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An 88-year-old, previously healthy man presented

with mild appetite loss in November 2001. Physical

examination was normal and laboratory tests

revealed mild anaemia and renal dysfunction but

no abnormal liver function. A slight increase was

observed in tumour markers such as carcinoem-

bryonic antigen (CEA) (7.7, normal < 2.5 ng mL)1)

and CA19-9 (370, normal < 37 U mL)1). Ultra-

sound sonography showed a liver mass

(15.9 · 15.9 mm, S5). Positron-emission tomogra-

phy with [18F] fluorodeoxyglucose as a tracer

indicated multiple liver metastases and increased

accumulation of [18F] fluorodeoxyglucose in the

stomach (Fig. 1a). Esophagogastroduodenoscopy

disclosed Borrmann III type advanced gastric cancer

(Fig. 2a). Microscopic examination of gastric biopsy

specimens revealed adenocarcinoma with papillo-

tubular cell types. Liver metastasis (Fig. 2c) but no

pulmonary, bone or brain metastasis was observed

by computed tomography, magnetic resonance

imaging or bone scintigram. The clinical stage of

this patient was according to the TNM classification

of malignant tumours. The patient was treated

mildly from February 2002 with capecitabine in the

outpatient clinic, but the liver metastasis progressed

in size, reaching the maximum of 56.4 · 48.2 mm

by May 2002.

Assessment of HER-2 (ErbB-2) gene amplification

and protein expression was performed by

fluorescence in situ hybridization and immunohist-

ochemistry in our laboratory. It revealed markedly

increased HER-2 gene amplification (red colour in

Fig. 1b, signal ratio 5.3, normal <2.0) and protein

expression (+3) (Fig. 1c), as well as increased

protein expression of epidermal growth factor recep-

tor (EGFR, Fig. 1d)) and platelet-derived growth

factor receptor a (PDGFRa, Fig. 1e) but not of c-kit

(Fig. 1f). The patient and family then chose to

participate in the study of trastuzumab combined

with proton ion beam therapy. Trastuzumab

(3 mg kg)1) was delivered intravenously every week

in the outpatient clinic in June 2002. The patient

received prophylactic hydrocortisone and granise-

tron for potential infusion reaction. One month after

the start of trastuzumab treatment, the size of the

hepatic metastasis was markedly reduced

(21.3 · 21.3 mm by ultrasound sonography). It

reached the nadir of 13.1 · 13.9 mm in February

2003. That level was maintained thereafter with

low doses of 5-fluorouracil derivative (Fig. 2d),

which was replaced for capecitabine because of

intractable hand-foot syndrome. The primary

tumour at the stomach also responded well to the

treatment (Fig. 2b); the patient remained clinically
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well. The residual hepatic metastasis was destroyed

by 150 MeV proton beam therapy for 8 days (totally

56 GyE) in July 2003 (Fig. 2e). The patient kept

good performance status in March 2005 and

showed no apparent cardiac dysfunction despite

continued trastuzumab administration as evaluated

by echocardiography. Modest dermatitis localized in

the radiation area and slight increase in c-GTP (23–

78 U L)1) were associated with proton ion beam

therapy. Although the performance status remained

relatively stable, the patient developed influenza

pneumonia and died on 31 December 2005.

Proto-oncogenes, including the HER-2 (ErbB-2),

represent a family of normal cellular genes involved

in cell growth and differentiation [1–7]. There is

much evidence that alterations in the structure of

(a) (d)

(b) (e)

(c) (f)

Fig. 1 (a) Positron-emission tomography studies with [18F] fluorodeoxyglucose as the tracer. Abnormal uptake of [18F] fluorodeoxyglucose

was seen in the liver and the stomach, as well as in the lymph node around the head of the pancreas, (b), (c). Gastric adenocarcinoma

showing overexpression of HER-2 protein (b amplification ·10) detected by immunohistochemistry and amplification of the HER-2 gene

(c, amplification ·1000) detected by fluorescence in situ hybridization. Red color indicates HER-2 signal, whereas green is control,

Increased proton expression of HER-1 (d) and PDGER alpha(e) but not of C-kit (f) are also shown.
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these genes or their amplification or overexpression

may play a role in the pathogenesis of breast, colon

and other cancers. The HER-2 gene encodes a

185-kDa transmembrane protein with tyrosine kin-

ase activity that shares approximately 50% of

overall homology with EGFR (HER-1). Trastuzumab

(Herceptin�, Chugai Pharmaceutical Co. Ltd, Japan)

is a humanized monoclonal antibody directed

against the HER-2. It is the first oncogene-targeted

treatment for women with HER-2-positive breast

cancer [7]. Strategies designed to employ HER-2

protein overexpression or gene amplification in

therapy selection are warranted because they are

associated with approximately one-fourth of all

gastrointestinal tract malignancies [1–3]. We found

dramatic and continued anti-tumour effects in a

very old patient with HER-2-overexpressing gastric

cancer with rapidly progressive liver metastasis.

Gastric cancer remains the most frequent cause of

cancer-related deaths worldwide [8]; in Japan,

(a)

(b)

(c)

(d)

(e)

Fig. 2 (a), (b) Esophagogastroduodenoscopy. (c), (d) Transaxial T1-weighted MRI studies of the upper abdomen. A giant ulcerating

carcinoma in the upper body of the stomach (a) and liver metastasis (c) were present before trastuzumab therapy. Gastric (b) and liver (d)

tumors were markedly smaller after 10 mo treatment. The residual hepatic metastasis was completely destroyed by proton ion beam (e).
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gastric cancer typically causes several times as

many deaths as breast cancer and is generally

resistant to various chemotherapeutic agents.

To our knowledge, this is the first report in a very

old patient which shows promise for treating HER-2-

overexpressing advanced gastric cancer by trast-

uzumab [9], in successful combination with proton

beam therapy that offers many advantages over

conventional radiotherapy because of the different

physical and radiological characteristics [10, 11].

Major response with stable disease sustained for

more than 3 years with a good quality of life would

be tantamount to a cure for such aged patients.

Weekly trastuzumab treatment will be a useful

foundation for combination treatment with other

biological agents in HER-2-overexpressing cancer

from the gastrointestinal tract, as shown in meta-

static breast cancer for prolonged survival [7].

Gastric cancer cells of this patient also showed

overexpression of EGFR and PDGFRa protein, which

are cell surface, tyrosine kinase receptors involved in

various cellular functions and tumour growth. More

studies to examine the therapeutic potential are

needed as blockers of EGFR (Gefitinib) and PDGFR

(Imatinib Mesylate) signaling are already available

in the clinical setting [2, 12–14]. Targeted chemo-

therapy offers the possibility of inhibiting specific

dysregulated pathways in cancer cells of individual

patient whilst having minimal effects on normal cell

function. This is particularly important in the

geriatric setting as old patients often cannot receive

aggressive antineoplastic regimens that may pro-

duce intractable side effects and/or reduce the quality

of life of such patients. Molecular definition of gastric

cancer may thus represent a novel approach not

only for the prognostic indicator [1, 4] but also for

the personalized cancer therapy in future.
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