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Objective : To identify whether various parameters of " Tc-sestamibi scintimammography
could predict the response of breast cancer to neoadjuvant chemotherapy
(NAC) and also observe the correlation between these parameters and the
response to chemotherapy.

Setting ¢ Division Nuclear Medicine, Department of Radiology, Faculty of Medicine,
Chulalongkorn University, King Chulalongkorn Memorial Hospital.

Subject : 11 untreated breast cancer female patients who underwent neoadjuvant
chemotherapy with 4 cycles of CEF regimen. No patients had contraindication
for radiopharmaceutical-study. All subjects-were informed about the study
and gave their consent in writing before recruitment.

Design i Prospective descriptive study.

¥MTc-sestamibi scintimammography prior to

Method . All patients were studied-with
NAC. The scintigraphic parameters of breast lesions included washout rate
(WOR %), tumor index (Tl), tumor to background ratio (TB ratio), and tumor
half clearance time (T1/2) were recorded. The patients were classified into
responders (Group 1) and non-responders (Group 2) by ultrasonographic
change of tumor size based on WHO criteria. The correlation between these

parameters and response of tumor to NAC were evaluated.

*Department of Radiology, Faculty of Medicine, Chulalongkorn University
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Results : Among 11 patients, 3 patients were classified into Group 1 and 8 patients in
Group 2. There was neither statistically significant difference detected in
the characteristics of the patients nor the tumor. The mean values of WOR,
Tl, T/B ratio and T1/2 in Group 1 were 54.18 + 48.60 %, 2.98 + 1.74, 1.44 +
0.44 and 169.25 + 169.54 minutes, respectively. In Group 2, the parameter
values were 49.87 + 19.38 %, 0.92 + 0.97, 1.91 + 0.39 and 269.93 + 250.35
minutes, respectively. Tl showed statistically significant difference between
the two groups and high prognostic test with the cut-off value of 1.58
(sensitivity 100 %, specificity 88 % and accuracy 91 %). Neither statistically
significant difference in the rest of scintigraphic parameters nor close
correlation between all parameters and % change of tumor size was detected
between both groups.

Conclusion : Regarding the functional imaging in breast cancer patients with *"Tc-
sestamibi scintimammography, only Tumor Index showed significant
correlation with the response of NAC while other parameters did not. The
parameter might be useful for predicting response to NAC. However, the
results from this preliminary report could be affected by the small size of

recruited subjects. Further study in a larger group of patients is suggested.

Keywords : “"Tc-sestamibi-scintimammography, Breast. cancer, Neoadjuvant

chemotherapy.
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Breast cancer is the most common cancer
among women worldwide. In Thailand, breast cancer
is the second most common cancer in the female and
its annual incidence is currently rising.“'2> Neoadjuvant
chemotherapy (NAC) has become part of standard
treatment for locally advanced breast cancer and the
optional treatment prior to breast conserving surgery
in the early stage of breast cancer.®? It is found in
many studies that response to NAC correlates with
relapse free-survival and can be a prognostic marker
for therapeutic results and useful to adjust further
treatment with loco-regional treatment and systemic
therapy.(f"?)The intrinsic chemoresistance called
multidrug resistance (MDR) is the major cause of
treatment failure ®'’and the most known causes now
are MDR1 and MRP, which codes multidrug-resistance
proteins named plasmaglycoprotein (Pgp) and MRP1.
Both proteins act as an ATP-dependent drug efflux
pump of board specificity that enables cancer cells
to extrude many chemotherapeutic agents and thus
circumvent their lethal effects. Their expression can
be the prognostic index for poor response of treatment
in many cancers, relapse rate and it also indicates
the aggressiveness of the tumor cell."*"”

Functional identification of Pgp and perhaps
MRP might provide important information on:the
direction of the choice of chemotherapeutic agents or
the combined use of reversing agents. Diagnostic
radiopharmaceuticals that are recognized as transport
substrates by the human MDR1, Pgp and MRP1 may
enable functional identification of transporter mediated
resistance in vivo by breast scintigraphy."**” There
have been no previous studies on the comparison

between various parameters.

The aim of this prospective observational
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study was to evaluate the clinical value of various
parameters from scintimammography with *"Tc-
sestamibi in predicting neoadjuvant chemotherapy
response in patients with breast cancer. We also tried
to define the optimal cut-off value of these parameters
and perform equations of correlation between these
parameters and tumor response to neoadjuvant

chemotherapy.

