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Abstract 
The study was designed to discuss the effect of stratification factors in the Mayo staging on the prognosis of hilar cholangiocarcinoma 
(HCCA) patients, and to evaluate the predictive value of the Mayo staging on the prognosis. The Kaplan–Meier survival curve and 
Log-rank test were used to perform univariate analysis on each index and obtain statistically significant influencing factors. The 
Kaplan–Meier survival curve and Log-rank test were used to analyze the correlation between the two staging systems and the 
survival period. The receiver operating characteristic (ROC) curves were used for each single staging system trend analysis, and 
comparison of their curve area to determine prognosis prediction ability for patients with HCCA. According to Kaplan–Meier 
survival curve changes and Log-rank test results, it was found that both staging systems were correlated with the survival time 
of the patients (P < .001). Through a pairwise comparison within the stages, it was found that the heterogeneity between the 
stages within the Mayo staging is very good, which was better than the TNM staging. A single trend analysis of the prognostic 
assessment capabilities of the two systems found that the area under the ROC curve of Mayo staging system (AUC = 0.587) was 
the largest and better than the TNM staging system (AUC = 0.501). Mayo staging can be used for preoperative patient prognosis 
assessment which can provide better stratification ability based on a single-center small sample study, and the predictive value 
is better than TNM staging.

Abbreviations: ECOG = Eastern Cooperative Oncology Group, ERBD = endoscopic retrograde biliary drainage, HCCA = hilar 
cholangiocarcinoma, PTCD = percutaneous transhepatic cholangiography and drainage, ROC = receiver operating characteristic.
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1. Introduction

Cholangiocarcinoma, also known as biliary malignant steno-
sis, refers to malignant tumors originating from biliary epi-
thelial cells, accounting for 3% of digestive system tumors.[1–4] 
It is the second most common malignant tumor in primary 
liver tumors, and the incidence of males is higher than that of 
females.[5] Among them, HCCA accounts for 40% to 60% of 
cholangiocarcinoma. Surgical resection is an effective method 

for the treatment of HCCA, but the effective rate of surgery 
in early patients is less than 25%.[6] In early patients, the most 
perfect treatment is liver transplantation combined with neo-
adjuvant chemotherapy.[7] The current basic chemotherapy reg-
imen is gemcitabine combined with cisplatin. However, a large 
amount of clinical data has proven that it is not sensitive to 
chemotherapy and that chemotherapy is only a means of palli-
ative treatment, according to statistical survival only extended 
by 3 months.[8]
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The current staging systems for HCCA are Bismuth‐Corlette 
typing,[9] MSKCC T staging,[10] Gazzaniga staging,[11] AJCC 
8th TNM staging system (https://www.facs.org/quality-pro-
grams/cancer/ajcc/cancer-staging) and stages published by 
the International Cholangiocarcinoma Working Group in 
2011.[12] The most commonly used are Bismuth‐Corlette typ-
ing, MSKCC T staging and AJCC 8th TNM staging system. 
Bismuth‐Corlette typing and MSKCC T staging are preoper-
ative guidance for surgical patients, which can extend patient 
survival by increasing R0 resection rates. The definition of liver 
atrophy in MSKCC T staging factors is inaccurate, resulting in 
significantly limited practical value in clinical work. Based on 
histopathology results, the TNM staging system is used to eval-
uate the local and distant metastasis of tumor after surgery, and 
has low value for surgical guidance. Therefore, all three stages 
are surgical stages, and none is used to assess the prognosis of 
non-surgical patients. The International Cholangiocarcinoma 
Group absorbed the contents of these three stages and incor-
porated new variables, carried out a more comprehensive eval-
uation and expression. But it not only lacks the validation of 
large sample data, but it also cannot be layered. Non-surgical 
patients should be based on clinically acquired information to 
predict survival time rather than pathological outcomes. At 
present, the treatment of HCCA urgently requires a new treat-
ment, but the clinical trial of HCCA is blocked due to the lack 
of a clinical stage of non-surgical treatment. Because this stag-
ing needs to be stratified for all patients in clinical experimental 
studies.

