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Abstract

AIM: To investigate the metabolic profiles of xenograft
pancreatic cancer before and after radiotherapy by
high-resolution magic angle spinning proton magnetic
resonance spectroscopy (HRMAS 'H NMR) combined
with principal components analysis (PCA) and evaluate
the radiotherapeutic effect.

METHODS: The nude mouse xenograft model of hu-
man pancreatic cancer was established by injecting
human pancreatic cancer cell SW1990 subcutaneously
into the nude mice. When the tumors volume reached
800 mm’, the mice received various radiation doses.
Two weeks later, tumor tissue sections were prepared
for running the NMR measurements. ‘H NMR and PCA
were used to determine the changes in the metabolic
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profiles of tumor tissues after radiotherapy. Metabolic
profiles of normal pancreas, pancreatic tumor tissues,
and radiation- treated pancreatic tumor tissues were
compared.

RESULTS: Compared with 'H NMR spectra of the
normal nude mouse pancreas, the levels of choline,
taurine, alanine, isoleucine, leucine, valine, lactate,
and glutamic acid of the pancreatic cancer group were
increased, whereas an opposite trend for phosphocho-
line, glycerophosphocholine, and betaine was observed.
The ratio of phosphocholine to creatine, and glycero-
phosphocholine to creatine showed noticeable decrease
in the pancreatic cancer group. After further evalua-
tion of the tissue metabolic profile after treatment with
three different radiation doses, no significant change in
metabolites was observed in the "H NMR spectra, while
the inhibition of tumor growth was in proportion to the
radiation doses. However, PCA results showed that the
levels of choline and betaine were decreased with the
increased radiation dose, and conversely, the level of
acetic acid was dramatically increased.

CONCLUSION: The combined methods were demon-
strated to have the potential for allowing early diagno-
sis and assessment of pancreatic cancer response to
radiotherapy.

© 2013 Baishideng. All rights reserved.

Key words: High-resolution magic angle spinning pro-
ton magnetic resonance spectroscopy; Principal compo-
nents analysis; Pancreatic cancer; Radiotherapy

Core tip: In the present study, for the first time to our
knowledge, high-resolution magic angle spinning pro-
ton magnetic resonance spectroscopy and principal
components analysis were combined to highlight me-
tabolite profiles of pancreatic cancer after radiotherapy,
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by analyzing the correlation between radiotherapy ef-
fect and metabolic change, and optimizing the thera-
peutic scheme. The results showed that metabolic
profile changes of pancreatic cancer after radiotherapy
were closely correlated with therapeutic effect. The
outcome of the study is both interesting and beneficial
to pathological research, early diagnosis, and therapy
evaluation of pancreatic diseases.
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INTRODUCTION

Pancreatic cancer is a malignant tumor with very poor
prognosis, and surgery has been considered as the only
radical therapy. However, about 85% of newly diagnosed
cases have developed distant metastasis, and only 5%-25%
of pancreatic head cancer and less than 10% of pancre-
atic body cancer can be treated with surgical excision,

and the postoperative recurrence rate is high. Therefore,
radiation therapy has become the predominant treatment
method for locally advanced pancreatic cancer . Thera-
peutic evaluations of radiotherapy are mainly: remission
from the symptoms of pain and jaundice, solid tumor
size and its survival time, and the lack of a specific tar-
geted method. During the last three decades, there has
been ongoing magnetic resonance spectroscopy (MRS)
research in malignant diseases. These studies provided
valuable data on the biochemistry and metabolism of
tumors, and on the effects of nutrients, hormones, and
growth factors™. The mechanisms of action of anti-
cancer drugs and the acquired resistance to these agents
were delineated™”. MRS was also used for monitoring the
response to therapy™”.

High-resolution magic angle spinning proton mag-
netic resonance spectroscopy (HRMAS "H NMR) is a
well-recognized technique in metabonomics studies i
vitro, by which biopsy or postmortem samples of intact
tissues are spun at the magic angle, resulting in a sig-
nificant improvement in the resolution of the spectrum
obtained for some of the line-broadening factors, such as
dipole—dipole interactions and chemical shift anisotropy,
and magnetic field inhomogeneities are averaged out",
This approach requires minimal sample preparation and,
unlike convenient 'H NMR spectroscopy of tissue ex-
tracts, both aqueous and lipid-soluble metabolites can be
observed simultaneously 7 sitn. In addition, information
about the metabolic environment of the tumor can also
be obtained. Therefore, HRMAS 'H NMR has proved to

be an efficient method for studying a wide variety of can-
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[12]

. . . 13 .
cers, including breast cancer ~, cervical cancer'” kidney

[14] [15
cancer

, prostate cancer'”!, malignant lymph nodes'*,
and liposarcornam of animals and humans. However, so
far, there are very few metabonomic studies in cancer
therapeutics by the application of HRMAS 'H NMR.

