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Abstract 
Background: To elucidate the metallic factors contrib
uting to the signal intensities of hepatocellular carci
noma (HCC) on T 1-weighted magnetic resonance (MR) 
image and to determine whether or not changes in sig
nal intensity contribute to the diagnosis of hi tological 
grading of HCC. 
Methods: In 35 patients immediately after urgery, the 
quantities of water, lipid, copper (Cu), iron (Fe), and man
ganese (Mn) were determined in HCCs and the surTound
ing hepatic parenchyma. The con-elations among these 
findings, the histopathological findings, and the signal in
tensities of Tl-weighted MR images were evaluated. 
Results: Among the 35 HCCs, 12 (34%) were of high 
intensity, 14 (40%) were isointense, and 9 (26%) were 
of low intensity on Tl -weighted images versus the sur
rounding hepatic parenchyma. The paramagnetic ions, 
which contributed to the signal intensity patterns , were 
assumed to be Cu in HCCs (30.5 ± 52.9 p.glg ww), and 
Fe in the livers (l06.2 ± 86.8 J-Lglg ww) and HCCs (87.7 
± 49.1 J-Lglg ww). In 12 HCCs with high intensity, one 
was grade I, eight were grade II, and three were grade 
III according to Edmondson-Steiner's histopathological 
classification. 
Conclusions: Signal intensity and signal intensity pattern 
alone cannot be signs of low-grade malignancy because 
of the Fe in livers and in HCCs. 
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Magnetic resonance (MR) imaging has facilitated the 
diagnosis of hepatocellular carcinoma (HCC). HCC dis
plays a variety of signal intensities compared with those 
of the hepatic parenchyma on T !-weighted intage . In 
40% of HCCs, the signal intensities are gross! v or par
tially higher than those of the surrounding he Jatic pa
renchyma [ L] . This is one of the characteristic features 
of HCC , and the relatively high ignal int<nsity of 
HCC is reportedly a sign of a well-differentiatf d tumor, 
which is believed to be related to teatosis c f cancer 
tissues [2- 4]. However, it is not uncommon f,Jr HCCs 
of high intensity on Tl-weighted images to ;how no 
igns of steatosis hi topathologically , and high-inten ·ity 

HCCs are not well differentiated l4]. Recently , the ef
fect of combined metallic factors to the signal intensity 
has been uggested f5] . The purpose of the present study 
was to examine these metallic factors contributing to the 
Tl signal intensity of HCCs and to determine whether 
or not changes in signal intensity contribute to the di
agnosis of hi tological grading of HCC. 

Materials and Methods 

Phantom StfA:dy 

To clarify the correlatio n between the s ignal intensity on Tl -weig hted 
MR images and the metallic contents, phanto m studies were per
formed. 

Solutions o f CuS04, FeCI 3, and MnCI 2 we re used to set up phan
toms to clarify whether or not the metal in the HCCs can co ntribute 
to the sig nal intensity on T ! -wei ghted MR images. Each phanto m 
cons isted of 12- 15 test tubes containing so lutions o f a metallic ion in 
different concentrations ranging from 1.0 xI o-s to 0 . 1 moVL dissolved 
in saline . Tl -weighted images were obta ined by using these phantoms 
under the same conditio ns and by using the arne MR equipment with 
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body coi I as that used in the studies of patients. The saturation plane 
utilized was coronal and no other softwares such as presaruration and 
respiratory compensation were used. The same kinds of metallic phan
toms in different concentrations were canned together. Saline without 
metallic ions was used as a control. The signal intensity of each phan
tom was determined as excess over that of the saline control. The 
differences among the phantoms and the saline control were used for 
the analy es. 

