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Abstract
We report a 55-year-old male who developed advanced 
hepatic metastasis and peritoneal carcinomatosis after 
resection of remnant gastric cancer resection 3 mo 
ago. The patient only received epidermal growth factor 
(EGF) receptor antibody (Cetuximab) plus recombinant 
human endostatin (Endostar). Anti-tumor activity 
was assessed by 18F-fluorodeoxyglucose (18F-FDG) 
positron emission tomography/computer tomography 
(PET/CT) at baseline and then every 4 wk. The case 
illustrates that 18FDG-PET/CT could make an early 
prediction of the response to Cetuximab plus Endostar 
in such clinical situations. 18FDG-PET/CT is a useful 
molecular imaging modality to evaluate the biological 
response advanced hepatic metastasis and peritoneal 
carcinomatosis to Cetuximab plus Endostar in patients 
after remnant gastric cancer resection.
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INTRODUCTION
The activity of  epidermal growth factor (EGF) and its 
receptor (EGFR) has been identified as the key driver in 
the process of  cell growth and replication. There is now a 
body of  evidence that EGFR-mediated drive is increased 
in a wide variety of  solid tumors, including non-small cell 
lung cancer, prostate cancer, breast cancer, gastric cancer, 
colon cancer, ovarian cancer and tumors of  the head and 
neck[1]. EGFR antibody (Cetuximab, Erbitux, Merck and 
Imclone Systems) has been approved by the Food and 
Drug Administration (FDA)[2] for use in treatment of  
colorectal cancer. Angiogenesis is the formation of  new 
capillaries from existing blood vessels. The recognition 
of  tumor angiogenesis as a therapeutically useful target 
is based on experimental evidence that tumor growth 
and progression are dependent on new blood vessel 
formation. Endostatin has been shown to inhibit potently 
angiogenesis in vitro and in vivo and Endostar (Medgenn 
Bioengineering Co. Ltd. Yantai, Shandong, P. R.China.) has 
been approved by the State Food and Drug Administration 
(SFDA)[3]. In this case, we used 18FDG-PET/CT to 
monitor the early response of  advanced hepatic metastasis 
and peritoneal carcinomatosis to Cetuximab plus Endostar 
in patients after remnant gastric cancer resection.

CASE REPORT
A 55-year-old male, with a history of  subtotal gastrectomy 
for gastric ulcer 20 years ago, received remnant gastric 
cancer resection 3 mo ago. Immunohistochemistry 
revealed adenocarcinoma of  the stomach with expression 
of  EGFR. Episodes of  fever above 40℃ appeared 
without evidence of  infection and mild jaundice developed 
with weight loss of  10 kg within 1 mo. A palpable liver 
and tenderness of  the left upper abdominal quadrant were 
found during physical examination. Laboratory findings 
during the first admission showed 55 g/L HGB, 41.4 
μmol/L TBIL, 12.9 μmol/L DBIL, and 28.5 μmol/L IBIL. 
Advanced hepatic metastasis and peritoneal carcinomatosis 
were confirmed by 18F-fluorodeoxyglucose positron 
emission tomography/computer tomography (18F-FDG 
PET/CT) and biopsy guided by 18F-FDG PET/CT. These 
findings were supportive for tumor-associated cachexia 
because his overall performance status was significantly 
reduced (Karnofsky index:  40%).  Convent ional 
chemotherapy was not considered the first choice of  
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treatment for the patient. After giving informed consent, 
the patient received Cetuximab weekly at 400 mg/m2 iv 
loading dose, followed by at 250 mg/m2 iv maintenance 
dose for 8 wk, together with but separately used Endostar 
daily at 15 mg iv loading dose and maintenance dose for 
over 8 wk. Anti-tumor activity was assessed by 18F-FDG 
PET/CT at baseline and then every 4 wk. During the 
8-wk follow-up period of  time, 18F-FDG PET/CT was 
performed 3 times to monitor the treatment response. 
His temperature returned to normal slowly after 4 wk of  
treatment. Cetuximab exhibited only mild skin toxicity, and 
hepatic metastasis and peritoneal carcinomatosis lesions 
had a partial response to Cetuximab treatment (> 30% 
reduction, according to RECIST) after 4 wk (Figure 1 and 
Figure 2). Main laboratory tests showed 70 g/L HGB, 
21.4 μmol/L TBIL, 13.9 μmol/L DBIL, 16.5 μmol/L 
IBIL. Karnofsky index was 70%. Due to responses to 
the treatment without serious complications, after the 
second treatment cycle, hepatic metastases were almost 
completely gone on the third 18F-FDG PET/CT (Figures 
1 and 2). However, a few metastatic lymphoid nodes in 
the abdomen could be detected (Figure 3). In parallel, 
main laboratory tests showed 90 g/L HGB, 20.4 μmol/L 
TBIL, 12.9 μmol/L DBIL, 15.5 μmol/L IBIL. Karnofsky 
index was 80%. Due to the confirmed responses to the 
treatment, the third cycle of  treatment was going on when 
this paper was completed.

