to the
esophageal tumor location, risk was 8.3-fold increased when
doses reached >35 Gy (95% CI 2.7-28). There was little

Table 1. Characteristics of women surviving >5 years after breast cancer
diagnosis who subsequently developed esophageal cancer (cases, n = 252),
and matched controls (n = 488)*

Characteristic Cases,n  Controls?, n
(%) (%)
Registry”
Denmark 26 (10.3) 38 (7.8)
Finland 40 (159) 79 (16.2)
Towa 6(6.3) 32(6.6)
Ontario 90 (35.7) 179 (36.7)
Sweden 0 (31.7) 160 (32.8)

Age at breast cancer diagnosis (years)*

28-49 $ (27.0) 126 (25.8)
50-59 60 (23.8) 122 (25.0)
60-69 69 (27.4) 138 (28.3)
70-88 5(21.8) 102 (20.9)
Calendar year of breast cancer diagnosis®
1946-1964 2 (8.7) 40 (8.2)
1965-1974 90 (35.7) 178 (36.5)
1975-1984 5(33.7) 164 (33.6)
1985-1996 5(21.8) 106 (21.7)
Breast cancer histology
DCIS 3(1.2) 10 (2.0)
Invasive ductal carcinoma 188 (74.6) 379 (77.7)
Invasive lobular carcinoma 12 (4.8) 23 (4.7)

Continued
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Table 1. Continued

Characteristic Cases, n
(%)
Other specified invasive histologyb 23 (9.1)
Unspecified 26 (10.3)
Breast cancer stage
DCIS 3(12)
I 98 (38.9)
II 99 (39.3)
/v 9(3.6)
Localized/regional® 43 (17.1)
Initial surgery for breast cancer
Modified/radical mastectomy 195 (77.4)
Partial mastectomy (breast-conserving 34 (13.5)
surgery)
Mastectomy, not otherwise specified 21 (8.3)
Other 2 (0.8)
Non-surgical breast cancer treatment categoryd
No chemotherapy or radiotherapy 77 (30.6)
Radiotherapy only 152 (60.3)
Chemotherapy and radiotherapy 15 (6.0)
Chemotherapy only 4 (1.6)
Unknown 4 (1.6)
Hormonal agents®
No 198 (78.6)
Yes 49 (19.4)
Unknown 5(2.0)
Cigarette smoking status’
Non-smoker 47 (44.8)
Former smoker 12 (11.4)
Current smoker <1 pack/day 23 (21.9)
Current smoker >1 pack/day 23 (21.9)
Unknown 147 (—)
Alcohol consumption®®
Non-drinker 16 (27.6)
Light drinker 16 (27.6)
Moderate drinker 12 (20.7)
Heavy drinker 14 (24.1)
Unknown 194 (—)
First-degree relative with cancer’
No 75 (48.4)
Yes 80 (51.6)
Unknown 97 (—)
BMI (kg/m?)*
13.8-18.4 7 (5.9)
18.5-24.9 68 (57.1)
25.0-29.9 30 (25.2)
30.0-48.4 4(11.8)
Unknown 133 (—)

Controls®, n
(%)

37 (7.6)
39 (8.0)

10 (2.0)
193 (39.5)
202 (41.4)

13 (2.7)

70 (14.3)

362 (74.2)
78 (16.0)

42 (8.6)
6(1.2)

173 (35.5)
265 (54.3)
20 (4.1)
20 (4.1)
10 (2.0)

364 (74.6)
113 (23.2)
11 (2.3)

125 (58.4)
25 (11.7)
46 (21.5)
18 (8.4)

274 (—)

61 (45.9)

50 (37.6)

16 (12.0)
6 (4.5)
355 (—)

163 (62.5)
98 (37.5)
227 (—)

11 (5.4)
107 (52.5)

57 (27.9)

29 (14.2)
284 (—)

Interval from breast cancer to esophageal cancer diagnosis or comparable

date for controls (years)®

5-9 7 (34.5)
10-14 55 (21.8)
15-24 79 (31.3)
25-37 1(12.3)
Esophageal cancer location®

Upper esophagus 50 (19.8)
Overlapping upper/middle esophagus 17 (6.7)

Middle esophagus 69 (27.4)
Overlapping middle/lower esophagus 50 (19.8)

169 (34.6)
107 (21.9)
155 (31.8)

57 (11.7)

Continued
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Table 1. Continued

Characteristic Cases,n  Controls?, n
(%) (%)
Lower esophagus 39 (15.5) —
Gastroesophageal junction 15(6.0) —
Unknown 12 (4.8) —
Esophageal cancer histology’
Squamous cell carcinoma 178 (70.6) —
Adenocarcinoma 34 (13.5) —
Other 30 (11.9) —
Unknown/ 10 (4.0) —
Esophageal cancer stage
/I 103 (40.9) —
/v 93 (36.9) —
Unknown 56 (22.2) —

DCIS, ductal carcinoma in situ.

