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Abstract
The treatment strategy for malignant liver tumors should be appropriately determined because post-treatment quality of life
greatly depends on the patients’ residual hepatic function. In this report, we present three patients with malignant liver
tumors treated by proton beam therapy in whom pre- and post-therapeutic hepatic functional reserves were evaluated
sequentially for more than a year by 99mTechnetium-galactosyl human serum albumin (99mTc-GSA) scintigraphy. All three
patients exhibited the distinctive time course of 99mTc-GSA uptake efficiency, which suggested a transient decline in the
ratio of liver activity to heart and liver activity at 15 minutes (LHL15) 3�6 months after proton beam therapy. This change
was not in parallel with that expected from a functioning normal liver tissue volume. In a year after proton beam therapy,
LHL15 recovered nearly to the pre-treatment level in all three patients. Our observations may be related to the up-
regulation of receptor-mediated 99mTc-GSA uptake during hepatic regeneration after proton beam therapy.

There are various treatment modalities for malignant

liver tumors, such as partial hepatectomy, percuta-

neous ethanol injection therapy (PEIT), radiofre-

quency ablation (RFA), transcatheter arterial

embolization (TAE), and transcatheter arterial or

systemic chemotherapy. As for primary hepatocellu-

lar carcinoma (HCC), most of the patients have poor

hepatic functions due to chronic hepatitis C or B

virus infections with liver cirrhosis [1,2]. Metastatic

liver tumors are often found with multiple lesions at

the time of diagnosis [3,4]. Accordingly, it is

important to preserve the uninvolved normal liver

after treatment whether the tumor is primary or

metastatic.

The treatment strategies should be determined

not only by the patients’ general condition and

tumor status, but also by the post-therapeutic

hepatic functional reserve. We have treated patients

with liver tumors using proton beam therapy since

1985. A proton beam is a charged-particle radiation

characterized by a well-defined range of penetration

with a deep-seated peak of energy deposit which is

called the Bragg peak [5,6]; higher doses can be

delivered to the tumors, whereas doses to adjacent

normal structures are restricted to tolerable levels,

compared with conventional photon radiotherapy

[7,8]. The treatment modality of our institution is

potentially beneficial, because it is non-invasive and

can achieve a high local control rate for liver tumors

as high as 86.9% at 5 years [9]. Our previous studies

have revealed its efficacy and feasibility as a single

treatment modality for HCC not only under condi-

tions in which other treatment modalities are also

available, but also under unfavourable conditions

such as large tumors or those with portal vein tumor

thrombus [9�11]. Recently, other proton beam
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therapy institutions reported treatment results for

HCC similar to ours [12,13].

In the present study, we report the sequential

changes in the hepatic functional reserve as evalu-

ated by 99mTc-GSA scintigraphy before and after

proton beam therapy in three patients with liver

tumors [14]. The distinctive courses of the hepatic

functional reserve were consistently noted among all

three patients, a finding that is not consistent with

what is expected in a normal liver tissue volume

change assessed by x-ray computed tomography

(CT) images. Written informed consent was ob-

tained from these three patients for proton beam

therapy and follow-up evaluations.

Case 1

A 67-year-old male without evidence of hepatitis

virus infection with a history of heavy alcoholic

consumption consulted us at our hospital for

proton beam therapy as an additional treatment

after TAE for a solitary 13-cm HCC lesion in the

right lobe of the liver in May 2003. At his first

visit, the serum AFP level was 32 597 ng/mL

without liver cirrhosis (Figure 1A). He received

66 Gy of proton beam therapy in 22 fractions over

38 days (Figure 1B).

Six months after the proton beam therapy, the

tumor stain became vague, which suggested de-

creased tumor vascularity and viability after proton

beam therapy, with a sign of radiation hepatitis in the

surrounding irradiated normal liver tissue, and

compensatory hypertrophy of the left lobe of the

liver was observed in CT images (Figure 1C) [15].

CT findings of radiation hepatitis were also seen one

year after the proton beam therapy. The irradiated

normal liver tissue became atrophic six months after

the proton beam therapy, and the tumor and

surrounding normal liver kept shrinking gradually

for more than a year (Figure 1C). Ascites appeared

six months after the proton irradiation, and its

volume increased gradually (Figure 1C). At 12

months after the proton beam therapy, multiple

lung metastases developed, but the liver tumor was

controlled. The patient started oral tegafur-uracil

(UFT-ETM, Taiho Pharmaceutical Co., Tokyo, Ja-

pan) chemotherapy.

Figure 1. CTand 99mTc-GSA scintigraphy SPECT images of Case 1. (A) Pre-treatment enhanced CT image with a large nodule occupying

almost the entire right lobe of the liver. (B) Dose distribution of the proton beam therapy. The clinical target volume was contoured on the

CT images. (C) The enhanced CT image in the arterial phase at six months after proton beam therapy. The enhancement in the arterial

phase was diminished, and the surrounding normal liver tissue was enhanced as a sign of radiation hepatitis. Atrophic change in the

irradiated normal liver tissue had already started. Ascites appeared around the tumor with no other clinical symptoms of hepatic failure.

