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Dual Phase Qualitative and Quantitative 99mTc-MIBI
Scintimammography for Predicting Response to Neoadjuvant
Chemotherapy in Breast Cancer
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ABSTRACT

Obijective: To determine the role of dual phase 99mTc-MIBI scintimammography in predicting chemotherapeutic response
in breast cancer.

Study Design: Cross-sectional study.

Place and Duration of Study: Karachi Institute of Radiology and Nuclear Medicine (KIRAN), from September 2004 to
March 2005.

Methodology: Female patients with locally advanced breast cancer being planned for the anthracycline-based
neoadjuvant chemotherapy were included in this study. All subjects received a 740 MBq bolus intravenous injection of
99mTc-MIBI. Ten minutes and 3 hours post-injection planar images were obtained in prone, lateral and supine positions
using double head gamma camera. MIBI washout was scored as follows: >30% as a positive prognostic test (predicting a
poor response to chemotherapy) and <30% as negative prognostic test (predicting a good response to chemotherapy).
Qualitative analysis of MIBI scans was also performed and categorized as visual wash-out or no visual washout as
apparent on the early and delayed images. The criterion for the good and bad response was the reduction of >50% and
<50% in the tumour burden respectively. Accuracy analysis, Chi-square test and Wilcoxan sign rank test were applied.
Results: There were 32 females (mean age: 46.3 years; median age 46 years; age range 33-65 years). Quantitative dual
phase 99mTc-MIBI scintimammography was found to be a good predictor of chemotherapeutic response in breast cancer.
These were true positive in 8 patients and true negative in 19 patients with sensitivity (Sens.) 72%, specificity (Spec.) 90%,
Positive Predictive Value (PPV) 80%, Negative Predictive Value (NPV) 86.5%, p <0.03. Receiver Operating Characteristics
(ROC) curve analysis demonstrates 30% as a cut-off value for the wash-out in quantitative dual phase MIBI for the
prediction of the chemotherapeutic response. In comparison, qualitative scintimammography had Sens. 82%, Spec. 53%,
PPV 29%, NPV 93% and p <0.38. Statistical difference was found between early and delayed uptake ratios in the
responders and non-responders.

Conclusion: Quantitative dual phase 99mTc-MIBI scintimammography is a simple, reliable, non-invasive and effective tool
for predicting the response to neoadjuvant chemotherapy. Furthermore, quantitative assessment is more precise than

qualitative (visual wash-out) approach.
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INTRODUCTION

In most western countries, breast cancer is the most
common malignancy among women.

England and Wales have the highest mortality rates in
the Europe and this cancer accounts for 27 deaths per
100,000 women per year.! Pakistan has been reported
to have the highest rate of breast cancer of any Asian
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population.2 Biochemical resistance to chemotherapy is
the major cause of treatment failure in patients with
breast cancer. Infact, an intrinsic chemo-resistance is
present in 18-51% of untreated cancer, whereas
resistance is acquired later during the treatment in upto
75% of patients.3-4

The term Multidrug Resistance (MDR) is commonly
used to indicate an overexpression of transmembrane
glycoproteins, the P-glycoprotein (Pgp), and the MDR-
associated glycoprotein.35 These proteins allow outward
transport of the most important anti neoplastic
chemotherapeutic drugs, such as anthracyclines, and
are responsible for the clinical manifestation of the MDR
phenotype in breast cancer.6.”

Knowledge of the MDR pattern before and during the
treatment can improve therapy planning, including
selection of drug-resistant patients for chemorevertant
drugs.
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99mTc-Sesta MIBI [hexakis (2-methoxy-isobutylisonitrile)
technetium (1)], a radiopharmaceutical widely used as a
tumour-seeking agent for diagnostic imaging,89 has
been recently used as a general probe for functional
imaging of these 2 MDR pumps.10.11 Several clinical
studies have, therefore, been designed to study Pgp
functionality with 99mTc-sesta MIBI in cancer
patients,12.13 and a correlation between the efflux rate of
99mTc-sesta MIBI and quantitative Pgp expression in
breast carcinoma patients was clearly evident in a pilot
study.14 Furthermore, this is a simple and cost-effective
modality with safe radiation dosimetry.