Currently, there is no stage that can be adapted to all 
patients with HCCA. In order to make up for this deficiency, 
Chaiteerakij et al[13] of the Mayo Clinic in the United States 
proposed a Mayo staging of HCCA patients based on clinical 
information. The staging system is based on the clinical data 
of 413 HCCA patients admitted to the Mayo Clinic in the past 
8 years, through the ECOG (Eastern Cooperative Oncology 
Group) activity status score, vascular involvement, tumor 
metastasis, lymph node metastasis, tumor size and number, 
CA19-9 level and other indicators are divided into 4 periods. 
At the same time, compared with the imaging TNM staging, 
significant results were obtained. However, the single-center 
study was conducted in the Western population, and primary 
sclerosing cholangitis was considered to be a major risk factor 
for HCCA in this population. Therefore, we performed a retro-
spective analysis using the clinical data of 335 patients treated 
at our hospital from February 1, 2004, to January 1, 2013 and 
conducted a single-center study of the Mayo staging system. At 
the same time, we discuss the clinical use value of the Mayo 
staging system by comparing it with the TNM staging system of 
pathological standard.

2. Material and methods

2.1. Ethics statement

The research protocol was reviewed and approved by our 
Research Ethics Committee and performed in accordance with 
the Declaration of Helsinki. All participants or their guardians 
gave written consent for use of their clinical samples and medi-
cal information in scientific research.

2.2. Patients

We reviewed and analyzed the clinical data of 335 patients 
with HCCA in the Affiliated Hospital of Qingdao University 
during February 1, 2004 to January 1, 2013. Follow-up data 
were available for all patients. The two researchers combined 
clinical data in groups according to the TNM staging system 
and Mayo staging system.[13] Then they finally adjusted and 
compared, and listed the cases of disagreement separately. 

These data were judged by the chief physician who was finally 
a third party.

2.3. Diagnosis

We selected cases according to the following criteria: ini-
tial diagnosis, or although confirmed but did not receive any 
anti-tumor treatment in other medical institutions before com-
ing to our hospital. The surgical specimen was confirmed by 
histopathological examination HCCA. Tissue pathology from 
endoscopic biopsy, confirmed by percutaneous biopsy, intraop-
erative biopsy. Enhanced CT or MRI cross-sectional imaging 
confirmed the presence of malignant biliary stricture, and had 
a hilar mass, and subsequent follow-up there was a malignant 
clinical outcome. CA19-9 > 100 U/mL, and the imaging results 
confirmed that malignant biliary stricture did not include bac-
terial cholangitis.[14] In the determination of patients without 
pathological results confirmed, according to their medical his-
tory, signs, imaging examination (enhanced CT, enhanced MRI, 
MRCP, etc), ultrasonic examination, laboratory examination, 
intervention and endoscopic examination, etc, need to com-
bine the results of “Hilar cholangiocarcinoma (HCCA): expert 
consensus statement” of the 2015 American Hepatobiliary 
Pancreatic Association, “Guidelines for the Diagnosis and 
Treatment of Hilar cholangiocarcinoma” (2013) and “Clinical 
practice guidelines for the management of biliary tract cancers 
2015: the 2nd English edition” of Japanese hepato-biliary-pan-
creatic sciences.[15,16]

At the same time, we excluded the following patients: received 
anti-tumor treatment from other medical institutions before the 
hospital visits, including endoscopic retrograde biliary drainage 
(ERBD), percutaneous transhepatic cholangiography and drain-
age (PTCD), surgical removal, chemotherapy, etc. Combining 
other malignant tumors or severe chronic diseases (as chronic 
renal failure, cardiac insufficiency, pulmonary hypertension, 
etc). Patients can’t carry out Mayo staging system with incom-
plete clinical data. Patients who refused to participate in the 
study during telephone follow-up.

We used the following criteria to define baseline research: 
ECOG performance status, grade 0 = fully active, able to carry 
on all pre-disease performance without restriction, 1 = restricted 
in physically strenuous activity but ambulatory and able to 
carry out work of a light or sedentary nature, e.g., light house 
work, office work, 2 = ambulatory and capable of all self-care 
but unable to carry out any work activities; up and about more 
than 50% of waking hours, 3 = capable of only limited self-care; 
confined to bed or chair for more than 50% of waking hours, 
4 = completely disabled; cannot carry on any self-care; totally 
confined to bed or chair, 5 = dead. Tumor size: the maximum 
diameter of the tumor is determined by imaging data for the first 
diagnosis (enhancement CT > MRI > ultrasound). The data is 
determined by imaging data from our hospital. Tumor metastasis 
and the number of tumors: we determine the peritoneal metasta-
sis, liver metastasis (including intrahepatic metastasis) and other 
organ metastasis combined with imaging data diagnosis and 
determine the number of intrahepatic tumors. Lymphatic metas-
tasis: we retrospectively analyze perihepatic hilar lymph nodes 
through imaging data, especially 12 groups of lymph nodes. 
Vascular encasement: we analyze some or all of the tumor tissue 
around vascular tissue including the portal vein, hepatic artery 
and superior mesenteric artery by imaging data.

