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 Gastric cancer is a rather common malignancy worldwide and a major healthcare 

system issue. Lately, the importance of biomarkers such as macrophage migration inhibitory 

factor (MIF) has been demonstrated in the diagnosis of various gastrointestinal (GI) 

malignancies. The present study aimed to evaluate the diagnostic value of MIF, 

carcinoembryonic antigen (CEA), and carbohydrate antigen 19-9 (CA 19-9) in gastric cancer. 

 In this descriptive-analytical study, 84 patients with gastric cancer referred to the 

gastroenterology clinic of Tabriz University of Medical Sciences, Tabriz, Iran, for diagnostic 

and therapeutic procedures, and 80 healthy individuals were enrolled. Serum levels of MIF, 

CEA, and CA 19-9 were measured in both groups. Further, the grade and stage of the cancer 

were determined in in the patient group. 

 Serum levels of all three MIF, CEA, and CA 19-9 biomarkers in patients with gastric 

cancer were significantly higher than those of the control group (P = 0.001). However, no 

statistically significant correlations were found between the studied biomarkers with the tumor 

grade and stage. The MIF cut-off point for the diagnosis of gastric cancer was found to be  

7.05 pg/ml and its sensitivity and specificity were 85.7% and 73.8%, respectively. 

 MIF biomarker may involve in the pathogenesis and development of gastric cancer 

and it is a potential diagnostic and therapeutic marker in this malignancy. 
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Gastric cancer is the most common 
malignancy in men and the second most 
common malignancy in women in Iran.1,2 
Despite the development of novel diagnostic 
and treatment strategies, its five-year 
survival is still low.3 Gastric cancer is 

asymptomatic in its early stages and thus is 
hardly diagnosed; albeit, its early diagnosis 
and treatment bears a favorable prognosis.4 

Recently, a wide range of biomarkers has 
been proposed to diagnose and follow up 
gastric cancer. The advent of these biomarkers 
has led to a modest improvement in the 
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survival of patients with gastric malignancy.5,6  
Amongst factors participating in the gastric 

mucosa inflammation, macrophage migration 
inhibitory factor (MIF) is of special importance 
due to its pro-inflammatory features. Being 
discovered four decades ago, MIF biological 
role and function were unclear until the 
discovery of its three-dimensional (3D) 
structure. MIF primarily inhibits macrophage 
migration which has role in the chronic 
inflammation and cytokines production. MIF 
also involves in the catalytic processes, 
endocrine functions, signal transduction, and 
lymphocyte-mediated immunity.7  

Evidence shows that MIF level increases 
during malignancies such as melanoma, 
neuroblastoma, and prostate, liver, and breast 
cancers.8 It has been revealed that MIF can have 
prognostic value in gastric cancer and its 
expression is higher in malignant tissues than 
in normal tissues.9 On the other hand, it has 
also been stated that MIF does not have a 
noticeable role in the progression of gastric 
adenocarcinomas and their grade and stage.10 

Moreover, carcinoembryonic antigen (CEA) 
is one of the most commonly used tumor 
markers to monitor the treatment process of 
colorectal, breast, pancreas, lung, and cervix 
cancers. A recent meta-analysis confirmed the 
link between increased serum levels of CEA 
with poor prognosis and mortality among 
patients with gastric cancer.11 Further, 
carbohydrate antigen 19-9 (CA 19-9) is a tumor 
marker being used in the follow-up of 
colorectal malignancies.12 A study showed that 
gastric cancers with higher levels of CA 19-9 
bore poor prognosis.13 

A diagnostic blood sample-based test 
enabling us to determine the likelihood of 
developing gastric cancer is of high priority. 
However, this has not been available until 
now. In some studies performed in China, 
Turkey, and Japan, the plasma levels of MIF 
have been shown to be high in patients with 
gastric cancer.14 

Due to the importance of this issue and 
lack of organised studies in this field in Iran, 
we were determined to assess the serum 
levels of MIF, CA 19-9, and CEA in patients 

with gastric cancer and their association with 
tumor stage and grade. 
 

Study design: In a descriptive-analytical 
study, 84 patients with pathologically-
confirmed gastric cancer referred to the 
gastroenterology clinic of Tabriz University 
of Medical Sciences, Tabriz, Iran, were 
included. The duration of the study was one 
year, from February 2015 to February 2016.  

