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Abstract

Objective To explore the predictive value of MRI parame-
ters and tumour characteristics before neoadjuvant chemo-
therapy (NAC) and to compare changes in tumour size and
tumour apparent diffusion coefficient (ADC) during treat-
ment, between patients who achieved pathological complete
response (pCR) and those who did not.

Methods Approval by the Regional Ethics Committee and
written informed consent were obtained. Thirty-one patients
with invasive breast carcinoma scheduled for NAC were
enrolled (mean age, 50.7; range, 37-72). Study design
included MRI before treatment (Tp0), after four cycles of
NAC (Tpl) and before surgery (Tp2). Data in pCR versus
non-pCR groups were compared and cut-off values for pCR
prediction were evaluated.
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Results Before NAC, HER2 overexpression was the single
significant predictor of pCR (p=0.006). At Tpl ADC,
tumour size and changes in tumour size were all signifi-
cantly different in the pCR and non-pCR groups. Using
1.42x107 mm?%/s as the cut-off value for ADC, pCR was
predicted with sensitivity and specificity of 88% and 80%,
respectively. Using a cut-off value of 83% for tumour
volume reduction, sensitivity and specificity for pCR were
91% and 80%.

Conclusion ADC, tumour size and tumour size reduction at
Tpl were strong independent predictors of pCR.
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Introduction

Breast cancer accounts for more than 20% of all newly
diagnosed female cancers [1]. Mortality rates have
steadily been reduced because of new treatment regimens
and early detection. At the time of initial diagnosis about
7% of the patients present with advanced disease [2].
Patients diagnosed with locally advanced primary breast
cancer are considered to be at increased risk of dissemi-
nated disease. These patients now receive neoadjuvant
chemotherapy (NAC), even if the tumour is primarily
operable.

Complete response is associated with favourable outcome
[3—6]. To obtain the best possible therapeutic response it is
crucial to identify responders and non-responders/poor
responders at an early stage, thus facilitating tailored
treatment for each patient.

Tumour response during NAC has conventionally
been assessed using clinical calliper measurement, sup-
plemented with mammography and ultrasound. These
techniques have been found to be unsatisfactory, and the
accuracy of dynamic contrast-enhanced magnetic reso-
nance imaging (DCE MRI) in evaluating the extent of
residual disease has been proved to be superior to other
techniques [7—11]. As a result, MRI is increasingly being
used in response evaluation. The Response Evaluation
Criteria in Solid Tumours (RECIST) are based on
measurement of longest tumour diameter [12]. It has been
suggested that volumetric assessment of tumour size may
be a more reliable indicator of treatment response than
longest diameter, especially in cases of irregular morphol-
ogy or multifocal disease [13, 14]. The European Society
of Breast Imaging (ESOBI) recommends MRI before
NAC, halfway during treatment and after the final course
of chemotherapy [15]. There is, however, still no consen-
sus regarding optimal time points for MRI evaluation
during treatment or criteria for selecting patients likely to
benefit from a change of treatment regimen. Varying cut-off
values for diameter and volume reduction to differentiate
between poor responders and good responders have been
reported [16—18]. Currently the ESOBI recommends change
of therapy based on MRI only in non-responders and in
cases of progressive disease [15].

Dynamic contrast-enhanced MRI visualises functional
properties of the tumour in addition to morphological
depiction, allowing for detection of changes in enhance-
ment patterns preceding a reduction of tumour size.
Diffusion-weighted magnetic resonance imaging (DW
MRI) reflects the properties of randomly moving water
molecules, providing information on cell membrane integ-
rity and tumour cellularity [19]. Water diffusion is
quantitatively assessed by calculation of the apparent
diffusion coefficient (ADC). Some studies have shown a

negative correlation between pretreatment tumour ADC and
treatment response [20], whereas others have found no such
correlation [21, 22]. Increase in ADC following cytotoxic
treatment supposedly reflects loss of membrane integrity
and/or increased extracellular space [23]. In locally ad-
vanced breast cancer ADC increase early during NAC has
been shown to precede tumour volume reduction [24-26]
and may be a promising predictor of pCR [18]; the optimal
time point for assessment remains to be established.

The purpose of this study was to explore the predictive
value of MRI parameters and tumour characteristics before
NAC and to compare changes in tumour size and tumour
ADC during treatment, between patients who achieved
pathological complete response (pCR) and those who did not.

Materials and methods
Patients

Between April 2007 and October 2008 31 patients with
pathologically confirmed invasive breast cancer were
enrolled in this prospective study. Patient and tumour
characteristics are listed in Table 1.

Study design

MRI examinations, x-ray mammography and ultrasound
were carried out at three time points; before NAC (Tp0),
after the fourth cycle of NAC (Tpl) and before surgery
(Tp2). Clinical assessment and imaging were carried out
within the same week. Twenty-nine patients commenced
four NAC cycles of 5-fluoro-uracil, epirubicin and cyclo-
phosphamide (FEC) (Fig. 1). Following clinical and
radiological assessment at Tpl 10 patients were adminis-
tered two additional cycles of FEC and 18 patients were
switched to taxane-based regimens, with the addition of
trastuzumab in the cases of HER2 positivity. Two patients
had been switched to taxanes and trastuzumab after 3
courses of FEC, because of poor response and side effects.
At Tp2 21 patients underwent MRI. This final assessment
was performed 1-2 days before surgery.

