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Abstract

Objectives—To determine if combined measurements from dynamic contrast enhanced 

magnetic resonance imaging (DCE-MRI) and diffusion weighted MRI (DW-MRI), obtained 

before and after the first cycle of neoadjuvant chemotherapy (NAC), are superior to single 

parameter measurements for predicting pathological complete response (pCR) in breast cancer 

patients.

Materials and Methods—Patients with Stage II/III breast cancer were enrolled in an IRB-

approved study in which 3T DCE- and DW-MRI data were acquired before (n = 37) and after one 

cycle (n = 33) of NAC. Estimates of Ktrans, ve, vp, and kep (= Ktrans/ve) were generated from the 

DCE-MRI data using the Extended Tofts-Kety (ETK) model. The apparent diffusion coefficient 
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(ADC) was estimated from the DW-MRI data. The derived parameter kep/ADC was compared to 

single parameter measurements for its ability to predict pCR after the first cycle of NAC.

Results—kep/ADC after the first cycle of NAC discriminated patients who went on to achieve a 

pCR (P < 0.001), and achieved a sensitivity, specificity, positive predictive value, and area under 

the receiver operator curve (AUC) of 0.92, 0.75, 0.69, and 0.86, respectively. These values were 

superior to the single parameters kep (AUC = 0.77) and ADC (AUC = 0.81). The AUCs between 

kep/ADC and kep were significantly different based on the bootstrapped 95% CIs (0.0062, 0.20), 

while the AUCs between kep/ADC and ADC trended towards significance (−0.12, 0.24).

Conclusions—A combined analysis of DCE-MRI and DW-MRI parameters was superior to 

single-parameter measurements for predicting pCR after the first cycle of NAC.
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INTRODUCTION

Dynamic contrast enhanced magnetic resonance imaging (DCE-MRI) and diffusion 

weighted MRI (DW-MRI) have matured to the point where they are able to provide 

quantitative, and complimentary information on tumor status (1). DCE-MRI involves the 

serial acquisition of T1-weighted MR images of a tissue of interest before and after an 

intravenous injection of a paramagnetic contrast agent (CA). As the CA accumulates and 

then is eliminated, it changes the native relaxation rate of tissue water, and therefore the 

measured MR signal intensity. By fitting the resulting signal intensity time course to an 

appropriate pharmacokinetic model, physiological parameters can be extracted that relate to 

the volume transfer rate (Ktrans, related to tissue perfusion and permeability), blood plasma 

volume fraction (vp), extravascular extracellular volume fraction (ve), and the efflux rate 

constant (kep = Ktrans/ve). DW-MRI allows for the in vivo measurement of the motion of 

water in tissue. By applying two or more diffusion-sensitizing gradients with different 

amplitudes, the apparent diffusion coefficient (ADC) can be estimated from the resulting 

DW-MRI data to describe the rate of water diffusion in cellular tissues. In well-controlled 

studies it has been shown that the ADC varies inversely with cell (2).

There have been many efforts employing DCE-MRI as a surrogate biomarker for assessing 

and predicting the response of breast tumors to neoadjuvant chemotherapy (3-9). For 

example, Ah-See et al (7) calculated the changes in pharmacokinetic parameters estimated 

from DCE-MRI data before and after two cycles of treatment and reported that change in 

Ktrans was the best predictor of pathologic non-response, while Padhani et al (8) found both 

tumor size and change in the range of histograms in Ktrans after two cycles of treatment were 

equally able to predict eventual response. There also have been studies investigating DW-

MRI and some have found that the ADC is able to separate responders from non-responders 

after neoadjuvant chemotherapy (9-11), while some other studies showed that there is no 

correlation between ADC and treatment response (12,13). In some recent studies (6,14,15), 

both DCE- and DW-MRI data have been evaluated. However, those previous studies 

reported the ability of both data to monitor or assess treatment response separately and did 
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not show the performance of the combination of DCE- and DW-MRI. The objective of this 

study was to determine if a multiparametric combination of DCE- and DW-MRI data can 

increase accuracy for predicting pathologic complete response (pCR) in breast cancer 

patients undergoing neoadjuvant chemotherapy. In particular, we hypothesized that the 

derived measurement kep/ADC would have superior predictive accuracy than single 

parameter measurements in isolation. The eventual clinical goal is to be able to predict, after 

the first cycle of neoadjuvant chemotherapy, which patients will go on to achieve pCR.

