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Breast cancer is the commonest cancer among fe-
males and is a significant cause of morbidity and
mortality. Diagnostic techniques are becoming man-
datory for early diagnosis, treatment and improved
survival. Screening procedures such as clinical breast
examination, ultrasound, and mammeography are
often limited in sensitivity and specificity. Magnetic
resonance imaging (MRI) is a new noninvasive valu-
able tool for doing diagnostic mammography and
combined with in vive magnetic resonance spectros-
copy (MRS), it offers an attractive alternative to
monitor tissue biochemical/metabolic changes. In this
brief review, we discuss the potential of poninva-
sively monitoring and assessing the response of
breast cancer to neoadjuvant chemotherapy using in
vivo volume localized proton MRS method that is
employed in our laboratory.

BREAST cancer 1s the second most common cancer
among women in India after cervical cancer and is likely
to emerge as the major malignant neoplasm among fe-
male patients in the future, constituting a major health
problem'®. In Mumbai, about 1 in 35 women have a
lifetime risk of breast cancer. According to the WHQO,
worldwide dcaths due to breast cancer will rise (o
500,000 by the year 2000, and almost a fifth of those
will be from the Indian subcontinent., Hence, early de-
tection of cancer is the primary strategy for reducing the
mortalitﬁ. In recent years, several screening procedures
are being followed such as clinical breast examination,
ultrasound, and mammography and these are often lim-
ited in sensitivily and spemf;c:ty . Physical examina-
tion has limitations due to individual variation in breast
parenchymal consistency, the location, the size and the
presence of a diffuse versus discrete tumour. Approxi-
mately, 5-15% of the palpable breast cancers are not
detected in conventional mammography examination®”

There are additional ‘subclinical’ cancers that are found
only in histopathologic analysis. In view of thesc himita-
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tions of mammography and other techniques, consider-
able Interest is now being focused on breast MRI’ Dif-
ferent MRI methodologies were explored in the past in
order to improve the detection and diagnosis of breast
diseases'®!’. The sensitivity and specificity of MRI for
the detection of breast cancer can be significantly in-
creased by the use of paramagnetic contrast media such
as gadolinium diethylenetriaminopentaacetic acid (Gd-
DTPA). Recently, dynamic contrast MRI techniques
have also been developed for differentiation of benign
from malignant tum{)urs”‘1 Tumour size measured us-
ing MR 1mages correlates well with the size of patho-
logical tumours’®. This is useful in assessing the
response of the tumour to neoadjuvant chemotherapy,
where it has been seen that clinical examination, ultra-
sound, and mammography do not always correlate with
the pathological response'®

In spite of the wealth of information obtained using
the above techniques, they do not provide cellular bio-
chemical information about the cancer/tumour or its re-
sponse to therapy. I/n vivo MRS i1s a technique that
provides noninvasive detection of metabolites and has
been successfully applied to monitor tumour develop-
ment, progression, and response to different treatment
regimensw'zi. In vitro and breast cell line studies have
shown that malignant breast tumours have elevated
phosphocholine (PC) compared to normal breast tis-
sue?*™?, Using surface coil proton MRS, it has been re-
ported that water-to-fat (W/F) ratio was high in breast
cancer patients compared to normal volunteers™. It is
known, that contamination from signals of non-tumour
regions is likely to arise due to poor selectivity of the
region of interest (RO1) when the surface cotl method 1s
used. For example, in *'P MRS of breast carcinoma the
appcarance of PCr resonance may be due to the in-
volvement of the chest wall*”*®, Such observations em-
phasize the importance of uur.,tul [ocalized volume

34
selection procedures for studying breast fumours”
In general, the response to neoadjuvant chemotherapy

for locally advanced breast cancer is assessed by meas-
urcment of the reduction in the tumour size by clintcal
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cxamination and/or by ultrasound or mammography.
Recently, MRI has been found to be more accurate than
clinical examination, ultrasound or mammography usecd
cither in isolation or in combination'™. However, the
histological correlation of response with all the pres-
cntly used modalities is not satisfactory. Sometimes the
lump persists while the histological examination reveals
only a necrotic or fibrotic residue. Conversely, it is of-
ten seen that a complete clinical and even radiological
response still shows residual tumour on histological ex-
amination, Therein lies the potential value of the MRS
tcchmique 1n helping to quantify more accurately the
responsc of breast cancer to neoadjuvant chemotherapy,
which is an issue of considerable clinical significance.
Recently, we have shown the feasibility of carrying out
localized in vivo proton MRS in a group of breast cancer
patients™.