MR imaging

MRI was performed using a 1.5T MRI system (ESPREE,
Siemens, Erlangen, Germany) and a phased-array bilateral
breast coil (CP Breast array coil, Siemens, Erlangen,
Germany). The MRI protocol included T1-weighted sagittal
images, T2-weighted axial images, 3D axial DCE MRI and
DW MRI (Table 2). DW MRI was acquired using b-values
of 100, 250 and 800 s/mm® DW MRI was performed
before DCE MRI. DCE MRI was acquired every 85 s, one
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Table 1 Patient and tumour characteristics

Patient Age Parity Menopause Initial clinical Type Grade Receptor status Lymph node Pathological

tumour size (cm) status response
ER  PgR  HER2

1 48 2 Pre 5.0 IDC 2.0 + - + + pCR

2 68 3 Post 6.0 IDC 2.0 + + - - Non-pCR

3 39 1 Pre 6.5 IDC 3.0 - - - + Non-pCR

4 55 3 Post 6.0 ILC 2.0 + + - + Non-pCR

5 47 2 Pre 5.0 IDC 3.0 + + - - Non-pCR

6 66 2 Post 9.0 IDC 3.0 + + NA + Non-pCR

7 51 3 Pre 6.0 IDC 2.0 + + - - Non-pCR

8 50 4 Post 6.0 IDC 2.0 - - + - pCR

9 42 2 Pre 7.0 IDC 3.0 - - - + Non-pCR

10 46 3 Pre 8.5 IDC NA - - + + pCR

11 46 0 Pre 6.5 IDC NA + + - - Non-pCR

12 45 2 Pre 5.5 IDC NA + + + NA pCR

13 52 2 Post 8.0 ILC 2.0 + + - + Non-pCR

14 41 2 Pre 53 IDC 3.0 + + - + Non-pCR

15 72 2 Post 10.0 IDC 3.0 - - - + Non-pCR

16 52 2 Pre 11.0 IDC 2.0 + - - + Non-pCR

17 52 2 Post 7.0 ILC 3.0 - - + pCR

18 57 2 Post 5.5 ILC 3.0 + - - pCR

19 55 2 Post 7.0 IDC 3.0 - - - + Non-pCR

20 47 3 Pre 6.5 IDC 2.0 + + - Non-pCR

21 37 3 Pre 7.0 IDC 2.0 - - + - pCR

22 49 2 Pre 5.0 IDC 3.0 - + + - pCR

23 45 2 Pre 5.5 IDC 2.0 + + - - Non-pCR

24 66 3 Post 6.0 ILC 2.0 + + + - Non-pCR

25 53 2 Post 6.5 ILC 2.0 + + - - Non-pCR

26 53 2 Post 7.0 IDC 2.0 + + + - pCR

27R 57 3 Post 10.0 IDC 3.0 - - + + pCR

27L 4.5 IDC 2.0 + + - pCR

28 46 2 Post 11.0 IDC 2.0 + - - + NA

29 37 0 Pre NA ILC 2.0 + + - + NA

30 57 3 post 9.0 IDC 2.0 - + + Non-pCR

31 42 3 Pre 6.0 IDC 2.0 + + + NA Non-pCR

Pathological diagnosis at baseline was based on histopathological examination of core biopsies

IDC invasive ductal carcinoma, /LC invasive lobular carcinoma, ER estrogen receptor, PgR progesterone receptor, pCR pathological complete

response, NA not applicable

series before contrast medium administration and five post-
contrast series. The contrast agent gadopentetate dimeglumine
(Magnevist®, Schering, Berlin, Germany) was administered
at a dosage of 0.1 mmol/kg body weight.

Radiological assessment and clinical reading
The mammograms were double-read by two radiologists.

Ultrasound was performed by a trained radiologist, after
having read the mammograms. Tumour was measured in
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two planes if possible. Maximum diameters were used for
comparing different techniques.

The MRI examinations were reviewed in a double-
reading by radiologists with 5, 6 and 12 years’ breast MRI
experience. Morphological assessment was made of tumour
extent, obtaining maximum diameter in the axial plane,
according to RECIST [12], and the corresponding orthog-
onal diameter. Craniocaudal diameter was determined on
multiplanar reconstructed (MPR) images in the coronal or
sagittal plane. All measurements were performed on subtrac-
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Fig. 1 Study progress-flow
chart. NAC, neoadjuvant che-
motherapy; FEC, 5-fluoro-
uracil, epirubicin and cyclo-
phosphamide; MRI, magnetic
resonance imaging; BCS, breast
conservation surgery; pCR,

pathological complete response; ¥

time points Tp0, Tpl and Tp2.
FEC: 5-fluoro-uracil (600 mg/
m?), epirubicin (100 or 60 mg/
m?) and cyclophosphamide
(600 mg/m®) administered every

Hormone therapy
(Letrozol, n = 2)

3 weeks. Taxane-based regi-
mens: 4 cycles of docetaxel

(100 mg/mz) administered every
3 weeks or paclitaxel (80 mg/
m?) weekly for 12 weeks, with
the addition of trastuzumab in
the cases of HER2 positivity

