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Predictors of Unresectable Proximal Cholangiocarcinoma 
in Potentially Resectable Patients
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Background: Although advanced imaging technique is being used nowadays, the unresectable rate of cholangiocarcinoma has been 
38% in patients who have undergone exploration because of sub-radiological metastases. 

Objective: To identify the predictors of unresectable proximal cholangiocarcinoma in era of modern imaging.

Materials and Methods: Between January 2012 and April 2017, patients who had potentially curative resection and underwent 
laparotomy for proximal cholangiocarcinoma were evaluated. The 60 patients were categorized into two groups, resectable and 
unresectable group.

Results: For an intrahepatic cholangiocarcinoma [ICC] group of 18-unresectable and 27-resectable patients, there were signiϐicantly 
higher levels of alkaline phosphatase [ALP] (328.4 versus 148.8 U/L, p = 0.002), gamma-glutamyl transferase [GGT] (364.1 versus 
179.9U/L, p = 0.015) and a higher number of patients with N2-enlarged lymph nodes [LN] greater than 1 cm from imaging (27.8% 
versus 0%, p = 0.004) in unresectable group. For a perihilar cholangiocarcinoma [PHC] group of 5-unresectable and 10-resectable 
patients, there was a higher number of patients with N2-enlarged LN greater than 1 cm from imaging (40.0% versus 0%, p = 0.032) 
in unresectable group. According to univariate analysis, ALP and GGT of resectable group and unresectable group were signiϐicantly 
different by using cut-off level of ALP at 150 U/L (odds ratio 0.240, p = 0.028) and GGT level at 240 U/L (odds ratio 0.154, p = 
0.005). The GGT was the only one independent predictor by using cut-off level at 240 U/L (odds ratio 0.154, p = 0.13). The area 
under the receiver operating characteristic [ROC] curve of GGT was 0.7127.

Conclusion: The GGT was the moderate powerful predictor of unresectable patients for ICC in patients with high a serum level of 
GGT more than 240 U/L.
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Cholangiocarcinoma is tumor originating from 
bile duct epithelium and classified by using anatomical 
position including intrahepatic, perihilar, and distal 
cholangiocarcinoma(1). The proximal bile duct cancer 
is comprised of intrahepatic cholangiocarcinoma 
[ICC], perihilar cholangiocarcinoma [PHC], and 
gallbladder cancer(2). ICC is the second most common 
primary liver tumor that originates from intrahepatic 
bile duct and has the worst prognosis of any liver 
tumor(3). Thailand has had the highest incidence rate 
of cholangiocarcinoma of 100/100,000 associated   
with liver fluke(1). Although thin-section computed 
tomography [CT] and magnetic resonance imaging 
[MRI] technique has been used nowadays, the 

resectable rate has been 62% in patients who have 
undergone exploration because of sub-radiological 
metastases(4). Laparoscopic staging has been used           
to detect occult metastatic disease and avoidance of 
unnecessary laparotomy(4-6). However, routine staging 
laparoscopy still has controversy and no exact 
indication(5,7). The purpose of this study was to identify 
the predictors of unresectable proximal cholangio-
carcinoma in era of modern imaging.

Material and Method
Study population

This was a retrospective study. Sixty-seven 
consecutive patients who had potentially curative 
resection without suspected metastatic lesions from 
radiologic staging that underwent laparotomy for      
ICC and PHC between January 2012 and April 2017 
at Hepato-Pancreato-Biliary Division, Department      
of Surgery, Ramathibodi Hospital were evaluated. 
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Gallbladder cancer was excluded from the study. All 
patients had histologic confirmation from pre-, intra-, 
or post-operative.

De inition used
ICC is a tumor originating from beyond the  

second order of intrahepatic bile duct(8) and not 
involving bifurcation. PHC is a tumor originating from 
beyond the cystic duct junction to the second order of 
intrahepatic bile duct(9). ICC was classified by using 
Liver Cancer Study Group of Japan [LCSGJ] gross 
macroscopic classification, mass-forming, periductal-
infiltrating, and intraductal growth type(10). Tumor 
staging was classified according to the American Joint 
Committee on Cancer eighth edition(11). Postoperative 
complication was evaluated within 30 days after the 
operation by using the Clavien-Dindo classification(12). 
The ICC and PHC were considered unresectable in   
the presence of 1) peritoneal dissemination, 2) intra-
hepatic metastases, 3) pathological N2-lymph node 
[LN] metastases (common hepatic, celiac and para-
aortic regions), 4) bilateral or contralateral involvement 
of portal vein, hepatic artery, 5) bilateral involvement 
of second order of bile duct, and 6) inadequate future 
liver remnant(13).