METHODS

Patient Eligibility and Enrollment

Patients undergoing NAC for locally advanced breast cancer were eligible for this 

prospective, IRB-approved study. All patients had histologically documented invasive breast 

cancer at least 1 cm in the longest dimension with a sufficient risk of recurrence, based on 

pre-treatment clinical parameters of size, grade, age and nodal status, to warrant the use of 

NAC. Patients provided written informed consent before participating in this study.

Schema

MRI was performed prior to initiating chemotherapy (t1), after one cycle (t2), and after all 

cycles (t3) of chemotherapy. The NAC regimen was left to the discretion of the treating 

oncologist based on patient factors such as menopausal status and age as well as tumor 

characteristics, including size, grade, nodal status and receptor status.

Pathologic Assessment of Response

pCR was defined as the absence of any invasive cancer in breast or lymph nodes. Patients 

with any residual invasive cancer in the breast or lymph nodes or patients who progressed 

prior to surgery were defined as non responders (non-pCR). Determination of pCR and non-

pCR status was determined at the time of definitive surgery by a breast pathologist.

MRI Data Acquisition

MRI examinations were performed on a Philips 3T Achieva MR scanner (Philips 

Healthcare, Best, The Netherlands) and included both DCE-MRI and DW-MRI acquisitions. 

Prior to the DCE-MRI acquisition, data for constructing a T1 map were acquired with an RF-

spoiled 3D gradient echo multi-flip angle approach with ten flip angles from 2 to 20 degrees 

in 2° increments. For both the T1 map and DCE scans, TR = 7.9 ms, TE = 4.6 ms, and the 

acquisition matrix was 192×192×20 (full-breast) over a sagittal square field of view (22 

cm2) with slice thickness of 5 mm. The flip angle for DCE scans was 20 degrees. For the 

DCE study, each 20-slice set was collected in 16 seconds at 25 time points for just under 

seven minutes of dynamic scanning. A catheter placed within an antecubital vein delivered 

0.1 mmol/kg (9 – 15 mL, depending on patient weight) of gadopentetate dimeglumine, Gd-

DTPA, (Magnevist, Wayne, NJ) at 2 mL/sec (followed by a saline flush) via a power 

injector (Medrad, Warrendale, PA) after the acquisition of the first three dynamic scans 

(baseline).
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DW-MRI was acquired with a single-shot spin echo (SE) echo planar imaging (EPI) 

sequence in three orthogonal diffusion encoding directions (x, y, and z). For 14 patients, b = 

0 and 500 s/mm2, TR/TE = 2500 ms/45 ms, Δ = 21.4 ms, δ = 10.3 ms and 10 signal 

acquisitions were acquired. For 19 patients, b = 0 and 600 s/mm2, TR/TE = “shortest” (range 

= 1800 - 3083 ms/43 - 60 ms) Δ = 20.7 - 29 ms, δ = 11.4 - 21 ms and 10 signal acquisitions 

were acquired. For four patients, b = 50 and 600 s/mm2 for two patients), TR/TE = 

“shortest” (range = 1840 - 3593 ms/43 - 60 ms) Δ = 20.6 - 29 ms, δ = 11.5 - 21 ms and 10 

signal acquisitions were acquired. The acquisition matrix was 144×144×12 over a (19.2 

cm2) field of view with a slice thickness of 5 mm and was obtained in 4 minutes and 40 

seconds.

We note that subsets of this patient cohort have been included in a number of previous 

publications which focused on technical DCE-MRI or DW-MRI data acquisition methods 

((16-22), and integrating such data into a predictive mathematical model of tumor growth 

((23)).

