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ABSTRACT 
Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) allows analysis of both tumorvolume and contrast 

enhancement pattern using a single tool. We sought to investigate whether DCE-MRI could be used to predict histological response 

in patients undergoing primary chemotherapy (PCT) for breast cancer. Thirty patients with breast cancer, clinical diameter >3 cm 

or stage III A/B, received anthracycline and taxane based PCT. DCE-MRI was performed at the baseline, after two cycles and after 

four cycles of PCT, before surgery. Histological response was assessed using a five-point scheme. Grade 4 (small cluster of 

dispersed residual cancer cells) and grade 5 (no residual viable cancer cell) were defined as a major histopathological response 

(MHR). 

 

KEYWORDS:   
 

INTRODUCTION 
 

Primary chemotherapy (PCT) is administered to patients with breast cancer with the aim of inducing tumor 
regression before radical surgery [1–3]. The achievement of a pathological complete response (pCR) is 
associated with a survival advantage, and many current strategies employing PCT are aimed at maximizing the 
pCR rate [4, 5]. In fact, although clinical response rates range between 60 and 90% (including 20–40% complete 
remissions) with anthracycline and taxane-containing combinations, pCR occurs in a minority of the cases [5, 
6]. Moreover, current methods of tumor response assessment during PCT do not predict pathological response 
accurately [7–9]. Serial monitoring of tumor response to PCT has the potential to increase the likelihood of 
achieving a pCR by switching to another regimen or treatment modality those patients who are identified as 
poor responders to the initial regimen. Magnetic resonance imaging (MRI) has a growing role in the 
management of breast cancer [10–13]. Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) 
has recently emerged as a promising tool in cancer management [14–16]. Compared with morphological and 
volumetric parameters of conventional imaging modalities, the most important advantage of DCE-MRI is the 
ability to provide high-resolution images that depict functional parameters like perfusion and permeability of the 
tumoral capillary network [17]. The time–intensity curve represents temporal variations of flow and 
permeability of tumoral capillary network and reflects the absorption and clearance of the contrast. These data 
are correlated with tumoral neoangiogenesis and provide information on tumorbiological aggressiveness and 
response to medical therapy [18]. DCE-MRI has thus potential implications in the management of patients 
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undergoing PCT, not only providing detailed morphological information (tumor shape, tumor size and changes 
during chemotherapy), but also functional parameters (contrast enhancement kinetics and perturbations in tumor 
blood supply) that can be related to the efficacy of the administered treatment. We were interested in evaluating 
whether morphological and functional parameters obtained by DCE-MRI could predict histological response in 
women with stage II and III (T>3 cm) breast cancer receiving taxane-based PCT. 

 
Related Work: 