*Controls were individually matched (2:1) to case patients by registry, race
(Towa only), birth date (within 5 years), breast cancer diagnosis date
(within 5 years), and survival without a subsequent cancer at least as long
as the period from breast cancer to esophageal cancer for the matched case.
Only one matched control could be found for 16 cases.

Other specified invasive breast cancer histologies included medullary
carcinoma (9 cases, 11 controls), mucinous carcinoma (4 cases, 11
controls), tubular carcinoma (1 case, 6 controls), and other rarer or mixed
histologies (9 cases, 9 controls).

“Patients were categorized as having localized or regional breast cancer
when AJCC stages I-IV could not be assigned due to insufficient
information. The category included localized (32 cases, 51 controls),
regional (7 cases, 13 controls), and unknown (4 cases, 6 controls).

9Breast cancer treatment category includes radiotherapy and chemotherapy
received within the matched time interval, including the first course of
therapy as well as treatments for recurrence and/or new primary breast
cancer. Patients who received a single cycle of chemotherapy prior to
radiotherapy (cyclophosphamide: four cases, eight controls; thiotepa: one
control) were categorized as receiving no chemotherapy. Patients with
radiotherapy but unknown chemotherapy were categorized as receiving
radiotherapy only (two controls). Radiotherapy data included external
beam therapy and brachytherapy (n=1).

“Most patients who received hormonal agents received tamoxifen. Only one
case and five controls received non-tamoxifen hormonal agents exclusively.
‘Data on cigarette smoking, alcohol consumption, and family history of
cancer were ascertained up to 1 year prior to esophageal cancer diagnosis
(or comparable date for controls). BMI was computed from height and
weight data within 5 years of breast cancer diagnosis. Percentages exclude
patients with unknown values.

$Light, moderate, and heavy alcohol consumption was defined as <7, 7-20,
and >21 drinks per week, respectively.

"The upper, middle, and lower esophagus regions were defined as C6-T4,
T4/5-T7/8, and T8-T10/11, respectively.

'Of 252 cases, 224 (89%) were histologically confirmed, 13 (5%) had
diagnoses highly consistent with esophageal cancer, and for 15 (6%) the
possibility of metastatic cancer to the esophagus could not be excluded.
JUnknown esophageal cancer histology included unspecified (one case) and
no histologic confirmation (nine cases).

evidence of increased risk with doses <20 Gy, though the
dose-response relation was compatible with linearity (EOR/
Gy =0.09, 95% CI 0.04-0.16), as evidenced by comparing
the linear model with the categorical model in Table 2
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(P=0.39) or a linear-quadratic model (P =0.08). Radiation-
related risks were similar for esophageal squamous cell
carcinoma and adenocarcinoma, although the trend for
adenocarcinoma was not significant (P =0.16). Overall, we
estimate that 75/252 (30%) of the esophageal cancer cases
in this study can be attributed to radiotherapy, but among
women with a dose of >20 Gy to the esophageal tumor
location, 51/71 (72%) can be attributed to radiotherapy.
Nevertheless, the absolute risk of esophageal cancer is low:
among 1000 women aged 60 at breast cancer diagnosis
receiving an esophagus radiation dose of 30 Gy, an excess
of five esophageal cancers due to radiation might be
expected over 25 years, though this excess would likely vary
by other esophageal cancer risk factors.

Alkylating agent-containing chemotherapy was not
associated with esophageal cancer risk, regardless of the
duration or specific chemotherapy regimen, among the few
women in our study who received such chemotherapy (18
cases, 33 controls; Table 2). Women receiving hormonal agents
(mainly tamoxifen) had lower risk of esophageal cancer,
primarily when treated in the 5 years preceding esophageal
cancer diagnosis (comparable date for controls; OR = 0.4, 95%
CI 0.2-0.8; Table 2). The duration of hormonal agent use was
not associated with esophageal cancer risk (Pyenq > 0.5).
Multivariate analyses that included variables for all three
treatments gave very similar results (not shown).