Quantitative Image Analysis

For each patient at each time point, a region of interest (ROI) was manually drawn to 

completely surround the enhancing tumor as seen on each DCE-MRI tumor slice. The tumor 

was then defined as the voxels in each ROI displaying a signal intensity increase of greater 

than 80% after contrast injection. The threshold was calculated as 

, where  is the averaged post-contrast signal intensity and 

 is the average of the three pre-contrast time points. The threshold of 80% was selected 

as, in a previous study, it yielded the largest concordance correlation coefficient between the 

longest dimension of the tumor measured on the surgical specimen and the longest 

dimension measured on the DCE-MRI data just prior to surgery as reported previously (16). 

The DW-MRI data was rigidly registered (24) to the DCE-MRI data and the tumor ROIs as 

defined on the DCE-MRI data were then copied to the registered DW-MRI data so that 

tumor voxels on both data sets were co-aligned.

The Extended Tofts-Kety model (ETK) was used to estimate four physiological parameters 

from the DCE-MRI data: the volume transfer rate (Ktrans), blood volume fraction (vp), 

extravascular extracellular volume fraction (ve), and the efflux rate constant (kep = Ktrans/ve). 

The arterial input function (AIF) was a population-averaged AIF constructed from 50 

individual AIFs obtained through a semi-automatic AIF tracking algorithm (25). Voxels for 

which the ETK model did not converge, or converged to non-physical values (i.e., Ktrans > 

5.0 min−1, ve > 1.0, vp > 1.0, or any parameter below 0.0) were set equal to zero and not 

included in subsequent analyses.

ADC maps were calculated with the following equation: ADC = ln(S1/S2)/(b2 – b1), where 

S1 and S2 denote the signal acquired with b-values of b1 and b2, respectively. Voxels for 

which the model could not fit the data or converged to non-physical values (i.e., ADC > 3.0 

× 10−3 mm2/s or ADC < 0.01 × 10−3 mm2/s) were set to zero and not included in subsequent 

analyses.
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At the first two time points, longest dimension (LD), mean DCE-MRI parameters, and mean 

ADC values were computed for each patient and the changes of each parameter between t1 

and t2 were calculated. The mean and change of the derived parameter kep/ADC were also 

obtained. The LD was measured from the tumor ROI estimated from the DCE-MRI data; for 

each slice with tumor voxels, the distance between any two voxels was calculated and the 

maximum distance in all slices was determined as the LD.

Statistical Analysis

All statistical analyses were performed using MATLAB R2012a (The Mathworks, Natick, 

MA). Receiver operator characteristic (ROC) curve analysis was performed to test the 

ability of each single parameter measurement as well as the derived parameter kep/ADC to 

predict pCR (26). “Optimal” cut-off points, sensitivities, specificities, and positive 

predictive values (PPV) were calculated to satisfy the Youden index; i.e., the point on the 

ROC curve that is furthest from chance and minimizes the overall rate of misclassification 

(27). The areas under the curve (AUC) were estimated using the trapezoidal rule. The non-

parametric Wilcoxon rank sums test (28) was also used to detect if the parameters between 

the two response groups were significantly different.

To investigate if the AUC of kep/ADC was significantly different from the AUC of kep or 

ADC, the bootstrap method (29) was performed to generate the differences in AUC between 

kep/ADC and kep, and between kep/ADC and ADC with 1,000 replicates. The bootstrapped 

95% confidence intervals (CI) for the AUC differences were then estimated.

RESULTS

Patient and Tumor Characteristics

Thirty-seven patients completed scanning at t1 and 33 patients completed scanning at t2. The 

median age of the patients was 45 years old (range, 28 – 67 years). The median time 

between t1 and t2 was 14 days (range, 7 – 29 days). The median time between the first cycle 

of treatment administration and the post-1 cycle MRI was 1 day (range, 0 – 11 days). Table 

1 summarizes the salient features of the study population, the receptor status, and the 

corresponding treatment regimens for all patients.

Pathological Response

At completion of neoadjuvant chemotherapy, 13 patients (35.1%) were defined as having 

achieved pCR. In the patients who did not achieve pCR, the median size of the residual 

tumor was 1.5 cm (range: 0.3 - 8 cm).