2.4. Follow-up

Follow-up mainly consisted of telephone calls and clinical vis-
its, with letters and household registration queries as necessary. 
Patients were followed up every 2 months, and every 3 months 
thereafter for the first year. Outpatient routine examination 
programs include CA19-9, liver function and hepatobiliary 
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pancreatic ultrasound. It is necessary to carry out enhanced CT, 
MRCP or bile imaging examination to further clarify whether 
the tumor recurrence when the examination results show or con-
sider the possibility of tumor recurrence. Then we need to record 
the recurrence time to develop the next treatment plan according 
to the patient’s physical condition and family wishes. Survival 
was defined as the date of operation or biliary drainage to the 
date of death or last follow-up, which was September 30, 2016.

2.5. Statistics

All data was managed by Microsoft Excel 2007 and subject to 
statistical analysis by SPSS 22.0 software (IBM Corp, Armonk, 
NY). The data met the continuous variable of normal distri-
bution using standard deviation (SD), and median and inter-
quartile spacing was used for that which did not conform to 
the normal distribution. According to a variety of clinical data 
of the patients diagnosed with HCCA before treatment, the 
study obtained statistically significant factors by the using of 
Kaplan–Meier method and Log-rank test for univariate anal-
ysis. Independent prognostic factors were analyzed by the Cox 
analysis method. Correlation analysis was carried out on the 
two staging systems and the multiple comparisons within sys-
tem to evaluate the degree of differentiation and single trend 
of staging system. The receiver operating characteristic (ROC) 
curves were used for each single staging system trend analysis, 
and comparison of their curve area to determine prognosis pre-
diction ability for patients with HCCA.

Combined with the TNM staging system and Mayo staging 
system criteria,[13] we found that the prognosis of the two stag-
ing systems is manifested in the following three aspects: accu-
racy: the variables that are decisive within the staging have an 
impact on the prognosis. Distinction degree: the survival time of 
patients with different stages is quite different. Single trend: the 
patient survival time showed a monotonous downward trend 
with the increment of each stage.

Based on the above content, we have the following analysis 
ideas: accuracy: according to clinical experience, the Kaplan–
Meier survival curve was drawn using indicators that affect the 
prognosis of the disease as variables and analyzed by Log-rank 
test, P < .05 was statistically significant, thereby obtaining statis-
tically significant influencing factors. Then the above influencing 
factors were introduced into the Cox regression analysis, and 
the risk ratio model was established for treatment, and indepen-
dent factors with statistical significance for the prognosis were 
obtained. Distinction degree and single trend: Kaplan–Meier sur-
vival curves were drawn and Log-rank test was used to analyze 
the discrimination and single trend of the two staging systems. 
The ROC was used to evaluate the pros and cons of the two stag-
ing models by comparing the areas under the two stages.

Preoperative test and imaging data were used to classify 
patients, and Kaplan–Meier survival curve and Log-rank test 
were used to perform univariate analysis of indicators affecting 
prognosis, and statistically significant influencing factors were 
obtained. Then, the above influencing factors were imported 
into Cox regression analysis, and a risk ratio model was estab-
lished for processing, and statistically significant prognostic fac-
tors were obtained to further understand the accuracy of the 
Mayo staging system. The stratification of the two staging sys-
tems was compared in pairs to evaluate the degree of distinction 
between the internal strata. The ROC curve was used to analyze 
the discrimination and single trend of the two staging systems, 
and the prognostic assessment ability was compared by compar-
ing the area of the curve.

3. Results
There were 335 patients with HCCA who could undergo the 
Mayo staging system, and 40 patients without follow-up data 

or who refused to participate in this study. There were a total 
of 295 patients who could undergo the Mayo staging system 
included in this study, 182 patients underwent operative treat-
ment, of whom 96 underwent R0 resection, and 48 underwent 
R1 resection, and 38 underwent R2 resection. There were 113 
patients with palliative biliary drainage, of whom 52 received 
ERBD treatment and 61 received PTCD treatment. The last fol-
low-up was September 30, 2016. A total of 283 patients died 
and 12 were lost to follow-up; the rate of loss to follow-up 
was 4.1%. The median survival was 12.4 (11.2‐13.6) months, 
and the 1-, 2-, and 3-year survival rates were (51.9 ± 2.9)%, 
(21.1 ± 2.5)%, and (12.6 ± 1.9)% (Fig. 1).