The focus of this review is to assess the sensitivity and
specificity of in vivo proton MRS in patients suffering
from infiltrating duct carcinoma of breast, carried out in
our laboratory. Accordingly, details of the experimental
protocol employed by us as well as the criteria adopted
tn selecting the patients are discussed in the following
sections. Data obtained from our study on 64 patients
(n = 64) are presented next and the potential of nonin-
vasively monitoring and assessing the response of breast
cancer to ncoadjuvant chemotherapy is discussed in the
last section of this article.

MRI and in vivo proton MRS measurements

MRI and MRS were performed at 1.5 Tesla
(MAGNETOM, Siemens) using a bilateral surface re-
cerver coil (single, linearly polarized, elliptically shaped
and breast-contour fitted) for optimal signal reception
with the body coil acting as a transmitter. Automatic
tuning and electronic decoupling ensured optimization
of signal reception. Each subject was positioned prone
with each breast fitting into a cup of the surface receiver
coil. Following the scout image, T;-weighted MRI in the
sagittal plane were obtained using a spin echo sequence.
To identify precisely the full extent of the irregular, spi-
culated border of malignant tumours, fat suppressed
proton MRI in the axial and coronal planes were re-
corded. Depending on the tumour size, voxels of appro-
priate dimension (nominally 1 to 8 ml) were chosen and
positioned well within the tumour area for further MRS
study.

Volume localized in vivo proton MRS was carried out
using the STEAM pulse sequence® . Magnetic field
shimming was done both globally and over the voxel
region prior o0 MRS studies. The line-width after voxel
shimming corresponded typically to 10~16 Hz for the
hipid peak in case of normal/control breast and 5-10 Hz
for the water peak 1n patients with breast tumours. 32 to
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64 scans with and without water suppression were col-
lected using an echo time (TE) of 135 ms and a repeti-
tion time (TR) of 3 s. The free induction decays were
zero filled to 4 K data points with a gaussian broadening
of 4 Hz before Fourier transformation. Chemical shifts
are reported using water as the internal standard at
4,70 ppm. The total study time per patient was around
60 to 75 min including imaging and spectroscopy. In all
cases, the water—fat (major fat peak, vide infra) ratio
was calculated using the respective peak arcas. Further-
more, random checks were made by positioning the
voxel in different locations within the tumour site: the
lack of any variability in the W/F ratio beyond the ex-
perimental error (which is around 10%) ensured that the
region chosen was not heterogeneous.

For in vitro NMR measurements, human breast tumour
specimens were collected from five patients who were
undergoing scheduled surgical procedures. Proton NMR
spectra at 400 MHz (Bruker, DRX-400) of the perchlo-
ric acid extract of the specimen was recorded at a pH of
7.8 at 25°C.,

All data are reported as mean * SEm. Statistical sig-
nificances between different groups were determined
through ANOVA test. A level of P < 0.05 was accepted
as statistically significant.

Patients and controls

A total of 64 women (both pre- and post-menopausal),
of average age 46.1 £ 10.3 years, all suffering from in-
filtrating duct carcinoma, were selected for this study.
Tumour staging and size were evaluated clinically by
TNM (tumour, nodes, metastasis) procedure. In all the
cases, the tumour size was > 2 ¢m with or without skin
involvement. All patients had histological or cytological
confirmation of infiltrating duct carcinoma, and no other
histology was detected. Most patients (n = 44) received
CAF (cyclophosphamide + adriamycin + 5-FU) chemo-
therapy while a few of them received either CMF
(n =10, cyclophosphamide + methotrexate + 5 FU) or
Paclitaxel® + Epirubicin® (n = 10). One °‘cycle’ corre-
sponded to two 1njections of the drug with an interval of
one week. None of the patients was on prior hormone
treatment, and none of them had used contraceptive
pills. For 29 patients chosen out of the overall patient
pool, proton MR spectra from the unaffected contralat-
eral breast were also recorded. In addition, 15 normals
(volunteers, n = 15) of nearly the same age group were
recruited as controls. Written informed consent was ob-
tained before examination from patients and controls.

To facilitate the experimental protocol and statistical
analysis (vide infra), the subjects studied have been
classified as follows: normals (control, n=15); from
overall patient pool: Group 1 (pre-therapy, n = 33),
group 2 (after 1-2 cycles of chemotherapy, n=11),
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group 3 (after 3—4 therapeutic cycles, n = 18), and group
4 (completion of full course of chemotherapy regimen,
n = 15). Seven cases from the overall patient pool were
investigated three or four times each during successivc
chemotherapeutic stages: pre-therapy, and after second,
fourth and sixth cycle of therapy.