DISCUSSION
Multiple cellular pathways involved in the growth and 
metastatic potential of  tumors may create heterogeneity, 

redundancy, and the potential for tumors to bypass 
signaling pathway blockade, resulting in primary or 
acquired resistance. Combined therapies are more 
effective in inhibiting different signaling pathways and can 
overcome tumor resistance[4]. Vascular endothelial growth 
factor (VEGF) and EGFR inhibitors have become the key 
components of  therapies for several tumor types. There 
is a close relationship between these two factors. VEGF 
signaling is up-regulated by EGFR expression while VEGF 
up-regulation independent of  EGFR signaling seems to 
contribute to resistance to EGFR inhibition. Therefore, 
inhibition of  both pathways improves anti-tumor efficacy 
and overcomes resistance to EGFR inhibition[5].

EGFR belongs to a family of  receptors known as 
the ErbB family (ErbB tyrosine kinase receptors), which 
comprises four proteins encoded by the c-erbB proto-
oncogene. EGFR can activate a cascade of  multiple 

signaling pathways that facilitate tumor growth process[6]. 
The EGFR signaling pathway regulates cell differentiation, 
proliferation, migration, angiogenesis, and apoptosis, all 
of  which are down regulated in cancer cells. In a study, 
EGFR immunoreactivity was detected in one (3.8%) 
of  the 26 early gastric carcinomas and in 33 (34.4%) 
of  the 96 advanced gastric carcinomas, respectively, the 
incidence of  expression between the two groups was 
significantly different[7]. In gastric cancer, the management 
of  peritoneal dissemination in the peritoneal cavity is 
extremely important. However, peritoneal dissemination 
in the final stage of  gastric cancer remains untreatable. 
VEGF is correlated with peritoneal metastasis from gastric 
cancer, and has been reported as a useful indicator of  
peritoneal recurrence[8].
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Figure 1  Base line FDG PET/CT detecting a highly metabolic metastasis in liver (white arrows, A and B), second FDG PET/CT demonstrating the decreased number and 
metabolism level of liver metastases and one highly metabolic metastasis in the left lobe of liver (white arrows, C and D), third FDG PET/CT displaying no lesion at the 
same position (E and F). 
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Cetuximab is a chimeric IgG1 monoclonal antibody 
and binds to EGFR with a high specificity and a higher 
affinity than either EGF or TGF-a, thus blocking ligand-
induced phosphorylation of  EGFR. Second line therapies 

with Cetuximab for colorectal cancer after failure of  first-
line regimes have shown a response rate of  17%-23% and 
an overall survival (median) of  8.6 mo[9]. Endostar is a new 
recombinant human endostatin developed by Medgenn 