In analyses of other esophageal cancer risk factors, risk was
increased for current, heavy cigarette smoking (OR = 2.4, 95%
CI 1.1-5.7) and for moderate (OR = 3.1, 95% CI 1.1-8.5) or
heavy (OR =6.9, 95% CI 2.1-25) alcohol consumption
(Table 3), with the alcohol excess limited to squamous cell
carcinomas. Family history of cancer increased esophageal
cancer risk, particularly family history of lung cancer
(OR =6.3, 95% CI 2.0-24; Table 3). As BMI increased, risk of
esophageal squamous cell carcinoma decreased (Pyeng = 0.02,
Table 3), whereas risk of adenocarcinoma increased
(Ptrena = 0.002). There was little indication that esophageal
cancer risk factors confounded treatment-related risks:
inclusion of these risk factors in multivariate models did not
materially alter the estimated treatment-related risks, whether
based on all data or based only on patients with data on the
risk factor of interest (results not shown).

Table 4 presents radiation-related esophageal cancer risks
(=20 versus 0-19.9 Gy) for various patient subgroups. Risk
peaked 10-24 years after breast cancer and remained non-
significantly elevated at >25 years. Risk was not strongly
related to age at breast cancer or esophageal cancer diagnosis
but appeared somewhat higher for women diagnosed at
younger ages. Although esophageal cancer risk was slightly
higher among women receiving combined alkylating agent-
containing chemotherapy and >20 Gy radiation, this risk
estimate was based on few exposed women. Risks for >20
versus 0-19.9 Gy radiation did not differ by type of initial
surgery for breast cancer, but patients generally received lower
doses to the esophagus following partial mastectomy. Our data
were consistent with a multiplicative effect of radiation and
other esophageal cancer risk factors. Similar results were
observed in analyses considering radiation dose as a
continuous rather than categorical variable, with the exception
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Table 2. Risk of esophageal cancer following breast cancer according to breast cancer treatment, overall and by esophageal cancer histology

Radiation dose to specific esophageal tumor location (Gy)

0* 84 201 1.0 (referent) 55 138 1.0 (referent) 17 37 1.0 (referent)
0.1-4.9 49 112 0.9 (0.6-1.5) 32 73 1.0 (0.5-1.7) 9 20 1.0 (0.3-2.9)
5.0-9.9 21 38 1.2 (0.6-2.4) 13 25 1.2 (0.5-2.7) 2 2 1.7 (0.3-8.8)
10.0-19.9 15 36 1.0 (0.5-2.2) 11 27 .0 (0.4-2.4) 1 3 ~
20.0-24.9 16 19 2.4 (1.1-5.5) 12 15 .3 (0.9-6.1) 1 0 ~
25.0-29.9 25 27 3.3 (1.7-6.7) 20 23 9 (1.3-6.4) 1 0 ~
30.0-34.9 19 17 5.7 (2.3-15) 19 15 .5 (2.8-24) 0 1 ~
35.0-44.5 11 7 8.3 (2.7-28) 9 6 8.8 (2.4-37) 0 0 ~
Pirend <0.001 <0.001 0.16
Unknown ° 12 31 0.9 (0.4-2.0) 7 22 0.8 (0.3-2.0) 3 4 2.8 (0.3-31)
Chemotherapy*
No chemotherapy 231 443 1.0 (referent) 163 314 1.0 (referent) 31 60 1.0 (referent)
Any alkylating agent chemotherapy ¢ 18 33 1.0 (0.5-1.9) 14 21 1.2 (0.5-2.8) 2 6 0.7 (0.1-3.4)
By duration (cycles)
2-6 6 12 0.9 (0.3-2.6) 6 8 1.5 (0.4-5.1) 0 2 ~
>6 12 21 1.0 (0.5-2.2) 8 13 1.1 (0.4-2.9) 2 4 0.9 (0.1-5.3)
- >0.5 >0.5 >0.5
By regimen®
Any CAF/CEF 6 10 0.9 (0.3-3.0) 4 7 0.8 (0.2-3.4) 1 2 ~
CMF 11 19 1.0 (0.4-2.4) 10 11 1.7 (0.6-4.6) 0 3 ~
Melphalan 1 4 ~ 0 3 ~ 1 1 ~
Non-alkylating agent chemotherapy only 0 5 ~ 0 4 ~ 0 0 ~
Unknown' 3 7 1.0 (0.2-3.7) 1 5 ~ 1 1 ~
Hormonal agents“®
No 198 364 1.0 (referent) 145 261 1.0 (referent) 22 44 1.0 (referent)
Yes 49 113 0.7 (0.4-1.1) 30 77 0.6 (0.3-1.0) 11 20 1.1 (0.3-3.6)
By duration (months)
1-23 12 27 0.8 (0.4-1.5) 5 19 4 (0.1-1.0) 5 4 2.9 (0.6-17)
24-35 7 19 0.5 (0.2-1.2) 5 13 .5 (0.1-1.4) 2 4 0.8 (0.1-5.0)
36-59 11 24 0.8 (0.3-1.6) 6 17 6(02-14) 2 4 1.2 (0.1-8.5)
60-173 15 32 0.8 (0.4-1.6) 11 20 .9 (0.4-2.1) 2 7 0.5 (0.0-4.9)
Prrend >0.5 >0.5 0.36
Unknown duration 4 11 0.6 (0.2-2.0) 3 8 0.6 (0.1-2.3) 0 1 ~
By time period before esophageal cancer diagnosis (years)"
0-4 24 77 0.4 (0.2-0.8) 14 51 0.3 (0.1-0.7) 6 16 0.6 (0.1-2.4)
5-9 30 57 1.1 (0.5-2.2) 21 34 1.5 (0.6-4.1) 6 14 0.8 (0.2-3.9)
10-14 15 18 2.5 (0.8-8.4) 11 10 3.6 (0.8-27) 3 3 1.2 (0.0-46)
15-32 6 11 0.5 (0.1-2.3) 3 7 0.3 (0.0-2.2) 2 1 ~
Unknown 5 11 1.0 (0.3-2.9) 3 6 1.1 (0.2-4.3) 0 1 ~