(initial dose 8 mg/kg, followed v

by 6 mg/kg every 3 weeks).
Number of days from Tp0 to
surgery was 167 (range, 128—

203). 28 patients underwent (FEC-60,n = 1)

(FEC-100, n = 9)

Enrolled
(n=31)
y
MRI Tp0
(n=31)
4
Neoadjuvant chemotherapy Did not complete NAC
(NAC) (n=2)
(4 x FEC-100, n = 28) |
(4xFEC-60,n=1) ¢ ¢
Metstatic disease | Poor response Toxicity
n=1) h v (n=1) (n=1)
MRI Tpl
(n=27)
A y
NAC NAC NAC

(Taxans, n = 10) (Taxans+herceptin, n = 8)

mastectomy and axillary lymph
node dissection, followed by

loco-regional radiotherapy, one
patient chose breast-conserving

surgery. Owing to metastatic Y

A 4

disease 2 patients were not sub-
jected to surgical treatment. *
The number of lesions evaluable

Incompliance
(n=3)

Logistics
(n=3)

Metastatic disease
(n=1)

for pathological response is one
more than the number of
patients undergoing surgery be-
cause of one patient having
bilateral disease

MRI Tp2
(n=21)

A

Surgery
Ablation (n = 28)

BCS (n=1)

A

Pathological evaluation*
pCR =11
Non-pCR =19

tion images. Tumour volumes (V. ,.) were calculated using
the ellipsoid formula, whereas segmented tumour volumes
(Vseg) Were obtained using a semi-automated segmenta-
tion algorithm based on thresholding of the enhancement
curve [21].

At Tp2 six cases were reported as ‘not measurable’ at
MRI. The reports were in these cases ambiguous, reporting
‘not measurable because of scattered enhancement’ or ‘not
measurable tumour with benign enhancement pattern’. The
reporting radiologists reviewed these cases and categorised
them as either residual tumour not present (complete
response (CR)) or residual tumour present (non-CR). At

the time of the second reading the radiologists were blinded
to the results of the pathological examination after surgery.

Post-processing of the DW MRI was performed using the
commercially available nICE software package (Nordic
NeuroLab, Bergen, Norway). ADC maps were calculated
using a mono-exponential approach and all three b-values.
Mean ADC for each breast tumour was obtained by manually
drawing a region of interest (ROI) on the ADC map best
depicting the tumour. DCE MRI and native 800 s/mm” DW
MR images were used to guide positioning of the ROI within
the solid part of the tumour, avoiding tumour borders and
areas of necrosis.
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Table 2 Magnetic resonance
imaging (MRI) protocol and
sequence parameters

MRI magnetic resonance imag-
ing, TSE turbo spin-echo, SE

MRI sequence Sagittal TSE Axial TSE Axial 3D-axial

MRI parameter T1-weighted T2-weighted single-shot DCE MRI
MRI MRI DW SE EPI

Echo time (ms) 9.4 80 10300 1.43

Repetition time (ms) 666 4570 126 4.37

Inversion time (ms) 190

Flip angle 12

Slice thickness (mm) 4 1

Slice gap (mm) 1 2

Number of slices 30 50 26 160

Number of excitations 1 1 3 1

Field of view (mm x mm) 220%220 340x340 360x 195 320%320

Image matrix 256x256 512x512 192x104 384x307x160

Bandwidth (Hz/pixel) 220 220 1240 345

Turbo factor 5 17

Acceleration factor (GRAPPA) 2

EPI spin-echo echo planar
imaging, DCE dynamic
contrast-enhanced

b-values (s/mm?)

100, 250 and 800

Pathological response evaluation

Treatment response was determined by histopathological
examination of the surgical specimen. Pathological com-
plete response was defined as absence of invasive cancer
and non-pCR defined as residual invasive tumour of any
size, regardless of the presence of ductal carcinoma in situ
(DCIS) [27].

Statistical analysis

All statistical analysis was performed using SPSS version
16.0 (SPSS Inc., Chicago, IL, USA). Groups were compared
using the non-parametric two-sided Mann-Whitney U test
and Spearman’s rank correlation coefficient. Categorical
variables were compared using the two-sided Fisher’s exact
test. Performance for the different parameters in differenti-
ating between pCR and non-pCR patients was assessed by
creating receiver operating characteristic (ROC) curves and
comparing the area under the curves (AUCs). Significance
level was set at 5%.

Results
MRI assessed treatment response

Figure 2 shows MR images from one patient who obtained
pCR and one patient who did not. Changes in tumour size
during treatment are shown in Fig. 3. Before treatment, mean
longest tumour diameter, Viy. and Vg, were 5.4 cm,
41.2 cm® and 27.8 cm’, respectively. At Tpl mean tumour
size reductions were 59%, 76% and 78% for longest diameter,
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Veate and Ve, respectively. Veq. was significantly larger than
Ve (p=0.004) at TpO, but there was a strong correlation
between the two tumour volumes both at TpO (»=0.900, p<
0.001) and at Tp1l (»=0.827, p<0.001). At Tp2 mean tumour
size reduction from baseline was 68%, 89% and 93%
measured as longest diameter, Vg and Vg, respectively.