HRMAS 'H NMR spectra obtained from tissues re-
flect the dynamic biological systems and processes that
contribute to the overall metabolic status of an organism.
It is not possible to isolate the effects of any single me-
tabolite signal in a spectrum and, furthermore, the man-
ual analysis of even a small number of such spectra is a
laborious and complex task. Therefore, metabonomists
utilize data reduction and multivariate analysis techniques,
such as principal components analysis (PCA), to facilitate
automated NMR pattern recognition“g’w]. Moreover, our
previous study demonstrated that using 'H NMR and
PCA could discriminate pancreatic cancer from chronic
pancreatitis accuratelym. In the present study, HRMAS
"H NMR and PCA were combined to highlight metabo-
lite profiles of pancreatic cancer after radiotherapy, in
order to analyze the correlation between radiotherapy
effects and metabolic changes, and to optimize the thera-
peutic scheme. The study has an important implication
for reference guides on therapeutic evaluation by nuclear
magnetic resonance spectroscopy on pancreatic cancer iz
vivo.

MATERIALS AND METHODS

Animals and experiment schedule

Six- to eight-week-old female nude mice were obtained
from the Planned Parenthood Research Institute, Shang-
hai, People’s Republic of China. All animals in this study
were housed under pathogen-free conditions and main-
tained in accordance with the guidelines of the Com-
mittee on Animals of the Second Military Medical Uni-
versity, Shanghai, China. Human pancreatic cancer cell
line SW1990 in mid-log-growth phase was harvested by
trypsinization. Single-cell suspensions (5 X 10° cells in 0.1
mL HBSS) were injected subcutaneously into the nude
mice. The tumors were measured every 4 d with a caliper,
and the diameters were recorded. Tumor volume was cal-
culated by the formula: a’b /2, where a and b are the two
maximum diameters. When tumors reached 2.0 cm X 2.0
cm, the duration of survival was recorded and the mouse

euthanized.

For the radiotherapy experiment, when the tumor
volume reached 800 mm’, the mice were divided into
four groups. Group A mice were used as untreated con-
trols. Groups B, C, and D received 10, 20, and 30 Gy
radiation doses, respectively. Tumor size was measured as
described above. Two weeks later, tumor tissue sections
were prepared for histological tests or for running the
NMR measurements.

NMR spectroscopy

HRMAS 'H NMR experiments were carried out using a
DRX-500 spectrometer (1H frequency at 500.13 MHz;
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Figure 1 Effect of radiotherapy on the growth of human pancreatic tumor
in nude mouse. Mice received a subcutaneous injection of SW1990 cells.
When the tumor volume reached about 800 mm?, the mice were divided into
four groups. Group A mice were used as untreated controls. Groups B, C, and
D received 10, 20, and 30 Gy radiation doses, respectively. Tumor size was
measured for two weeks. °P < 0.05 vs the untreated group.

Bruker Biospin, Rheinstetten, Germany). Tissue samples
were rinsed three times with D20 and placed into a 4-mm
zirconium oxide MAS rotor with drops of D20 (deu-
terium lock reference). Spectra were acquired at 300.0
K using single-pulse and CPMG pulse sequences, both
with water presaturation during the relaxation delay of
2 s. CPMG pulse sequence was applied as a T2 filter to
suppress signals from the molecules with short T2 values
(such as macromolecules and lipids) using a total TE of
320 ms. The main parameters used for 'H NMR spectra
were: SW = 15 kHz; TD = 64 k; NS = 256; and MAS
rate = 5 kHz. Spectral assignments were confirmed by
2-dimensional 'H-'"H TOCSY and 'H-'H COSY (data
not shown), together with values obtained from the lit-
erature !,

The stability of tissue samples was evaluated by re-
peating a 1-dimensional NMR experiment after overall
acquisition. No biochemical degradation was observed
for any of the tissue samples.

