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Abstract

Objectives: To investigate the correlation between the utilization of nuclear medicine diagnostic proce-
dures and the mortality of women with breast cancer. Subjects and Methods: Based on the National He-
alth Insurance Research Database (NHIRD), we studied female breast cancer patients in 2012 who under-
went whole-body bone scan, lymphoscintigraphy, or fluorine-18-fluorodeoxyglucose positron emission
tomography/computed tomography (°F-FDG PET/CT) for possibly managing breast cancer metastases.
The mortality of breast cancer was then followed up in 2017. Multiple linear regression analysis was applied
to analyze the correlation between the use of any of these three nuclear medicine procedures and the mor-
tality of breast cancer. Results: For patients with early-stage breast cancer, single lymphoscintigraphy was
the most frequently performed nuclear medicine procedure, accounting for 36.4% of all three nuclear me-
dicine procedures. For patients with late-stagebreast cancer, single whole-body bone scan was the most
frequently performed nuclear medicine procedure, accounting for 67.2% of all three nuclear medicine pro-
cedures. Mortality of breast cancer significantly increased with the prevalence of late-stage breast cancer
(b=2.87,P=0.001) and significantly decreased in cases in which whole-body bone scan was used (b=—4.28,
P=0.003). Conclusion: The mortality of women with late-stage breast cancer was negatively related to the
utilization of whole-body bone scan but not to the utilization of lymphoscintigraphy or the "“F-FDG PET/CT
scan. In women with early-stage breast cancer, no significant correlation existed between breast cancer
mortality and the utilization of the above three nuclear medicine procedures.
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Introduction

ccording to a 2018 estimation by the World Health Organization, the worldwide

incidence of breast cancerwas 1,671,149 (43.1 per 100,000 women), and the mor-

tality was 521,907 (12.9 per 100,000 women) [1]. Moreover, the female breast can-
cer (464,000 cases) was the commonest cancer site and the third commonest cause of all
deaths from cancer in Europe (131,000 cases) [2]. Therefore, diagnosing and controlling
theincidence of metastasesand reducing mortality in breast cancer womeniis critical.

Treatment modalities and survival of breast cancer depend among other factors, on
the stage of cancer and the molecular aggressiveness of cancer cells. Nuclear medicine
modalities contributing to the diagnosis of the stage of breast cancer include lymphos-
cintigraphy, which is used both to map the distribution of sentinel lymph nodes (SLN)
which is needed for SLN biopsy and to identify the regional lymph nodes status [3, 4].
Furthermore, whole-body bone scan and fluorine-18-fluorodeoxyglucose positron
emissiontomography/computed tomography ("*F-FDG PET/CT) are used to identify me-
tastases [5-7]. Nuclear medicine procedures have contributed to staging breast cancer,
but the correlation between using the above three nuclear medicine procedures and the
mortality of early-stage or late-stage breast cancerin women has not been studied.

The National Health Insurance (NHI) program was launched in Taiwan in 1995.The NHI
isa mandatory single-payer health care system with a nearly 100% coverage rate and in-
cludes most nuclear medicine procedures such as lymphoscintigraphy, bone scan and
"F-FDG PET/CT scan for a total of 77 items. All medical records, including types of nucle-
ar medicine procedure, patients' age at examination, and clinical indications, are incor-
porated into the National Health Insurance Research Database (NHIRD). Based on the
NHIRD, this study was conducted to investigate the correlation between the utilization
of the above three nuclear medicine procedures and the mortality of women with breast
cancer.
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Table 1. The prevalence and mortality of breast cancer in Taiwan.

Age group Early-stage breast cancer, Late-stage breast cancer, Age- Death from breast
in 2012 2012 2012 oy cancer, 2017
Number Prevalence* Number Prevalence* Number Mortality*
15~19 3 0.4 0 0.0 20~24 1 0.1
20~24 4 0.5 3 0.4 25~29 3 0.4
25~29 53 6.4 18 22 30~34 35 4.0
30~34 172 16.8 76 7.4 35~39 60 5.8
35~39 399 42.2 171 18.1 40~44 125 13.3
40~44 696 75.3 344 37.2 45~49 225 245
45~49 1,144 121.7 604 64.3 50~54 326 34.7
50~54 1,078 116.4 664 71.7 55~59 400 44.2
55~59 916 110.0 662 79.5 60~64 363 44.9
60~64 767 116.2 552 83.7 65~69 250 40.8
65~69 411 105.2 334 85.5 70~74 160 44.2
70~74 278 75.6 300 81.6 75~79 162 49.6
75~79 158 56.3 196 69.9 80~84 119 52.9
80~84 84 43.9 100 52.3 85~89 92 70.8
85~89 36 35.9 41 40.9 B - -
Total 6,199 61.9 4,065 40.6 Total 2,321 241

*per 100,000 women according to NHIRD

Subjects and Methods

Subjects selection

According to the International Classification of Diseases,
Ninth Revision, we selected and studied women with breast
cancer from the NHIRD in 2012, having performed whole-
body bone scans, lymphoscintigraphs, or *F-FDG PET/CT.
The overall mortality of these women was followed-up in
2017.Because the mortality of breast cancer was associated
with the staging of the disease and with age [8], patients
were stratified by age and by the kind of surgical operation.
Partial mastectomy patients were considered to be at an
early stage and mastectomy patients atalate stage.