Before (D), at the end of (E), and 6 (F), and 12 (G) months after proton beam therapy. An uptake defect in liver S6/7, which corresponded

to the tumor, was observed before proton beam therapy (D). At the end of the therapy, the extent of this uptake defect was greater because

the radiation damage decreased 99mTc-GSA uptake in the irradiated normal liver tissue around the tumor (E). After the therapy, the uptake

defect continued to exist, and 99mTc-GSA uptake was high in the left lobe of the liver (E�G). At six months, the compensatory hypertrophy

process appeared to be prominent, because 99mTc-GSA uptake of the entire left lobe was homogeneously high (F). At twelve months after

proton beam therapy, 99mTc-GSA uptake in the dorsal area of the left lobe had relatively increased (G) and resembled the pre-treatment

uptake distribution of the left lobe (D). This finding suggested that the compensatory hypertrophy process had calmed down over the course

of one year.
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Case 2

A 68-year-old female with chronic hepatitis C

virus infection and Child-Pugh grade C cirrhosis

received proton beam therapy in April 2002 for her

solitary HCC lesion of 16-mm diameter in liver

S6 (Figure 2A). The pre-treatment serum AFP

level was 752 ng/mL. Proton beam therapy was

carried out in 60 Gy in 10 fractions over 15 days

(Figure 2B).

CT images showed an enhanced pattern in the

irradiated normal liver tissue similar to that shown in

Case 1, and the tumoral early enhancement was

diminished six months after proton beam therapy.

The irradiated normal liver tissue became atrophic

with no obvious tumor stain remained nine months

after proton beam therapy (Figure 2C). At the last

follow-up at 15 months after the proton beam

therapy, the patient was alive and showed no

apparent symptoms of hepatic failure, and no local,

intrahepatic, regional, or distant recurrence was

seen.

Case 3

A 62-year-old male with multiple metastatic liver

tumors from rectal cancer visited us on April 2003

to receive proton beam therapy for the liver tumors.

He was negative for both the hepatitis B and C

viruses. The primary tumor was controlled after low

anterior resection in August 2002. Liver tumors

grew in spite of post-operative systemic chemother-

apy with 5-fluorouracil and leucovorin. On his first

visit, CT showed the number of liver tumors to be

five (Figure 3A). The three larger tumors (64 mm,

60 mm, and 30 mm in diameter in S4, S6, and S8,

respectively) were targeted for proton irradiation

with palliative intent. He received 66 Gy, 60 Gy,

and 60 Gy of proton beam therapy in 22, 10, and 10

fractions over 32, 12, and 17 days, respectively

(Figure 3B).

The irradiated normal liver tissue around the

tumors had low density on enhanced CT one month

after the proton irradiation (Figure 3C). At 12

months after the proton beam therapy, multiple

lung metastases developed, and the patient started

oral fluorinated pyrimidine (S-1TM, Taiho Pharma-

ceutical Co., Tokyo, Japan) chemotherapy. He was

alive with no evidence of regrowth in the liver tumors

at 16 months after the proton beam therapy. No

clinical symptoms associated with hepatic failure

were observed.

Sequential evaluation by 99mTc-GSA

scintigraphy and blood tests

Hepatic functional reserves in all three patients were

sequentially evaluated by 99mTc-GSA scintigraphy

and blood tests, before and at the end of a series of

proton irradiation, and at several months’ intervals

up to more than a year after proton beam therapy.

All three patients exhibited similar changes in uptake

pattern as described below. Single photon emission

computed tomography (SPECT) images of 99mTc-

GSA scintigraphy for Case 1 were sequentially

exhibited (Figure 1D�1G).

SPECT images revealed focal uptake defects

corresponding with the liver tumors before proton

beam therapy (Figure 1D). At the end of proton

beam therapy, the defect regions were extended

(Figure 1E), which reflected early radiation damage

of the normal liver tissue around the tumor. In Case

1, 99mTc-GSA uptake in the left lobe of the liver

relatively increased, because of the large uptake

Figure 2. CT images of Case 2. (A) Pre-treatment CT image revealed a solitary nodule with a diameter of 16 mm in the liver S6 with an

enhancement in the arterial phase. (B) Dose distribution of the proton beam therapy. A metallic marker was inserted near the tumor by an

ultrasound-guided percutaneous procedure preceding the therapy. (C) The CT image of the arterial phase at 9 months after proton beam

therapy. The tumor was locally controlled, and radiation hepatitis existed persistently. In addition, the shape of the liver around the

irradiated volume became irregular because of local atrophic change in the irradiated region.
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defect in the right lobe (Figure 1E). Thereafter, the

uptake defects were consistently observed more than

12 months after the proton beam therapy (Figure 1F

and 1G). The transient enlargement of the higher

uptake area (red area of the SPECT images) in

Figure 1F appeared to reflect compensatory hyper-

trophy of the left lobe.

The ratio of liver activity to heart and liver

activity at 15 minutes (LHL15) was stable at the

end of the proton beam therapy (Tables I and II).