Principal components analysis

Spectral data were phased and baseline-corrected us-
ing XWINNMR (Bruker Biospin). All FID were multi-
plied by an exponential function equivalent to a 0.3-Hz
line broadening factor prior to Fourier transformation.
Each HRMAS 'H NMR spectrum was segmented into
211 regions of equal width (0.04 ppm) over the region
0.00-10.00, and the signal intensity in each region was
integrated using AMIX version 3.6 (Bruker, Biospin).
The region 4.50-5.00 was removed to eliminate baseline
effects of imperfect water saturation. Prior to PCA, each
integral region was normalized by dividing by the sum of
all integral regions for each spectrum“z’m. In order to ex-
clude the effects of lipids and concentrate on the impacts
of LMW metabolites in the CCM region, PCA was again
done for 'H CPMG NMR spectra over the range 0.7-4.70,
each 0.04 ppm wide. PCA was used to calculate a new,
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smaller set of orthogonal variables from linear com-
binations of the intensity variables, while retaining the
maximum variability present within the data. These new
variables are the derived principal components, and the
distribution of their values (scores) permits the simple
visualization of separation or clustering between samples.
The weightings (loadings) given to each integral region in
calculating the principal components allows for the iden-
tification of those spectral regions of greatest influence
to the separation and clustering and, hence, the deduction
of biomarkers of pancreatic cancer.

Statistical analysis

Continuous variables are expressed as mean = SD. Sta-
tistical analysis of data was done by Student’s 7 test using
SigmaPlot software. Differences were considered statisti-
cally significant at P < 0.05.

RESULTS

Radiotherapy of human pancreatic tumor-bearing nude
mouse

One week after SW1990 tumor cell inoculation, tumor
size was measured and tumor volume recorded weekly.
All 32 nude mouse models generated tumor tissues,
and the success rate of model construction was 100%
(32/32). Tumor volume in the control group (untreated),
and the three groups which were given 10, 20, and 30
Gy radiation are shown in Figure 1. The transplanted
tumor volume before treatment was 0.8 cm’ on average,
increasing with breeding period in the control group.
Compared with the control group, the tumor volume of

the treatment groups reduced significantly, with the most
obvious being the 30 Gy dose treatment group. These
data showed that radiotherapy could effectively sup-
press the growth of pancreatic cancer in the nude mice.
The changes in the morphological levels are expected to
be accompanied with observable changes in the tissue
biochemical composition which can be accessed with

HRMAS 'H NMR spectroscopy ex zivo.

Metabolic profiles of normal pancreas and pancreatic
tumor tissues

Using "H NMR spectroscopy, components such as Cho,
taurine (Tau), betaine (Bet), glutamic acid (Glu), glycero-
phosphocholine, and choline phosphate (GPC + PC),
acetic acid (Ace), alanine (Ala), and lactic acid (Lac) were
detected and identified in the normal pancreas and iso-
lated transplanted tumor tissues in the nude mouse by
their spectrum peaks. The literature was referred to be-
fore (18-20) and 2-D spectrum estimation (J-res, COSY,
TOCSY) (Figure 2A). Score plots of PCA based on 'H
NMR spectra were performed on 8 normal and 8 tumor
samples, in which the spectra region was § = 0.70-4.70,
and the minimal region § = 0.04 (Figure 2B). As shown
in the loading plots, the main factors that differentiated
the samples were 6 0.90-0.86, 6 1.34-1.26, 5 1.50-1.46, &
3.30-3.18, & 3.46-3.38, and & 3.70-3.66, which were con-
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Figure 2 High-resolution magic angle spinning proton magnetic resonance spectroscopy spectra of normal pancreas and transplanted pancreatic tu-
mor (500 mHz). A: Normal pancreas (a); Transplanted pancreatic tumor (b); Amplified data from spectra region 53.30-3.15 (c); Amplified data from spectra region
53.15-3.48 (d). For peak assignments, see list of abbreviations used; B: Principal Component Analysis to compare the metabolic profiles between normal pancreas
and pancreatic cancer based on the high-resolution magic angle spinning proton magnetic resonance spectroscopy spectra. Panels (a) and (b) are score and loading

plots. O: Normal pancreas; A: Pancreatic cancer.

sistent with what was observed in Figure 2A, correspond-
ing to the residual lipid, Lac, Ala, Cho compound, Tau,
and unknown chemicals.