Univariate analysis showed that factors affecting the prog-
nosis of HCCA include: treatment method, albumin, prealbu-
min, lymph node metastasis, tumor metastasis (peritoneal and 
other. organs), CA19-9 > 1000 U/mL, tumor diameter > 3 cm, 
Bismuth‐Corlette typing, vascular encasement, the grade of 
ECOG performance status were prognostic indicators of HCCA 
(Table 1).

The statistically significant factors (P > .05) obtained by uni-
variate analysis were taken into the Cox regression analysis. 
Cox proportional hazard analysis showed that the treatment 
method (HR:2.077, 95% CI: 1.706‐2.529), albumin ≥ 35g/L 
(HR: 2.353, 95% CI: 1.803‐3.071), maximum diameter of 
tumor > 3 cm (HR: 1.335, 95% CI: 1.006‐1.772), tumor metas-
tasis (HR: 2.596, 95% CI: 1.160‐2.197), Bismuth‐Corlette 
typing (HR: 1.277, 95% CI: 1.147‐1.422) and the grade of 
ECOG performance status (HR: 1.837, 95% CI: 1.436‐2.349) 
were independent factors affecting prognosis (Table 2). When 
conducting multi-factor analysis of the Cox proportional haz-
ard model, interactions should be avoided between factors. 
Although TNM staging is also a prognostic factor, in order to 
avoid the impact on lymph node metastasis, tumor metastasis, 
and better assessment of Mayo staging, it has not been included 
in multivariate analysis.

In the Mayo staging, there were 14 cases in stage I, 38 
cases in stage II, 169 cases in stage III, and 77 cases in stage 
IV. The median survival time was 48.8 (20.7‐76.9) months, 
25.1 (15.1‐35.1) months, 13.0 (11.8‐14.2) months and 7.4 
(6.1‐8.7) months. The Kaplan–Meier survival curve and Log-
rank test results (P < .001, Fig.  2) of Mayo staging showed 
that Mayo staging can be used to predict prognosis. By 
comparing the groups (Table  3), P < .05 showed statistical 

Figure 1. Kaplan–Meier survival estimates of 295 patients with HCCA. 
A total of 283 patients died and 12 lost to follow-up. HCCA = hilar 
cholangiocarcinoma.
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Table 1

Univariable analysis of prognostic factors.

Variable (n) Median survival in months (95% CI) P value 

Gender  .914
  Male (197) 12.1 (10.9–13.2)  
  Female (98) 13 (10.9–15.0)  
Age (years)  .705
  ≤60 (113) 13 (11.4–14.6)  
  >60 (182) 12.1 (10.3–13.8)  
Blood types  .750
  A (87) 13 (11.2–14.8)  
  B (102) 13 (11.4–15.6)  
  AB (36) 12.1 (8.0–16.2)  
  O (70) 10 (8.0–12.0)  
Treatment category‡  <.001***
  R0 resection (96) 21 (13.7–28.3)  
  R1/R2 resection (86) 13.8 (12.3–15.3)  
  ERBD/PTCD (113) 8.7 (8.0–9.4)  
ALB(g/L)*  <.001***
  <35 (156) 9 (8.4–9.6)  
  ≥35 (1390) 19.7 (17.1–22.3)  
PAB (g/L)*  .015*
  <200 (200) 11.5 (10.2–12.8)  
  ≥200 (95) 14 (12.0–16.0)  
TBIL (μmol/L)*  .386
  <200 (116) 13.1 (11.3–14.9)  
  ≥200 (179) 12.0 (10.1–13.9)  
GGT (U/L)*  .512
  <90 (21) 10.6 (4.8–16.4)  
  ≥90 (274) 12.4 (11.3–13.5)  
TC (mmol/L)*  .922
  <6.22 (160) 12.7 (11.3–14.1)  
  ≥6.22 (135) 12 (10.0–14.0)  
CA19-9 (U/mL)  .003**
  <1000 (197) 14.0 (12.6–15.4)  
  ≥1000 (98) 9.9 (9.1–10.7)  
Differentiation grade‡  .556
  Poor (77) 14.2 (10.8–17.6)  
  Moderate (90) 20.4 (13.8–27.0)  
  Well (15) 18.6 (12.3–25.0)  
Distant metastasis†  <.001***
  Yes (224) 14.2 (12.6–15.8)  
  No (71) 7.3 (6.0–8.6)  
Bismuth-Corlette type  <.001***
  I (36) 29.8 (15.9–43.7)  
  II (58) 27.3 (25.3–29.3)  
  IIIA (71) 10.4 (9.6–11.2)  
  IIIB (66) 11.6 (9.2–14.0)  
  IV (64) 8.9 (7.7–10.1)  
Tumor diameter (cm)†  <.001***
  ≤3 (176) 14.0 (12.6–15.4)  
  >3 (119) 10.6 (9.6–11.6)  
Number of tumours†  .714
  1 (285) 12.3 (10.9–13.7)  
  ≥2 (10) 14.0 (7.8–20.2)  
Vascular encasement †  .037*
  No (214) 13.5 (12.1–14.8)  
  Yes (81) 10.2 (8.9–11.5)  
ECOG grade  <.001***
  0 (40) 20.4 (13.4–27.4)  
  1/2 (240) 12.1 (10.8–13.4)  
  3/4 (15) 5.8 (5.51–6.08)  