Inclusion and exclusion criteria: Patients 
with gastric cancer diagnosed using 
endoscopy and confirmed via pathology 

report were included in this study. However, 

patients with metachronous cancer and those 
with positive history for 
chemo/radiotherapy were excluded from the 
study. Also, patients who declined to 
participate were not enrolled in this study.  

Study procedure: 84 patients with 
confirmed gastric cancer were randomly 
selected using convenient sampling method 
and enrolled in the study. In addition, 80 
healthy age- and gender-matched subjects 
with no specific known disease were selected 

and studied as the control group. 
Blood sample (3 ml) was obtained from all 

of the patients and control group. One hour 
after blood collection, the samples were 
centrifuged at 800 rpm for 10 minutes, and 
then the serum samples were separated; the 
CEA and CA 19-9 levels were quickly 
measured using quantitative luminescence 
method, and the remaining serum was frozen 
at -20 °C for the subsequent use. Accordingly, 
the serum MIF level was measured by 
enzyme-linked immunosorbent assay 
(ELISA) method in four steps (to prevent 

serum MIF reduction). 
Ethics: This study was approved by the 

Medical Ethics Committee of Tabriz University 
of Medical Sciences. All of the patients' 
information was confidential, and their 
personal information was not mentioned 
anywhere. Informed consent was obtained 
from all of the included patients and control 
group. Moreover, the study protocol was 
consistent with the ethical guidelines of the 
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Declaration of Helsinki (1975) as reflected in a 
prior approval by the institution's human 
research committee. 

Statistical analysis: The SPSS software 
(version 16, SPSS Inc., Chicago, IL, USA) was 

used for all statistical analyses. Data were 

expressed as mean ± standard deviation (SD) 
and/or medium plus minimum or 

maximum, frequency, and percentage. The 

normal distribution of data was evaluated 

using Kolmogorov-Smirnov test (K–S test). 
Independent t-test and Mann-Whitney U 

test were used to compare the quantitative 
variables. The Spearman correlation 
coefficient was used to assess the relationship 
between biomarkers with grade and stage of 
cancer. The Receiver Operating Characteristic 
(ROC) curve was used to determine the cut-
off point and sensitivity and specificity of the 

biomarker. P ≤ 0.050 was considered as 

statistically significant. 
The sample size of the primary data was 

determined according to Camlica et al. 
study,15 using G*Power sample size 
calculation software, and considering α = 0.05 
and 1-β = 80%. This yielded a minimum 
sample size of 84 patients which were 

randomly selected and included in the study. 
 

Of 84 patients studied, 62 (73.8%) patients had 
low-grade and 22 (26.2%) patients had high-
grade stomach tumors. Staging of the tumor in 
the included population revealed that  
7 patients were at stage IB, 40 patients were at 
stage II A and B, 27 patients were at stage III A 
and B, and 10 patients were at stage IV.  

We found that CEA serum level was 
significantly higher in patients with gastric 
cancer than that of the control group  
(P = 0.001) (Table 1).  

 
Table 1. Comparison of carcinoembryonic antigen 

(CEA) levels in the two studied groups 

Group 
Median 

(mcg/l) 

Minimum 

(mcg/l) 

Maximum 

(mcg/l) 

Case group 1.35 0.40 102.50 

Healthy controls 0.60 0.20 2.30 

P 0.001 

In addition, results revealed that CEA 
serum level was significantly higher in the 
case group than that of the control group  
(P = 0.001) (Table 2).  
 

Table 2. Comparison of carbohydrate antigen 19-9  
(CA 19-9) levels in the two studied groups 

Group 
Median 

(U/ml) 

Minimum 

(U/ml) 

Maximum 

(U/ml) 

Case group 14.30 0.70 239.60 

Healthy controls 4.70 0.20 24.90 

P 0.001 

 

Further analysis showed a significantly 
higher serum level of MIF in the case group 
compared with the control group (P = 0.001) 
(Table 3). 

 
Table 3. Comparison of macrophage migration 

inhibitory factor (MIF) levels in the two studied groups  

Group 
Median 

(pg/ml) 

Minimum 

(pg/ml) 

Maximum 

(pg/ml) 

Case group 8.40 5.10 38.70 

Healthy controls 5.80 3.40 24.40 

P 0.001 

 

Moreover, the serum levels of CEA, CA 
19-9, and MIF had no significant correlation 
with the stage and grade of the tumor in 
patients (P < 0.050 for all comparisons). 
However, in case of any significance, the 
correlation was not found to be strong  
(rs > 0.50) (Table 4). 