Representative Imaging Data

Figure 1 displays the Ktrans, kep, ve, vp, and ADC maps, respectively, superimposed on 

anatomical T1-weighted images for a representative patient achieving pCR. The numbers 

under the panels indicate the mean values for each parameter at each time point. For this 

complete responder, both the mean Ktrans and the mean kep decreased after one cycle of 

therapy (the changes are −11% and −26%, respectively), while the mean values of ve, vp, 

and ADC increased (16%, 2%, and 30%, respectively). Figure 2 displays similar data for a 
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non-pCR patient for which the mean Ktrans, kep, and ve increased by 22%, 15%, and 4%, 

respectively, after one cycle of treatment, while vp and ADC decreased by 20% and 23%, 

respectively.

Predictive Performance of DCE- and DW-MR Data at t1

Table 2 displays the ROC analysis of the pre-treatment data (i.e., LD, the DCE-MRI 

parameters, the ADC, and the parameter kep/ADC) to predict pathologic response. In this 

table, the cutoff point, sensitivity, specificity, PPV, and AUC, are listed for all the 

parameters. The table shows that the LD and DCE-MRI parameters (Ktrans, kep, ve, vp, kep/

ADC) all resulted in an AUC less than 0.7. The ADC data yielded a moderate AUC of 0.75, 

with sensitivity, specificity, and PPV of 1.00, 0.54, and 0.54, respectively, at the cutoff point 

of 1.2 ×10−3 mm2/s.

Predictive Performance of Changes in DCE- and DW-MRI from t1 to t2

33 patients were available for analyzing the changes of both the DCE-MRI and ADC data 

between the pre-therapy and post one cycle of therapy time points. The LD yielded an AUC 

of 0.68, with a sensitivity, specificity, and PPV of 0.92, 0.48, and 0.50, respectively. Among 

the four DCE-MRI parameters, the change of kep yielded the best AUC of 0.68, with a 

sensitivity, specificity, and PPV of 0.83, 0.63, and 0.59, respectively, at the cutoff point of 

−18.8%. The derived parameter kep/ADC yielded an AUC, sensitivity, specificity, and PPV 

of 0.72, 0.83, 0.63, and 0.59, respectively, at the cutoff point of −20.9%. These data are 

summarized in Table 3.

Predictive Performance of DCE- and DW-MRI at t2

Both the DCE-MRI data and the ADC data after the first cycle of chemotherapy were 

available for 33 patients. Figure 3 displays the ROC curves and the optimal cut-off points 

for kep, ADC, and kep/ADC, respectively. The dotted line shows the ROC curve of kep alone, 

with the optimal cut-off point of 0.28 min−1 (marked as a triangle) and the dashed line 

shows the ROC curve for ADC alone, with the optimal point of 1.4 mm2/s × 10−3 (marked 

as a star). The solid line displays the ROC curve for kep/ADC, with the optimal point of 3.32 

1/mm2 (marked as a star). kep yielded an AUC, sensitivity, specificity, and PPV of 0.77, 

0.83, 0.65, and 0.59, respectively. ADC yielded an AUC, sensitivity, specificity, and PPV of 

0.81, 0.83, 0.67, and 0.59, respectively. The derived parameter kep/ADC achieved an AUC, 

sensitivity, specificity, and PPV of 0.86, 0.92, 0.75, and 0.69, respectively. The LD yielded 

an AUC of only 0.58, with the sensitivity, specificity, and PPV of 0.92, 0.38, and 0.46, 

respectively. These data are summarized in Table 4.

Figure 4 shows boxplots of kep, ADC, and kep/ADC for pCRs and non-pCRs. The lines 

within the boxes denote the median and the bottom and top edges of the boxes denote the 

25th and 75th percentiles, respectively. The medians of kep for non-pCRs and pCRs were 

0.32 min−1 and 0.23 min−1 (P = 0.013), respectively, while they were 1.24 mm2/s × 10−3 

and 1.59 mm2/s × 10−3 for ADC (P = 0.0037), and 4.27 1/mm2 and 2.63 1/mm2 for kep/ADC 

(P = 0.00087), respectively.
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Figure 5 shows the distributions of the AUC differences between kep/ADC and kep, and 

between kep/ADC and ADC generated by the bootstrap method. The bootstrapped 95% CIs 

of the AUC differences between kep/ADC and kep were (0.0062, 0.20), indicating that the 

AUCs between kep/ADC and kep were significantly different. Although the 95% bootstrap 

CIs of the AUC differences between kep/ADC and ADC included zero (−0.12, 0.24), the 

figure clearly shows a trend approaching significance.