Statistical analysis
Statistical analysis was calculated by SPSS 

software version 18 (SPSS Inc., Chicago, IL). Variables 
were compared by using Chi-square (χ2) tests and 
independent samples t-tests. Differences were 
considered significant at a p-value of less than 0.05. 
Univariate and multivariate logistic regression analysis 
was calculated by stepwise technique.

Results
From 67 patients, seven patients were excluded due 

to pathological diagnosis of no malignancy (Figure 1). 
The remaining 60 patients included 45 patients (74.6%) 
with ICC and 15 patients (25.4%) with PHC. For ICC 
patients, 27 patients (59.1%) underwent curative 
resection and 18 patients (40.9%) could not receive 
resection after laparotomy. For PHC patients, 10 
patients (66.7%) underwent curative resection and    
five patients (33.3%) could not receive resection       
after laparotomy.

Patient characteristics
Patients were grouped into two groups, an un-

resectable group and a resectable group. For ICC and 
PHC, there were no significant differences between  

the two groups in terms of gender, age, presence of 
symptoms, body mass index [BMI], duration from first 
visit to surgery, duration from presence of symptom to 
surgery, duration from last imaging to surgery, and the 
American Society of Anesthesiologists score (Table 1). 
For ICC, there were significantly shorter length of stay 
(6.9 versus 15.7 days, p = 0.009) and operative time 
(144.7 versus 431.1 minutes, p = 0.002) in unresectable 
group. Additionally, there were significantly lower 
estimated blood loss (211.9 versus 1,187.0 mL, p = 
0.001), blood transfusion (0 versus 1.2 unit; p = 0.001), 
and postoperative complication (11.1% versus 51.9%, 
p = 0.005) in unresectable group. For PHC, there were 
significantly shorter operative time (239.0 versus   
605.5 minutes, p = 0.002), lower estimated blood       
loss (620 versus 1,960 mL, p = 0.006), and lower   
blood transfusion (0.4 versus 2.7 unit, p = 0.008) in 
unresectable group.

Preoperative blood sampling data 
For ICC and PHC, in terms of preoperative blood 

sampling, no significant differences of total bilirubin, 
albumin, carcinoembryonic antigen [CEA], and carbo-
hydrate antigen 19-9 [CA19-9] between unresectable 
group and resectable group were discovered (Table 2). 
However, for ICC, there were significantly higher 
levels of alkaline phosphatase [ALP] (328.4 versus 
148.8, p = 0.002) and gamma-glutamyl transferase 
[GGT] (364.1 versus 179.9, p = 0.015) in unresectable 
group.

Preoperative imaging data
For both ICC and PHC, there were no significant 

ICC = intrahepatic cholangiocarcinoma; PHC = perihilar cholangio-
carcinoma; IPN-B = intraductal papillary neoplasm of the bile duct;  
HCC = hepatocellular carcinoma

Figure 1. Patient disposition.
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differences of imaging technique, slice thickness, 
dynamic phase, vascular invasion, adjacent organ 

invasion, T staging, tumor size and gross morphology. 
However, for ICC and PHC, unresectable group was 

Table 1. Patient characteristics

Intrahepatic cholangiocarcinoma Perihilar cholangiocarcinoma

Unresectable (n = 18) Resectable (n = 27) p-value Unresectable (n = 5) Resectable (n = 10) p-value

Gender, n (%) 0.616 0.121

Male
Female

12 (66.7)
  6 (33.3)

16 (59.3)
11 (40.7)

            2 (40.0)
            3 (60.0)

           8 (80.0)
           2 (20.0)

Age (years), mean 60.2 63.0 0.377 61.2 55.7 0.261

Symptoms, n (%) 0.083 0.829

Asymptomatic
Weight loss
Abd. discomfort
Abd. mass
Jaundice
Other

  2 (11.1)
  4 (22.2)
12 (66.7)

0 (0.0)
0 (0.0)
0 (0.0)

10 (37.0)
1 (3.7)

12 (44.4)
2 (7.4)
1 (3.7)
1 (3.7)

            1 (20.0)
            0 (0.0)
            1 (20.0)
            0 (0.0)
            3 (60.0)
            0 (0.0)