As is well-known, absolute concentration quantifica-
tion for metabolites is difficult in HRMAS spectroscopy,
and the metabolite ratios are commonly used for statisti-
cal analysis. Table 1 shows the relative signal integrals
and signal ratios for some metabolites that contributed
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to the classification of normal pancreas and pancreatic
tumor tissues discussed in the above sections. Compared
to the normal pancreas, concentrations of Ileu, Leu, Val,
Lac, Ala, Glu, Tau, Cho, and some carbohydrates (G,
contained galactose -H possibly due to characteristic
twin peak at § 4.52) increased relatively in the pancreatic
tumor samples, while GPC + PC, Bet, GPC/Cre, and un-
known chemicals at & 3.66 decreased relatively. The level
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Table 1 Relative integrals and their ratios from some selected

metabolites contributing to the classification of normal
pancreas and pancreatic tumor tissues

Normal  Pancreatic P-value
pancreas tumor

Metabolites Choline 2.75+1.37 3.99+£035 0.0376
Taurine 1.99£0.55 13.63 £2.92 0.0001
Betaine 291+£057 1.58+0.47 0.0002

029+0.11 046+0.13 0.0260
0.60£0.14 1.93+0.16 0.0001
Lactate 1.93+£0.86 8.30+1.02 0.0001
Acetic acid 0.06 £0.10 0.06+0.03 0.7942
Glycerophosphocholine+ 19.47 £1.36 16.61 +1.31 0.0007
phosphocholine
Metabolites Glycerophosphocholine/ 3.51+0.76 2.35+0.58 0.0042
ratio Creatine
Phosphocholine/
Creatine

Glutamic acid
Alanine

519+0.96 6.22+1.52 0.1284

of Ace and PC/Cre showed no significant change.

Metabolic profiles of pancreatic tumor tissues after
radiotherapy

The metabolic profiles of tumor tissues after radiother-
apy were also detected by 'H NMR. As shown in Figure
3A, no significant metabolic changes were observed in
the 'H NMR spectrum. PCA analysis was further con-
ducted on samples in each group, with the spectrum inte-
gration region § = 0.70-4.70, and the minimal region § =
0.04 (Figure 3B). In score plots, most of samples in the
control group concentrate in the upper left, but overlap
partly with samples in the 10 Gy radiation dose group. A
partial overlap is shown between the 10, 20, and 30 Gy
radiation dose groups, but overall it seems that the three
groups have a left, upper, and lower distribution trend
in terms of scores. Loading plots showed the changes
of Cho-containing compounds, along with Ace and Bet
content among the three dose groups.

Table 2 shows the relative signal integrals and signal
ratios for some metabolites that contributed to the evalu-
ation of pancreatic tumor tissues response radiotherapy.
Cho content showed a significant difference between
the control and 30 Gy dose groups, as well as the 10 and
30 Gy dose groups. The Cho content decreased with an
increase of radiation dosage. Bet content also decreased
with an increase of radiation dosage. In contrast, Ace
content showed a positive relationship with the radiation
dosage.

DISCUSSION

Although HRMAS 'H NMR combined with PCA has
been demonstrated as an efficient method for studying a
wide variety of animal and human cancers"*"”, this com-
bined method has not been reported to analyze the meta-
bolic features of cancer response to therapy. Here, for
the first time to our knowledge, our findings demonstrate
that applying this combined method has the potential for
clinical assessment of the pancreatic cancer radiothera-
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peutic response.

Kaplan e a/*” conducted 'H NMR analysis on per-
chlorate extract (water-soluble) of heterotopic trans-
planted pancreatic cancer tissue in nude mice. Compared
with the normal pancreas of nude mice, Tau and Lac
content in transplanted tumors increased, GPC content
decreased, and there was little change in Cho and PC.
However, in previous studies, some important informa-
tion may be missed, and human factors introduced as a
destructive process in extraction will lead to a negative
impact on the results, along with poor experimental re-
peatability results from different pH values. Therefore,
in this study, 'H NMR combined with PCA was applied
to the metabolic study on transplanted tumor tissues in
a human pancreatic tumor-bearing nude mouse model.
This has avoided the error factor involved in complex
processes such as tissue extraction. Moreover, due to the
application of the 500 mHz high-field strength NMR
instrument, the spectrum resolution obtained is signifi-
cantly higher than that reported in the literature, with
more metabolites being found and variation characteris-
tics of metabolites embodied more clearly. Consequently,
not only did the accuracy of spectrum peak identification
improve, but statistical analysis errors were also reduced.
In this study using 'H NMR combined with PCA, pan-
creatic cancer was shown to have higher Tau, Ileu, Leu,
Val, Lac, Ala, Glu, and Cho levels relative to normal
pancreas, while GPC + PC, and Bet and GPC/Cre levels
decreased relatively. Compared to the other metabolites,
Tau, Lac, and Ala had the most noticeable differences
between normal pancreas and pancreatic cancer. Ace and
PC/Cre showed no significant difference between not-
mal and pathological conditions. The results suggest that
these changes in the metabolite profile might be used as
metabolic markers for the eatly diagnosis of pancreatic
cancet.