Material and Method

Patients: Eleven patients with previously untreated
breast carcinoma were recruited into the study. Their
tumors were staged according to the tumor-nodes-
metastasis (TNM) system. Nuclear grading was used
to define the degree of tumor differentiation and
hormonal receptor status was assessed. Patients with
poor physical status, pregnancy, distant metastases,
or those being treated with other methods were
excluded. All patients were evaluated before
neoadjuvant chemotherapy and were followed until
surgery to verify the chemotherapy outcome. The
study protocol was approved by the Ethics Committee
for Research of the Faculty of Medicine. The subjects
were thoroughly explained about the study before they
signed their consent forms.

Protocol: Before starting.chemotherapy, all subjects
underwent a baseline evaluation that included clinical
examination, bilateral mammography, breast
ultrasonography, fine needle aspiration cytology
of the lesions, standard chest X-rays and *"Tc-
sestamibi scintimammography. The tumor sizes
were determined by measuring the two largest
perpendicular diameters evidenced on ultrasonography
examinations at baseline, after 2 and 4" cycle of

NAC. Four cycles of chemotherapy (CEF regimen;
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cyclophosphamide 600 mg/m?, epirubicin 60 mg/m’
and fluorouracil 600 mg/m?) every 3 weeks were given
in all patients. All subjects underwent surgical
treatment (radical mastectomy with/without axillary
lymphadenectomy or wide excision) with pathological
examination of the removed tumors and nodes.

9T c-sestamibi

Scintimammographic study : The
scintimammographic study performed before
chemotherapy was aimed at predicting tumor

%M Te-sestamibi (Cardiolite,

response to chemotherapy.
Dupont Pharmacoceuticals Co., Billerica, MA), 740
MBq (20 mCi), was injected intravenously into the
patient’s foot vein. A dynamic study was performed
in the prone lateral position with a large field-of-view
single head gamma camera (General Electrics,
CAMSTAR 600 XR/T) equipped with a high-resolution
low energy parallel-hole collimator and interfaced to a
computer system (photopeak 140 keV , symmetrical
10 % window). Sequential images were recorded
using 64x64 matrix every 2 seconds for 2 minutes
(Phase 1), then every 1 minute for 10 minutes (Phase
I). Static planarimages (matrix 128x128 pixels, 1500
kcount) were then obtained at 12 minutes after the
radiotracer administration in prone lateral and anterior
supine positions. Afterward, images at 30 minutes,
1 hour, 2 hours and 4 hours were acquired using the
same time recorded at 12 minutes. Each breast was
separated by scintimammography lead pad in the
prone lateral position.

After image acquisition was complete,
regions of interest (ROI) were drawn around the lesion
with maximum tumor activity on the lateral view. This
ROI was then being used for all other images with
different time for all the 4 parameters obtained: 1)

The tumor to background ratio was the ratio between

Chula Med J

mean count in maximal ROl over tumor (T) and mean
count in the same size ROl over contralateral normal
breast tissue (B); 2) The tumor washout rate (WOR)
was calculated by the ratio of delayed to early uptake
as follow:

WOR = [(T-B) —(T-B)

12 min 240m

in] /(T-B) . X100 %;

12m
3) The time to half clearance (T %, minutes) was
computed using monoexponential fitting from decay-
corrected activity curve; 4) The tumor index (TI) was
the ratio of the mean activity in tumor (summed phase
II; total 10 minutes) and the total activity in the first
3 frames of visualized aorta in phase | times 100.
The figure 100 was used to make aorta the same

acquisition period as tumor.

TI= Mean activity in tumor in 10 minutes

Total activity in aorta in the first 3 frames X 100

The examples of ROl drawing were demon-
strated in Figure 1.
Outcome measures: The gold standard of the study
was the objective response of the primitive tumor to
neoadjuvant chemotherapy, as evaluated on % change
of residual tumor size on ultrasonography after the 4"
cycle of chemotherapy based on WHO criteria of tumor

response.

"The radiological outcome was classified
as positive response to chemotherapy (group 1) if
the residual tumor size was reduced > 50 % and
classified as non-response to chemotherapy (group
2) if the residual tumor size was < 50% decreased or
was increased.

Statistical analysis: Data were expressed as mean +
1SD. The results of *"Tc-sestamibi prognostic tests
were expressed in terms of sensitivity, specificity and
accuracy with 95 % confidence intervals. A 2-tailed

-test or Fisher exact test was used, when appropriate,

to evaluate the difference of baseline variables and
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Figure 1. Shows region of interest (ROI) of the static images of **"Tc-sestamibi scintimammography for

parameters analysis. Figure 1A and 1B show samples of ROI drawn over tumor and background

activity over tumor and background in serial, respectively, to analyze T/B ratio and WOR (%).