Clinical Study 

Thirty-five patients, 25 men and 10 women, whose mean age was 64 
years (range 45-75 years old), with surgically proven HCCs were 
studied pro pectively from July 1992 to October 1993 . Hepatic lo
bectomy or segmentectomy was performed within I week after MR 
imaging. All tumors were hi stologically-proven HCCs. The tumors 
ranged from I .0 to 14.0 em and averaged 4 .0 (:±:2 .6) em in greatest 
dimension. MR imaging was performed us ing a 1.5 T superconducting 
Signa MR system (GE, Milwaukee, W[) with body coil. Axial images 
were obtained with a 256 x 128 matrix and contiguous 1 0-mm-thick 
slices with a 2.5 mm intergap. Two spin-echo (SE) sequences (SE 
600120, four excitations and SE 2000170, four excitations) were ob
tained. Only the Tl-wcighted images (SE 600/20) were used for anal
ysis because all tumors were of high intensity on T2-wei ghted images 
(SE 2000170). The saturation plane was axial, and respiratory com
pensation and presaturation were used. 

Small portions of the HCCs and the surrounding hepatic pa
renchyma were obtained immediately after surgery to measure the 
conte nt of water. lipid, and metals . To determine water content, 
the sample was dried at 80 oc for 24 hand weighed . The difference 
between th e wet and dry weights was taken as the content (in %) 
of the sampl e . The lipid co ntent was determined by the Soxhlet 
method. Lipid extracted by thi s method was weighed and ex
pressed in milligrams per grams of ti ss ue. To determine the con
tents of iron (Fe), copper (Cu), and manganese (Mn ), the sample 
was placed in a Kjeldahl fla k, to which 2 mol/L HN03 , 70% 
HC104 and distilled water were added, and heated to eva poration . 
The metal s were determined by atomic absorption and expressed 
in mi crogra ms per gram of wet weight (p,g/g ww). Immediately 
after urgery , the resected portion, segment, or lobe was cut hori
zontally in I 0-12-mm-thick s lices for comparison with the MR 
images. Specimens were obtained from the solid portion of the 
tumor, avoiding necrotic or hemorrhagic parts. Signal intensities 
of the HCCs and the surrounding hepati c parenchyma were mea
s ured from the sa me areas from which the specimens were ob
tained. 

The results of MR imaging and the contents of metals in HCC 
were compared with the histopathological resul ts according to Ed
mondson-Steiner' s classification. 

The Wilcoxon igned-rank test was used for statistical analysis of 
the contents in the HCCs and livers. For correlation of tumor sizes, 
Student's nonpaired t test was used . 

Correlation of Clinical and Phantom Studies 

The signal in ten itie and the metallic concentration of the liver and 
the tumors were correlated with the results of the phantom studies. To 
determine whether the ignal intensities of the livers and HCCs truly 
correlated with the metallic concentrations, the signal intensities of 
the clinical ca es and the result of the phantom studies were com
pared. The differences [Sl(in vivo)] between the ignal intensities of 
the HCCs [SI(HCC)] and the livers [SI(liver)] were calculated as fo l
lows: 

SI(in vivo)= SI(HCC) - SI(liver) (1) 
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The signal intensity (SI ) was the function of relaxation time (T l,2), 
echo time (TE), repetition time (TR), proton den ity (p ), and instru
mental constant K. 

(2) 

ln the presence of two different metallic ions in the same solution, 
re laxation time of the metallic solution (TiP, i = I ,2) is expected to 
be 

( !/Tip)= ( 1/Ti 0 ) + Ri[C] + Ri'[C'] (3) 

where Ti0 (i = I ,2) is the relaxation time of the control. [C], [C'] are 
the concentrations of paramagnetic ions (mmol!L). and Ri, Ri' (i = 
I ,2) are relax ivity (s · mmol/L) - 1 of each metallic ion. In the range 
where equation (3) ho ld , the ignal intensity of the solution co ntain
ing two kinds of paramagnetic ions in any composition can be cal
culated by us ing equations (2) and (3). 

To analyze the in vivo signal intensities, matched calculation s 
were made by using the metal concentrations found in HCC and liver 
as follows: 

ST(phantom) = SI(HCC - phantom) - SI(liver - phantom) (4) 

where SI(HCC - phantom) and SI(Iiver - phantom) are the signal 
intensities calculated by using equations (2) and (3) and the meta l 
concentration found in the corresponding tissues. The relaxation be
tween SI(in vivo) in ( I) and SI (phantom) in (4) was compared. 