CI, confidence interval; OR, odds ratio.

~Risk estimates are not presented for cells containing fewer than two patients.

*Includes patients whose radiotherapy was received entirely within 5 years of esophageal cancer diagnosis or comparable date for controls (two cases, six
controls).

“Includes patients with unknown radiotherapy (3 cases, 8 controls) and patients who received radiotherapy but had insufficient information for dose
estimation (9 cases, 23 controls).

“Risk estimates for chemotherapy and hormonal agents were adjusted for continuous radiation dose.

dPpatients who received a single cycle of chemotherapy prior to radiotherapy (cyclophosphamide: four cases, eight controls; thiotepa: one control) were
categorized as receiving no chemotherapy.

“Chemotherapy categories are mutually exclusive. CAF/CEF includes cyclophosphamide, 5-fluorouracil, and doxorubicin, epirubicin, or mitoxantrone. CMF
includes cyclophosphamide, 5-fluorouracil, and methotrexate.

‘Includes patients with unknown chemotherapy (two cases, five controls) and patients who received chemotherapy but had no further information on the
agents received (one case, two controls).

EMost patients who received hormonal agents received tamoxifen. Only one case and five controls received non-tamoxifen hormonal agents exclusively.

P Analyses accounting for time period refer to the use of any hormonal agents during specific time periods prior to esophageal cancer diagnosis for cases or
comparable date for controls. For 26 cases and 55 controls, hormonal agents were received in more than one interval.
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Table 3. Risk of esophageal cancer following breast cancer according to esophageal cancer risk factors, overall and by esophageal cancer histology

Cigarette smoking status

Non-smoker 47 125 1.0 (referent)
Former smoker 12 25 1.0 (0.4-2.3)
Current smoker <1 pack/day 23 46 0.8 (0.4-1.6)
Current smoker >1 pack/day 23 18 2.4 (1.1-5.7)
P trend 0.20
Unknown 147 274 1.0 (0.6-1.7)
Alcohol consumption®
Non-drinker 16 61 1.0 (referent)
Light drinker 16 50 1.0 (0.4-2.4)
Moderate drinker 12 16 3.1 (1.1-8.5)
Heavy drinker 14 6 6.9 (2.1-25)
Prrend <0.001
Unknown 194 355 2.3 (1.2-4.6)
First-degree relative with cancer
By number of relatives
0 65 159 1.0 (referent)
1 52 70 1.9 (1.2-3.0)
2+ 29 31 2.8 (1.6-5.2)
Prrend <0.001
Unknown 106 228 1.3 (0.9-1.9)
By cancer typed
Breast 22 41 1.1 (0.6-2.0)
Lung 13 4 6.3 (2.0-24)
Upper GI 13 12 2.6 (1.0-6.7)
Colorectal 11 9 2.4 (0.9-6.8)
Other 23 39 1.1 (0.6-2.0)
BMI (kg/m®)®
13.8-18.4
18.5-24.9
25.0-29.9
30.0-48.4
Pirend
Unknown