           1 (20.0)
           0 (0.0)
           3 (30.0)
           0 (0.0)
           6 (60.0)
           0 (0.0)

1st visit-BMI (kg/m2), mean 24.82 24.72 0.929 25.06 22.56 0.240

BS-BMI (kg/m2), mean 23.85 24.57 0.552 24.30 20.55 0.138

D-BMI (kg/m2), mean -0.98 -0.15 0.059 -0.76 -2.01 0.387

Duration from 1st visit* (day) 60.6 49.0 0.344 102.0 119.1 0.780

Duration of symptom** (day) 120.8 98.9 0.438 140.4 156.6 0.791

Duration from imaging*** (day) 50.0 46.7 0.640 37.2 49.4 0.466

Length of stay (days), mean 6.9 15.7 0.009 10.6 18.8 0.070

Operative time (minutes), mean 144.7 431.1 0.002 239.0 605.5 0.002

Estimated blood loss (mL), mean 211.9 1,187.0 0.001 620.0 1,960.0 0.006

Blood transfusion (unit), mean 0.0 1.2 0.001 0.4 2.7 0.008

Major liver resection, n (%) 0 (0.0) 15 (55.6) 0.003             1 (20.0)            9 (90.0) 0.007

ASA, n (%) 0.472 0.409

Class I
Class II
Class III

1 (5.6)
  9 (50.0)
  8 (44.4)

1 (3.7)
  9 (33.3)
17 (63.0)

            0 (0.0)
            2 (40.0)
            3 (60.0)

           0 (0.0)
           2 (20.0)
           8 (80.0)

Complication, n (%)   2 (11.1) 14 (51.9) 0.005             2 (40.0)            6 (60.0) 0.464

Grade I
Grade II
Grade IIIa
Grade IIIb
Grade IV
Grade V

0 (0.0)
  1 (50.0)

0 (0.0)
0 (0.0)

  1 (50.0)
0 (0.0)

  7 (50.0)
  3 (21.4)

1 (7.1)
  3 (21.4)

0 (0.0)
0 (0.0)

            0 (0.0)
            1 (50.0)
            1 (50.0)
            0 (0.0)
            0 (0.0)
            0 (0.0)

           1 (16.7)
           1 (16.7)
           3 (50.0)
           0 (0.0)
           1 (16.7)
           0 (0.0)

Abd. = abdominal; BS-BMI = before surgery body mass index; D-BMI = delta-body mass index (before surgery BMI minus 1st visiting BMI); ASA = 
American Society of Anesthesiologists
* Duration from 1st visit to surgery, ** Duration from presence of symptom to surgery, *** Duration from last undergone imaging to surgery

Table 2. Preoperative blood sampling data 

Intrahepatic cholangiocarcinoma Perihilar cholangiocarcinoma

Unresectable (n = 18) Resectable (n = 27) p-value Unresectable (n = 5) Resectable (n = 10) p-value

Tbil (mg/dL), mean        0.6        0.2 0.192     1.0        1.8 0.176

Albumin (g/L), mean      34.6      36.8 0.179   37.1      34.5 0.130

ALP (U/L), mean    328.4    148.8 0.002 332.0    388.7 0.674

GGT (U/L), mean    364.1    179.9 0.015 455.8    595.9 0.384

CEA (ng/mL), mean      25.0      50.7 0.413     2.8      60.1 0.546

CA19-9 (U/mL), mean 1,952.0 3,311.2 0.566 685.8 1,575.5 0.580

Tbil = total bilirubin; ALP = alkaline phosphatase; GGT = gamma-glutamyl transferase; CEA = carcinoembryonic antigen; CA19-9 = carbohydrate 
antigen 19-9
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a higher number of patients with N2-enlarged LN 
greater than 1 cm from imaging, 27.8% versus 0%,      
p = 0.004 in ICC and 40% versus 0%, p = 0.032 in 
PHC group (Table 3).

Univariate and multivariate analysis
Univariate analysis was calculated by using delta-

body mass index [D-BMI], ALP and GGT. Only two 
variables, ALP and GGT, were significantly different 
by using cut-off level of ALP at 150 U/L (50 percentile) 
and cut-off level of GGT at 240 U/L (75 percentile). 
The odds ratio for ALP and GGT were 0.240, 0.154 
and p-value were 0.028, 0.005, respectively. GGT was 
only significant predictor after multivariate analysis 
was done (odds ratio 0.154, p = 0.013) (Table 4, 5). 