Before treatment mean tumour ADC was 1.1x 107> mm2/s,
and there was no difference between the pCR and the non-
pCR groups. Tumour ADC at Tp0 and Tpl are shown in
Fig. 4. It is noted that the non-pCR patient with a marked
ADC increase (44%) was a near-pCR, pathological assessment
showed residual tumour of 1.5 mm. Compared with baseline
values, mean tumour ADC for the entire study population was
significantly increased at Tpl (1.4x10° mm?%s, p<0.001).
Furthermore, mean tumour ADC in the pCR group (1.7x
10 mm®*s; range, 1.0-2.1x10° mm?/s) was significantly
higher than the mean value for the non-pCR group (1.2x
107> mm?%/s; range, 0.9—1.7x 107> mm?/s) (p=0.022).

Pathological examination

Eleven specimens that revealed no invasive tumour were
classified as pCR; 6 of these showed DCIS. Seventeen
specimens were classified as non-pCR with pathological
residual tumour ranging from 1.5 to 80 mm; 6 patients also
showed DCIS. Owing to scattered tumour growth, diameter
measurements were not obtained from 4 of the specimens.

Correlation between imaging techniques and pathological
examination

Correlation between maximum tumour diameter measured
at pathology and obtained from imaging at Tp2 was not
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Fig. 2 Axial greyscale subtraction MR images and colour-coded
ADC maps from a patient obtaining pCR (panel a) and a patient not
responding to neoadjuvant chemotherapy (panel b) before treatment
(left column), after 4 cycles of neoadjuvant therapy (middle column)
and before surgery (right column). Both patients had locally advanced
invasive ductal carcinoma grade 3. The responding patient showed a

significant for mammography (r=0.46, p=0.21, n=9), but
was significant for ultrasound (=0.59, p=0.01, n=18) and
MRI (»=0.87, p<0.001, n=15).

MRI accuracy

The diagnostic accuracy of MRI for pathological response
at Tp2 are summarised in Table 3. The overall MRI
accuracy was 77%. 73% (8/11) of HER2-positive lesions
obtained pCR. The response rate for HER2-negative lesions
was 18% (3/17). Prediction of pCR (negative predictive

55% reduction in longest tumour diameter at MRI after 4 cycles of
NAC. In the non-responding patient tumour diameter increased by
5%. Tumour ADC increased by 155% between Tp0 (0.80x 10~ mm?/
s) and Tp1 (2.01x 10~ mm?/s) in the responding patient, but remained
unchanged in the non-responder (1.21x 10~ mm?/s and 1.35x 10> mm?/s
at Tp0 and Tpl respectively)

value) in the HER2-positive group was 100% versus 50%
in the HER2-negative group.

The discordance can in the cases of false positives be
explained by the presence of DCIS. Patient 12 showed
residual tumour of 9 mm at MRI before surgery, at
pathological examination 9 mm DCIS. Patients 8 and 10
were categorised as ‘residual tumour present, not measur-
able’, at MRI, pathological examination showed DCIS. All
three obtained pCR but with DCIS present. One false
negative case had pathologically minimal residual disease
of 1.5 mm. The other false negative had not measurable
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Fig. 3 Tumour size (longest diameter (a), calculated tumour volume

according to the ellipsoid formula, V.y. (b) and semi-automatic

segmented tumour volume V., (¢)) before treatment (Tp0), after 4
cycles of neoadjuvant treatment (Tp1) and 1-2 days before final surgery

tumour at MRI, whereas pathological evaluation showed
scattered tumour growth.

Prediction of pCR-pretreatment tumour characteristics
Analysing baseline data, we found that HER2 overexpression
was the only significant predictor of pCR; odds ratio of 12.4
(95% C1, 2.1-72.5; p=0.006).

Prediction of pCR-early changes in tumor size

Including all 26 patients, AUC for pCR prediction at Tpl

was 0.78, 0.82 and 0.76 for reduction of tumour
diameter, Viae and V., respectively. For the patients
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0.6 1

0.4+

0.2

Normalized calculated tumour volume

0.0

TpO Tp1 Tp2
Time point

—e— pCR
<4 npon-pCR
X~ no surgical treatment

(Tp2) for the 29 patients receiving neoadjuvant chemotherapy. Patients
who did obtain a pathological complete response (o, n=10 (11 lesions)),
those who did not (A, n=17) and those who did not have surgical
treatment (X, n=2). V., includes previously published data [21]

who were switched to taxane-based regimens after Tpl
(n=17) the corresponding AUCs were 0.86, 0.89 and 0.86,
respectively. For the patients who received 6 cycles of
FEC, AUC was not significantly different from the
reference line, probably due to the limited number of
patients (n=9). Despite the slight differences in AUC
between the taxane group and the study population as a
whole, we chose to include all patients in the further
analyses.