29

20
17

104

12

12

138

49

40

20

69

15

10

17

54
25

86

85 1.0 (referent) 11 23 1.0 (referent)
17 0.9 (0.3-2.6) 1 5
33 0.9 (0.4-2.1) 1
14 2.6 (0.9-7.5) 4 2 4.5 (0.7-40)
0.22 0.46
195 1.0 (0.5-2.0) 17 31 1.3 (0.4-4.0)
43 1.0 (referent) 5 14 1.0 (referent)
39 1.3 (0.4-4.0) 1 2
13 4.4 (1.2-16) 2 2 0.9 (0.1-6.5)
4 14 (3.1-77) 0 2
<0.001 >0.5
245 3.9 (1.6-10) 26 47 1.8 (0.5-7.2)
110 1.0 (referent) 7 23 1.0 (referent)
49 1.8 (1.0-3.3) 7 9 2.6 (0.7-10.4)
24 2.3 (1.1-4.5) 3 3 5.4 (0.7-52)
0.008 0.06
161 1.1 (0.7-1.8) 17 32 1.8 (0.7-5.0)
28 0.9 (0.4-2.0) 2 4 1.2 (0.1-8.7)
3 4.4 (1.1-24) 4 1 =~
10 2.2 (0.7-6.5) 1 1 ~
5 2.0 (0.6-7.3) 1 2 ~
30 1.0 (0.4-2.1) 4 3 5.3 (0.8-46)
7 1.0 (0.3-3.3) 0 2 1.0 (referent)
75 1.0 (referent) 4 19
2 0.7 (0.4-1.3) 2 7 2.1 (0.2-17)
22 0.4 (0.1-1.0) 5 2 20 (2.4-456)
0.02 0.002
198 0.5 (0.3-0.9) 23 37 4.8 (1.3-23)

BMI, body mass index; CI, confidence interval; OR, odds ratio.

*Data on cigarette smoking, alcohol consumption, and family history of cancer were ascertained up to 1 year prior to esophageal cancer diagnosis (or

comparable date for controls).

PAll risk estimates were adjusted for continuous radiation dose. Cigarette smoking and alcohol consumption were evaluated in the same analysis, thus each

is also adjusted for the other.

“Light, moderate, and heavy alcohol consumption was defined as <7, 7-20, and >21 drinks per week, respectively.
dFamily history by cancer type was evaluated in a multivariate analysis. Upper GI cancer includes esophagus, stomach, and pancreas.
“BMI was computed from height and weight data within 5 years of breast cancer diagnosis. Risks are provided by histology only because of the substantially

different effects.

of potential interactions with age at esophageal cancer
diagnosis and chemotherapy (Phomogeneity = 0.07 and 0.04,
respectively; results not shown).

Treatment-related risk estimates based on all patients were
similar to those obtained in sensitivity analyses excluding case
sets without histologically confirmed esophageal cancer
(n =28) or patients with lapses in the follow-up (5 cases, 13
controls). Treatment-related risk estimates were similar in
influence analyses systematically excluding each study center,
except for suggested elevated risk with alkylating agent-
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containing chemotherapy when Ontario was excluded
(OR=2.1, 95% CI 1.0-8.8, 14 cases/22 controls received such
chemotherapy from the remaining four registries).

discussion

In a large, population-based study of breast cancer survivors,
we provide the first risk estimates for treatment-related
esophageal cancer, using detailed, individualized radiation
dosimetry and data on chemotherapy and hormonal agents.
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Table 4. Odds ratios for risk of esophageal cancer following breast cancer associated with radiation dose to the esophageal tumor location of >20 Gy
(versus 0-19.9 Gy) by categories of time since radiotherapy, age at initial radiotherapy, age at esophageal cancer diagnosis, chemotherapy and hormonal
agent use, type of initial surgery for breast cancer, cigarette smoking, alcohol consumption, family history of cancer, and body-mass index