 
Table 4. The association of the studied biomarkers with 
stage and grade of gastric cancer in the patients group 

Biomarker Grade Stage 

CEA Rs = 0.026 Rs = 0.264 

P = 0.812 P = 0.015 

CA 19-9 Rs = -0.036 R = -0.407 

P = 0.747 P < 0.001 

MIF R = -0.148 R = -0.134 

P = 0.179 P = 0.225 
CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate 

antigen 19-9; MIF: Macrophage migration inhibitory factor 

 

In addition, the cut-off point of CEA 
biomarker was determined to be 0.75 mcg/l 
for the diagnosis of gastric cancer with a 
sensitivity of 76.2% and specificity of 70.0%. 
Accordingly, the positive predictive value of 
this test was 72.5%, and the negative 
predictive value was 73.8%. Also, the area 
under the curve of the graph was calculated 
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to be 0.800 (Figure 1). 
 

 
Figure 1. Receiver operating characteristic (ROC) 
curve for carcinoembryonic antigen (CEA) levels in 

patients with gastric cancer 

 
The cut-off point of CA 19-9 was found to 

be 4.35 U/ml for the diagnosis of gastric 
cancer with a sensitivity of 81.0% and 
specificity of 47.5%. Accordingly, the positive 
predictive value of this test was 61.6% and 
the negative predictive value was 70.6%. 
Also, the area under the curve of the graph 
was calculated to be 0.696 (Figure 2). 

 

 
Figure 2. Receiver operating characteristic (ROC) 

curve for carbohydrate antigen 19-9 (CA 19-9) levels in 
patients with gastric cancer 

 
We also found that the cut-off point of 

MIF was 7.05 pg/ml for the diagnosis of 
gastric cancer with a sensitivity of 85.7% and 
specificity of 73.8%. Accordingly, the positive 
predictive value of this test was 77.2% and 

the negative predictive value was 83.2%. 
Also, the area under the curve of the graph 
was calculated to be 0.774 (Figure 3). 

 

 
Figure 3. Receiver operating characteristic (ROC) 

curve for macrophage migration inhibitory factor (MIF) 
levels in patients with gastric cancer 

 

Recently, the importance of biomarkers in the 
treatment and diagnosis of gastrointestinal 
(GI) malignancies has been revealed. CEA is 
a glycoprotein that is normally produced in 
the GI tissues during the fetal period, but its 
production is halted right after the birth. 
However, its serum levels increase in several 
malignancies and thus is used as a tumor 
marker.16 Further, CA 19-9 is a tumor marker 
and its serum levels commonly increase in 
pancreatic cancer.17 MIF is produced by T 
lymphocytes and inhibits macrophage 
migration. The increased serum level of MIF 
has been shown in some malignancies.15,18 

Due to the importance of biomarkers in 
early diagnosis of gastric cancer, we compared 
the serum levels of MIF, CEA, and CA 19-9 in 
the gastric cancer patients with those of 
healthy controls. Based on the finding of the 
present study, the serum levels of CEA, CA 
19-9, and MIF were significantly higher in the 
respected patients compared with the control 
group. However, there was no association 
between the serum levels of these biomarkers 
and tumor stage and/or grade. 

In line with that, Yuasa conducted a study 
to assess the MIF serum levels in different 
stomach pathologies. The expression of MIF 
was 12.0% in the normal epithelial cells, 
52.0% in gastritis, 66.0% in intestinal 
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metaplasia (IM), and 96.0% in gastric 
adenocarcinoma. Also, the serum level of 
MIF in normal subjects was low (576 pg/ml). 
However, it was higher in patients with 
gastritis (2100 pg/ml) and IM (4498 pg/ml). 
The highest level of MIF was found in 
patients with gastric cancer (9737 pg/ml). 
The results of this study showed the 
increased serum levels of MIF in patients 
with gastric cancer.19 

Further, Xia et al. performed a study to 
evaluate the serum levels of MIF in patients 
with Helicobacter pylori (H. pylori)-induced 
gastritis. This study showed a lower 
expression level of MIF in messenger 
ribonucleic acid (mRNA) (antrum:  
11.6 ± 1.0% and body: 10.6 ± 1.1%) and in 
glandular epithelial cells in H. pylori-
negative patients compared with patients 
who were positive for H. pylori in the gastric 
antrum and body (42.4% ± 4.5% and 37.9.0% 
± 3.9%, respectively). There was no 
association between the expression of MIF in 
the gastric epithelial cells with the density of 
H. pylori and severity of gastritis.20 

