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T
he use of diagnostic imaging and radiation-
based therapies has increased rapidly over 
the past decade, particularly in oncology.1

Increased exposure to medical radiation has raised 
concerns about health risks and in particular, an 
increased risk of secondary cancers.2 �e probability 
of occurrence of the chronic e�ects of ionizing radia-
tion is a function of the total radiation dose.3,4 �ere 
are limited data on radiation exposure from diag-
nostic procedures (DPs) in breast cancer patients. 
Although patients who have been diagnosed with 
breast cancer undergo radiation-based diagnostic 
and staging work-up that is deemed medically nec-
essary, there remains a growing concern about the 
possible long-term side e�ects of radiation exposure. 
Breast cancer is the most common cancer among 
women worldwide, and the number of breast cancer 
survivors has increased notably in the past decade. 
In the United States, as of 2012, nearly 3 million 
women have a history of breast cancer and consti-
tute more than 40% of female cancer survivors.4 �e 
objective of our study was to quantify the radiation 
dose experienced by breast cancer patients during 
the �rst year of their diagnosis. Patients with early-
stage breast cancer have a good overall prognosis and 
survival, hence it is important to be vigilant about 
possible long-term side e�ects associated with radi-
ation exposure in such patients. �ere are currently 
no additional screening guidelines for cancer survi-

vors to detect secondary cancers, however knowing 
the approximate radiation exposure and associated 
potential risks could help educate patients and allow 
physicians to monitor them more closely. 

Methods
We performed a retrospective chart review study to 
analyze the cumulative radiation doses (millisievert 
[mSv]) of routine DPs performed during the �rst 
year after breast cancer diagnosis. In all, 305 patients 
with newly diagnosed breast cancer who were 
treated at West Virginia University during January 
2008-October 2010 were included in our study. Data 
regarding the frequency of DP including mammo-
grams, sentinel lymph node biopsies, X-rays, com-
puted-tomographic (CT) and/or positron emission 
tomographic (PET) scans, MUGA scans and bone 
scans were collected. Mean radiation doses of the 
DPs were obtained from the departments of nuclear 
medicine and radiation at our institution (Table 1). 
We used Kruskal-Wallis test and post hoc pairwise 
comparisons to assess the in¥uence of age, histology, 
estrogen/progesterone receptor (ER/PR) status, and 
disease stage on the amount of radiation exposure. 
We also performed a subgroup analysis to evaluate 
the e�ect of those factors on the number of posi-
tron emission tomography-computed tomography 
(PET-CT) scans. All statistical tests with 2-sided  
P < .05 were considered statistically signi�cant.
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Radiation exposure is associated with an increased risk of secondary cancers. Knowing the approximate radiation exposure from 
diagnostic procedures in the �rst year after a breast cancer diagnosis could help educate patients and allow physicians to monitor 
them more closely for potential risks. 
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Results
Most of our patients were aged 40-60 years (n = 162) and 
most had in�ltrating ductal carcinoma (IDC; n = 198; 
Table 2). Patients who were younger than 40 years received 

a signi�cantly higher radiation dose compared with those 
who were older than 60 years (35.9 mSv and 19.2 mSv, 
respectively; P = .009). Patients with ductal carcinoma in 
situ (DCIS) had signi�cantly less exposure to radiation 
than did patients with IDC and invasive lobular carcinoma 
(ILC): 8.5 mSv, 26.7 mSv, and 22.4 mSv, respectively;  
P < .0001. Disease stage IIB or higher was associated 
with a signi�cantly higher radiation exposure (P < .0001). 
Disease stage IIIA or higher was the only factor associated 
with a higher radiation dose from PET-CTs (P < .0001). 
�e mean radiation exposure relative to various factors is 
shown in Table 2.

Conclusion
Most of the evidence on radiation-induced health risks 
is based on data from survivors of the Hiroshima and 
Nagasaki atomic bomb blasts.5 �ese data provide com-
pelling evidence of radiation-induced cancer risk at doses 
higher than 100 mSV.3 Radiation-induced risk is more 
controversial at doses between 10 and 100 mSV because 
estimating the risk of developing cancer from an individual 
radiologic study is not clear, given the stochastic nature of 
harm from ionizing radiation and the limited epidemio-
logic data. However, there is mounting consensus in the 
medical and scienti�c communities that the risk to the 
patient is real, however small.