Total 169 (100.0) 387 (100.0) 71 (100.0) 70 (100.0) 3.5 (2.2-5.9)
Time since breast cancer diagnosis (years)

5-9 71 (42.0) 148 (38.2) 15 (21.1) 16 (22.9) 2.7 (1.1-7.4)

10-14 40 (23.7) 86 (22.2) 15 (21.1) 13 (18.6) 5.3 (1.6-24)

15-24 38 (22.5) 110 (28.4) 32 (45.1) 31 (44.3) 4.3 (2.0-9.9)

25-37 20 (11.8) 43 (11.1) 9 (12.7) 10 (14.3) 2.5 (0.7-10.3) >0.5
Age at breast cancer diagnosis (years)

28-49 34 (20.1) 98 (25.3) 28 (39.4) 21 (30.0) 7.6 (3.0-24)

50-59 43 (25.4) 90 (23.3) 14 (19.7) 19 (27.1) 1.7 (0.7-4.0)

60-69 44 (26.0) 102 (26.4) 23 (32.4) 24 (34.3) 3.7 (1.5-11)

70-88 48 (28.4) 97 (25.1) 6 (8.5) 6 (8.6) 3.4 (0.7-25) 0.14
Year of breast cancer diagnosis

1946-1964 16 (9.5) 28 (7.2) 4 (5.6) 3(4.3) 42 (0.5-87)

1965-1974 45 (26.6) 122 (31.5) 37 (52.1) 38 (54.3) 4.2 (2.1-94)

1975-1984 56 (33.1) 135 (34.9) 27 (38.0) 26 (37.1) 3.2 (1.5-7.2)

1985-1996 52 (30.8) 102 (26.4) 3 (4.2) 3 (43) 2.4 (0.4-19) >0.5
Age at esophageal cancer diagnosis (years)

43-59 13 (7.7) 34 (8.8) 8 (11.3) 4 (5.7) 10.8 (1.9-203)

60-69 33 (19.5) 93 (24.0) 22 (31.0) 18 (25.7) 4.9 (2.1-13)

70-79 59 (34.9) 122 (31.5) 23 (32.4) 32 (45.7) 1.9 (0.9-4.4)

80-98 64 (37.9) 138 (35.7) 18 (25.4) 16 (22.9) 4.8 (1.6-17) 0.23
Alkylating agent chemotherapy

No 155 (92.3) 356 (93.0) 65 (92.9) 66 (95.7) 3.4 (2.1-5.7)

Yes 13 (7.7) 27 (7.0) 5(7.1) 3 (43) 6.9 (1.2-56) 0.44
Hormonal agent use

No 129 (78.2) 289 (76.1) 59 (83.1) 54 (79.4) 3.5 (2.1-6.1)

Yes 36 (21.8) 91 (23.9) 12 (16.9) 14 (20.6) 4.3 (1.6-12) >0.5
Initial surgery for breast cancer

Partial mastectomy 28 (17.7) 70 (19.9) 6 (9.8) 6 (9.4) 3.0 (0.8-10.9) >0.5

Modified or radical mastectomy 130 (82.3) 281 (80.1) 55 (90.2) 58 (90.6) 3.4 (2.0-6.1)
Current cigarette smoking >1 pack per day

No 59 (78.7) 168 (90.8) 19 (73.1) 23 (95.8) 2.9 (1.4-6.4)

Yes 16 (21.3) 17 (9.2) 7 (26.9) 1(4.2) 16.3 (2.2-340) 0.12
Moderate or heavy alcohol consumption

No 20 (48.8) 93 (82.3) 9 (64.3) 14 (87.5) 4.2 (1.4-13)

Yes 21 (51.2) 20 (17.7) 5 (35.7) 2 (12.5) 2.7 (0.5-21) >0.5
First-degree relative with lung, upper GI, or colorectal cancer

No 65 (76.5) 184 (90.2) 28 (70.0) 29 (85.3) 44 (2.3-9.0)

Yes 20 (23.5) 20 (9.8) 12 (30.0) 5(14.7) 3.9 (1.2-15) >0.5
BMI > 25.0 kg/m*®

No 38 (64.4) 71 (61.2) 19 (65.5) 9 (37.5) 5.3 (2.1-15)

Yes 21 (35.6) 45 (38.8) 10 (34.5) 15 (62.5) 2.2 (0.7-6.6) 0.19

BMI, body mass index; CI, confidence interval; OR, odds ratio.