Radiotherapy is a local treatment, and its ultimate goal
is to eradicate tumor cells thoroughly, while protecting
normal tissues and vital organs as much as possiblem].
The application of computer tomography simulations
and the three-dimensional conformal technique in radio-
therapy has boosted the pancreatic target dosage and of-
fered better protection for the gastrointestinal tract. Cur-
rently, therapeutic evaluations of radiotherapy are mainly:
remission from the symptoms of pain and jaundice, solid
tumor size and its survival time, and the lack of a specific
targeted method™. By imaging examination, tumor size
and contrast agent enhancement were observed to deter-
mine tumor activity, and indirectly determine therapy ef-
ficacy, although lacking strong direct evidence™ ™. In this
study, we use 'H NMR and PCA to compare pancreatic
cancer metabolic variation characteristics before and after
radiotherapy. Although no significant metabolic changes
were observed in the '"H NMR spectra, PCA results
showed a trend of certain changes among different dos-
age groups. We found that the Ace level was increased,
which positively correlated with the radiation dose. In
contrast, Cho and Bet levels were decreased, which in-
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Figure 3 High-resolution magic angle spinning proton magnetic resonance spectroscopy spectra of transplanted pancreatic tumor after radiotherapy (500
mHz). A: Untreated group(a); 10 Gy treatment group (b); 20 Gy treatment group (c); 30 Gy treatment group (d); B: Principal component analysis to compare the meta-
bolic profiles of the pancreatic tumor after radiotherapy based on the high-resolution magic angle spinning proton magnetic resonance spectroscopy spectra. Panels (a)
and (b) are scores and loadings plots. O: Untreated group; A: 10 Gy treatment group; x: 20 Gy treatment group; +: 30 Gy treatment group.

versely correlated with the radiation dose. Additionally,
other metabolites, including Tau, Ileu, Leu, Val, Lac, Ala,
Glu, and GPC + PC showed no significant change after
radiotherapy. Thus, these data suggest that the changes in
these metabolite profiles might provide a reference guide
on therapeutic evaluation by NMR on pancreatic cancer
in vivo.

Choline-containing metabolites (CCM) have already
been chosen as biomarkers in various carcinoma stud-
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. 2829 . .
ies”; however, they have not been mentioned in cancer

treatment so far. CCM levels were shown to increase in
most cancer tissues, which were explained as a result of
high membrane concentration during the proliferation
of cancer cells. We found that Cho level was reduced
in pancreatic cancer after radiotherapy, suggesting that
proliferation of cancer cells was inhibited in response to
radiotherapy. However, PC and GPC levels showed no
significant change in tumor tissue after radiotherapy. This
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Table 2 Relative integrals and their ratios from some selected metabolites contributing to the evaluation of pancreatic tumor tissues

response to radiotherapy

Untreated

10 Gy 20 Gy 30 Gy P-value

Choline

Metabolites

Taurine

Betaine

Glutamic acid

Alanine

Lactate

Acetic acid

Glycerophosphocholine + phosphocholine

Metabolites ratio

Glycerophosphocholine/Creatine

Phosphocholine/Creatine

13.63 £2.92

16.61 +1.31

0.0075"
0.3740”
0.9012°
0.4262"
0.11417
0.9005°
0.0013"
0.1466"
0.6275°
0.8408"
0.6480”
0.1366°
0.8818"
0.4821°
0.2890°
0.1316'
0.2031°
0.4259°
0.0025"
0.0001°
0.0013°
0.0522"
0.0783°
0.1383°
0.3312"
0.7087*
0.4487°
0.6805"
0.6065”
0.6096°