Results 

Phantom Study 

The signal intensity curves of three metals are shown in 
Fig. 1. The concentration of each paramagnetic ion 
showing the highest intensity was 3 · 10- 4 mol!L (Mn), 
2 · 10-3 mol!L (Fe), and 1·10- 2 mol/L (Cu). The concen
tration of each paramagnetic ion with the same intensity 
as that of the saline control was 1.6 · I 0 3 (Mn), 1.1· 10- 3 

(Fe), and more than 1·10- 1 mol/L (Cu). 

Clinical Study 

Among the 35 tumors, 12 (34%) were of higher and 9 
(26%) were of lower intensity than the livers. Fourteen 
( 40%) were isointense with liver. The differences in sig
nal intensities between HCCs and livers [SI(HCC) -
SI(liver)] were from 8 to 45 (average = 18) in high
intensity HCC, from 0 to - 5 (average = -3) in isoin
tensity HCC, and from - 10 to - 50 (average= -26) in 
low intensity HCC. The correlations between signal in
tensity and histological gradings are shown in Table 1. 

The lipid contents of the livers and the HCCs ranged 
from 5 to 108 mg/g ww (53.0 ± 24.0) and from 14 to 
107 mg/g ww (49.4 ± 29.6), respectively. Although 
fatty metamorphosis was microscopically observed in 
11 HCCs, the distribution was minimal, and the ex
tracted lipid content differences between the liver and 
HCC were less than 30 mg/g ww in all cases. Based on 
this, all 35 HCCs were used for the analysis of signal 
intensity. The water content of the livers and the HCCs 
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Table 1. Relationship between hi stopathological grading and MR 
findings 

MR findings 

Hi stopathological No.(%) of High Tso Low 
grading tumors 

4 (II) t 3 0 
IT 19 (54) 8 8 3 
III 9 (26) 3 3 3 
rv 3 (9) 0 1 2 
Total (%) 35 12 (34) I 5 ( 43) 8 (23) 

ranged from 76.9 to 89.5% (83.9 ± 3.1) and from 76.0 
to 90.7% (85.5 ± 3.4). No statistically significant dif
ference was ob erved in the lipid and water contents 
between the livers and the HCCs. 

Mn content of the livers ranged from 0. I to 1.3 
J-Lglg ww (0.6 ± 0.4) and from 0. I to 1.2 f,Lglg ww (0.5 
± 0.3) in the HCCs. There was no statistically signifi
cant difference between the livers and the HCCs as to 
the content of Mn. The Mn contents of the livers and 
HCCs were too low to elevate the signal intensity. 

Cu contents of the livers showed a minimal distri
bution ranging from 1.3 to 10.7 f,Lglg ww (4.1 ± 2.2), 
whereas HCCs exhibited wide variations ranging from 
0.3 to 230.0 J.Lglg ww (30.5 ± 52.9). Statistically, the 
Cu contents of HCC were greater than those of the liver 
(p < 0.0 1) (Fig. 2). Based on signal intensity curves, 
HCCs were categorized into three groups: one consi t
ing of HCCs in which Cu exceeded 40 f,Lglg ww (n = 
9); one consisting of HCCs in which Cu had accumu
lated to 10-39.9 J.Lglg ww (n = 8); and a third con i ting 
of HCCs in which Cu had accumulated similarly to less 
than that in livers by less than 9.9 f,Lglg ww (n = 18). 
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Fig. 1. Signal intensi ty curves of 
mangane e (Mn), iron (Fe), and 
copper (Cu). The differences 
among the phantoms and the saline 
control are plotted. 

Cu-HCC 

Fig. 2. Correlations of copper content in livers (Cu-liver) and hepa
tocellular carcinomas (Cu-HCC) (n = 35). 

The noncancerous liver tissue had a low Cu content and 
did not differ significantly among cases. Correlations 
among Cu content, signal intensity, and histopatholog
ical grading are shown in Table 2. The nine HCCs with 
Cu contents greater than 40 f.J,g/g ww were hi tological 
grades I (one) or II (eight) (p < 0.05). The HCCs with 
Cu content exceeding 40 J.Lglg ww (2.7 ± I .3cm) were 
smaller than the HCCs with Cu content of less than 40 
J.Lglg ww (4.5 ± 2.8cm) (p < 0.01). 