DISCUSSION

To our knowledge, this is the first report of a derived multiparametric quantitative MRI 

measurement predicting pCR following breast cancer NAC. We chose to study the derived 

parameter kep/ADC for statistical and physiological reasons. The hypothesis is that in the 

case of positive response kep would decrease and ADC would increase, whereas in the case 

of negative response (i.e., progressive disease) kep would increase and ADC would decrease. 

Thus, the ratio kep/ADC has the potential to increase the statistical separation between 

patients going on to achieve pCR versus those who do not (see Figure 4). For this practical 

reason, the ratio kep/ADC is a reasonable parameter to consider; indeed, such derived 

parameters have been utilized before, even in the particular case of assessing therapeutic 

response of breast cancer in the neoadjuvant setting (see, e.g., 30).

Our results show that the combined parameter kep/ADC was able to predict pCR with greater 

accuracy (AUC = 0.86) than either kep (AUC = 0.77) or ADC (AUC = 0.81) in isolation. 

The bootstrap method showed that the AUCs between kep/ADC and kep were significantly 

different and the AUCs between kep/ADC and ADC showed a trend approaching 

significance. Although these results may be considered preliminary due to our small sample 

size, we consider them encouraging signs of the potentials of multiparametric MR imaging 

to depict tumor biology and assess tumor response to therapy early in the course of treatment 

(31). Thus, we believe this study contributes to the growing body of knowledge in this 

developing area.

A secondary finding in this study is that data obtained after the first cycle of therapy was the 

most statistically robust for predicting eventual treatment response. Many previous studies 

have focused on either pre-treatment data or the change between pre-treatment data and data 

acquired after one or two cycles of chemotherapy (6-8). Only the study by Fangberget et al 

(14) reported that the mean ADC values after four cycles of NAC showed a significant 

difference between the patients in the pCR and non-pCR groups, while the percent change of 

ADC did not. In our study, we found that the mean parameters of both the DCE- and DW-

MRI data after one cycle of therapy yielded a better performance (as measured by ROC 

analysis) than either the pre-treatment data or the percent change of the parameters.

There are a number of limitations of this study. First, the temporal resolution of 16 s is not 

optimal for characterizing the arterial input function and this can confound a quantitative 

DCE-MRI analysis. This temporal resolution was chosen as a compromise between 

temporal and spatial resolution and field of view coverage (please refer to (16) for an in-

depth discussion). Second, a population AIF was used to estimate the DCE-MRI parameters. 

In practice, it is difficult to estimate reliable AIFs at each scanning session for each patient. 
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Hence, we used a population AIF as an alternative approach. Third, the treatment regimens 

used in this study were left to the discretion of the treating physicians, and were therefore 

quite varied. It is certainly possible that the imaging biomarkers could vary by both the 

biology of the disease as well as by the agents utilized. When this is combined with the 

modest sample size (data was available on 37 patients before NAC, while we were able to 

acquire data on 33 patients both before and after one cycle of NAC), our findings are 

preliminary in nature and will need to be validated in larger prospective trials.

In summary, our study shows that combining DCE- and DW-MRI data into a single derived 

multiparametric measurement kep/ADC can increase the ability to predict breast cancer 

response to NAC at a very early time point. It may allow clinicians to tailor therapy on an 

individual basis. Future work includes investigating multivariate analysis of DCE- and DW-