3.99 £ 0.35 3.97 +£0.43 3.77 £0.36 3.44 £ 0.36

13.43 £3.25 1145+£220  1241+3.03

1.58 £ 0.47 1.69 £ 0.38 1.23 £ 0.45 0.79 £ 0.30

0.46 £ 0.13 0.38 +0.07 0.43 £0.10 0.48 £0.17

1.93+£0.16 210 +0.40 2.01+£0.27 1.96 £0.42

8.30+£1.02 7.79+1.43 7.51+1.33 7.55+0.85

0.06 +0.03 0.15 +0.06 0.25 +0.07 0.27 +£0.13

19.95 +5.87 20.59+£579  20.80+5.44

2.35+0.58 219+0.15 2.49 +0.83 211+0.36

6.22 +£1.52 592 +0.44 587 +£1.09 6.51 +£1.28

'Untreated vs 30 Gy; *Untreatment vs 20 Gy; *Untreatment vs 10 Gy.

might be explained by a blockage of Cho-kinase and
PC transferase, or by the consumption of PC through
the CDP-Cho pathway[30’31]. Thus, we may deduce that
increasing Cho and unchanged PC and GPC could be
used as a unique profile of pancreatic cancer response to
radiotherapy. Bet donates methyl groups for the remeth-
ylation of homocysteine to methionine and dimethylgly-
cine, which supports proper liver and pancreatic function,
cellular replication, and detoxification reactions. Because
Cho is the precursor of Bet, the decrease of both Bet
and Cho levels in pancreatic cancer after radiation treat-
ment must be interrelated. Interestingly, the Ace level
showed no significant difference between the normal
pancreas and pancreatic cancer. However, Ace level dra-
matically increased with the radiation dose. The undetly-
ing significance of this needs to be further investigated.
In summary, although the number of samples in our
study was limited, the potential of HRMAS NMR for
the in vitro investigation of pancreatic disease response
to radiotherapy should not be ignored. The above results
cleatly demonstrate that the metabolic profile changes of
pancreatic cancer after radiotherapy were closely correlat-
ed with therapeutic effect through HRMAS 'H NMR and
the PCA combined method. Because metabolite changes
observed by HRMAS NMR always occur before mor-
phological changes investigated by MRIS, HRMAS NMR
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will certainly be beneficial to pathological research, eatly
diagnosis, and therapy evaluation of pancreatic diseases.

COMMENTS

Background

Therapeutic evaluations of radiotherapy are mainly: remission from the symp-
toms of pain and jaundice, solid tumor size and its survival time, and the lack
of a specific targeted method. During the last three decades, there has been
ongoing magnetic resonance spectroscopy research in malignant diseases.
These studies provided valuable data on the biochemistry and metabolism of
tumors, along with the effects on nutrients, hormones, and growth factors.

Research frontiers

High-resolution magic angle spinning proton magnetic resonance spectroscopy
(HRMAS 'H NMR) is a well-recognized technique in metabonomics studies
in vitro, by which biopsy or postmortem samples of intact tissues are spun at
the magic angle, resulting in a significant improvement in the resolution of the
spectrum obtained for some of line-broadening factors such as dipole-dipole
interactions and chemical shift anisotropy. Magnetic field inhomogeneities are
also averaged out. This approach requires minimal sample preparation and,
unlike convenient 'H NMR spectroscopy of tissue extracts, both aqueous and
lipid-soluble metabolites can be observed simultaneously in situ.
Innovations and breakthroughs

Although HRMAS 'H NMR combined with principal components analysis
(PCA) has demonstrated to be an efficient method for studying a wide variety
of animal and human cancers, this combined method has not been reported to
analyze the metabolic features of cancer response to therapy. Here, HRMAS "H
NMR and PCA were combined to highlight metabolite profiles of pancreatic can-
cer after radiotherapy, and by which the correlation between radiotherapy effect
and metabolic change was analyzed, and the therapeutic scheme optimized.
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Applications
The study has important implication for a reference guide on therapeutic evalu-
ation by nuclear magnetic resonance spectroscopy on pancreatic cancer in

Vivo.

Peer review

The authors investigated whether metabolic profile changes of pancreatic can-
cer after radiotherapy were closely correlated with therapeutic effect through
the HRMAS "H NMR and PCA combined method. The outcome of the study is
interesting and beneficial to pathological research, early diagnosis, and thera-
peutic evaluation of pancreatic diseases.
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