Results and discussion

Proton MR spectrum (without water suppression) from
an 8 ml voxel of a normal breast tissue of a control
(volunteer) and the corresponding voxel location in the
MR image are shown in Figure 1 b and a. Resonances
from lipid protons dominate the spectrum and the vari-
ous assignments of the different metabolite peaks were
carried out using hterature data’. Accordingly, the ma-
jor peak at 1.3 ppm was assigned to the methylene
(-(CH,),-) protons of the lipids and the peak around
0.9 ppm, appearing as a shoulder to that at 1.3 ppm, 1s
from the terminal methyl protons present in glycerides.
The methylene protons « to the carboxyl in the glyceride
chain appear at 2.2 ppm, while the peak near 2.5 ppm 1s
assigned to the diallylic CH; protons of the lipid chain.
The olefinic hydrogens and the CH of glycerol backbone
appear near 5.2 ppm and the water peak is around
4.7 ppm. The proton MR spectrum shown in Figure 1 b
is also typical of the spectra obtained from the contra-
lateral unaffected breast of the patients (n = 29).

The unsuppressed proton spectrum from an 8 ml voxel
carefully positioned within the tumour region (see MR
image, Figure 2 a) of a patient suffering from infiltrating
duct carcinoma (histologically proven) is shown in
Figure 2 c. Clearly, the spectrum is seen to be different
from that obtained for the normal breast tissue, the water
peak dominating with a much lower contribution from
the protons of the fatty acid chains. In the controls

y
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Figure L. In vive proton MR spccirum from an 8 ml voxel of a nor-
mal breast tissue from a volunteer.
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Figure 2 a, T\-weighted sagittal MR image of a patient suffering
from infiltrating duct carcinoma; b, Proton MR spectrum from an
8 ml voxel positioned in the normal portion of the affected breast; ¢,
Proton spectrum from an 8 ml voxel positioned well within the tu-
mour; d, The water suppressed spectrum showing the choline and
other low concentration metabolites.

(volunteers), the ratio between the integrated areas of
the water peak and the major fat peak (at 1.3 ppm)
ranged from 0.1 to 0.8 with a mean of 0.34 £ 0.25. The
W/F ratio from the unaffected contralateral breast, re-
corded from a representative sample population of the
patients (n=29), also showed a similar value of
0.35 + 0.42. Compared with the spectra of their normal
counterparts, localized proton spectra of the tumours are
characterized by high W/F values which vary from 1 to
30.

The W/F ratio calculated before and after therapy for
all the patients studied, together with the data from con-
trols and the results of statistical analysis are presented
in Table 1. Pre-therapy W/F value of 3 patients were
excluded in the final analysis since the W/F values were
found to be within the normal range, in conformity with
histological data. From the tabulated W/F values several
interesting conclusions emerge. A statistically signifi-
cant (P < 0.001) reduction in the W/F ratio was noticed
in patients who have undergone the full course of che-
motherapy regimen (1.2 % 1.5) compared to the pre-
therapy value of 7.2 + 7.4. This finding correlates well
with the mammography and clinical examinations car-
ricd out on these patients after the completion of the full
course of chemotherapy. For patients who had received
3 or 4 cycles of chemotherapy (group 3) the W/F value
was around 1.7 + 1.4, which is again a statistically sig-
nificant reduction compared to the pre-therapy value.
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Table 1. Water-to-fat ratios in normal volunteers and in infiltrating duct breast cancer patients

Contralateral After 1-2 After 3—4 After 5-6 Voxel
unaffected breast Pre-therapy cycles of chemo cycles of chemo  cycles of chemo away from
Contro) of patients group 1 group 2 group 3 group 4 tumour
(n=15) (n = 29) (n = 33) (n=11) (n=18) (n=15) (n=31)
0.341£0.25 0.35+0.42 721274 58+46 1.7+ 1.4 1.2+ 1.5 026 +031
[P < 0.5 with control] [P < 0.002 (P <0.2 [P < (0.00! [P < (0.001 [P < 0.00001

with controt]

Expectedly, during the early stages of the chemotherapy
cycle (I-2 cycles), the W/F ratio varied over a wide
range (2-15) and 1s also not significantly different from
the pre-therapy W/F value (see Table 1). For § patients,
a very high pre-therapy (W/F) value (> 70) was ob-
served, which remained high (> 30) in two patients even
after the full course of chemotherapy, while for the other
three patients mastectomy was performed after the third
cycle of chemotherapy. The high W/F value observed in
these patients may reflect the presence of oedema which
chinically correlates with the condition seen in patients
with lymphatic blockage and involvement of sub-dermal
lymphatics by tumour. In these patients, the high W/F
content may be an indicator of the presence of ‘peau d’
orange’. In addition, the persistently high W/F ratio seen
in two patients even after the full course of chemother-
apy correlates well (clinically) with the incomplete re-
sponse of the tumour to neoadjuvant chemotherapy.

The observation of elevated W/F values observed for
breast cancer patients is in agreement with the generally
established trend that tumours have considerably higher
water content> >, In addition, it is reported that mice
tumours comprise 84% water by tissue weight, whereas
fat accounts for only 12% (ref. 34). Mackinnon et al.”>
have recently reported that changes in lipid content also
occur with tumour development and progression.