At Tpl MRI assessed longest tumour diameter and
V. aic were significantly different between patients achiev-
ing pCR and those who did not (Table 4). Percentage
changes in all MRI assessed tumour sizes also signifi-
cantly correlated with pathological outcome, change in
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2247 _o pCR
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2.01 X~ no surgical treatment

1.8

1.6 1

1.4 1
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ADC [x10”° mm?/s]

1.0

0.8

0.6

Tp0 Tp1
Time point

Fig. 4 Breast tumour ADC before treatment (Tp0) and after 4 cycles
of neoadjuvant chemotherapy (Tpl) for patients obtaining pCR (e, n=
11), those who did not (A, n=17) and those who did not have surgical
treatment (x, n=1). At Tp0, ADC values were obtained from 27
lesions in 27 patients. At Tpl, the number of lesions from which ADC
could be obtained was reduced to 22 due to image artefacts, scattered
tumour growth or minimal disease/complete response. Tumour ADC
includes previously published data [21]

Veale showing the strongest predictive value (p<0.001).
Sensitivity and specificity for positive prediction of pCR,
as a function of varying cut-off values for MRI assessed
tumour size reductions at Tpl are illustrated in Fig. 5.
For correct prediction of pCR based on tumour size
reduction, the highest combined sensitivity (91%) and
specificity (80%) were obtained using a cut-off of 83%
reduction in V.

Prediction of pCR-early changes in ADC

The AUC for pCR prediction at Tpl based on tumour ADC
was larger for the patients who were switched to taxane-based

regimens (AUC=0.95, n=15) than for the entire study
population (AUC=0.80, n=22). We chose to analyse the
predictive value of ADC data for the study population as a
whole, similar to the approach chosen for tumour measure-
ments. At Tpl ADC values were significantly different in the
pCR and non-pCR groups (p=0.02), whereas ADC increase
was not (Table 4). Figure 6 shows the sensitivity and
specificity of pCR prediction using different cut-off values
for ADC (a) and percentage ADC increase (b) at Tpl. For
tumour ADC, high combined sensitivity (88%) and specific-
ity (80%) were obtained using a cut-off of 1.42x 10> mm?/s.

Discussion

Pathological complete response is the ultimate goal for
NAC as it strongly correlates with a favourable prognosis
[4-7]. In this study HER2 overexpression was the only
baseline parameter showing significant correlation with
pCR. After 4 cycles of NAC changes in tumour size and
tumour ADC were independent and significant strong
predictors of pathological outcome.

The accuracy of MRI for detecting residual disease was
80%. This is in accordance with previously reported studies
[28, 29]. The discordance between MRI and the patholog-
ical result can partly be explained by our choice of
pathological categories, i.e. pCR defined as absence of
invasive tumour of any size, regardless of DCIS. In some
studies DCIS is defined as residual tumour [30], in other
studies pCR and near-pCR are the same category [16]. All
three false positives in our study were cases in which DCIS
was present. This is comparable to previous results, and it is
stated that these discordances most likely will not bear
negative clinical consequences [11]. Although the presence
of DCIS does not affect long-term outcome [27], DCIS has
been shown to increase the risk of ipsilateral breast tumour
recurrence and should therefore be diagnosed and resected
[11]. Regarding our false negative case with minimal
residual disease: this case is near-pCR and will have a

Table 3 Overall performance of MRI for prediction of pathological response

Pathology
Non-pCR pCR
True positive (TP) False positive (FP) . o
ositive predictive value
N CR => Positive predict lue (PPV)
on- o 3 PPV = TP / (TP+FP) = 80%
False negative (FN True negative (TN
MRI CR & (FN & (o => Negative predictive value (NPV)
) 5 NPV =TN/(FN+TN) =71%
Vv Vv
Sensitivity = Specificity =

TP / (TP+EN) = 86%

TN/ (FP+TN) = 63%
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Table 4 Individual magnetic resonance imaging (MRI) parameters
versus pathological response

Continuous parameters Mann-Whitney U test

Mean p
pCR  non-pCR
MRI at Tp0
Longest tumour diameter (cm) 4.6 5.9 .056
Veate (cm?) 267  48.0 213
Vg (cm?) 203 293 525
ADC (x107° mm?/s) 1.1 11 693
MRI at Tpl
Longest tumour diameter (cm) 1.1 39 .013
Longest tumour diameter reduction (cm) 59.2  34.0 .018
Veate (cm®) 25 232 014
V_ale reduction 91.7 645 .006
Vieg (cm’) 20 113 093
Vieg reduction (%) 93.1 672 .050
ADC (x107* mm?/s) 1.7 13 022
ADC increase (%) 547 185 A11

similar prognosis to that of a pCR case as it has been shown
that prognosis is the same for pCR and ‘near-pCR’ patients,
the prognostic factor being total tumour burden [28, 29].
Despite superior accuracy compared with other imaging
techniques, MRI still has limitations, mainly by not

revealing residual tumour in a scattered pattern as seen in
lobular carcinomas and after shrinkage of multifocal
tumours [29]. In our study, only one of these cases was a
false negative, the other cases were correctly reported as
non-CR. The exclusion of such cases, as seen in some
studies, would probably increase MRI accuracy.