�e 2006 Biological E�ects of Ionizing Radiation 
(BEIR VII-Phase 2) risk model on lifetime attribut-
able cancer predicts that 1 in 1,000 persons exposed to 10 
mSV will develop cancer because of that singleexposure.3

�e International Commission on Radiological Protection 
has con�rmed that doses for diagnostic exams such as CT 
scans approach or exceed levels associated with an increase 
in lifetime cancer risk.6

Our study has attempted to quantify the radiation 
doses associated with diagnostic procedures in breast can-
cer patients. Although our patients underwent diagnostic 
procedures and imaging for necessary diagnosis and man-
agement of breast cancer, given the high overall survivor-
ship in breast cancer patients, it is imperative to educate 
both patients and physicians about the possible long-term 
health risks associated with radiation exposure, including 
the development of secondary cancers. �ere are no current 
recommendations to o�er additional screenings to cancer 
survivors except the general age-appropriate screenings, 
however knowing the approximate radiation dose experi-
enced by these patients and potential risks associate with 
it will help patients and physicians monitor closely with 
details history and physical examinations. 

�e �ndings from our study show that radiation exposure 
from DPs is signi�cant in the �rst year after a diagnosis 
of breast cancer, especially for younger patients and those 
with advanced stage disease, even though the potential risk 

Research Report

TABLE 1 Radiation doses from various diagnostic procedures

Procedure Mean dose, mSV

Mammogram (bilateral) 0.4

Stereotactic biopsy 0.2

Sentinel LN biopsy 0.4

Chest X-ray 0.1

PET-CT 24

MUGA scan 9.4

CT

   Brain

   Neck

   Chest

   Chest/abd/pelvis

   Abd/pelvis

   Pelvis

2.0

6.0

7.0

18.0

10.0

6.0

Bone scan 6.3

Abd, abdomen; CT, computed tomography; LN, lymph node; MUGA, mul-
tigated acquisition scan; PET-CT, positron emission tomography-computed 
tomography 

TABLE 2 Mean and median of the total radiation doses by groups

Radiation dose, mSV

Group
No. of 

patients Mean (SE) Median (IQR) P

Overall 305 21.94 (1.51) 7.80 (32.10) —

Age, y .0187

   < 40
   40-60
   > 60

19
162
123

35.94 (8.65)
22.53 (2.00)
19.18 (2.27)

25.10 (25.50)
10.30 (33.60)
6.80 (28.90)

—
—
—

Histology < .0001

   DCIS
   IDC
   ILC
   Others

60
198
26
13

8.54 (2.19)
26.69 (2.04)
22.38 (3.43)
20.28 (6.52)

2.10 (5.15)
24.90 (35.60)
25.40 (24.00)
19.00 (23.80)

—
—
—
—

ER/PR .0052

   Negative
   Positive

54
224

31.79 (4.08)
21.10 (1.69)

26.35 (32.90)
7.30 (32.25)

—
—

Stage < .0001

   0
   I
   II/IIA
   IIB
   III/A-C
   IV

18
105
48
25
35
12

7.62 (4.60)
13.28 (1.79)
24.73 (3.57)
36.03 (3.09)
42.04 (4.88)
76.68 (7.92)

2.25 (4.30)
5.80 (22.90)
25.25 (29.75)
34.40 (14.30)
35.60 (24.90)
72.80 (27.30)

—
—
—
—
—
—

DCIS, ductal carcinoma in situ; ER/PR, estrogen/progesterone receptor; IDC, in�ltrating 
ductal carcinoma; ILC, invasive lobular carcinoma; IQR, interquartile range
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associated with it is small. As far as we know, this is the 
�rst attempt to quantify the radiation exposure with DPs. 
Although we did not �nd any adverse event directly related 
to radiation exposure in our group of patients, given the 
short follow-up and retrospective nature of our study, we 
need to continue to scrutinize the e�ects of radiation expo-
sure from DPs. Prospective studies with a longer follow-up 
are warranted to answer this important health concern.
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