In order to evaluate the usefulness of W/F ratios as
possible signatures of breast cancer, localized proton
MR spectra were recorded for 29 patients from the
overall pool (n=29) choosing both tumour and non-
tumour regions of the breast. Figure 2 b shows the spec-
trum from a voxel which was slightly shifted away from
the tumour site (Figure 2a) and the W/F value calcu-
lated i1s similar to that obtained from the controls
(normal breast tissue) or from the contralateral unaf-
fected breast tissue of the patients (see Table 1). Thus, it
is clear that the W/F value from the malignant breast
tissue is different (P < 0.0002) from that obtained from
the normal portion of the breast. This simple exercise
confirmed that the proton spectra obtained using volume
localization method reflect truly the nature of the tissue
state. It also suggests the possibility of using the W/F
ratios for assessing the response of tumours to neoadju-
vant chemotherapy. Experiments such as two-
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dimensional or three-dimensional chemical shift imaging
should greatly help in discriminating normal and dis-
eased portions of the breast, as has been pointed out
recently by using *'P MRS,

Figure 3 shows the plot of W/F as a function of che-
motherapy cycle for 7 patients who were studied at dif-
ferent time periods. Clearly, the W/F ratio which was
higher prior to therapy showed a lower value after the
completion of the full course of the treatment, Mam-
mography and clinical examinations carried out on these
patients after the completion of the therapy confirmed
our MRS finding. For patient no. 16, the W/F ratio was
higher even after the full course of the treatment. Clini-
cal, mammography, and MRI investigations showed no
substantial reduction in the tumour size, confirming our
MRS data. Patient no. 43 and no. 47 were operated after
the 3rd cycle of treatment.

The water suppressed proton MR spectrum from an 8
ml voxel positioned in the tumour of a patient is shown
in Figure 2 d. In addition to the residual fat and water, a
choline peak at 3.2 ppm and other minor resonances in
the 8 to 9.5 ppm range are clearly seen. Assignment of
these peaks was made with the help of literature
data®®?" as well as from the in vitro proton one-
dimensional and two-dimensional NMR spectra re-
corded at 400 MHz on the perchloric acid extract of the
breast tumour tissues (n=35; spectra not shown). Ac-
cordingly, the resonances around 8.5 ppm are assigned
to the protons of purine (ATP and GTP) and pyrimidine
(uridine and cytidine phosphates) nucleotides. Such
resonances were also detected in PCA extracts of other
tumour tissues’". The origin of the resonance peak
around 9.5 ppm is not clear. However, Gribbestad et
al.*** from in vitro NMR study have assigned these
resonances 1o protons from NAD (nicotine adenine nu-
cleotide).

Absence of choline in benign breast tumours has been
recently reported from in vitro NMR studies of FNAB
samples”. The phosphocholine (PC) and phosphoetha-
nolamine (PE) pools in the tissue have two main
sources. These are precursors in the synthesis of phos-
phatidylcholine (PCho) and phosphatidylethanolamine
(PEth), respectively, and are also degradation products
of phospholipid breakdown by phospholipase C. Several
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W/F ratio

1-2
Chamo Cycle

Figure 3. Plot of W/F ratio as a function of the chemotherapy cycle
for seven patients studied at different time periods.

in vitro and in vivo °'P NMR studies have revealed high
concentration of phosphomonoesters (PC and PE) in
human breast tumours®*?°, Similar observations have
also been documented in human colon’® and cerebral
tumours®’. It is therefore reasonable to expect choline
resonance in in vivo proton NMR spectroscopy in breast
tumours.,

Conclusions

In this review, we have clearly demonstrated the feasi-
bility of carrying out volume localized in vivo proton
MRS 1n breast cancer patients. With careful voxel local-
1zation procedures there should be little contamination
from tumour-free tissue and the spectra obtained reflect
the true nature of the tissue state, From the data ob-
tained in our laboratory, it is documented that elevated
W/F ratios are observed in malignant breast tissues
compared to normal breast tissue from volunteers and
from the contralateral unaffected breast of the patients.
Moreover, in the case of patients receiving neoadjuvant
chemotherapy resulting in reduction in the primary tu-
mour size, the W/F ratio shows a decrease which is sta-
tistically significant. The observed trend of reduction in
W/F ratios provides a noninvasive indicator of favour-
able clinical outcome of neoadjuvant chemotherapy for
locally advanced breast cancers. The continued devel-
opment of in vivo MRS and the correlation of MRS data
with histopathological analysis will not only enable us to
understand the biochemical mechanisms but will
also serve to promote the implementation of in vivo
MRS as a clinical tool for monitoring and assessing the
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response of breast cancers to neoadjuvant chemo-
therapy.
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