In our study population there was a significantly higher
pCR rate in the HER2-positive patients compared with the
HER2-negative patients; prediction of pCR in the HER2-
positive group was 100%, versus 50% in the HER2-
negative group. A previous study has showed increased
MRI accuracy in the HER2-positive subgroup [28],
whereas another recent study showed lower MRI accuracy
in HER2-positive patients [30]. It has been suggested that
the conflicting reports on HER2 positivity affecting MRI
accuracy may be attributed to the use of trastuzumab; in the
study showing increased accuracy trastuzumab was used. In
our study, 8 HER2-positive patients were switched to
taxanes and trastuzumab, and 5 of these lesions obtained
pCR. The 3 HER2-positive patients who received 6 cycles
of FEC also obtained pCR. Five of 6 patients receiving
trastuzumab were correctly classified at preoperative MRI,
whereas two HER2-positive patients receiving 6 FEC
cycles were false positives.

This study showed no significant correlation between
measurements at mammography and measurements at
pathological examination. Correlation between ultrasound
and pathological examination was significant, albeit much

Fig. 5 Specificity (—) and a b
sensitivity (---+) for prediction 100 100
of pCR at different cut-off oy = | e
values of MRI tumour size ; 80 = 80
. £ 2
reduction at Tpl S 3
‘@ 60 2 60
[ [
n n
2 40 > 40
& S
.G -
@ 204 /e g 20
by by
0 0

0 20 40

Longest tumour diameter reduction at Tp1 [%]

(2]

100

60

20 40 60 80 100
Calculated tumour volume reduction at Tp1 [%)]

80 100

80

60

40

20

Specificity/ Sensitivity [%]

—— Specificity
Sensitivity

40 -20 0 20

40

60 80 100

Segmented tumour volume reduction at Tp1[%]
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lower than for MRI. Moreover, difficulties in obtaining
measurements at both mammography and ultrasound
severely diminish the clinical value of these examina-
tions in the neoadjuvant setting. Large and irregular
tumours make ultrasound measurements difficult before
treatment; furthermore ultrasound is in general not
recommended for response evaluation of tumours accord-
ing to RECIST, owing to problems like operator
dependency and lack of reproducibility. Fibrosis replac-
ing vital tumour tissue makes response evaluation
difficult at both mammography and ultrasound. As stated
in the European Guidelines, MRI should be the method
of choice in response evaluation.

Radiological assessment should assist the oncologist
in differentiating the patients who are likely to achieve
pCR with the ongoing treatment from those who will
benefit from changing treatment regimen. Known pre-
dictors of pCR to NAC include tumour size, histological
grade, hormone-receptor status and HER2 status, among
others. Univariate analyses showed that HER2 positivity
was a strong predictive factor of pCR at baseline.
Different treatment regimens and the limited number of
patients represent limitations in our study. However, our
data indicate that HER2 overexpression may be a
positive predictive factor regardless of trastuzumab
treatment. HER2-positive patients also had a stronger
increase in ADC at Tpl, compared with the HER2-
negative patients. ADC increase emerges in our study as
an independent predictive factor at Tpl, i.e. before any
patients received trastuzumab.

Tumour ADC at Tpl was significantly higher in the
pCR group compared with the non-pCR group. Varying
cut-off ADC values at Tpl were used to investigate
pCR prediction. A study has reported sensitivity and
specificity of 79% and 80% using a cut-off value of
23.8% in percentage ADC change following 3 cycles of
NAC [26]. We found high sensitivity (88%) and specific-
ity (80%) using a cut-off ADC of 1.42x10° mm?s.
Whereas ADC values at Tpl were significantly different

ADC increase at Tp1 [%]

in the pCR/non-pCR groups, percentage ADC increase
was not. Our data indicate that there may be a threshold
value for ADC, i.e. that ADC above this threshold is
required to obtain pCR prediction. It should be noted that
the cut-off ADC will depend on the choice of imaging
protocol and b-values.

In our study a single ROI was used for assessment of
tumour ADC. Using this approach the sampled region
may not be representative for the whole tumour.
However, sampling of the whole tumour volume would
inevitably include necrosis and neighbouring non-
cancerous tissue. We chose to place the ROI within the
most viable and solid part of the tumour in order to
exclude tumour necrosis and minimize partial volume
effects from tumour borders.

At Tpl MRI assessed tumour size and percentage
change in longest diameter and V. significantly correlat-
ed with pCR, V. reduction being the strongest predictor.
With a cut-off of 83% reduction in Vg, sensitivity and
specificity for pCR were 91% and 80%, respectively. It
should be noted that lower cut-off values may be optimal if
evaluation takes place earlier in the course of treatment.
Vg Was a less sensitive pCR predictor than V.. After the
onset of therapy, contrast enhancement in tumour tissue is
altered and the enhancement may resemble that of benign
breast tissue. Thus, threshold-based segmentation proce-
dures run the inherent risk of underestimating tumour burden
during and after treatment. However, reduction in V,. and
Ve showed a significant correlation at Tpl, indicating the
potential of time-saving automatic procedures.

The goal of monitoring the effect of NAC should be to
discriminate between responders and non-responders early in
the treatment and in a reliable way. It may be argued that MRI
after 4 cycles is not an optimal time point for response
evaluation during treatment. There are numerous studies
reporting ADC increases early in the treatment, whereas
depiction of significant size reduction has been reported after
2,3 and 4 cycles [17, 24-26]. Our study protocol was made in
collaboration with oncologists in our institution, and MRI
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after 4 cycles was chosen because of the emphasis on the need
for reliable response evaluation. After 4 cycles the treatment
regimen may still be changed to optimise the response.
Optimal timing for response monitoring will depend on the
anticipated treatment response. Larger studies are required to
establish the optimal time point for response evaluation.