But the LHL15 value transiently declined three to

six months after the proton beam therapy, and it

recovered to the pre-treatment level in about one

year. Other blood count and chemical analysis

data had no distinctive changes in all three cases

except in the tumor marker level. The time

courses of the blood analysis data are shown in

Table I.

Figure 3. CT images of Case 3. (A) Pre-treatment enhanced CT image with multiple metastatic tumors. (B) Dose distributions

of the proton beam therapy for the largest three tumors. (C) The enhanced CT image at one month after proton beam therapy. The

density of the irradiated liver tissue was low, unlike in Cases 1 and 2. This represented a different enhancement pattern of the radiation

hepatitis [15].

Table I. The time-course of the liver function index and laboratory data in Case 1.

Post-treatment

Pre-treatment End of the treatment 1 month 3 months 6 months 9 months 12 months

LHL15 0.90 0.87 0.87 0.75 0.81 0.84 0.84

PLT (103/ml) 209 160 175 162 154 116 79

PT (%) 82 81 84 83 87 65 52

AST (IU/l) 27 20 28 30 34 30 32

ALT (IU/l) 21 12 18 19 18 17 17

T.Bil (mg/dl) 0.5 0.8 0.7 0.7 0.9 0.6 1.1

ChE (IU/l) 170 181 189 182 202 171 119

AFP (ng/ml) 32 597 26 941 11 832 13 505 6157 3915 2890

Abbreviations: LHL15�/the ratio of liver activity to heart and liver activity at 15 minutes; PLT�/platelet; PT�/prothrombin time; AST�/

aspartic aminotransferase; ALT�/alanine aminotransferase; T.Bil�/total bilirubin; ChE�/choline esterase; AFP�/alpha feto-protein.
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Discussion

In the present study, we report sequential changes in

hepatic functional reserve assessed by 99mTc-GSA

scintigraphy before and after proton beam therapy

delivered to liver tumors in three patients. In these

three patients, the LHL15 index, which is a repro-

ducible index of hepatic functional reserve even in

cases of hepatic dysfunction and correlates well with

classical indicators for hepatic function [14,16,17],

deteriorated transiently 3�6 months after the proton

beam therapy, and recovered nearly to the pre-

treatment level in a year. The time course of the

calculated LHL15 value was not consistent with the

regenerating functional normal liver tissue volume or

blood analyses.

Concerning the post-hepatectomy hepatic func-

tional reserve as assessed by 99mTc-GSA scintigra-

phy, higher LHL15 values compared with those

expected from the remaining normal liver tissue

volume have been observed soon after the surgery in

other series [18,19]. These observations seem to

contradict the intact hepatocyte theory [20], which

presumed that the asialoglycoprotein receptor

(ASGPR) expression was proportional to the num-

ber of normal hepatocytes, irrespective of the sever-

ity of the liver cirrhosis. The discrepancy between

the normal liver tissue volume and the assumed

number of the ASGPR can be explained by either

increased ASGPR expression per hepatocyte or an

ASGPR affinity change induced by hepatectomy.

Clinically, hepatic regeneration is induced by

hepatectomy or hepatic irradiation [15,21,22]. Up-

regulation of hepatocyte growth factor (HGF) ex-

pression is observed soon after hepatectomy [23,24]

or irradiation [25]. HGF protein expression in the

liver then decreases to the normal level within ten

days after hepatectomy [24] or within a month after

irradiation [25]. Shortly after hepatectomy, normal

liver tissue volume has not yet increased because

hepatic regeneration is not fully achieved, but the

LHL15 value is not much different from the pre-

operative one [18,19]. This phenomenon is ex-

plained by the HGF-driven functional up-regulation

of ASGPR. Actually, increased uptake of 99mTc-

GSA per hepatocyte was observed to result from

recombinant HGF administration [26].

There have been few studies involving the results

of 99mTc-GSA scintigraphy after irradiation [27]. In

our observation, 99mTc-GSA uptake in the peri-

tumoral normal liver tissue decreased at the end of

the proton beam therapy in all three patients. This

finding meant that the normal hepatocytes were

deprived of their function soon after the proton

irradiation. Moreover, the LHL15 index fell later,

and recovered nearly to the pre-treatment level

within a year (Tables I and II), although hepatic

regeneration has been seen to continue morphologi-

cally more than six years after proton beam therapy

[15]. The discrepancy in the time course between

the expected hepatic functional reserve and the

LHL15 index was similar to that observed after

hepatectomy [19].

Conclusions

We report the distinctive course of the hepatic

functional reserve as evaluated by 99mTc-GSA scin-

tigraphy in three patients with liver tumors treated

by proton beam therapy. The LHL15 index, which is

known to be an alternative indicator of hepatic

functional reserve, deteriorated transiently 3�6

months after proton beam therapy, and recovered

in one year. The time course was not consistent with

the normal liver tissue volume or blood analyses.

This might be related to HGF-driven liver regenera-

tion. Further investigations involving co-ordinated

analyses of blood tests, CT, and 99mTc-GSA scinti-

graphy during and after the proton beam therapy are

needed to provide a detailed description of the

relationship between irradiation and the hepatic

functional reserve in patients with liver tumors.
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