Table 3. Preoperative imaging data

Intrahepatic cholangiocarcinoma Perihilar cholangiocarcinoma

Unresectable (n = 18) Resectable (n = 27) p-value Unresectable (n = 5) Resectable (n = 10) p-value

Imaging tech., n (%) 0.054 -

CT
MRI

16 (88.9)
  2 (11.1)

17 (63.0)
10 (37.0)

            5 (100)
            0 (0.0)

          10 (100)
0 (0.0)

Slice thickness, n (%) 0.304 0.264

<3 mm
>3 mm

  5 (27.8)
13 (72.2)

  9 (33.3)
18 (66.7)

4 (80.0)
1 (20.0)

  5 (50.0)
  5 (50.0)

Dynamic phase, n (%) 0.693 0.591

Triple phases
Tetra phases

13 (72.2)
  5 (27.8)

15 (55.6)
12 (44.4)

4 (80.0)
1 (20.0)

  9 (90.0)
  1 (10.0)

Vas. invasion, n (%)   8 (44.4)   7 (25.9) 0.197             0 (0.0) 0 (0.0) -

Adj. organ abutment or invasion, 
n (%)

  9 (50.0) 11 (40.7) 0.540 1 (33.3) 0 (0.0) 0.134

T staging, n (%) 0.502 0.373

T1a
T1b
T2
T2a
T2b
T3
T4

  2 (11.1)
  3 (16.7)
  4 (22.2)

0 (0.0)
0 (0.0)

  6 (33.3)
  3 (16.7)

  8 (30.8)
  4 (15.4)
  3 (11.5)

0 (0.0)
0 (0.0)

  9 (34.6)
2 (7.7)

            0 (0.0)
            0 (0.0)
            0 (0.0)

1 (20.0)
2 (40.0)
2 (40.0)

            0 (0.0)

0 (0.0)
0 (0.0)
0 (0.0)

  4 (40.0)
  5 (50.0)
  1 (10.0)

0 (0.0)

Tumor size (mm), mean 63.3 71.4 0.416 - - -

Gross morph., n (%) 0.231 0.392

Mass forming
Intraductal
Periductal

             18 (100)
0 (0.0)
0 (0.0)

23 (85.2)
  3 (11.1)

1 (3.7)

            0 (0.0)
            0 (0.0)
            5 (100)

  1 (10.0)
  2 (20.0)
  7 (70.0)

N2-LN >1 cm, n (%)   5 (27.8) 0 (0.0) 0.004 2 (40.0) 0 (0.0) 0.032

tech. = technique; Vas. = vascular; Adj. = adjacent; morph. = morphology; LN = lymph node

Table 4. Univariate analysis of predictor of unresectable for ICC

Predictor Unresectable Resectable Odds ratio (95% CI) p-value

D-BMI (kg/m2), mean -0.98 -0.15 1.710 (0.980 to 2.990)   0.059

ALP (U/L), n (%)   0.03

>150
<150

12 (66.7)
  6 (33.3)

  9 (33.3)
18 (66.7)

0.250 (0.070 to 0.890)
1

GGT (U/L), n (%)   0.01

>240
<240

11 (61.1)
  7 (38.9)

  5 (18.5)
22 (81.5)

0.152 (0.040 to 0.590)
1

N2-LN >1 cm, n (%)   5 (27.8) 0 (0.0) -   0.04

CI = conϐidence interval; D-BMI = delta-body mass index (before surgery BMI minus 1st visiting BMI); ALP = alkaline phosphatase; GGT = gamma-
glutamyl transferase

Table 5. Multivariate analysis of predictor of unresectable for ICC

Predictor Odds ratio (95% CI) p-value

GGT (>240 U/L versus <240 U/L) 0.150 (0.040 to 0.590) 0.001

GGT = gamma-glutamyl transferase
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The area under the receiver operating characteristic 
[ROC] curve of GGT was 0.7127 (Figure 2).

Cause of unresectable
For 18 unresectable patients in ICC group, five 

patients (27.8%) were found having peritoneal 
metastases, five patients (27.8%) were found having 
liver metastases, and one (5.6%) was found having 
locally advanced tumor after laparotomy. The remaining 
7 patients (38.9%) had N2-LN metastases with five 
cases for para-aortic LN and two cases for celiac LN 
metastases (Figure 3a).

For five unresectable patients in PHC group,    
three patients (60%) were unresectable due to locally 
advanced tumor and two (40%) had para-aortic LN 
metastases (Figure 3b).