The primary objective of this study was to evaluate the
utility of quantitative and qualitative dual phase 99mTc-
MIBI scintimammography in predicting the response to
neoadjuvant chemotherapy in locally advanced breast
cancer.

METHODOLOGY

This was a cross-sectional study conducted at Karachi
Institute of Radiotherapy and Nuclear Medicine (KIRAN)
from September 2004 to March 2005. The outcome
variable was considered the residual tumour size
evaluated on ultrasound and clinical examination as
assessed before and after 3 cycles of neoadjuvant
chemotherapy. Patients were enrolled for the study
prospectively after consideration of inclusion and
exclusion criteria on referral by the outdoor patients
department of the Karachi Institute of Radiotherapy and
Nuclear Medicine (KIRAN). The tests and the outcome
results were read in a standardized and masked
fashion. The local ethics committee approved the study,
and all patients gave verbal consent before entering the
study.

Inclusion criteria were women of all ages with locally
advanced disease intended for FAC neoadjuvant
chemotherapy, having a palpable lesion and a baseline
total white blood cell count >4x109/L, neutrophil count
>2x10%/L, and total platelet count >100x109/L.
Furthermore, biochemical parameters like Liver
Function Tests (LFTs), serum creatinine, blood urea and
serum electrolytes were also within normal limits in all
patients. Male patients, nursing mothers or patients with
previous history of surgery/neoadjuvant chemotherapy/
hormonal therapy or inadequate TLC or platelets counts
were excluded from the study.

All patients underwent a baseline evaluation that
included a clinical history (age, parity, gravidity, age at
menarche, menopausal status, and family history),
clinical examination, ultrasonographic evaluation, fine-
needle aspiration cytology or tissue biopsy of the lesion,
bone scintigraphy, standard chest X-ray, liver
sonography and a dual phase scintimammography
using 99mTc-MIBI. The clinical and ultrasonographic
tumour size was determined by measuring the two

largest perpendicular diameters and single dimension
as evidenced on ultrasound and clinical examination
respectively.

Single chemotherapy regimen was used. The regimen
was FAC (cyclophosphamide 400 mg/m2; fluorouracil
500 mg/m2 and adriamycin 50 mg/m2, every 3 weeks).
At the end of 3 cycles of chemotherapy, patients were
re-evaluated both clinically and ultrasonographically.

99mTe-sestaMIBI (PINSCAN-MIBI by RIPG, PINSTECH,
Nilore, Islamabad, Pakistan) about 740-925 MBq
(20 mCi-25 mCi) according to the body weight was
injected intravenously in the contralateral arm. Ten
minutes and 3 hours after injection planar images were
acquired with the patient in prone (right and left lateral
views) and supine (anterior view), with 128 x 128 matrix
size and zoom of 1.5. Each of the images was acquired
for 1200 kilo counts (Figure 1). Decay factor for 99mTc-
was applied by the computer software. A large-field-of-
view gamma camera (Toshiba GCA 7200A/PI double
head) equipped with high-energy, low-energy parallel
holes collimators and a dedicated foam rubber mattress
was used.

Lt Lateral
{ 10 mins |

Lt Lateral
(3 hrs)

Figure 1: 10 minutes and 3 hours left lateral images showing a quantitative
washout of 23% but NO visual (qualitative) washout.

Tumoral and background region of interests were drawn
on the lateral images. Margins of the lesion were drawn
carefully. Same Region of Interest (ROI) as that of the
lesion was copied and drawn in the opposite breast at
the same site for the background and count statistics
calculated using the computer software.

Two independent, experienced nuclear medicine
physicians, who were blind to the clinical information of
the patient, analyzed the scintimammograms. A focal
area of increased uptake in the breast, axilla,
supraclavicular region and chest wall compared to the
surrounding normal tissue was defined as a positive
result for tumour. Wash-out was also assessed visually
comparing delayed and early images.

The uptake ratio was calculated both for early and
delayed images by the ratio of tumour to background
mean count, with decay correction for delayed images.
The Wash-out Rate (WOR) was computed by the ratio
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of delayed to early uptake index, with decay and
background corrections as follows:

WOR= [(T-B) 10 min-(T-B) 3 hrs] / (T-B) 10 min]
Where, T=tumoral region of interest, B=Background region of interest.

Film reading and processing were performed in clinically
masked fashion. Intra- and interobserver agreements for
WOR estimation were evaluated.