At our Institution, PCT is offered to patients aged between 18 and 65 years, with fine needle aspiration 
biopsy proven stage II/III operable breast cancer (T>3 cm), or with inoperable locally-advanced breast cancer. 
This study was conducted in compliance with the ethical regulatory issues of our Institution and patients were 
asked to provide written informed consent before study entry. A core biopsy of the tumor was performed after 
the baseline DCE-MRI of the breast in order to obtain adequate tumor tissue for histological diagnosis, 
determination of histological grade and hormone receptor status. Staging work-up was carried on according to 
Institutional guidelines. All of the patients were evaluated in our multidisciplinary clinic before PCT and upon 
completion of PCT. The intended treatment for all the patients was a combination of doxorubicin 50mg/m2 
bolus i.v. followed by paclitaxel 175mg/m2 as a 3 h i.v. infusion. In patients with baseline left ventricular 
ejection fraction(LVEF) <55%, doxorubicin was omitted and monochemotherapy with paclitaxel 225 mg/m2 as 
a3 h i.v. infusion was administered. Cycles were repeated every 21 days if ANC≥1500/μl and platelets≥ 
100,000/μl, and otherwise delayed until resolution of hematologic toxicity. The planned number of cycles was 
four. Conventional evaluation of tumor response included palpation, mammography and/or ultrasonography. 
The clinical response was determined by calculating the change in the product of the to largest perpendicular 
tumor diameters [19]. Complete resolution of a palpable mass within the breast was termed a complete clinical 
response (cCR). A partial clinical response (cPR) was deemed to have occurred if the tumor size had been 
reduced by at least 50%.Progressive disease (cPD) was defined as an increase in tumor size of at least 25%. 
Patients in whom the breast cancers had undergone a clinical response other that defined by cCR, cPR or cPD 
were considered to have stable disease (cSD). The clinician assessing tumor response was blinded to the results 
of DCEMRI. The results of the post-treatment DCE-MRI were available to the surgeon for surgical planning. 
Definitive breast surgery had to be performed not less than 14 days and not more than 35 days after the 
completion of PCT. The histopathological response to chemotherapy was evaluated using a five-point 
assessment scheme described by Smith et al. [5]: grade 1, some alteration to individual malignant cells but no 
reduction in overall numbers as compared with the pre-treatment core biopsy; grade 2, a mild loss of invasive 
tumor cells but overall cellularity still high; grade 3, a considerable reduction in tumor cells up to an estimated 
90% loss;grade 4, a marked disappearance of invasive tumor cells such that only small clusters of widely 
dispersed cells could be detected; and grade 5, no invasive tumor cells identifiable in the sections from the site 
of the previous tumor, that is, only in situ disease or tumor stroma remained. Grade 5 response was deemed to 
represent a pCR of the primary cancer. DCE-MRI was carried on before the first cycle of chemotherapy 
(baseline), within 2week from the DCE-MRI in breast cancer 69 second cycle (intermediate) and after the 
completion of the planned treatment, within 1week before surgery. The radiologist carrying on the DCE-MRI 
examinations was blinded to the clinical outcome of the patients. Magnetic resonance imaging of both breasts 
was acquired with 1.5T scanner by using a dedicated surface multicanal coil (GEMedical System,Milwaukee) 
with the patient in the prone position. Morphological T1-weighted (slice thickness 5 mm)and FSEIR sequences 
in the sagittal plane (slice thickness 5 mm) were acquired before the dynamic evaluation.The dynamic study was 
performed on the coronal plane using 3D SPGR fat suppressed sequence with TR 8.9ms, TE 4.2ms, flip angle 
20◦, slice thickness 2.6mm without interval, matrix 256×256 and temporal resolution ranging from 60 to 90 s, 
according to the volume of the breasts and to the field of view (FOV). The 3D sequence was acquired before 
and five times continuously after injection of gadolinium chelate (Magnevist, Schering); a late acquisition was 
performed 2min after the last sequence. Contrast enhanced  study was started simultaneously with the bolus 
injection of 0.1mmol/kg of gadolinium chelate, infused in the antecubital vein by power injector, at a rate of 
2ml/s and followed by a saline flush. The acquired images were transferred to a workstation(Advantage 
Window 3.0 and 4.1), for post processing with dedicated software, such as Image Subtraction, Volume Analysis 
and Function (GE Medical System, Milwaukee).Image Subtraction of basal acquisition from all series of 
contrast-enhanced slices was performed to improve visualization of areas of contrast uptake and to evaluate its 
morphology.The subtraction of basal acquisition from early contrast-enhanced slices was also used to calculate 
the volume of the lesion by a Volume Analysis software. In every subtracted slice, we defined the area of the 
tumor by a selection with electronic paintbrush. After this, the volume analysis software automatically 
calculated the volume of the selected areas, expressed in cm3. If, in the context of the tumor lesion, necrosis was 
present, suggested by lack of contrast uptake during all the acquisitions of the dynamic exam, we calculated the 
volume of the necrotic portion and the value was subtracted from the entire volume of the lesion. 