Discussion
In contrast to distal cholangiocarcinoma, ICC 

usually presents symptoms after advanced stage as 
there are no tumor markers for early diagnosis(1,14). The 
yield of staging depends on the technique and quality 
of preoperative imaging such as thin slice or thick slice 
imaging, CT, or MRI(6). The good quality of pre-
operative imaging can increase yield of identified small 
liver metastases or peritoneal metastases and can 
reduce rate of unresectable laparotomy due to distant 
metastases(15).

From this study, ICC, the resectable rate in 
potentially resectable patients was 59.1% comparable 
to other studies with the rate of 52% to 76%(15,16). 
Nowadays, there have been no definite predictors 
detecting unresectable cholangiocarcinoma. Data 
analysis of this study revealed that unresectable ICC-
patients tended to have a lower body mass index [BMI] 
and higher weight loss (D-BMI) when compared          
with resectable ICC-patients but the difference was  
not statistically significant. Surprisingly, the serum 
level of ALP and GGT were significantly higher in 
unresectable group. The ALP and GGT basically have 
been used as biomarkers for liver diseases and usually 
rise in hepatic or biliary tract diseases(17). For hepato-
cellular carcinoma [HCC], the elevation of ALP and 
GGT in the presence of normal bilirubin is associated 
with poor overall survival after treatment(18). A previous 
study indicated that the high level of serum GGT was 
useful as a biomarker for unfavorable prognosis of ICC 
after surgery and as an indicator of aggressive tumor 
behaviors including vascular invasion, LN involvement, 
and incomplete tumor encapsulation(19). Moreover, 
from experimental study, cancer cells showed higher 

ALP level in the nucleolus during tumor cell pro-
liferation. Therefore, the high level of ALP product 
should be associated with the high level of cancer cell 
proliferation(20). In terms of GGT, GGT plays as an 
important enzyme for cell proliferative and apoptotic 
balance, which have potential implications in tumor 
progression and drug resistance(21). To the best of our 
knowledge, the relationship between GGT and tumor 
aggressiveness is still unexplainable and needs further 
experimental studies. According to present study, 

Figure 2. ROC curve of gamma-glutamyl transferase (GGT).

Figure 3a. Cause of unresectable for ICC.

Figure 3b. Cause of unresectable for PHC.
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univariate analysis was calculated by using the cut-off 
values of ALP level at 150 U/L and GGT level at 240 
U/L. At these cut-off levels, significant differences 
were found between unresectable group and resectable 
group. Multivariate analysis showed that GGT was an 
only independent predictor for unresectable ICC and 
ROC curve analysis revealed a moderate powerful 
predictor of GGT with the area under the curve of   
0.71. For PHC, no correlation between resectable and 
unresectable groups was found due to the low sample 
size.

The limitation of this study was the small sample 
size especially in the PHC group. Although Thailand 
has had the highest incidence of cholangiocarcinoma, 
the high incidence is only found in north-east of 
Thailand. The incidence of cholangiocarcinoma in 
central part of Thailand is six times less than that in 
north-eastern part(3). Retrospective data collection for 
more than five years might have more sample size but 
the obtained data might be unreliable due to the poor 
preoperative radiologic imaging quality. This was         
the reason this study conducted retrospective data 
collection for five years only.

Conclusion
The GGT was a moderate powerful predictor of 

unresectable patients for ICC in patients with a high 
serum level of GGT of more than 240 U/L.

What is already known on this topic?
The unresectable rate of ICC after laparotomy      

is high, due to disseminated disease. Nowadays, the 
predictors of unresectable ICC has not been documented. 
According to previous studies, the GGT was useful    
as a biomarker for unfavorable prognosis of ICC      
after surgery and as an indicator of aggressive tumor 
behaviors.

What this study adds?
From this study, GGT can be used as a predictor 

of unresectable patients for ICC. Furthermore, GGT is 
a moderate powerful predictor in patients with a high 
serum level of GGT of more than 240 U/L.