Prediction of tumour response to neoadjuvant
chemotherapy was based on the results of the
pretherapy 99mTc-MIBI WOR. Accordingly, the test was
defined as a positive prognostic test when it predicted
high  WOR (high expression of intrinsic chemo-
resistance) and, consequently, a high risk of no tumour
response to the therapy. The test was conversely
defined as a negative prognostic test when it predicted
low expression of intrinsic chemoresistance and,
consequently, a low risk of no tumour response to the
therapy. The criteria for defining a test as positive or
negative were based on the WOR cutoff point identified
by the likelihood ratio method.

The Gold standard of the study was the response of the
tumour to neoadjuvant chemotherapy, as evaluated on
ultrasound after 3 cycles of chemotherapy according to
WHO criteria (i.e. reduction of the product of the two
largest perpendicular diameter of the residual tumour
size vs. the baseline tumour size). Tumour response
was also measured clinically. The ultrasound response
criteria were based on the WHO criteria according to
which Complete Response (CR) was the complete
resolution of the tumour, Partial Response (PR) as the
reduction in size of >50%, No Change (NC) or Non
Responder (NR) as the reduction in size of <50% or an
increase in size of <25%, and as Progressive Disease
(PD) if the tumour size increased to >25%. In this study,
CR and PR were considered as responders and NR and
PD as non-responders.

The results of 99mTc-sestaMIBI prognostic tests were
expressed in terms of sensitivity, specificity, positive and
negative predictive values, and likelihood ratio. Pearson
Chi-square test was applied to test the null Hypothesis
(Ho) i.e. there is no predictive value of 9mTc- dual phase
scintimammography in predicting the response to
neoadjuvant chemotherapy. The level of probability
significance (p-value) was set at a value of 0.05. The
repeatability of the test was assessed by evaluating
intra-reader and inter-reader agreement among the
institutional reader (a dedicated senior resident) and 2
other masked readers using statistics. Kappa test was
applied and K-value > 0.75 was considered an index of
strong agreement beyond chance, whereas a K-value of
0.40-0.75 was considered an index of intermediate to
good agreement.’> Kappa agreement test was also
applied between the quantitative and qualitative
prognostic test for the prediction of chemotherapeutic
response.

RESULTS

A total of 32 females (mean age 46.3+9.6 years ranging
from 33-65 years) were included in this study.

The mean pre-therapy tumour size noted was
64+30 mm for the first dimension and 54+27 mm for the
second perpendicular dimension. The mean post-
therapy size noted was 37+21 mm for the first
dimension and 27+16 mm for the second perpendicular
dimension. The mean percentage reduction in size was
63+28%.

In Scintimammography, early images (10 minutes)
showed marked uptake of 99mTc-sestaMIBI in all
tumours. In the early images, the uptake ratio ranged
from 1.22 to 3.0 with a mean of 2.30 and standard
deviation of 0.70. In delayed acquisitions (3 hours), the
99mTc-MIBI uptake ratio ranged from 0.25 to 4.30 with a
mean value of 1.80 and standard deviation of 0.71. All
the 14 out of 14 nodes with metastases showed 99mTc-
MIBI uptake. Washout rate ranged from 50-91% with a
mean of 18.33 and SD of 27.45. The washout rate cutoff
was set at >30% by likelihood ratio analysis for the best
test results. Accordingly, the test was defined as positive
(predicting a poor response to neoadjuvant chemo-
therapy) for 10 of 32 patients, who had a washout rate
>30%, and negative (predicting a good response to
neoadjuvant chemotherapy) for 22 of 32 patients, who
had a washout rate <30%. The intrareader coefficient of
variation for washout rate was <3%, and the inter-reader
agreement was high, ranging from 82-97% (k=0.5-0.8).
Quantitative prognostic test was positive in 10 out of 32
patients. It was true positive in 8 and false positive in 2
patients. Quantitative prognostic test was negative in 22
out of 32 patients and it was true negative in 19 patients
and false negative in 3 patients. The results of
quantitative prognostic test were significant (p=0.03) for
the prediction of tumour therapy response.