Fe content in the livers and HCCs ranged from 2.0 
to 366.0 J.Lglg ww (106.2 ± 86.8) and from 2.0 to 178.0 
J-Lglg ww (87 .7 ± 49.1), respectively. Fe content in the 
HCCs were statistically less than that in the liver (p < 
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Table 2. Relationship among Cu content, histopathological grading, and MR finding 

Hi topathological grading 

Cu content No.(%) of II 
(p,g/g ww) tumors 

< 10 18 (5 1) 3 7 
10 s < 40 8 (23) 0 4 

2: 40 9 (26) I 8 
Total(%) 35 4 (II) 19 (54) 

* p < 0 .05 

0.0001) (Fig. 3). Based on signal intensity curves, HCCs 
were categorized into three groups; one consisted of 
HCCs in which Fe had accumulated to more than 30 
f,Lglg ww (n = 24); one consisted of HCCs in which Fe 
had accumulated by 10 to 29.9 J.Lglg ww (n = 7); and 
the third consisted of HCCs in which Fe had similarly 
accumulated to less than that in livers by less than 9.9 
J.Lglg ww (n = 4). Correlations among Fe contents, his
topathological grading, and MR findings are shown in 
Table 3. No significant relation was seen in these cor
relations. No significant differences were observed be
tween the sizes of the HCCs with more than 30 J.Lglg 
ww Fe content (3.8 ± 1.7 em) and those with less than 
30 f,Lglg ww Fe content (4.6 ± 3.2 ern). 

Among 12 high-intensity HCCs, only two (17%) 
showed excessive Cu (more than 40 J.Lglg ww); the other 
10 HCCs contained excessive Fe (more than 30 f,Lglg 
ww). Among nine low intensity HCCs, two (22%) con
tained excessive Cu and three (33%) contained exces
sive Fe. However, eight (89%) HCCs showed Fe con
tent in the liver to be more than that in the HCCs. 

Correlation of Clinical and Phantom Studies 

From the results of the clinical study, the Mn content of 
the livers and the HCCs was less than 1.0 f,Lglg ww 
(2 · 10- 5 mol/L) . Although Mn is a paramagnetic ion 
contained in liver and HCCs, Mn was not expected to 
affect the signal intensity of livers and HCCs because 
of its low concentration. 

The Cu concentrations in the liver were low and did 
not differ among cases; therefore, the paramagnetic ions 
that might contribute to the relative signal intensities 
were regarded to be Fe in the livers and Cu and Fe in 
the HCCs. 

To clarify whether the signal intensities of the livers 
and the HCCs truly correlated with the Cu and Fe con
centrations, signal intensities of the clinical cases and 
results of the phantom studies were compared. 

MR finding 

III IV High I so Low 

5 5 7 6 
4 5 2 

0 ~1 · 2 5 2 
9 (26) 3 (9) 12 (34) 14 (40) 9 (26) 

{ ~Jg/gww ) 

Fe-liver Fe-HCC 

Fig. 3. Correlations of iron content in livers (Fe- liver) and hepatocel 
lular carcinomas (Fe-HCC) (n = 35). 

From the results of the phantom studies, the relax
ivity of Fe and Cu and the constant were calculated as 
follows: 

R l (Cu) = 0.45 (s · mmol/L)- 1 R2 (Cu) = 0.71 (s · mmol/L)- 1 

Rl (Fe) = 2.7 (s · rnmol/L) - 1 R2 (Fe) = 8.0 (s · mmol/L) 1 

Kp = 1819 

The signal intensity curves calculated for Cu and Fe 
presented in the same solution are shown in Fig. 4. 

The correlation between Sl(in vivo) and SI(phan
tom) is shown in Fig. 5. SI(in vivo) and SI(phantom) 
showed a significant regression line: y = 0.08x - 1.99, 
r = 0.72, and p < 0.0001. 