Statistical analysis

Descriptive statistics were adopted to analyze the utility and
age distribution of the three nuclear medicine procedures in
these patients. Multiple linear regression analysis with
stepwise regression method was applied to analyze which
nuclear medicine procedure(s)significantly affected the mor-
tality of these patients. All statistical analyses were performed

using IBM SPSS Statistics 19.0 (IBM Taiwan Corp., Taipei, Tai-
wan).

Results

In 2012, the total number of women older than 15 years in
Taiwan was 10,010,348; the total number of partial
mastectomies (early-stage breast cancer) was 6,199 (i.e,, 61.9
per 100,000 women). The prevalence in various age groups
was between 0.4 and 121.7 per 100,000; the highest in the 45-
49 age group and the lowest in the 15-19 age group (Table 1).
Furthermorein 2012, the total number of mastectomies (late-
stage breast cancer) was 4,065 (i.e., 40.6 per 100,000 women).
The prevalence was between 0.4 and 85.5 per 100,000;
highest in the 65-69 age group and lowest in the 15-19 age
group. Moreover, the total number of deaths from breast
cancer was 2,321 in 2017 (i.e., 24.1 per 100,000 women). The
mortality was between 0.3 and 57.6 per 100,000; it was
highest in the 80-84 age group and lowest in the 15-19 age

group.
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The applications of single or multiple nuclear medicine
procedures in managing breast cancer are shown in Table 2.
We analyzed the use of nuclear medicine procedures in wo-
men with early-stage and with late-stage breast cancerin Ta-
iwan, 2012. For patients with early-stage breast cancer, single
lymphoscintigraphy was the most frequently performed
nuclear medicine procedure, accounting for 36.4% of all
three nuclear medicine procedures. For patients with late-
stage breast cancer, single whole-body bone scan was the
most usually performed test accounting for 67.2% of all three
nuclear medicine procedures.

The utilization of nuclear medicine procedures differed
among age groups; it was highest in the 45-49 age group of
early-stage breast cancer, highest in the 60-64 age group of
late-stage breast cancer and lowest in the 15-19 age group of
all cases (Figures 1 to 4). The age of patients with late-stage
breast cancer who used the three nuclear medicine proce-
dures was higher than that of patients with early-stage bre-
astcancer.

Table 2. The use of nuclear medicine procedures in women with
early-stage and with late-stage breast cancer in Taiwan, 2012.

Nuclear medicine Use  Distribution

procedures rate* (%)

Women with early-stage

breast cancer

Single lymphoscintigraphy 15.8 36.4

Single whole-body bone scan 13.5 31.1

Whole-body bone scan & 11.3 26.0

lymphoscintigraphy

Whole-body bone scan &°F- 1.1 25

FDG PET/CT

Single "F-FDG PET/CT 0.9 2.1

Lymphoscintigraphy &"F-FDG 0.5 1.2

PET/CT

Whole-body bone scan & 0.3 0.7

lymphoscintigraphy &°F-FDG

PET/CT

Total 43.4 100.0

Women with late-stage

breast cancer

Single whole-body bone scan 17.6 67.2

Whole-body bone scan & 3.3 12.6

lymphoscintigraphy

Single lymphoscintigraphy 2.2 8.4

Single "F-FDG PET/CT 1.5 5.7
(continued)

Whole-body bone scan &°F- 1.3 5.0
FDG PET/CT

Lymphoscintigraphy &"°F-FDG 0.2 0.8
PET/CT

Whole-body bone scan & 0.1 0.4
lymphoscintigraphy &"°F-FDG

PET/CT

Total 26.2 100.0%

*per 100,000 women according to NHIRD
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Figure 1. The age distribution of each of the three nuclear medicine procedures in
patients with early-stage breast cancerin Taiwan, 2012 according to NHIRD.
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Figure 2. The age distribution of each of the three nuclear medicine procedures in
patients with late-stage breast cancerinTaiwan, 2012 according to NHIRD.

Based on multiple linear regression analysis, where the
mortality of breast cancer was variably dependent, the pre-
valence of early-stage or late-stage breast cancer and the ra-
te of nuclear medicine procedures used were independent
variables. In patients with late-stage breast cancer, the
mortality of breast cancer significantly increased with the pre-
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Table 3. Multivariate regression model for the mortality of breast cancer according to NHIRD.