The uptake of 99mTc-MIBI by the tumour was assessed
visually between the early (10 minutes) and the delayed
(3 hours) image. Qualitative prognostic test was positive
in 17 out of 32 patients. It was true positive in 7 and false
positive in 10 patients, qualitative prognostic test was
negative in 15 out of 32 patients. It was true negative in
11 and false negative in 4 patients. The results of
qualitative prognostic test were non-significant (p=0.38)
for the prediction of tumour therapy response.

The overall sensitivity, specificity, positive predictive
value, negative predictive and likelihood ratio of
quantitative and qualitative prognostic tests are given in
Table 1.

Kappa agreement test for no agreement between the
quantitative and qualitative prediction was found
(k=0.32, p=0.04).
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Table I: Results of quantitative and qualitative prognostic tests.
Sensitivity ~ Specificity PPV~ NPV Likelihood p-value

Quantitative

predictive test 72% 90% 80%  86% 7.2 0.03
Qualitative

predictive test 82% 53% 29%  93% 1.7 0.38

DISCUSSION

Failure of therapy due to cellular resistance to multiple
chemotherapeutic agents remains a major clinical
problem in the treatment of cancer including breast
cancer. Resistance to chemotherapy like anthracyclines
can be induced by P-glycoprotein (Pgp), a 170-kD
cytoplasmic membrane protein encoded by MDR1
gene,’® which pumps out anthracyclines, resulting in
less cytotoxicity.17.18 Development of predictors of
chemotherapeutic response is very important in
establishing the personalized treatment for breast
carcinoma.

Piwnica-Worms et al. demonstration that 99mTc-MIBI is a
transport substrate for Pgp indicates a possibility that
expression of Pgp can be non-invasively assessed
in vivo by 9mTc-MIBI.19.20 Del Vecchio et al. made a
preliminary report that a fast washout of 9mTc-MIBI was
significantly associated with a high Pgp expression in
primary breast carcinomas.21

This study evaluated the prognostic value of 99mTc-
sestaMIBl washout for predicting the outcome of
neoadjuvant chemotherapy in locally advanced breast
cancer using variation in tumour size measured by
ultrasound as the Gold standard.

In this study, a simple, reproducible and reliable method
for 99mTc-MIBI WOR analysis was studied. The method,
requiring only 2 sequential planar images and a
quantitative measure of an index (WOR) by simple
regions-of-interest design, was more practical for routine
examinations. Determination of the WOR cutoff value
(>30%) by likelihood ratio analysis for best test results
was also a simple method and closely fulfilled the need
for a clinically useful criterion. ROC curve is a good way
of test accuracy because it does not depend on the
prevalence of the disease. It also demonstrated that the
accuracy of quantitative test is better than the qualitative
prognostic test with area under curve 0.81 for
quantitative vs. 0.58 for qualitative prognostic test.

This method also performed well in predicting
chemoresistance. We observed a sensitivity higher than
that previously reported by Ciarniello et al. (72% vs.
65%) and almost same specificity (90% vs. 87%).22 The
difference in test sensitivity is likely caused by the
different criteria used to set the cutoff value. The

sensitivity is lower than as observed by Sciuto et al. (72%
vs. 100%) whereas, the specificity is higher (90% vs.
80%).23 The reason for this can be the different Gold
standards for response evaluation because they used
pathological response as opposed to ultrasound
response as Gold standard. Furthermore, the cut-off
value for the washout ratio was different in the two
studies (>30% vs. >45%). Also the present response
criteria (>50% reduction in tumour size as responders)
was different from their response criteria (>75%
reduction in tumour size as responders). Another reason
can be the differences in the chemotherapeutic
regimens which in this case was only 3 cycles of FAC
regimen as opposed to both 3 cycles of FAC and 4
cycles of high dose epirubicin in their study.

In this study, the negative predictive value of the test
was 86%. This result ensured a fairly good response to
neoadjuvant chemotherapy by all patients with a
negative test (i.e., WOR < 30%), ruling out all patients
with high expression of chemoresistance. On the
contrary, a positive test was associated with a high
probability of chemoresistance (positive predictive
value, 80%). In these patients, the use of chemo-
revertant or chemomodulator agents can be justified.

The high likelihood ratio observed (i.e. 7.2) indicated
that the test result would greatly raise the prior
probability of suspected disease. This analysis further
confirmed that the 99mTc-MIBI WOR was clinically useful
for assessing the probability of intrinsic chemo-
resistance in patients with locally advanced breast
cancer before neoadjuvant chemotherapy planning.