Figure 2  Base line FDG PET/CT detecting huge metastases in the right lobe of liver and highly metastatic lymphoid nodes in abdomen (white arrows, A and B), second 
FDG PET/CT demonstrating huge metastases in the right lobe of liver and the decreased number, size and metabolism level of metastatic lymphoid nodes (white arrows, C 
and D), third FDG PET/CT displaying the disappeared huge metastases in the right lobe of liver and the normal size of metastatic lymphoid nodes (E and F).
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Figure 3  Base line FDG PET/CT detecting multi high metastases in both lobes of liver and highly metastatic lymphoid nodes in abdomen (white arrows, A and B), second 
FDG PET/CT demonstrating multi high metastases in the liver and the decreased number, size and metabolism level of metastatic lymphoid nodes (white arrows, C and D), 
third FDG PET/CT displaying disappeared liver metastasis and metastatic lymphoid nodes (E and F).
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Bioengineering Co. Ltd (Yantai, Shandong, China) in 
2005. A preclinical study indicated that endostar could 
inhibit tumor endothelial cell proliferation, angiogenesis 
and tumor growth, and results from prospective trials 
addressing the response of  colorectal cancer to Cetuximab 
containing regimes have confirmed its efficacy in clinical 
practice[10]. 

Modern cancer care is critically dependent on imaging 
technologies, which are used to detect early tumors and 
guide their therapy or surgery[11]. Molecular imaging 
technologies provide information about the functional 
or metabolic characteristics of  malignancies, tumor 
stage and therapeutical response, and tumor recurrence, 
whereas conventional imaging technologies predominantly 
assess the tumor’s anatomical or morphologic features 
including its size, density, and shape, etc. Since conventional 
imaging technologies reveal morphology of  lesions with 
nonspecific features, differentiation between malignant 
and benign lesions could be improved by molecular 
imaging. As our knowledge about the molecular basis 
of  cancer increases, imaging methods that provide 
clinicians with telling details about the molecular 
environments of  patients’ tissues are needed. By using 
standard anatomic imaging technologies combined with 
molecular imaging technologies such as PET/CT, we 
can detect disease processes at the anatomic, physiologic, 
metabolic, and molecular levels, thereby, allowing earlier 
detection of  diseases, monitoring of  therapies, and better 
prognostication of  disease progression[12].

The precise tailoring of  treatment for patients with 
cancer is a challenge. PET/CT and SPECT/CT help 
achieve better results[13]. PET with the glucose analog 
18F-FDG is increasingly used to monitor the effectiveness 
of  therapy for patients with malignant lymphomas 
and solid tumors. Quantitative assessment of  therapy-
induced changes in tumor 18F-FDG uptake can predict 
tumor response and patient outcome early in the course 
of  therapy. Treatment may be adjusted according to the 
chemosensitivity and radiosensitivity of  tumor tissue in an 
individual patient. Thus, 18F-FDG PET has a potential to 
reduce the side effects and costs of  ineffective therapy[14]. 
The use of  integrated PET/CT instead of  PET in 
treatment monitoring poses some methodologic challenges 
against the quantitative analysis of  PET scans. However, 
it may provide the opportunity to integrate morphologic 

and functional information. This integration may define 
new parameters for assessment of  tumor response and 
facilitate the use of  PET in studies as well as in clinical 
practice[14]. In our case, a partial response (> 30% 
reduction, according to RECIST) of  hepatic metastasis 
and peritoneal carcinomatosis lesions was achieved after 4 
wk of  treatment with Cetuximab plus Endostar. 

In conclusion, our case demonstrates that molecular 
imaging could monitor molecular treatment and 
combination of  EGFR-specific antibodies with VEGF-
specific antibodies may be a promising treatment modality. 
Further prospective trials are mandatory to confirm its 
effects and discriminate Cetuximab-induced response from 

Endostar-associated response. The potential of  this novel 
approach to anticancer therapy should be elucidated in 
large clinical trials. 
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