Conclusion

Our study confirms that MRI is superior to the other
techniques and should be the chosen method of response
evaluation and prediction of pCR before surgery. After four
cycles of NAC, ADC, tumour size and tumour size
reduction showed predictive value for pCR, ADC and
calculated tumour volume being the strongest predictors.

Acknowledgements We gratefully acknowledge the financial sup-
port from The Norwegian Cancer Society (A.F. and T.S.) and also
Oliver Geier, medical physicist; Erik Lekkevik, M.D.; radiographers
Stine Kudsk Kristensen and Hanne Pleym; Hilde Bjerndal, M.D.; and
Per Bohler, M.D. for assistance with study design, patient recruitment,
data acquisition and data analysis.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

1. Mortality and Prevalence Worldwide (2004) IARC CancerBase
No. 5, version 2.0. IARC, Lyon

2. Cancer Registry of Norway (2009) Cancer in Norway 2008 -
Cancer incidence, mortality, survival and prevalence in Norway.
Cancer Registry of Norway, Oslo

3. Wolmark N, Wang J, Mamounas E, Bryant J, Fisher B (2001)
Preoperative chemotherapy in patients with operable breast
cancer: nine-year results from National Surgical Adjuvant Breast
and Bowel Project B-18. J Natl Inst Monogr 30:96—-102

4. van der Hage JA, van de Velde CJ, Julien JP, Tubiana-Hulin M,
Vandervelden C, Duchateau L (2001) Preoperative chemotherapy
in primary operable breast cancer: results from the European
Organization for Research and Treatment of Cancer trial 10902. J
Clin Oncol 19:4224-4237

5. Symmans WF, Peintinger F, Hatzis C, Rajan R, Kuerer H, Valero
V, Assad L, Poniecka A, Hennessy B, Green M, Buzdar AU,
Singletary SE, Hortobagyi GN, Pusztai L (2007) Measurements of
residual breast cancer burden to predict survival after neoadjuvant
chemotherapy. J Clin Oncol 25:4414-4422

6. Rastogi P, Anderson SJ, Bear HD, Geyer CE, Kahlenberg MS,
Robidoux A, Margolese RG, Hoehn JL, Vogel VG, Dakhil
SR, Tamkus D, King KM, Pajon ER, Wright MJ, Robert J,
Paik S, Mamounas EP, Wolmark N (2008) Preoperative
chemotherapy: updates of National Surgical Adjuvant Breast
and Bowel Project protocols B-18 and B-27. J Clin Oncol
26:778-785

7. Londero V, Bazzocchi M, Del Frate C, Puglisi F, Di Loreto C,
Francescutti G, Zuiani C (2004) Locally advanced breast cancer

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

comparison of mammography, sonography and MR imaging in
evaluation of residual disease in women receiving neoadjuvant
chemotherapy. Eur Radiol 14:1371-1379

. Yeh E, Slanetz P, Kopans DB, Rafferty E, Georgian-Smith D,

Moy L, Halpern E, Moore R, Kuter I, Taghian A (2005)
Prospective comparison of mammography, sonography and MRI
in patients undergoing neoadjuvant chemotherapy for palpable
breast cancer. AJR Am J Roentgenol 184:868—877

. Partridge SC, Gibbs JE, Lu Y, Esserman LJ, Sudilovsky D,

Hylton NM (2002) Accuracy of MR imaging for revealing
residual breast cancer in patients who have undergone
neoadjuvant chemotherapy. AJR Am J Roentgenol 179:1193—
1199

Belli P, Constantini M, Malaspina C, Magistrelli A, Latorre G,
Bonomo L (2006) MRI accuracy in residual disease evaluation in
breast cancer patients treated with neoadjuvant chemotherapy.
Clin Radiol 61:946-953

Grimsby GM, Gray R, Amylou D, Carpenter S, Stucky C, Aspey
H, Giurescu ME, Pockaj B (2009) Is there concordance of
invasive breast cancer pathologic tumor size with magnetic
resonance imaging? Am J Surg 198:500-504

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D,
Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M, Rubinstein
L, Shankar L, Dodd L, Kaplan R, Lacombe D, Verweij J (2009)
New response evaluation criteria in solid tumors: revised RECIST
guideline (version 1.1). Eur J Cancer 45:228-247

Werner-Wasik M, Xiao Y, Pequignot E, Curran WJ, Hauck W
(2001) Assessment of lung cancer response after nonoperative
therapy: tumor diameter, bidimensional product, and volume -
a serial CT scan-based study. Int J Radiat Oncol Biol Phys
51:56-61

Martincich L, Montemurro F, De Rosa G, Marra V, Ponzone R,
Cirillo S, Gatti M, Biglia N, Sarotto I, Sismondi P, Regge D,
Aglietta M (2004) Monitoring response to primary chemotherapy
in breast cancer using dynamic contrast-enhanced magnetic
resonance imaging. Breast Cancer Res Treat 83:67-76