A false positive test was observed in 2 patients. One of
those patients presented with strongly inflammatory
disease that showed very diffuse and intense uptake.
These characteristics probably interfered with the
mechanisms of 9mTc-MIBI kinetics. In the second
patient, the underlying cause was not clear. False
negative test was observed in 3 patients. Two patients
had larger sized tumour, which was firm and hard. So
the lack of response can be attributed to the size and
consistency of the tumour, which also influences the
kinetics of 99mTc-MIBI.

As a response measure, we found that the clinical and
ultrasound finding were at odds with poor agreement
between the two (k=0.30, p=0.06). Clinical examination
gives more false negative results and presents more
favourable outcome of the chemotherapy.

As a predictive test, we found that the qualitative (visual)
and quantitative prognostic tests are also at odds with
poor agreement between the two (k=0.32, p=0.04). The
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qualitative prognostic test gives more false positive
results (predicting poor response to chemotherapy). The
reason for the apparent visual washout with no
quantitative washout may be due to the differential
washout between the tumour and background. If the
tumour and background washout are in parallel, it would
visually look a washout but not quantitatively.

Other modalities are also being used for the prediction
of chemotherapeutic response in breast cancer.
Chintamini et al.24 demonstrated a significant correlation
between tumour response and immunohistochemical
detection of P-glycoprotein in 50 patients with breast
cancer. Immunohistochemical detection has also been
shown as a predictor of breast caner recurrence.
Immunohistochemical detection requires biopsy for the
analysis and also is not widely available. Similarly, in vivo
MR spectroscopy has been shown as a predictor of
chemotherapeutic response. Again this technique is not
widely available and is costly. MRI has been shown
having a role in the prediction of tumour response in
patients with locally advanced breast cancer by
Martincich et al25 MRI is though widely available but is
very costly for the patient. Considering the availability
and cost effectiveness, scintimammography can play an
established role both in predicting and assessing the
tumour response to neoadjuvant chemotherapy.

This is an ongoing study and the patients will be
followed for the pathological response assessment and
for any recurrence after mastectomy. Long-term follow-
up for the prognosis and survival of the patients is also
intended which will help to validate the study further.

CONCLUSION

It is concluded that quantitative dual phase 9mTc-MIBI
scintimammography is a simple, reliable, non-invasive
and effective tool for predicting the response to
neoadjuvant chemotherapy. Furthermore, quantitative
assessment is more precise than qualitative (visual
washout) approach.

REFERENCES

1. Anderson TJ, Page DL. The breast. In: McGee JOD, Isacson
PG, Wright NA, (edi). Oxford textbook of pathology. Vol. 2.
Oxford: Oxford University Press; 1994:1643-81.

2. Liede A, Malik IA, Aziz Z, Rios Pd, Pde L, Kwan E, Narod SA.
Contribution of BRCA1 and BRCA2 mutations to breast and
ovarian cancer in Pakistan. AmJ Hum Genet 2002; 71:595-606.

3. Goldstein LJ. MDR1 gene expression in solid tumours.
Eur J Cancer 12996; 32A:1039-50.

4. Kieth WN, Stallard S, Brown R. Expression of MDR1 and
GST-p in human breast tumours: comparison to in vitro
chemosensitivity. BrJ Cancer 1990; 61:712-6.

10.

1.

13.

14.

15.

16.

17.

18.

19.

20.

Loe DW, Deeley RG, Cole SPC. Biology of the multidrug
resistance-associated protein, MRP. Eur J Cancer 1996; 32A:
945-57.

Kim IJ, Bae YT, Kim SJ, Kim YK, Kim DS, Lee JS. Determination
and prediction of P-glycoprotein and multidrug-resistance-
related protein expression in breast cancer with double-phase
99mTechnetium- sestaMIBI scintimammography. Oncology 2006;
70:403-10.

Filippi L, Pulcin A, Remediani S, Masci E, Redler A, Scopinaro
F, et al. Usefulness of scintimammography with 9mTc-MIBI in
clinical practice. Clin Nucl Med 2006; 31:761-3.

Schomacker K, Schicha H. Use of myocardial agents for tumour
diagnosis: a success story? Eur ] Nucl Med 2000; 27:1845-63.