*The mean radiation dose to the esophageal tumor location for patients with >20 Gy was similar for cases and controls within each category.

PRisk estimates compared patients who received >20 Gy to the esophagus tumor location with a referent group of patients who received <20 Gy. Analyses
included a variable indicating patients with unknown radiation dose, including patients with unknown radiotherapy (3 cases, 8 controls) and patients who
received radiotherapy but had insufficient information for dose estimation (9 cases, 23 controls).

“Only squamous cell carcinomas are included.

Because radiation dose varied >20-fold along the length of the Esophageal cancer risk increased with increasing radiation dose
esophagus, we analyzed doses to the specific tumor location to to the tumor location, reaching 8.3-fold at doses >35 Gy.
enable sensitive quantification of radiation-related risk. Although the absolute risk of esophageal cancer is low, the risk
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warrants consideration in radiation therapy risk assessment,
and in the long-term follow-up of patients, particularly when
the supraclavicular or IMC field has been irradiated.

Because of the long induction period for solid cancers,
investigations of late effects of treatment cannot fully address
carcinogenic risks associated with current treatment practices.
However, our study provides risk estimates for a number of
radiotherapy treatments that remain in use for breast cancer,
including supraclavicular irradiation, which can deliver high
doses to the upper esophagus. The axillary, tangential breast
and direct chest fields are commonly used today but deliver
relatively low doses to the esophagus (mean < 2 Gy). We found
no evidence of increased risk at such doses, but esophageal
cancer has been linked with radiation doses <5 Gy in other
settings [28, 30, 31], and concerns remain regarding the doses
to other organs (e.g. heart, lung) from breast cancer
radiotherapy [32]. IMC irradiation also resulted in relatively
high doses to the esophagus in our study. The use of more
modern radiation techniques (oblique fields,
intensity-modulated radiotherapy) and infrequent use of a
separate IMC field lower doses to the esophagus [33].

Radiation-related esophageal cancer risk was highest 10-24
years after initial radiotherapy, consistent with previous reports
of increased risk among long-term breast cancer survivors
[5, 8,9, 12, 14-18, 20]. Some studies have suggested higher
esophageal cancer risks among women diagnosed with breast
cancer at a younger age [7-10, 12, 13]. Our data are compatible
with those studies and with declining risk with increasing
age at esophageal cancer, although these findings were not
statistically significant. Similar radiation-related risks were
seen for squamous cell carcinomas and adenocarcinomas,
but the estimates for adenocarcinomas were based on small
numbers. The higher risks for squamous cell carcinomas
reported in studies without individual dose estimates may
reflect higher radiation doses from breast cancer
radiotherapy to the upper and middle esophagus, where
squamous cell carcinomas tend to occur, compared with the
lower esophagus, where adenocarcinomas typically develop
[5, 11, 14, 20]. The lack of a radiation association following
partial mastectomy reported previously [19] may also be
explained by the lower doses received by these patients; we
found no difference in radiation risks by the type of initial
surgery when dose was taken into account. We did not
observe attenuation of esophageal cancer risk at high doses
(=35 Gy). However, the EOR/Gy in this study was lower
than previous reports in populations with lower radiation
doses [30, 31], suggesting that the risk per Gy may be lower
in the higher dose range, although differences in
fractionation or study population (e.g. age at exposure,
gender) may also contribute.

Chemotherapy use increased substantially during the study
period with the introduction of cyclophosphamide-containing
regimens [3]. Alkylating agents such as cyclophosphamide are
carcinogenic [34, 35], and animal studies support the
sensitivity of esophageal tissue to DNA alkylation (e.g. by
nitrosamines) [36, 37]. We observed no increase in esophageal
cancer risk among the few women receiving alkylating agent-
containing chemotherapy, suggesting that chemotherapy alone
is not an important determinant of esophageal cancer risk.
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However, we did note higher radiation-related esophageal
cancer risk among women receiving alkylating agent
chemotherapy, supporting further study of chemotherapy-
related esophageal cancer risk.

Our data suggested reduced esophageal cancer risk
among women receiving hormonal agents (primarily
tamoxifen) in the 5 years preceding esophageal cancer
diagnosis. Molecular studies demonstrate estrogen receptor
expression in some esophageal squamous cell and
adenocarcinomas [38], but previous studies of tamoxifen
and esophageal cancer have been inconsistent [7, 38, 39].
The time-dependent nature of our observation raises the
possibility that tamoxifen may inhibit esophageal cancer
progression, but could also be spurious. Further studies are
needed to investigate this effect.