Variables b SE 95% CI P value
Intercept 4.02 3.84 -4.43 12.48 0.318
Prevalence of late-stage breast cancer 2.87 0.62 1.51 4.24 0.001
Use rate of whole-body bone scan in patients with late-

stage breast cancer -4.28 1.14 -6.79 -1.77 0.003
valence of the disease (b=2.87, P=0.001) and significantly Discussion

decreased when using whole-body bone scan (b=-4.28,
P=0.003), as shown in Table 3. However, no significant corre-
lation existed in patients with late-stage breast cancer bet-
ween the mortality of breast cancer and the use of the other
two nuclear medicine procedures. In early-stage breast can-
cer patients, no significant correlation was found between
breast cancer mortality and the use of all three nuclear me-
dicine procedures.
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Figure 3. The age distribution of two joint nuclear medicine procedures in patients
with early-stage breast cancerin Taiwan, 2012 according to NHIRD.
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Figure 4. The age distribution of two together multiple nuclear medicine proce-
duresin patients with late-stage breast cancerinTaiwan, 2012 according to NHIRD.

Because the 5 years survival rate of breast cancer is approxi-
mately 70% in East Asia as reported for 2014 [9], we analyzed
the effect of the utilization of nuclear medicine procedures
and the mortality of breast cancer after 5 years, in 2017.

Additionally, because cancer stages are not recorded in the
NHIRD, we separated early- and late-stage breast cancer by
selecting patients who were undergoing partial mastectomy
and mastectomy, respectively as being at an early or late sta-
te of the disease.

The mortality of breast cancer has been related to cancer
staging [10], i.e., higher mortality was correlated with advan-
ced breast cancer; thus, in this study, the prevalence of mas-
tectomy was positively associated with mortality of breast
cancer and was regarded as a confounder to be controlled.
Therefore, in patients with late-stage breast cancer the signi-
ficantly negative correlation between the use of whole-body
bone scan and breast cancer mortality was shown after ad-
justing the confounding factor in the multivariate model.

Axillary lymph node dissection (ALND) can be avoided in
patients with early breast cancer and limited sentinel-node
involvement, thereby eliminating complications, particularly
lymph edema, sensory loss, and shoulder abduction deficits
[11]. Lymphoscintigraphy, which is used to map the distribu-
tion of sentinel lymph nodes (SLN) for biopsy and identify the
regional nodal status, can assist to avoid total lymph modes
dissection when a negative sentinel node is found in the axil-
la [12]. Recent studies avoid total lymph modes dissection
mainly when sentinel node in axilla is negative. In this study,
ALND was performed in 1,861 cases of early-stage breast
cancer without lymphoscintigraphy, accounting for 53.7% of
this population. However, another 1,183 early-stage breast
cancer patients underwent ALND after receiving lymphos-
cintigraphy, accounting for only 43.3% of this population,
which is significantly less than the group which did not have
lymphoscintigraphy. Thus, lymphoscintigraphy did help sur-
geons to accurately identify regional lymph nodal status of
breast cancer and avoid unnecessary ALND if no metastasis
was found in the sentinel node.

The most common distant metastases of breast cancer are
the bones, liver, and lungs [13]. Whole-body bone scan is the
most commonly used modality to detect bone metastasesin
breast cancer. It is effective, noninvasive, low-cost, and pro-
vides valuable diagnostic and prognostic information of bre-
ast cancer [14]. According to a meta-analysis, the pooled sen-
sitivity and specificity of whole-body bone scan for detecting

Hellenic Journal of Nuclear Medicine * May-August 2019

www.nuclmed.gr



Original Article

bony metastases of breast canceris approximately 81% (33%-
100%) and 96% (55%-100%), respectively [15]. In the late-sta-
ge breast cancer population of this study, 1,711 of 2,221 pati-
ents with whole-body bone scan underwent chemotherapy
(77.0%) and 707 patients underwent radiotherapy (31.8%).
However, only 1,109 of 1,844 patients without whole-body
bone scan underwent chemotherapy (60.1%) and 289 pati-
ents underwent radiotherapy (15.7%). This could be due to the
gravity of the disease but also relates to the fact that whole-
body bone scan can accurately detect bone metastases of
breast cancer, thus suggesting the necessary chemotherapy or
radiotherapy treatment and reducing overall mortality. Whole-
body bone scan seems to play an important role in the mana-
gement of advanced breast cancer.

The prevalence of hepatic and pulmonary metastases is re-
ported to beless than 1% in early breast cancer. Thus, ®F-FDG
PET/CT is not indicated in subjects with apparently early sta-
gelorllof breastcancer[16]. However, itis a reasonable alter-
native for following-up cases with suspicious or equivocal
computed tomography or magnetic resonance imaging fin-
dings. In this study, the utilization of single or combined "*F-
FDG PET/CT accounted for only 3.5% of patients with early-
stage breast cancer and 7.4% of patients with late-stage bre-
ast cancer. The use of “F-FDG PET/CT was not associated
with the mortality of breast cancer, probably due to the low
frequency of using this modality.

In conclusion, as from the data derived from NIHIRD in Ta-
iwan, the mortality of women with late-stage breast cancer
was negatively related to the utilization of whole-body bone
scan but not to the utilization of lymphoscintigraphy or the
"“F-FDG PET/CT scan. In women with early-stage breast can-
cer, no significant correlation existed between breast cancer
mortality and the utilization of the above three nuclear medi-
cine procedures.
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