Discussion 

A Cu-containing enzyme is present in the liver as mon
oamino acid oxidase and superoxide dismutase and ful
fills an important function as an essential metal. Cu is 
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Table 3. Relationship among Fe content, histopathological grading, and MR find ing 

Hi stopathological g radin g 

Fe content No. (%)of rr 
(j.Lglg ww) tumors 

< LO 4 (1 1) 0 3 
10 :5 < 30 7 (20) 0 4 
~30 24 (69) 4 12 
Total (%) 35 4 ( II ) 19 (54) 
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Fig. 4. Calculated three-dimensional s ignal intensi ty (S l) c urves of 
mixed solutio n of copper (Cu) and iron (Fe). 
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Fig. 5. Graphic demonstration of linear relationship of SI(phantom) 
and Sl(in vivo) : Sl(phantom) Sl(HCC - phantom) = Sl(liver - phan
tom), Sl(in vivo) SI(HCC)- SI(liver). SI(HCC- phantom): the ignal 
intensities of Cu and Fe mixed solutions which were of the same 
concentrations as the hepatocellular carcinoma SI(liver - phantom): 
the signal intensities of Cu and Fe mixed solutions which had the same 
concentration as the li ver. 

MR finding 

Ill IV High lso Low 

0 2 l 
2 I 5 
7 I 10 II 3 
9 (26) 3 (9) 12 (34) 14 (40) 9 (26) 

also present in the bile and becomes elevated in case 
of biliary obstruction and liver cirrhosis [6]. Bile pro
duction is also known to be one of the cytological char
acteristics of well-differentiated (grade I or II) HCCs 
[7]. Cytoplasmic lipid torage and glycogen accumula
tion are frequently more prominent in small HCCs than 
in large ones [8]. These cytoplasmic characte1istics, in
cluding the appearance of copper, are morphologic-al ex
pressions of altered cellular metaboli m and are more 
conspicuous in the early than in the advanced stages of 
cancer. There is another explanation for the decrease of 
Cu in in verse proportion to the growth of HCC. Cu is 
excreted from normal liver cells mainly through the bile 
duct system [9]. This is absent in the nodules of HCCs. 
If HCC cells, similar to normal liver cells, retain the 
property of Cu uptake from serum during their early 
stages and lose it in proportion to the tumor growth, 
Cu may be accumulated more during early stages of 
HCCs [7]. 

Fe is known to be present in the liver, and the prev
alence of HCCs is higher in cirrhotic livers with iron 
deposition than in livers without siderosis [1 0 , 11]. Fe 
is an essential element for the growth of all cells in
cluding tumor cells. Human HCC cell develop faster 
in the presence of Fe supplements than in unsupple
mented media [12]. These findings and other known as
sociations of Fe overload with increased incidence of 
cancer indicate that iron supplementation in cancer 
might enhance tumor growth [ 13]. 

Based on pathological data , it had been assumed that 
neoplastic tissues, especially carcinomas, are unable to 
retain Fe [14], despite relatively high contents of ferritin 
[15]. However, recently, it was revealed that ferritin 
synthesis and secretion are stimulated by Fe and, as fer
ritin acts as an intracellular Fe store, cancer cells are 
able to take up Fe [16]. The Fe statu of the HCC cells 
correlates with the intracellular levels of ferritin and 
may not relate to the histological grading of HCC. In 
the present study, the Fe contents of HCCs were statis
tically lower than tho e of the livers; however, no sta
tistical correlation was observed between the Fe content 
of HCCs and histological grading. It is also known that 
Fe in the liver is Fe3+ rather than Fe2+ [171. Fe3+ can be 
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Fig. 6. T ! -weighted MR image (600/20) shows the tumor to be of low 
in ten ity in the posterior-i nferior segment of the li ver. A lthough cop
pe r concentrati on in the hepatocellul ar carcinoma was relatively high 
(230 pg/g ww, 3.6· 10·1 mol/L), the signa l intensity of the li ver wa 
more elevated by excess ive iron in the li ver (72 pg/g ww, 1.3 · 10·3 

mol/L). The signal intensitie. between the lesion and li ver were - I 0 

in Sl(in vivo) and - 18 in Sl(phantom). 

paramagnetic and may play important roles in produc
ing ti sue hyperintensity due to Tl shortening. 