Khalkhali |, Villanueva-Meyer J, Edell SL, Connolly JL, Schnitt
SJ, Baum JK, et al. Diagnostic accuracy of 9mTc-sestaMIBI
breast imaging: multicenter trial results. J Nucl Med 2000; 41:
1973-9.

Piwnica-Worms D, Chiu ML, Budding M, Kronauge JF, Kramer
RA, Croop JM. Functional imaging of multidrug-resistant
P-glycoprotein with an organotechnetium complex. Cancer Res
1998; 53:997-84.

Hendrikse NH, Franssen EJ, van der Graaf WT, Vaalburg W, de
Vries EG. Visualization of multidrug resistance in vivo. Eur ] Nucl
Med 1999; 26:283-93.

. Kostakoglu L, Elahi N, Kiratli P, Ruacan S, Sayek |, Baltali E,

et al. Clinical validation of the influence of the P-glycoprotein on
technetrium  99mTc-sestaMIBI uptake in malignant tumours.
J Nucl Med 1997; 38:1003-8.

Moretti JL, Azaloux H, Boisseron D, Kouyoumdjian JC, Vilcoq J.
Primary breast cancer imaging with 9mtechnetium-sestaMIBI

and its relation with P-glycoprotein overexpression. Eur ] Nucl Med
1996; 23:980-6.

Vecchio SD, Ciarmiello A, Potena MI, Carriero MV, Mainolfi C,
Botti G, et al. In vivo detection of multidrug resistant (MDR1)
phenotype by 99mTc-sestaMIBI scan in untreated breast cancer
pateints. Eur ] Nucl Med 1997; 24:150-9.

Landis JR, Koch GG. The measurement of observer agreement
for categorical data. Biometrics 1997; 33:159-74.

Gros P, Ben Neriah YB, Croop JM, Housman DE. Isolation and
expression of a complementary DNA that confers multidrug
resistance. Nature 1986; 323:728-31.

Riordan JR, Ling V. Genetic and biochemical characterization of
multidrug resistance. Pharmacol Ther 1985; 28:51-75.

Gottesman MM, Pastan |. Biochemistry of multidrug resistance
mediated by the multidrug transporter. Annu Rev Biochem 1993; 62:
385-427.

Piwnica-Worms D, Chiu ML, Budding M, Kronauge JF, Kramer
RA, Croop JM. Functional imaging of multidrug-resistant P-
glycoprotein with an organotechnetium complex. Cancer Res 1993;
53:977-84.

Luker GD, Fracasso PM, Dobkin J, Piwnica-Worms D.
Modulation of the multidrug resistance P-glycoprotein: detection
with 99mtechnetium-sestamibi in vivo. J Nucl Med 1997; 38: 369-72.

Journal of the College of Physicians and Surgeons Pakistan 2009, Vol. 19 (3): 173-178

177



.

Maseeh-uz-Zaman, Zafar Nasir, Tehseen Raza, Hina Hashmi, Adnan Hashmi and Nosheen Fatima

21.

22.

Ciarmiello A, Vecchio SD, Silvertro P, Potena MI, Carriero MV,
Thomas R, et al. Tumour clearance of 99mtechnetium-sestaMIBI
as a predictor of response to neoadjuvant chemotherapy for
locally advanced breast cancer. ] Clin Oncol 1998; 16:1677-83.

Sciuto R, Pasqualoni R, Bergomi S, Petrilli G, Vici P, Belli F, et al.
Prognostic value of 99mTc-sestaMIBlI washout in predicting
response of locally advanced breast cancer to neoadjuvant
chemotherapy. J Nucl Med 2002; 34:745-51.

23.

24,

Chintamini, Singh JP, Mittal MK, Sascena S, Bansal A, Bhatia A,
et al. Role of P-glycoprotein expression in predicting response to
neoadjuvant chemotherapy in breast cancer: a prospective
clinical study. World ] Surg Oncol 2005; 3:61.

Martincich L, Montemurro F, Cirillo S, Marra V, De Rosa G,
Ponzone R, e al. Role of Magnetic Resonance Imaging in the
predicition of tumour response in patients with locally advanced
breast cancer receiving neoadjuvant chemotherapy. Radiol Med
(Torino) 2003; 106:51-8.

178

Journal of the College of Physicians and Surgeons Pakistan 2009, Vol. 19 (3): 173-178