In another study, Shun et al. assessed the 
MIF levels and its association with gastric 
cancer in 90 patients. This study found no 
statistically significant association between 
MIF levels with tumor location, histologic 
subtypes, lymph node metastasis, and 
expression of p53. However, the expression 
level of MIF was found to be lower in early 
versus late gastric cancers.21 Similarly, our 
study failed to show an association  
between MIF serum levels and stage/grade 
of cancer.  

Xia et al. performed a study on 97 patients 
with gastric adenocarcinoma and 222 patients 
with dyspepsia. The expression levels of MIF 
in cancer and dyspeptic patients were  
6554.0 ± 204.1 pg/ml and 1453.7 ± 79.9 pg/ml, 
respectively. This study showed that the 
expression of MIF increased as gastric 
pathology worsened, and MIF was a better 
predictor of gastric cancer in patients with 
dyspepsia than CEA.22 However, our study 
did not prove the latter. 

Lai et al. conducted a study to assess and 

compare the serum level of CEA and CA 19-9 
in patients with gastric cancer and normal 
control subjects. The sensitivities of CEA and 
CA 19-9 as biomarkers for gastric cancer were 
31.4% and 16.1%, respectively.23 In our study, 
the sensitivity and specificity of CEA as a 
biomarker for gastric cancer in values higher 
than 0.75 mcg/l were 76.2% and 70.0%, 
respectively. These numbers were 81.0% and 
47.5%, respectively for CA 19-9 in values 
higher than 4.35 U/ml. 

Additionally, Kochi et al. conducted a 
study to evaluate the prognostic value of 
CEA and CA 19-9 in gastric cancer. An 
increase in the CEA and CA 19-9 levels was 
seen in 19.0% and 21.8% of the patients, 
respectively. Only 6.7% of the patients had an 
increase in both of the markers. This study 
also showed that the increase in these 
biomarkers was in association with lymph 
node and vascular metastasis and invasion 
depth. In addition, increased level of CA 19-9 
correlated with peritoneal and distant 
metastasis.24 The findings of our study, 
however, did not show a relationship 
between these biomarkers and stage/grade 
of gastric cancer. 

 

Based on the findings of the present study and 
other works, the serum levels of MIF, CEA, 
and CA 19-9 increase in patients with gastric 
cancer. However, controversy exists over the 
usefulness of these biomarkers as prognostic 
factors in this regard. More studies are needed 
for better decision making. 
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contribution throughout this study. 

 

Study concept and design: Rasoul Estakhri, 
Kourosh Masnadi-Shirazi 

Acquisition of data: Gilda Ghazisoltani, 
Mahzad Azimpouran, Sepideh Fattahi,  
Jalal Farshbafinezhad-Zoghi  

Analysis and interpretation of data: 
Morteza Ghojazadeh  

Drafting of the manuscript: Gilda 



MIF, CEA, and CA 19-9 in gastric cancer 

 

 

184 JARCM/ Autumn 2018; Vol. 6, No. 4 

Ghazisoltani, Mahzad Azimpouran, Sepideh 
Fattahi, Jalal Farshbafinezhad-Zoghi, Farid 
Karkon-Shayan, Behnaz Ghamari 

Critical revision of the manuscript  
for important intellectual content:  
Rasoul Estakhri, Kourosh Masnadi-Shirazi  

Statistical analysis: Farid Karkon-Shayan, 
Morteza Ghojazadeh 

Administrative, technical, and material 
support: Rasoul Estakhri, Kourosh Masnadi-
Shirazi 

Study supervision: Rasoul Estakhri, 
Kourosh Masnadi-Shirazi. 

 

This paper is based on Gilda Ghazisoltani’s 
specialty dissertation (No: 3/93-1/5) 
submitted to the Liver and Gastrointestinal 
Diseases Research Centre, Tabriz University 
of Medical Sciences. 

 

Authors have no conflict of interest. 
 

This study was approved by the Medical 
Ethics Committee of Tabriz University of  
Medical Sciences (No. 3/93-1/5). 