ALB = albumin, CA19-9 = carbohydrate antigen 19-9, ECOG = Eastern Cooperative Group, ERBD = endoscopic retrograde biliary drainage, GGT = glutamyl transferase, PAB = prealbumin, PTCD = 
percutaneous transhepatic cholangiography and drainage, R0 = resection was defined as pathologically negative surgical margins by the naked eye, R1/R2 = resection was defined as positive microscopic 
resection margins (R1 resection) or positive macroscopic resection margins (R2 resection), TBIL = total bilirubin, TC = total cholesterol.
* The diagnosis of the measured value. 
† Combining imaging data, enhancement CT > MRI > ultrasound.
‡ Pathological examination.
*P < .05.
** P < .01.
*** P < .001.
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significance, indicating that the discrimination and single 
trend of each stage in the Mayo staging (Table 4) were statis-
tically significant.

A total of 182 patients underwent surgical resection and 
had complete pathological data. The staging was performed 
according to the standard of the 8th edition of the TNM stag-
ing system, including 22 cases of stage I, 57 cases of stage II, 56 
cases of stage III, and 47 cases of stage IV. The median survival 
time was 49.3 (37.8‐60.8) months, 20.5 (16.8‐24.2) months, 
15.0 (12.6‐17.4) months, and 10.0 (7.3‐12.7) months. Kaplan–
Meier survival curves and Log-rank test results of TNM stag-
ing showed that TNM staging can be used to predict prognosis 
(P < .001, Fig.  3). However, by comparing the groups inter-
nally (Table 5), there was no statistically significant difference 
between stage II and stage III (P = .173), indicating that the 
discrimination of TNM staging was not ideal for each stage 
(Table 6).

A total of 295 patients underwent Mayo staging through 
preoperative imaging data and laboratory results, while the 
TNM staging system only staged postoperative cases, a total 
of 182 cases. Through the two-stage survival curves, it can be 
found that both stages are related to survival, and the later the 
stage, the worse the prognosis (P < .001). In this study, there 
was no statistically significant difference between stage II and 
III (P = .173) in TNM staging. A single trend analysis of the 

prognostic assessment capabilities of the two staging systems 
(Fig. 4) revealed that the Mayo staging had the largest area under 
the ROC curve (AUC = 0.587), which was greater than the ROC 
curve area of the TNM staging (AUC = 0.501) (Table 7).