MRI on a larger cohort of patients.
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Figure 1. 
The averaged post-contrast MR images with Ktrans, kep, ve, vp, and ADC maps superimposed 

at three time points (three columns) for one pathological complete responder. The numbers 

under panels are the mean values for Ktrans, kep, ve, vp, and ADC at different time points. For 

this complete responder, both the mean Ktrans and the mean kep were decreased after one 

cycle of therapy, while the mean values of ve, vp, and ADC were increased.
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Figure 2. 
The averaged post-contrast MR images with Ktrans, kep, ve, vp, and ADC maps superimposed 

at three time points (three columns) for one non-pCR. The numbers under panels are the 

mean values for Ktrans, kep, ve, vp, and ADC at different time points.
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Figure 3. 
ROC for kep (dotted line), ADC (dashed line), and kep/ADC (solid line). kep and ADC alone 

yielded an AUC of 0.77 and 0.81 with the optimal cut-off point of 0.28 min−1 and 1.4 mm2/s 

× 10−3 (marked as a triangle and a square), respectively, while kep/ADC had an AUC of 0.86 

with the optimal cut-off point of 3.32 1/mm2 (marked as a dot). The sensitivity, specificity, 

and PPV at the cut-off points are 0.83, 0.65, and 0.59 for kep, 0.83, 0.67, and 0.59 for ADC, 

and 0.92, 0.75, and 0.69 for kep/ADC, respectively.
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Figure 4. 
Boxplots of kep (left panel), ADC (middle panel), and kep/ADC (right panel) at t2 for non-

pCRs and pCRs. The central marks show the median and the edges of the box are the 25th 

and 75th percentiles. Outliers are not shown in the figure. The medians of kep for non-pCRs 

and pCRs were 0.32 min−1 and 0.23 min−1, respectively, while they were 1.24 mm2/s × 10−3 

and 1.59 mm2/s × 10−3 for ADC, and 4.27 1/mm2 and 2.63 1/mm2 for kep/ADC, 

respectively.
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Figure 5. 
The figure displays density distributions of the AUC differences between kep/ADC and kep 

(dotted line), and between kep/ADC and ADC (solid line) after one cycle of NAC. The 95% 

CIs of the AUC differences between kep/ADC and kep were (0.0062, 0.20), while the 95% 

CIs of the AUC differences between kep/ADC and ADC were (−0.12, 0.24). The areas 

outside the 95% CIs are shadowed for both distributions.
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Table 1

Clinical features of the study population.