Figure 1C shows ROl over tumor from the summed images in phase Il for mean activity in tumor

and figure 1D shows ROI over aorta , these images used in tumor index analysis.

scintigraphic parameters between two response
groups. ROC analysis was used to define the best
cut-off value to differentiate group 1 from group 2.
Correlations between scintigraphic parameters and %
change of tumor size after chemotherapy were
evaluated using simple regression analysis and
Pearson’s coefficient of correlation. A probability value

(p) of less than 0.05 was considered significant.

Results

From January 1, 2003 to December 31, 2003,
11 female patients were recruited in the study. Three
patients were classified as group1 (responders)
and eight patients were classified as group 2
(non-responders). Table 1 showed the baseline
characteristics of patients. There was no statistically

significant difference in age, duration of symptoms,



592 SEYEYANUA AW LAZAME Chula Med J

menopausal status, time between scintimammography After neoadjuvant chemotherapy, all patients
and treatment interval (Time to treatment), histological underwent surgery with postoperative chemotherapy
cell type, TNM stage, and baseline tumor size by and external radiation. No mortality or recurrent disease

ultrasonography between the two groups of patients was reported during the study period.

(Table 1 and 2).

Table 1. Characteristics of patients.

Duration USG Time to
Pt No. Age Menopausal of Clinical Histo Grade Side Location size Rx

(year) status symptom stage (cm) (day)
1 53 post menopause 3 mo T2NOMO IDC NA Left LUO 2.2x1.8 0
2 49 perimenopause 1 mo T2NOMO MDC 3 Left LUM 1.9X2.1 2
3 63 post menopause 3 mo T2NOMO IDC 3 Left LLI 1.0X3.0 2
4 47 premenopause 6 mo T3NOMO IDC NA Left LUO 3.2X1.7 1
5 40 premenopause 1 mo T2N1MO IDC 3 Left LUO 1.6x1.0 4
6 42 premenopause 2y T2NOMO IDC 2 Left LUO 2.1X3.3 2
7 37 premenopause 2 mo T3N1MO IDC ) Right central  3.3x4.0 2
8 43 premenopause 3 mo T2N1MO IDC 2 Right RUO 2.3X2.3 3
9 52 postmenopause 1 week  T2NOMO MCA 2 Right RUI 2.9X3.3 1
10 57 postmenopause 6 mo T4NOMO MDC 2 Right RUI 2.8X2.6 4
(K 54 perimenopause 1 mo T2NOMO MDC 3 Left LUO 2.4X2.0 3

IDC=invasive ductal carcinoma, MDC=medullar carcinoma, MCA=mammary carcinoma

LUO=left upper outer, LUM=left upper mid, LLI=left lower inner, RUO=right upper outer, RUI=right

upper inner, NA=not available; Patients with bold and italic numbers were responder group (Group ).

Table 2. Clinical characteristics.comparison between two groups of patients.

Characteristics Group 1 (n=3) Group 2 (n=8) P- value
Age (years) 48.33 + 5.03 49.00 + 9.04 0.91
Duration of symptoms (months) 233+ 115 541+ 7.83 0.53
Tumor size (cm) 2.20+0.10 2.95+ 0.71 0.1
Time to treatment interval (days) 1.67 +1.53 2.75+ 0.89 0.17
% post menopause 33.3% 37.5% 0.90
% IDC 66.7% 62.5% 0.90

Values are meantSD
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The scintigraphic parameter results and the from ROC analysis was 1.58 (Figure 2). The sensitivity,

tumor response of all patients are demonstrated specificity and accuracy of the cut-off value were
in Table 3. When compared these scintigraphic 100 %, 88 % and 91 %, respectively. There was no
parameters between the 2 patient groups, only Tl close correlation between all 4 imaging parameters
showed statistically significant difference (p value =

0.03) (Table 4). The optimal cut-off value of Tl obtained

and % change of tumor size after chemotherapy. The

correlation coefficient (R?) ranged 0.004-0.449.

ROC CLrye

100

an- ol

Figure 2.

Table 3. Scintigraphic parameter results of all 11 patients and response of tumor to chemotherapy by %

00

Senzitivity
).

-

000

23

a0

1 - Specificity

Shows ROC curve of tumor index . As the cut-off value is set at 1.58 ( black arrow),

the sensitivity of the testis 100% and specificity is 88%.

change of the tumor size by ultrasonography.