In the present study, all nine HCCs with Cu contents 
of more than 40 J-Lglg ww were mall and histologically 
low-grade HCC (grade I or II). However, 22% (2/9) of 
them were demonstrated to be of Low intensity. This is 
attributed to the high concentration of Fe in the liver 
and its increased ignal intensity (Fig. 6). 

Among the 12 high-intensity HCCs, only 17% (2/ 
12) was supposed to have the signal intensity elevated 
by greater Cu content (more than 40 {1glg ww) in the 
HCC than that in the surr-ounding hepatic parenchyma 
(Fig. 7). The other 10 HCCs (83%) contained Fe of 
more than 30 ttglg ww. The signal intensity of these 
les ion were supposed to be related by Fe content in 
HCC (Fig . 8). 

Two recent reports have described the relation be
tween Cu and the MR finding . One reported a static tical 
significance between Cu content and the MR finding 
11] ; the other reported that there was no such stati tical 
significance [18]. However, both repmts di regarded the 
presence of Fe in HCCs and livers. Results of the pres
ent study indicate that Fe in HCCs and livers reflect as 
much as or more than Cu in HCCs for determining the 
signal intensity patterns of HCCs [5]. Even if a rel a
tively large quantity of Cu is contained in an HCC, an 
elevated signal intensity of the liver caused by Fe di s
plays the HCC as a low-intensity tumor. Even if a ma11 
amount of Cu is contained in an HCC, a large amount 
of Fe is di played in the HCC as high intensity. 

Inevitably the properties of a solution of a metallic 
ion will not behave identically with an intracellular pro-

65 

Fig. 7. Hepatocel lular ca rcinoma wi th a high intensity at Tl-weighted 
image (600/20). The copper concentration in the hepatocellu lar car
c inoma was greater (72.0 pglg ww, 1.0 · I 0 1 moi/L) than the iron con
centration in the li ver (7 .3 pg/g ww. 1.3 · I 0 .. 1 moi/L). Signal intensitic 
between the lesion and li ver were 27 in S I(in vivo) and Ill in 

Sl(phantom). 

Fig. 8. T J -weighted M R image (600/20) shows a tumor of high inten
sity in the anterior segment of right lobe of the li ver. Although U1e 
copper (25.2 JJ.glg ww, 0.4 · I o·3 mol/L) concentration in the hepato
cell ular carcinoma was relatively low, excessive iron in the HCC (74.8 
pg/g ww, 1.3 · 10 1 moi/L) elevated the s ignal intensity to be greater 
than that in the li ver (34.5 pg/g ww, 6.2 · I 0 4 moi/L). Signal intensitie~ 
between the lesion and liver were 15 in S l( in vivo) and 140 in 

SI(phantom). 

tein-bound ion. The ratios between the protein-bound 
ion and the unbound ion in vivo are not known in the 
present cases. However, the signal intensitie gained in 
vivo and in phantom tudies demon trated a significant 
regre sion line. Cu and Fe in vivo were suspected to 
influence signal inten ities of HCCs and livers by ap-
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proximately one-twelfth of Cu and Fe in phantom so
lutions (y = 0.08x - 1.99). 

Mn is known to be in pyruvate carboxylase, pyru
vate kinase, and mitochondrial superoxide dismutase 
[19]. Although Mn is a paramagnetic ion and demon
strated elevations of signal intensity in concentrations 
lower than Fe and Cu, the Mn contents of livers and 
HCCs were too low to elevate the signal intensity [5]. 

In conclusion, the various signal intensities of HCCs 
in Tl-weighted images are reflections of Cu in HCCs 
and Fe in livers and HCCs. Although Cu may elevate 
the signal intensity of HCCs and excessive Cu content 
is frequently observed in well-differentiated HCCs of 
grade I or II, the signal intensity patterns alone cannot 
be a sign of tumor with low-grade malignancy because 
Fe in the livers and HCCs also contributes to the Tl 
signal intensity. 
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