Patient
#

Age
(yr) Treatment Regimens

Receptor status Tumor
grade

Excised
tumor size

Pathologic
response Surgery

ER PR HER2

1 50 dd AC × 4 → Taxol × 12 + + − 3 0.5 Residual disease mastectomy

2 52 dd Taxotere × 4 + − + 3 1.5 Residual disease mastectomy

3 60 dd AC × 2 → Taxol-Herceptin × 12 + + + 1 2.9 Residual disease mastectomy

4 36 cisplatin/taxol +/− RAD001 × 12 − − − 2 2.9 Residual disease mastectomy

5 48 dd AC × 4 → Taxol × 4 + + − 1 1.3 Residual disease mastectomy

6 43 dd AC × 4 → Taxol × 4 + + − 2 2.6 Residual disease mastectomy

7 59 dd AC × 4 → Taxol × 4 + + − 2 4.2 Residual disease mastectomy

8 53 cisplatin/taxol +/− RAD001 × 12 − − − 2 1.3 Residual disease mastectomy

9 35 Trastuzumab +Carboplatin+
Ixabepilone × 6

+ + + 3 1.4 Residual disease mastectomy

10 28 cisplatin/taxol +/− RAD001 × 12 − − − 3 0.8 Residual disease mastectomy

11 33 AC × 4 → Taxol × 12 + + − 3 1.2 Residual disease mastectomy

12 39 AC × 4 → Taxol × 12 + + − 1 2.5 Residual disease mastectomy

13 57 AC × 4 → Taxol × 12 − − − 3
N/A

Δ Residual disease progressed with
 brain mets

14 67 AC × 4 → Taxol/Herceptin × 12 − − + 3 1.8 Residual disease mastectomy

15 45 cisplatin/taxol +/− RAD001 × 12 − − − 3 0.5 Residual disease mastectomy

16 46 Taxotere/Carboplatin/Herceptin × 6 + + + 3 0.3 Residual disease mastectomy

17 47 Taxotere × 3 →dd AC × 4 + + − 1 8.0 Residual disease mastectomy

18 36 ddAC × 4 → Taxol × 12 + + + 2 1.0 Residual disease mastectomy

19 43 cisplatin/taxol +/− RAD001 × 12 − − + 3 0.7 Residual disease mastectomy

20 55 ddAC × 4 → Taxol × 10 + + − 2 3.5 Residual disease mastectomy

21 58 cisplatin/taxol +/− RAD001 × 12 − + − 2 1.7 Residual disease mastectomy

22 36 ddAC × 4 → Taxol × 12 + + − 2 2.1 Residual disease mastectomy

23 43 cisplatin/taxol +/− RAD001 × 12 − − − 3 1.4 Residual disease mastectomy

24 42 cisplatin/taxol +/− RAD001 × 6 + + − 2 3.5 Residual disease mastectomy

25 53 dd AC × 4 → Taxol-Herceptin × 7 − − + 3 0 pCR mastectomy

26 46 ddTaxotere→AC − + − 3 0 pCR mastectomy

27 46 dd AC × 4 → Taxol-Herceptin × 12 − − + 2 0 pCR mastectomy

28 33 ddAC × 4 → Taxol × 12 − − − 3 0 pCR mastectomy

29 39 Trastuzumab and Lapatinib × 12 − − + 2 0 pCR mastectomy

30 46 ddAC × 4 → Taxol × 12 + − − 3 0 pCR mastectomy

31 42 cisplatin/taxol +/− RAD001 × 12 − − − 3 0 pCR mastectomy

32 34 ddTaxotere→AC − − − 3 0 pCR mastectomy

33 44 Trastuzumab and Lapatinib × 12 − − + 3 0 pCR mastectomy

34 37 cisplatin/taxol +/− RAD001 × 11 − − − 3 0 pCR mastectomy

35 39 ddAC × 4 → Taxol × 10 − − − 3 0 pCR mastectomy

36 48 Taxotere/Carboplatin/Herceptin × 5 − − + 3 0 pCR mastectomy

37 51 ddAC × 4 → Taxol × 12 − − − 3 0 pCR mastectomy
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§
The study is ongoing and we are blinded to the randomization.

Δ
This patient was transferred to another hospital and the tumor size is not available.
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Table 2

ROC analysis of the parameters at t1.

Parameter Cutoff Sensitivity Specificity PPV AUC

LD 1.92 (cm) 1.00 0.33 0.45 0.66

ADC 1.2 (×10−3

mm2/s)
1.00 0.54 0.54 0.75

Ktrans 0.15 (min−1) 0.77 0.50 0.48 0.59

kep 0.45 (min−1) 0.85 0.32 0.42 0.49

ve 0.41 0.62 0.55 0.44 0.52

vp 0.07 0.92 0.32 0.44 0.55

kep/ADC 5.18 (1/mm2) 0.77 0.55 0.50 0.59
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Table 3

ROC analysis of parameter changes from t1 to t2.

Parameter Cutoff Sensitivity Specificity PPV AUC

LD −1.0% 0.92 0.48 0.50 0.68

ADC 5.5% 0.50 0.76 0.55 0.62

Ktrans 12.7% 1.00 0.37 0.50 0.57

kep −18.8% 0.83 0.63 0.59 0.68

ve 92.4% 1.00 0.11 0.41 0.41

vp 75.0% 1.00 0.26 0.46 0.55

kep/ADC −20.9% 0.83 0.63 0.59 0.72
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Table 4

ROC analysis of the parameters at t2.

Parameter Cutoff Sensitivity Specificity PPV AUC

LD 1.91 (cm) 0.92 0.38 0.46 0.58

ADC 1.4 (×10−3

mm2/s)
0.83 0.67 0.59 0.81

Ktrans 0.1 (min−1) 0.67 0.75 0.62 0.68

kep 0.28 (min−1) 0.83 0.65 0.59 0.77

ve 0.65 0.17 0.95 0.67 0.52

vp 0.04 0.50 0.80 0.60 0.62

kep/ADC 3.32 (1/mm2) 0.92 0.75 0.69 0.86
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