1. Sadjadi A, Nouraie M, Mohagheghi MA, Mousavi-

Jarrahi A, Malekezadeh R, Parkin DM. Cancer 

occurrence in Iran in 2002, an international 

perspective. Asian Pac J Cancer Prev 2005; 6(3): 

359-63. 

2. Malekzadeh R, Derakhshan MH, Malekzadeh Z. 

Gastric cancer in Iran: Epidemiology and risk 

factors. Arch Iran Med 2009; 12(6): 576-83.  

3. Ang TL, Fock KM. Clinical epidemiology of gastric 

cancer. Singapore Med J 2014; 55(12): 621-8. DOI: 

10.11622/smedj.2014174 

4. Oda I, Saito D, Tada M, Iishi H, Tanabe S, Oyama 

T, et al. A multicenter retrospective study of 

endoscopic resection for early gastric cancer. 

Gastric Cancer 2006; 9(4): 262-70. DOI: 

10.1007/s10120-006-0389-0 

5. Wu HH, Lin WC, Tsai KW. Advances in molecular 

biomarkers for gastric cancer: miRNAs as emerging 

novel cancer markers. Expert Rev Mol Med 2014; 

16: e1. DOI: 10.1017/erm.2013.16 

6. Elimova E, Wadhwa R, Shiozaki H, Sudo K, Estrella 

JS, Badgwell BD, et al. Molecular biomarkers in 

gastric cancer. J Natl Compr Canc Netw 2015; 13(4): 

e19-e29. DOI: 10.6004/jnccn.2015.0064 

7. Richard V, Kindt N, Saussez S. Macrophage 

migration inhibitory factor involvement in breast 

cancer (Review). Int J Oncol 2015; 47(5): 1627-33. 

DOI: 10.3892/ijo.2015.3185 

8. White ES, Flaherty KR, Carskadon S, Brant A, 

Iannettoni MD, Yee J, et al. Macrophage 

migration inhibitory factor and CXC chemokine 

expression in non-small cell lung cancer: Role in 

angiogenesis and prognosis. Clin Cancer Res 

2003; 9(2): 853-60. 

9. He LJ, Xie D, Hu PJ, Liao YJ, Deng HX, Kung HF, 

et al. Macrophage migration inhibitory factor as a 

potential prognostic factor in gastric cancer. World J 

Gastroenterol 2015; 21(34): 9916-26. DOI: 

10.3748/wjg.v21.i34.9916 

10. Nabizadeh MM, Sima HR, Ghaffarzadehgan K, 

Taghizadeh KA, Norouzi N. Clinicopathological 

significance of macrophage migration inhibitory 

factor and its relation with p53 in gastric cancer. J 

Gastrointest Cancer 2011; 42(1): 5-10. DOI: 

10.1007/s12029-010-9215-3 

11. Deng K, Yang L, Hu B, Wu H, Zhu H, Tang C. The 

prognostic significance of pretreatment serum CEA 

levels in gastric cancer: A meta-analysis including 

14651 patients. PLoS One 2015; 10(4): e0124151. 

DOI: 10.1371/journal.pone.0124151 

12. Ishigami S, Natsugoe S, Hokita S, Che X, Tokuda K, 

Nakajo A, et al. Clinical importance of preoperative 

carcinoembryonic antigen and carbohydrate antigen 

19-9 levels in gastric cancer. J Clin Gastroenterol 

2001; 32(1): 41-4. DOI: 10.1097/00004836-

200101000-00010 

13. Yajima H, Omura N, Matai K, Mitsumori N, 

Yoshida K, Yanaga K. Clinicopathological features 

of CA19-9-producing gastric cancer. 

Hepatogastroenterology 2014; 61(129): 221-5. 

14. Japanese gastric cancer treatment guidelines 2010 

(ver. 3). Gastric Cancer 2011; 14(2): 113-23. DOI: 

10.1007/s10120-011-0042-4 

15. Camlica H, Duranyildiz D, Oguz H, Oral EN, 

Yasasever V. The diagnostic value of macrophage 

migration inhibitory factor (MIF) in gastric cancer. 

Pathol Oncol Res 2008; 14(1): 79-83. DOI: 

10.1007/s12253-008-9002-7 

16. Duffy MJ. Carcinoembryonic antigen as a marker for 

colorectal cancer: Is it clinically useful? Clin Chem 

2001; 47(4): 624-30. 