Potential con licts of interest
None.
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ปจจัยที่บงบอกถึงการผาตัดไมสําเร็จในผูปวยท่ีคาดวาสามารถผาตัดไดตอการรักษามะเร็งทอนํ้าดีสวนตน

ปรมินทร มวงแกว, สมคิด มิ่งพฤฒิ, ณรงศักดิ์ รุงสกุลกิจ, พงศธร ตั้งทวี, พีรธัช สมภพโภคาเศรษฐ, วิกรานต สุรกุล

ภมูหิลงั: แมวาการตรวจวินจิฉยัทางรังสวีทิยามคีวามกาวหนาขึน้มาก แตพบวายงัมีผูปวยโรคมะเร็งทอนํา้ด ีจาํนวนหนึง่ (38%) ไมสามารถ
ผาตัด เนื่องจากพบวามีการกระจายของมะเร็งไปยังตอมน้ําเหลือง เยื่อบุชองทองหรือในตับ แมวาจะไมพบการกระจายของโรคจากภาพ
รังสีวิทยาก็ตาม

วัตถุประสงค: เพื่อหาปจจัยที่บงบอกถึงการผาตัดไมสําเร็จของโรคมะเร็งทอนํ้าดีสวนตนในยุคสมัยปจจุบันที่มีภาพทางรังสีวิทยาคุณภาพดี
วสัดแุละวธิกีาร: ผูปวยมะเรง็ทอนํา้ดสีวนตนที่ไดรบัการผาตดัระหวาง เดอืนมกราคม พ.ศ. 2555 ถงึ เมษายน พ.ศ. 2560 ทีค่ณะแพทยศาสตร 
โรงพยาบาลรามาธิบดี จํานวนทั้งสิ้น 60 ราย แบงเปน 2 กลุม คือ กลุมผูปวยโรคมะเร็งทอนํ้าดีที่สามารถผาตัดได และกลุมผูปวยมะเร็งทอ
นํ้าดีที่ไมสามารถผาตัดได

ผลการศึกษา: ในผูปวยมะเร็งทอนํ้าดีชนิดในตับ (intrahepatic cholangiocarcinoma) ทั้งหมด 45 ราย แบงเปนกลุมที่สามารถผาตัดได 
27 ราย และกลุมที่ไมสามารถผาตัดได 18 ราย พบวาการตรวจคาการทํางานของตับ alkaline phosphatase [ALP], gamma-glutamyl 
transferase [GGT] สูงกวาในกลุมที่ไมสามารถผาตัดได (328.4 ตอ 148.8 U/L, p = 0.002 และ 364.1 ตอ 179.9 U/L, p = 0.015 
ตามลําดบั) และพบวาผูปวยที่ไมสามารถผาตดัไดมกัจะมตีอมนํา้เหลอืงกลุม N2 ขนาดใหญกวา 1 เซนตเิมตร จากภาพถายรงัสมีากกวากลุม
ทีผ่าตดัไดอยางมีนยัสาํคญัทางสถิต ิ(27.8% ตอ 0%, p = 0.004) สวนกลุมผูปวยมะเร็งทอนํา้ดชีนดิขัว้ตบั (perihilar cholangiocarcinoma) 
มีจํานวนทั้งหมด 15 ราย แบงเปนกลุมที่สามารถผาตัดได 10 ราย และกลุมที่ไมสามารถผาตัดได 5 ราย พบวาผูปวยที่ไมสามารถผาตัดได
มักจะมีตอมนํ้าเหลืองกลุม N2 ที่มีขนาดใหญกวา 1 เซนติเมตร จากภาพถายรังสีมากกวากลุมที่ผาตัดไดอยางมีนัยสําคัญทางสถิติ (40% 
ตอ 0%, p = 0.032) จากการวิเคราะหขอมูลแบบ univariate พบวาคา ALP และ GGT สามารถแยกกลุมที่สามารถผาตัดไดออกจากกลุม
ที่ไมสามารถผาตดัไดเม่ือใชคา ALP ที ่150 U/L และ GGT ที ่240 U/L ตามลาํดบั แตเมือ่วเิคราะหดวย multivariate พบวามเีฉพาะคา 
GGT ตัวเดียวที่สามารถใชแยกกลุมที่สามารถผาตัดไดออกจากกลุมที่ไมสามารถผาตัดได และจากการคํานวณพื้นที่ใตกราฟ (ROC curve) 
พบวา GGT มีพื้นที่ใตกราฟอยูที่ 0.7127

สรุป: GGT สามารถใชพยากรณการผาตัดไมสําเร็จไดโดยมีความนาเชื่อถือที่ระดับปานกลางสําหรับโรคมะเร็งทอนํ้าดีชนิดในตับเมื่อใชคา 
GGT สูงกวา 240 U/L แตในโรคมะเร็งทอนํ้าดีชนิดขั้วตับยังคงตองรอขอมูลเพ่ิมเติม