Patient No. WOR (%) Tl (x107) T/B at 10’ T1/2 (min) % change of Radiological

tumor size response
1 -1.79 2.317 1.87 364.74 -50% Group 1
2 78.75 4.95 0.98 80.58 -89% Group 1
3 72.00 0.14 1.74 144.37 -30% Group 2
4 66.82 3.08 2.06 128.33 130% Group 2
5 71.76 1.49 2.48 157.5 322% Group 2
6 39.77 0.68 2.40 301.3 -42% Group 2
7 45.29 0.11 1.95 277.2 127% Group 2
8 85.59 1.67 1.46 62.43 -67% Group 1
9 22.56 0.51 1.4496 866.25 -12% Group 2
10 53.12 0.58 1.759211 165 -11% Group 2
11 27.68 0.76 1.459636 119.48 -43% Group 2
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Table 4. Comparison of scintigraphic parameters between responders (Group 1) and

non-responders (Group 2).

Parameters Group 1 (n = 3) Group 2 (n=8) p- value

WOR (%) 54.18 T 48.60 49.87 +19.38 0.89

Tl 298+ 1.74 0.92 £0.97 0.03

T/B at 12 minutes 1.44 X 0.44 1.91%0.39 0.11

T1/2 (min) 169.25 = 169.54 269.93 * 250.35 0.54
Discussion rate and tumor half clearance time of *"Tc-sestamibi,

9" Tc-sestamibi which was identified as a

substrate of PgP and MRP *** has been used in
imaging of many tumors including breast cancer.
Functional imaging with this radiotracer is an easy
non-invasive technique to evaluate multidrug resistant
proteins, to follow the result of reversal agents usage
and also to predict the response of tumor to
chemotherapy."® %% vecchio et al.** studied
patients with breast cancer and found that tumor with
high expression of PgP showed 2.7 times higher *"Tc-
sestamibi washout than those with normal PgP level.
He also reported that patients with chemoresistant

9MTc-sestamibi half

breast tumor correlated well with
clearance time of 204 minutes or less.

Sciuto et al.®’ reported that in patients with
locally advanced breast cancer, the washout rate of
45 % or more could predict poor chemotherapeutic
response. This was similar to the report by
Kostakoglu® who found positive correlation between
*¥"Tc-sestamibi washout rate and PgP expression and
also poor tumor response to chemotherapy. He
suggested that the study could identify patients with
high risk for treatment failure.

In our study, there was no statistically

significant difference between groups of both washout

as that reported in the study by Gorlick et al.*® They
concluded that there was no correlation between both
half-life and uptake ratio of this radiotracer and PgP
expression in tumor tissue, as well as histological
tumor necrosis.

*) and Alonso

The study by Kao et al.'
et al.®"*¥found that tumor with high PgP and MRP
expression showed significant lower tumor to
background ratio uptake at 10 minutes. Contrast to
their results, our study showed lack of correlation of
this parameter to the treatment response, similar to
the previous report by Gorlick et al.®®

According to our results, there was no
statistically ‘significant difference of the mentioned
three parameters between the two response groups.
One important limitation was-small number of
patients recruited in the study and large variation of
scintigraphic data, which could affect the statistical
analysis, should be considered. Other possible
confounding factors which was not analyzed included:
1) factors that affected tumor uptake of the radiotracer
(vascularlity, cellularity & proliferation, dermoplastic
activity, tumor cell type, behavior of tumor cell,
hormonal receptor status) and; 2) factors that affected

tumor response to treatment (tumor size, nodal
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metastasis, estrogen & progestrogen receptors,
ploidy, S-phase, C-erb2, P53, tumor oncogene, growth
factors). The technical limitation included soft tissue
attenuation of tumor (especially tumor at inner
quadrants) and evaluation of tumor response by USG
could not reflect the viability of tumor. Functional

imaging e.g. ™"’

Thallium chloride or PET study might
be more accurate techniques.

Beyond those parameters, we also
determined the new parameter using the data obtained
in the dynamic phase of the study, Tl, and its
correlation to tumor response. Surprisingly, this was
the only parameter which shows statistically significant
difference between both groups of patients. With cut-
off value of 1.58 to indicate good response, high
prognostic test was demonstrated. (sensitivity
100 %, specificity 88 % and accuracy 91%). This
scintigraphic parameter could be one useful data in

patient evaluation prior to chemotherapy and should

be further evaluated with more number of patients.

Conclusion

This preliminary report demonstrates **"Tc-
sestamibi scintimammography using tumor index (T1)
parameter could be useful for the prediction of
response to neoadjuvant chemotherapy in breast
cancer patients while other parameters show poor
correlation to tumor response. However, the results of
the present study could be affected by the small
number of patients and other factors which affect
radiotracer uptake and tumor response. Further study

in a larger group of patients is suggested.
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