Our data were consistent with a multiplicative effect of
radiation and other esophageal cancer risk factors (smoking,
alcohol consumption, family history of cancer, and BMI).
These results support the need for patients receiving chest
radiotherapy to avoid cigarette smoking in particular [40, 41].
Although comprehensive data on esophageal cancer risk
factors were not available in our medical record-based study,
analyses revealed no indication of confounding by these
factors, and yielded risk estimates similar to those reported in
the literature for de novo esophageal cancer, supporting the
validity of our data [22].

A further limitation of our study was lack of centralized
pathology review of the esophageal cancers since archived
diagnostic materials were not available. However, 89% of cases
were histologically confirmed, and breast cancer metastases to
the esophagus are rare [42]. In addition, small sample size for
certain subgroup analyses (e.g. combined chemotherapy and
radiotherapy) and uncertainties in the dosimetry due to
insufficient detail in the medical records limited our ability to
draw definitive conclusions, and our results may not be
generalizable to male or non-Caucasian breast cancer
survivors.

Although esophageal cancer is a frequently fatal
complication of radiotherapy for breast cancer, the absolute
risk of esophageal cancer following breast cancer is low.
Nevertheless, patient and clinician education is warranted to
heighten suspicion of esophageal cancer at the first sign of
dysphagia or other symptoms of esophageal disease,
particularly for breast cancer survivors who received IMC or
supraclavicular irradiation and have other esophageal cancer
risk factors, thus lowering the threshold for endoscopy. In
addition, our data suggest the importance of considering the
dose to the esophagus in radiation therapy dose planning to
further quantify the risks and benefits associated with
radiotherapy [2].
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Relationship between specific adverse events
and efficacy of exemestane therapy in early
postmenopausal breast cancer patients
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Background: Many adverse events (AEs) associated with aromatase inhibitors (Als) involve symptoms related to the
depletion of circulating estrogens, and may be related to efficacy. We assessed the relationship between specific AEs
[hot flashes (HF) and musculoskeletal AEs (MSAE)] and survival outcomes in Dutch and Belgian patients treated with

exemestane (EXE) in the Tamoxifen Exemestane Adjuvant Multinational (TEAM) trial. Additionally, the relationship

between hormone receptor expression and AEs was assessed.

Methods: Efficacy end points were relapse-free survival (RFS), overall survival (OS) and breast cancer-specific mortality
(BCSM), starting at 6 months after starting EXE treatment. AEs reported in the first 6 months of treatment were
included. Specific AEs comprised HF and/or MSAE. Landmark analyses and Cox proportional hazards models

assessed survival differences up to 5 years.

Results: A total of 1485 EXE patients were included. Patients with HF had a better RFS than patients without HF
[multivariate hazard ratio (HR) 0.393, 95% confidence interval (Cl) 0.19-0.813; P =0.012]. The occurrence of MSAE
versus no MSAE did not relate to better RFS (multivariate HR 0.677, 95% CI 0.392-1.169; P =0.162). Trends were
maintained for OS and BCSM. Quantitative hormone receptor expression was not associated with specific AEs.
Conclusions: Some AEs associated with estrogen depletion are related to better outcomes and may be valuable

biomarkers in Al treatment.

Key words: adverse events, aromatase inhibitors, breast cancer, estrogen receptors, exemestane

introduction

Five years of adjuvant treatment with third-generation
aromatase inhibitors (Als) have shown improvements in
disease-free survival and distant disease-free survival, and
contralateral breast cancer, without significant improvements
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in overall survival (OS), when compared with tamoxifen in
postmenopausal hormone receptor-positive breast cancer
patients. This has been observed in several large trials [1, 2].
In addition, the superiority of Als has also been shown when
used as part of a sequential treatment regimen, following 2-3
years of tamoxifen, including the survival benefit in the IES
study [3-5]. Although the toxicity profile shows fewer acute
and potentially life-threatening adverse events (AEs) than
tamoxifen, such as pulmonary embolisms and endometrial
cancer, Als are also associated with inconvenient adverse

© The Author 2012. Published by Oxford University Press on behalf of the European Society for Medical Oncology.

All rights reserved. For permissions, please email: journals.permissions@oup.com.