Mann RM, Kuhl CK, Kinkel K, Boetes C (2008) Breast MRI:
guidelines from the European Society of Breast Imaging. Eur
Radiol 18:1307-1318

Loo CE, Teertstra HJ, Rodenhuis S, van de Vijver MJ,
Hannemann J, Muller SH, Vrancken Peters M-J, Gilhuis KGA
(2008) Dynamic contrast-enhanced MRI for prediction of breast
cancer response to neoadjuvant chemotherapy: initial results. AJR
Am J Roentgenol 191:1331-1338

Manton DJ, Chaturvedi A, Hubbard A, Lind MJ, Lowry M,
Maraveyas A, Pickles MD, Tozer DJ, Turnbull LW (2006)
Neoadjuvant chemotherapy in breast cancer: early response
prediction with quantitative MR imaging and spectroscopy. Br J
Cancer 94:427-435

Padhani AR, Hayes C, Assersohn L, Powles T, Makris A,
Suckling J, Leach MO, Husband JE (2006) Prediction of
clinicopathological response of breast cancer to primary chemo-
therapy at contrast-enhanced MR-imaging: initial clinical results.
Radiology 239:361-374

Luypaert R, Boujraf S, Sourbron S, Osteaux M (2001) Diffusion
and perfusion MRI: basic physics. Eur J Radiol 38:19-27
lacconi C, Gianelli M, Marini C, Cilotti A, Moretti M, Viacava P,
Picano E, Michelotti A, Caramella D (2010) The role of mean
diffusivity (MD) as a predictive index of the response to
chemotherapy in locally advanced breast cancer: a preliminary
study. Eur Radiol 20:303-308

Nilsen L, Fangberget A, Geier O, Olsen DR, Seierstad T (2010)
Diffusion-weighted MRI for pretreatment prediction and monitor-
ing of treatment response of patients with locally advanced breast
cancer undergoing neoadjuvant chemotherapy. Acta Oncol
49:354-360



Eur Radiol (2011) 21:1188-1199

1199

22.

23.

24.

25.

26.

Woodhams R, Kakita S, Hata H, Iwabuchi K, Kuranami M, Gautam
S, Hatabu H, Kan S, Mountford C (2010) Identification of residual
breast carcinoma following neoadjuvant chemotherapy: diffusion-
weighted imaging - comparison with contrast-enhanced MR imaging
and pathologic findings. Radiology 254:357-366

Koh D-M, Collins DJ (2007) Diffusion-weighted MRI in the
body: applications and challenges in oncology. AJR Am J
Roentgenol 188:1622-1635

Pickles MD, Gibbs P, Lowry M, Turnbull LW (2006) Diffusion
changes precede size reduction in neoadjuvant treatment of breast
cancer. Magn Reson Imaging 24:843-847

Gibbs JE, Partridge SC, Hylton NM (2003) Incremental value of
ADC as an indicator of treatment response in patients undergoing
neoadjuvant chemotherapy for locally advanced breast cancer.
Proc Intl Soc Magn Reson Med 11:291

Sharma U, Danishad KK, Seenu V, Jagannathan NR (2009)
Longitudinal study of the assessment by MRI and diffusion-
weighted imaging of tumor response in patients with locally
advanced breast cancer undergoing neoadjuvant chemotherapy.
NMR Biomed 22:104-113

27.

28.

29.

30.

Mazouni C, Peintinger F, Wan-Kau S, Andre F, Gonzalez-Angulo
AM, Symmans WF, Bernstam FM, Valero V, Hortobagyi GN,
Pusztai L (2007) Residual ductal carcinoma in situ in patients with
complete eradication of invasive breast cancer after neoadjuvant
chemotherapy does not adversely affect patient outcome. J Clin
Oncol 25:1650-2655

Chen JH, Feig B, Agrawal G, Yu H, Carpenter PM, Mehta RS,
Nalcioglu O, Su MY (2008) MRI evaluation of pathologically
complete response and residual tumors in breast cancer after
neoadjuvant chemotherapy. Cancer 112:17-26

Bahri S, Chen J-H, Mehta RS, Carpenter PM, Nie K, Kwon S-Y,
Yu HJ, Nalcioglu O, Su M-Y (2009) Residual breast cancer
diagnosed by MRI in patients receiving neoadjuvant chemo-
therapy with and without bevacizumab. Ann Surg Oncol
16:1619-1628

Moon H-G, Han W, Lee JW, Ko E, Kim E-K, Yu J-H, Kang SY,
Moon WK, Cho N, Park I-A, Oh D-Y, Han S-W, Im S-A, Noh D-
Y (2009) Age and Her2 expression status affect MRI accuracy in
predicting residual tumor extent after neo-adjuvant systemic
treatment. Ann Oncol 20:636-641

@ Springer



	Neoadjuvant...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Patients
	Study design
	MR imaging
	Radiological assessment and clinical reading
	Pathological response evaluation
	Statistical analysis

	Results
	MRI assessed treatment response
	Pathological examination
	Correlation between imaging techniques and pathological examination
	MRI accuracy
	Prediction of pCR-pretreatment tumour characteristics
	Prediction of pCR-early changes in tumor size
	Prediction of pCR-early changes in ADC

	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