For the evaluation of the enhancement kinetic, we used the Functool Software (GE Medical System, 
Milwaukee). This is a color-coded software that visualizes the enhancement uptake in different shades of colors 
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from blue to red: structures with early and fast enhancement show red color, whereas areas with late and slow 
uptake appear in different shades of bluegreen. In addition this software allows the construction of the time–
intensity (T/I) curve by positioning a ‘region of interest’ (ROI) within the area of enhancement. In every 
examination the region of interest (4 pixel – 7.9mm2) was positioned in standardized sites: in the center of the 
enhancing area in pattern 1 lesions and in the thickest point of the peripheral ring-like enhancement in pattern 2 
lesions (see ‘Results’ for the definition of pattern 1 and 2 lesions).The following parameters were evaluated: the 
volume of the lesions, the enhancement pattern, the early contrast uptake (ECU) in percent and the shape of the 
time–intensity curve. The ECU, was calculated by the following equation: (SImax – SIbas)/SIbas, where SImax 
represents the maximum increase of signal intensity at the first sequence after contrast media administration, 
and SIbas is the basal signal intensity. The shape of the curve was approximated to three reference types 
according to whether the signal intensity continued to increase after the initial upstroke (type I),whether it was 
cut off and reached a plateau (type II),or whether it washed out (type III). Signal intensity of normal glandular 
tissue before contrast medium administration was calculated both at the baseline and at the 2nd MRI to exclude 
potential biases introduced by signal intensity changes during chemotherapy. Our outcome of interest was a 
major histopathological response in the breast tumor, defined as either a grade 4 or 5 response according to the 
adopted system. The histopathological status of the axillary lymph nodes was not considered in the definition of 
the outcome of interest. For each of the primary breast cancers in the study, the following parameters obtained 
by DCE-MRI were evaluated: the baseline pattern of contrast uptake, the baseline shape of the T/I curve, the 
baseline tumor volume, the baseline ECU, the percent reduction in the tumor volume after two cycles of PCT, 
and the percent reduction in the ECU after two cycles of chemotherapy. ECU values were normally distributed. 
Comparison of the mean ECU values at the baseline and after two cycles of PCT was performed using a 
student’s t-test for paired samples.Comparison of ECU values across different groups of lesions (pattern 1 and 2, 
T/I curve type 1 and 2)was performed using a student’s t-test for independent samples. Because basal volume 
and basal ECU were not linearly associated with the outcome, we created four categorical variables using the 
quartiles as cutoff points. Percent volume and ECU reduction was dichotomized. To identify an optimal 
threshold for prediction of histopathological response, receiver operating characteristics (ROC) analysis was 
performed by incrementally increasing cutoff values and recalculating corresponding true-positive and false-
negative rates. The chi-square test was used for univariate comparisons of categorical or dichotomous variables. 
Factors that were statistically associated with the outcome of interest (p≤0.05) were studied in a logistical 
regression analysis. Results of the latter are reported as odds ratio with their 95% confidence intervals (CI). 

Breast cancer was diagnosed using FNAC and/or true cut biopsy performed under clinical or sonographic 
guidance[10]. 

Inclusion criteria: 
All patients proved to have locally advanced breast cancer Stage III,  
– 
IIIA T3 with any N/N2 with any T (T1–T3), 
– 
IIIB T4a skin, T4b chest wall, T4 (a + b) & T4d (inflammatory breast cancer), 
– 
IIIC N3 with any T. 
Exclusion criteria:  
– 
Pregnant or lactating female patients, 
– 
Metastatic breast cancer patients, 
– 
Patients with clinically significant cardiac arrhythmia or congestive heart failure. 
Patients included in the study have been subjected to the following:  
• 
Full history taking, 
• 
Clinical examination, 
• 
Laboratory tests: included complete blood picture, liver function tests and renal function tests, 
• 
Radiological and Imaging procedures (assessing clinical and radiological response) including: 

 
Mammographic examination: 

Bilateral mammography was performed for all the patients and included routine craniocaudal and 
mediolateral oblique views of the breasts and whenever indicated spot or global magnification views over the 
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area of interest. Mammographic examination is underwent using (GE senographe DMR) Four features were 
specifically assessed in each mammographic examination for each breast: nodular opacity, microcalcifications, 
architectural distortion and asymmetric density. 
 
Ultrasound examination: 

Bilateral whole breast ultrasound was performed using (SIEMENS Sonoline G60) ultrasound systems, with 
a 7 MHz superficial liner small parts transducer. Survey systematic scanning was done in sagittal and transverse 
planes and in other planes whenever necessary according to the long axis of the mass lesions were measured in 
both longitudinal and transverse planes to obtain three diameters. For those tumors which were characterized by 
strong posterior shadowing, and in which the posterior border of the lesion was not accessible, tissue harmonic 
images were helpful as it decreased noisy and better penetration & resolution. 
 
