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Clinical Application of 3P MRS to Malignant Liver Tumors
—With an Emphasis on Evaluation of Response to Therapy—

Mitsuaki Saeki*, Hiroshi Ashida*, Keiko Imamura®*, Atsushi Fukui*, Kumiko Ishizuka*,
Masako Kuwabara*, Masato Wakabayashi*, Toru Ishikawa®*,
Shogo Iwabuchi** and Akishiro Mizuguchi**
*Department of Radiology and **Second Department of Internal Medicine,
St. Marianna University School of Medicine

Research Code No. : 514

Key Words : ®\P MRS, Liver tumor, Chemoembolization,
Therapy

Malignant liver tumors in 19 cases (13 hepatomas and 6 metastatic tumors) were studied by 31P
magnetic resonance (MR) spectroscopy. Five healthy volunteers were also studied. Volume localization
was performed using the ISIS sequence. Compared with normal liver, the MR spectra of malignant
tumors showed an elevated phosphomonoester (PME) peak relative to BATP (p<0.005), and turnors
were slightly alkaline (pH 7.32 + 0.08) before therapy. Nine cases of hepatomas responding to
chemoembolization showed extremely reduced signal intensity of spectra. Tumor pH was compared
before and after therapy in four cases that showed good response to therapy, and was elevated in all of
them. Three metastatic tumors with good response showed reductions in PME and ATP after therapy.
MR spectroscopy with adequate localization technique is useful in demonstrating the response of
malignant tumors to therapy.
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Fig. 1 Localized liver spectrum of a normal volun-
teer with the average of 128 FIDs. Size of the
volume-of-interest was 6X5X6cm. Peak assign-
ments are indicated as follows: A phos-
phomonoester (PME), B inorganic phosphate
(Pi), C phosphodiester (PDE), D phosphocreatine
(PCr), E yATP, F aATP, and G SATP.
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Table 1 pH and chemical shift of various phosphorus compounds in hepatic tumors

Cases PME Pi PDE yATP  «ATP  BATP pH
Hepatoma
1 14.16 12.91 10.08 5.21 0 —8.16 7.40
2 14.38 12.91 10.42 5.10 0 —8.38 7.41
3 14.16 12.57 10.65 5.55 0 —8.61 7.08
4 14.50 13.02 11.10 5.55 0 —B.04 7.71
5 14.50 12.91 10.76 5.21 0 ~7.93 7.41
6 14.16 12.35 9.63 5.21 0 —8.16 6.90
7 14.27 12.69 10.42 5.32 ] —8.72 7.17
8 14.72 12.91 10.53 4,98 0 —8.72 7.40
9 13.93 12.51 10.99 5.10 0 —8.61 7.40
Metastasis
10 colonic ca. 14.27 12.35 10.53 5.10 0 —8.61 6.90
11 colonic ca. 14.38 12.23 10.19 5.21 0 —8.61 6.82
12 pancreatic ca. 14.50 13.14 10.87 5.32 0 —9.06 7.77
13 gastric ca. 14.27 13.14 10.53 5.78 0 —8.27 T.77
14 esophageal ca. 14.38 12.91 9.97 5.32 0 —8.38 7.40
Average 14.33 12.75 10.48 5.28 0 —8.45 7.32
+0.05 +0.08 +0.11 +0.06 +0.08 +0.08
Normal 14.23 12.81 10.68 5.38 a —8.42 .27
n=>5 +0.12 +0.08 +0.12 +0.60 +0.04 +0.04
(26) BEERSEE #52% #Few
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Table 2 Ratio of signal intensity of phosphorus compounds relative to
AATP in hepatic tumors before treatment

Cases PME Pi PDE yATP aATP BATP
Hepatoma

1 2.25 2.01 1.32 1.56 1.60 1.00

2 1.54 2.28 1.61 1.58 1.50 1.00

3 1.32 1.25 1.26 1.57 1.46 1.00

4 1.97 1.62 1.74 1.03 1.51 1.00

5 1.34 2.65 2.16 2.04 2.24 1.00

6 1.08 0.94 0.98 1.42 1.07 1.00

7 1.78 0.88 1.70 0.67 1.07 1.00

8 1.23 1.57 1.73 1.44 1.63 1.00

9 2.47 2.69 2.11 1.77 1.80 1.00

Metastasis

10 colonic ca. 1.04 1.46 1.39 0.64 1.12 1.00

11 colonic ca. 1.45 1.78 1.02 0.53 1.02 1.00

12 pancreatic ca. 1.04 1.46 1.39 0.64 1.12 1.00

13 gastric ca. 1.02 1.52 1.43 1.29 1.47 1.00

14 esophageal ca. 1.25 0.99 1.10 1.10 1.20 1.00

Average 1.54 1.69 1.53 1.29 1.47 1.00

+0.12 +0.16 +0.10 +0.12 +0.10
Normal 0.75 1.80 1.80 1.44 1.64 1.00
n=>5 +0.06 +0.15 +0.07 +0.07 +0.06
0. 12X IEH o PME H.(0.75£0.06) iz kb#g L, FER2

