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Introduction: 
Hepatocellular carcinoma accounts for over 400,000 deaths worldwide and 13,000 deaths in the United States per year1.  Human HCC cell lines overexpress vascular 
endothelial growth factor (VEGF)2.  Bevacizumab (formerly known as rhuMab-VEGF, commercial name Avastin) is a recombinant humanized version of a murine 
anti-human VEGF monoclonal antibody.   This antibody binds all biologically active forms of VEGF-A (including VEGF165, VEGF121 and the thrombin-split 
fragment VEGF110).  Bevacizumab has been shown to inhibit tumor growth in numerous animal models.   
 
Materials and Methods: 
Eight patients were analyzed.  A pre-treatment MRI was performed on each patient between 3 and 13 days (mean 6 days) before the first dose of Bevacizumab.  The 
administered dose was 5 or 10 mg/kg and continued at two-week intervals.  A repeat MRI examination was planned at approximately 8 weeks (subsequent to 4 
treatments).  The MRI protocol utilized for this study was a routine liver protocol utilized at our institution performed on either a 1.5 Tesla General Electric (GE) Signa 
or Siemens Sonata machine.  The data for this report was collected from the 3D spoiled gradient echo T1 weighted sequence performed after a timing bolus and 
repeated three times to visualize the arterial, portal-venous, and delayed venous phases of contrast enhancement.  0.2 mmol/kg gadolinium chelate (Magnevist; Berlex 
Laboratories, Wayne, NJ) was administered.  The images were analyzed and whenever possible ‘virgin’ tumors were selected for followup.  These included tumors, 
which did not receive prior chemo-embolization and/or radio frequency ablation.  Similarly, tumors demonstrating necrosis were avoided.  Regions of interest (ROIs) 
were drawn on a non-necrotic portion of the tumor and a mean value of the signal intensity (SI) was recorded.  In addition, a second ROI was placed in the normal liver 
parenchyma.  This was chosen in a region closest to the tumor but devoid of vessels and artifacts.  The vertical distance from the coils was preserved in both ROIs so as 
to avoid near-field artifact.   The above steps were repeated for both the arterial and portal-venous phase of each of the patient’s examination.   Values were calculated 
using the following equation:  (SIlesion-SInormal)/SDair

3. A total of 22 lesions were analyzed from 8 patients.  The longest diameter of the lesion was selected for follow-up.  
Lesions, which could not be visualized on the post treatment examination, were excluded from the study.  All values were averaged per patient to avoid inadvertently 
biasing the data in favor of the patients with more detectable lesions.  

Figure: Demonstrating sample lesion at base line, 8 and 16 weeks of therapy with 
good response. 
 
 
 
Results: 
A reduction of arterial enhancement was seen in 7 out of 8 patients which was statistically significant(p=0.023 Wilcoxon signed-rank test).  The average tumor size in 
the patients was 1.72 cm before therapy and 1.43 cm after therapy.  The mean reduction in tumor size following therapy is 0.16 (median 0.15) with a SD of 0.15. The 
reduction in tumor size was statistically significant(p= 0.016, Wilcoxon Signed rank test). There was a correlation between arterial enhancement change and size 
change(r=0.90 Spearman, p<0.01) in all eight patients including the patient who did not demonstrate a decreased enhancement. 
 
Discussion: 
The study demonstrated that anti-angiogenic therapy can be monitored by contrast enhanced MRI protocols in routine practice as demonstrated by the good correlation 
in all patients.  The results demonstrated a high variability between patients in their MR response to Bevacizumab but the good correlation between signal intensity 
change and change in tumor size may have potential implication for patient selection in the future.  As alluded to by a hallmark study by Morgan et al.4 high temporal 
resolution is not necessarily important when there is high response of tumor to the medication under investigation.  
 
REFERENCES:  
                                                           
1 Levin B, Amos C: Therapy of unresectable hepatocellular carcinoma [editorial; comment] [published erratum appears in N Engl J Med 1995 Sep 7;333(10):675]. N 
Engl J Med 332:1294-6, 1995. 
2 Miura H, Miyazaki T, Kuroda M, et al: Increased expression of vascular endothelial growth factor in human hepatocellular carcinoma. J Hepatol 27:854-61, 1997. 
3 Pijl ME, Doornbos J, Wasser MN, van Houwelingen HC, Tollenaar RA, Bloem JL. Quantitative analysis of focal masses at MR imaging: a plea for standardization. 
Radiology. 2004 Jun;231(3):737-44. 
4 Morgan B, Thomas AL, Drevs J, Hennig J, Buchert M, Jivan A, Horsfield MA, Mross K, Ball HA, Lee L, Mietlowski W, Fuxuis S, Unger C, O'Byrne K, Henry A, 
Cherryman GR, Laurent D, Dugan M, Marme D, Steward WP. Dynamic contrast-enhanced magnetic resonance imaging as a biomarker for the pharmacological 
response of PTK787/ZK 222584, an inhibitor of the vascular endothelial growth factor receptor tyrosine kinases, in patients with advanced colorectal cancer and liver 
metastases: results from two phase I studies. J Clin Oncol. 2003 Nov 1;21(21):3955-64. Epub 2003 Sep 29. 

LONGEST DIAMETER CHANGE VERSUS ARTERIAL ENHANCEMENT CHNAGE

-20

-10

0

10

20

30

40

50

-0.1 0 0.1 0.2 0.3 0.4 0.5

Centimeter

R
el

at
iv

e 
M

R
 U

n
it

s 

Proc. Intl. Soc. Mag. Reson. Med. 14 (2006) 3478