17. Mann DV, Edwards R, Ho S, Lau WY, Glazer G. 

Elevated tumour marker CA19-9: Clinical 

interpretation and influence of obstructive jaundice. 

Eur J Surg Oncol 2000; 26(5): 474-9. DOI: 

10.1053/ejso.1999.0925 

18. Morris KT, Nofchissey RA, Pinchuk IV, Beswick EJ. 

Chronic macrophage migration inhibitory factor 

exposure induces mesenchymal epithelial transition 

and promotes gastric and colon cancers. PLoS One 

2014; 9(6): e98656. DOI: 

10.1371/journal.pone.0098656  

https://dx.doi.org/10.11622/smedj.2014174
https://dx.doi.org/10.11622/smedj.2014174
https://dx.doi.org/10.1007/s10120-006-0389-0
https://dx.doi.org/10.1007/s10120-006-0389-0
https://dx.doi.org/10.1017/erm.2013.16
https://dx.doi.org/10.6004/jnccn.2015.0064
https://dx.doi.org/10.3892/ijo.2015.3185
https://dx.doi.org/10.3748/wjg.v21.i34.9916
https://dx.doi.org/10.3748/wjg.v21.i34.9916
https://dx.doi.org/10.1007/s12029-010-9215-3
https://dx.doi.org/10.1007/s12029-010-9215-3
https://dx.doi.org/10.1371/journal.pone.0124151
https://dx.doi.org/10.1097/00004836-200101000-00010
https://dx.doi.org/10.1097/00004836-200101000-00010
https://dx.doi.org/10.1007/s10120-011-0042-4
https://dx.doi.org/10.1007/s10120-011-0042-4
https://dx.doi.org/10.1007/s12253-008-9002-7
https://dx.doi.org/10.1007/s12253-008-9002-7
https://dx.doi.org/10.1053/ejso.1999.0925
https://dx.doi.org/10.1053/ejso.1999.0925
https://dx.doi.org/10.1371/journal.pone.0098656
https://dx.doi.org/10.1371/journal.pone.0098656


Estakhri, et al. 

 

 

 JARCM/ Autumn 2018; Vol. 6, No. 4  185 

19. Yuasa Y. Control of gut differentiation and 

intestinal-type gastric carcinogenesis. Nat Rev 

Cancer 2003; 3(8): 592-600. DOI: 10.1038/nrc1141 

20. Xia HH, Lam SK, Huang XR, Wong WM, Leung 

SY, Yuen ST, et al. Helicobacter pylori infection is 

associated with increased expression of macrophage 

migratory inhibitory factor--by epithelial cells, T 

cells, and macrophages--in gastric mucosa. J Infect 

Dis 2004; 190(2): 293-302. DOI: 10.1086/421915 

21. Shun CT, Lin JT, Huang SP, Lin MT, Wu MS. 

Expression of macrophage migration inhibitory 

factor is associated with enhanced angiogenesis and 

advanced stage in gastric carcinomas. World J 

Gastroenterol 2005; 11(24): 3767-71. DOI: 

10.3748/wjg.v11.i24.3767 

22. Xia HH, Yang Y, Chu KM, Gu Q, Zhang YY, He H, 

et al. Serum macrophage migration-inhibitory factor 

as a diagnostic and prognostic biomarker for gastric 

cancer. Cancer 2009; 115(23): 5441-9. DOI: 

10.1002/cncr.24609 

23. Lai IR, Lee WJ, Huang MT, Lin HH. Comparison of 

serum CA72-4, CEA, TPA, CA19-9 and CA125 

levels in gastric cancer patients and correlation with 

recurrence. Hepatogastroenterology 2002; 49(46): 

1157-60. 

24. Kochi M, Fujii M, Kanamori N, Kaiga T, 

Kawakami T, Aizaki K, et al. Evaluation of serum 

CEA and CA19-9 levels as prognostic factors in 

patients with gastric cancer. Gastric Cancer 2000; 

3(4): 177-86. DOI: 10.1007/PL00011715 

 
 

 

https://dx.doi.org/10.1038/nrc1141
https://dx.doi.org/10.1086/421915
https://doi.org/10.3748/wjg.v11.i24.3767
https://doi.org/10.3748/wjg.v11.i24.3767
https://dx.doi.org/10.1002/cncr.24609
https://dx.doi.org/10.1002/cncr.24609
https://dx.doi.org/10.1007/PL00011715