BEELEM-T (p<0.05) 28, Toflor—2ic Table 3 (LiEH#EATH T MRS 23Tho i B
DWTRESES & EERF & oMicAEROE R &% 8 flico\T, IRIEETDO MR 27 + v
o, FIROBENERLISDTH S, BRI L

Th - I RFEMEFFHIRRRE DIEFI(Table 3, FEH 4

Table 3 MRS findings on hepatic tumors before and after treatment

Response MRS findings after treatment
Cases Therapy to
therapy Peaks PME ATP 4pH
Hepatoma
1 TAE (14 days after) moderate  identified NC NC  +0.72
2 TAE (43 days after) poor identified NC NC -0.23
(3 months after) poor identified NC NC —0.33
3 TAE (9 days after) moderate  identified NC NC +0.21
4 TAE (27 days after) good poorly identified
5 TAE (7 days after) good poorly identified
6 TAE (3 months after) good poorly identified
Metastasis
7 colonic ca.
PEIT (7 days after) good identified D D +0.38
8 colonic ca.
PEIT (14 days after) good identified D D +0.01

NC:no change  D: decreased

épH : (pH after therapy)-(pH before therapy)
TAE : transcatheter arterial embolization therapy
PEIT : percutaneous ethanol injection therapy

SERL 44 6 A25H (27)
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Fig. 2 Case 1. Hepatoma

a) Enhanced CT shows a low density mass in the right lobe of the liver. Sequential spectra
were measured from the volume of 3X3x3-cm as indicated. Position of the coil was shown
roughly with two facing corners. b) MRS before TAE demonstrates the dominance of PME
resonance relative to SATP. Field homogeneity was 33Hz (FWHM of water signal). See Fig.
1 for peak assignments. ¢) In the spectrum one month after TAE, signals of phosphorus
compounds generally decreased. d) Follow-up CT 2 months after TAE shows still high
accumulation of lipiodol in the tumor with marked decrease in size.
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Fig. 3 Case 2. Hepatoma with fatty degeneration.
a) Initial CT shows a large low density mass in the right lobe of the liver. Fatty component
can be seen in the tumor. Sequential spectra were measured from the volume of 6.5X6.5x
6.5-cm as indicated. See Fig. 2a for the coil position. b) MRS before TAE demonstrates
relatively higher intensity of PME resonance in comparison to #ATP. Field homogeneity was
22Hz (FWHM of water signal). See Fig. 1 for peak assignments. ¢) In the spectrum one
month after TAE, intensity of phosphorus signals is almost similar to that before TAE. The
ratio of PME to SATP is still high. d) CT 3 months after TAE shows partial accumulation
of lipiodol in the tumor. Viable tumor with no lipiodol accumulation is seen. The tumor

increased in size.
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%&H#EHE(D 4 f1 (Table 4, IR 1 4) & 1 TAE (1 months after) good  peaks not identified
PIESRANC B RGRVEETH D, MR A=2 } 2 TAE (1 months after)  good peaks not identified
s e 3 TAE (2 months after) good  peaks not identified
AMEBWTH Y v E@{Eéb% lDfE"!;T{?ﬁE{'i% L< ‘ﬁ‘ 4 TAE (3 months after) good  peaks not identified
hoto, 160% Fig. 4 1R, —F, EBHEFE Mg'a‘“?is_
. . colonmic ca.
OfEHF (Table 4, #EH5) (Fig. 5) Tk, CT Lk TAE (1 month after)  good PME/yATP <1
TAE (4 months after) good PME decreased,
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(d)

Fig. 4 Case 3. Hepatoma.
a) A large low density mass is noted in the lateral segment of the left lobe of the liver. b) CT
after TAE shows an accumulation of lipiodol in the tumor. d) MRS was performed 2 and a
half month after TAE. The volume-of-interest was 3.5%3.5%3.5-cm as indicated. For coil
position, see Fig. 2a. ¢) No definite peaks were identified in the spectrum.
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Fig. 5 Case 4. Metastasis from colon cancer.
a) A large low density mass with enhanced rim is
seen in the right lobe of the liver. Sequential spectra
were measured from the volume of 5x5X5-¢cm as
indicated. For the coil position, see Fig. 2a. b)
Follow-up CT just after TAE shows an accumula-
tion of lipiodol in a large part of the tumor. c¢)
MRS one month after TAE represents relatively
higher intensity. Field homogeneity was 28Hz
(FWHM of water signal). See Fig. 1 for peak
assignments. d) CT 3 months after TAE shows the
tumor diminished in size. e) MES 4 months after
TAE shows still intensive phosphorus signals. pH
increased by 0.59. Additional therapy with per-
cutaneous ethanol injection was given.
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