2.3. Additional ultrasound techniques: 

Color and power Doppler assessment were done to assess the vascularity of the lesion. 
 
2.4. Magnetic resonance imaging: 

Breast MRI was performed with a 1.5 T High Signal MRI unit. Patients were studied in the prone position 
with dedicated bilateral breast surface coils. 

The entire breast was imaged before and four times immediately after manual intravenous injection of 
0.1 mg of Gd-DTPA/kg of body weight (Magnevist: Schering Berlin, Germany) at 1, 2, 4 and 6 min. 

We took all sequence (T1, T2, fat suppression sequences, T1 with IV contrast). The post-processing 
procedures included digital image subtraction, and Multiplanar Reconstruction (MPR). Morphology (shape, 
border characteristics) and size of any mass were recorded. Enhancement of the mass lesion and curve of 
enhancement was done to detect the pattern of enhancement. Associated pathological axillary lymph nodes were 
also recorded and measured. Lymph nodes reported as larger than 1 cm, matted, or exhibiting loss of fatty 
hilum, thickened cortex, or irregular node contour were considered pathologic . 
 
Diffusion-weighted MRI: 

Only four randomized patients were subjected to additional diffusion-weighted magnetic resonance imaging 
with MRI (DW-MRI) which was performed using single shot echoplanar imaging technique. Spectral fat 
saturation was used to exclude chemical shift artifact. Qualitative assessments by different b values (0, 300, 600, 
1000), and quantitative assessment, by measurements of ADC value, were measured at the core of lesion. Image 
interpretation started by conventional breast MRI. The dynamic scan was performed at first and if a lesion was 
visualized in the dynamic scan, it has to be identified in the corresponding slice of the diffusion weighted 
images. 

Tumor response to chemotherapy was assessed by comparing the three imaging findings during the 
treatment regimen; the response to treatment at the time of surgery was taken as an end-point according to the 
response evaluation criteria in solid tumors (RECIST).  

Histopathological examination of the tumor size was used as the gold standard for those patients who were 
eligible for radical breast surgery and was compared with tumor measurements from mammography, US and 
MRI at the end of treatment. 

All patients received neoadjuvant chemotherapy treatment. Twenty-five patients had undergone radical 
surgery at the end of treatment. The clinical features of locally advanced breast cancer included tumors greater 
than 5 cm (T3), fixation of the tumor to the skin or chest wall (T4), skin edema, skin ulceration, satellite nodules 
or infiltration, large (>2.5 cm) or fixed/matted axillary lymph nodes (N2), supraclavicular lymphadenopathy or 
arm edema . 

All patients received 3 cycles of Farmorubicin based regimens induction chemotherapy:  
– 
Fec-Epidoxorubicin (60 mg/m2), Cyclophosphamide (500 mg/m2), Fluorouracil (500 mg/m2). 
– 
Tec-Taxol (135 mg/m2), Taxotere (75 mg/m2) every 3 weeks. 
The maximum dimension of the lesion or lesions corresponding to the known malignancy was measured. 

All of these techniques were performed before and respectively after 3 cycles of neoadjuvant treatment. The 
imaging findings were correlated with the pathologic findings after surgery. 

Measurements were obtained with the different imaging methods, patients were subdivided into 2 main 
groups.  

1.Responders:  
– 
Complete response (CR): no radiological evidence of residual tumor. 
– 
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Partial response (PR): reduction in size of the tumor more than 30%. 
2.Non responders:  
– 
Stable disease (SD): reduction in size of the tumor inferior than 30%. 
– 
Progressive disease (PD): increase in size of tumor or appearance of new lesions. 
 

Conclusion: 
Based on the survey a dynamic contrast-enhanced magnetic resonance imaging method is proposed, for 

analysis of both tumor volume and contrast enhancement pattern using a single tool.  In addition, the proposed 
method requires low computations. This enables the proposed method to be a real-time method Multivariate 
analysis revealed that tumor volume reduction after two cycles of PCT was independently associated with a 
MHR and can be done in real time.. Although in our study tumor volume reduction after two cycles had the 
strongest predictive value, DCE-MRI has the potential to provide functional parameters. 
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