4. Discussion
There are many staging systems for HCCA, but so far there is 
still a lack of a widely accepted staging system. There are cur-
rently only three general clinical stages or classifications for 
HCCA: Bismuth‐Corlette typing,[9] MSKCC T staging[6] and 
TNM staging. This study found that Bismuth‐Corlette typing 
(P < .001) is an independent prognostic factor for the progno-
sis of HCCA, but the authors believe that the main cause of 
prognosis is surgery-related. Because HCCA is not sensitive to 
radiotherapy and chemotherapy,[17,18] the treatment of HCCA in 
China is mainly surgical resection. Among them, radical resec-
tion (21 months) was significantly better than palliative resec-
tion (13.8 months) and palliative biliary drainage (8.7 months) 
in median survival, which is the same as other studies.[19–21] 
Because Bismuth‐Corlette typing is simple to operate, it is widely 
used in clinical practice to guide surgical treatment, improve R0 
resection rate, and achieve the purpose of prolonging survival. 
However, some foreign scholars used the Bismuth‐Corlette typ-
ing criteria to classify 230 patients with resectable HCCA. It 
was found that hepatectomy combined with caudate lobe resec-
tion can improve R0 resection rate regardless of the typing.[22] 
The MSKCC T staging was not included in this study. The main 
reason is that the definition of hepatic atrophy in the staging 
factors is unclear and cannot be embodied. The practical value 
in clinical work is obviously limited. TNM staging can be used 
to predict prognosis (P < .001), showing better predictive per-
formance than previous versions,[23] but only based on postoper-
ative pathology results. Studies have shown that TNM staging is 
not associated with overall survival in patients with HCCA who 
can be treated surgically.[24] To this end, we collected relevant 
data on HCCA patients who were hospitalized at the Affiliated 
Hospital of Qingdao University to research, which 335 patients 
could be used for Mayo staging, and excluded 40 patients who 
did not follow up the data or who refused to participate in the 
study. There were 295 patients in this study. Among them, 182 
were treated with surgery, 96 with R0 resection, 48 with R1 
resection, and 38 with R2 resection. There were 113 cases of 
palliative biliary drainage, including 52 cases of ERBD and 61 
cases of PTCD.

We found tumors with a maximum diameter > 3 cm (HR: 
1.335, 95% CI: 1.006‐1.772), tumor metastasis (HR: 2.596, 
95% CI: 1.160‐2.197), and ECOG score (HR: 1.837, 95% CI): 
1.436‐2.349) is an independent risk factor for prognosis in this 
research, which is consistent with the stratification principle 

Table 2

Multivariable analysis of prognostic factors.

Variable Hazard ratio (95% CI) P value 

Treatment category 2.077 (1.706–2.529) <.001***
ALB ≥ 35(g/L) 2.353 (1.803–3.071) <.001***
PAB ≥ 200(g/L) 1.270 (0.971–1.661) .081
Lymph node metastasis 1.106 (0.856–1.428) .440*
CA19-9 ≥ 1000(U/mL) 1.2239 (0.943–1.587) .129
Tumor diameter > 3 cm 1.335 (1.006–1.772) .046*
Distant metastasis 1.596 (1.160–2.197) .004**
Bismuth-Corlette type 1.277 (1.147–1.422) <.001***
ECOG grade 1.837 (1.436–2.349) <.001***
Vascular encasement 1.328 (0.992–1.778) .057

ALB = albumin, CA19-9 = carbohydrate antigen 19-9, ECOG = Eastern Cooperative Group, PAB = prealbumin.
*P < .05,
**P < .01,
***P < .001.

Figure 2. The Kaplan–Meier survival curve and Log-rank test results 
(P < .001) of Mayo staging system showed that Mayo staging system can be 
used to predict prognosis.
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of Mayo staging system. A study of 331 patients with HCCA 
by Regimbeau et al showed that patients with tumors larger 
than 3 cm in diameter died within 1 year.[25] The median survival 
of patients with tumor diameter > 3 cm in this study was 10.6 
(9.6‐11.6) months. ECOG is a simplified activity status score 
table. The patient’s activity status is divided into 0 to 5 levels, 
a total of 6 levels, which can be used to evaluate the overall 
status of patients. It has been widely used in our department. 
Chaiteerakij et al[13] considered it to be the strongest predictor, 
and the predicted value of ECOG scores of 3 and 4 was higher 
than tumor metastasis.

Serum albumin is an important indicator used in our clinical 
evaluation of nutritional status. The study found that patients 
with albumin ≥ 35 g/L had significantly higher survival than 
patients with albumin < 35 g/L. Clugston et al[26] studied mal-
nutrition in patients with obstructive jaundice and found that 
protein malnutrition occurred before surgery, and the postop-
erative complication rate and mortality rate were higher than 
those with good nutritional status. Obstruction of the biliary 
tract leads to poor bile drainage, damages to the intestinal 
hepatic circulation and the liver, gastrointestinal tract, brain and 
other substantial organs, resulting in decreased food intake and 
reduced energy supply. The occurrence of complications such 
as biliary infection further aggravates the nutritional consump-
tion of patients. At present, the monitoring of albumin index 
is mostly used for postoperative patients. Intravenous albumin 
supplementation can reduce tissue edema, promote anasto-
motic healing and other functions, and achieve rapid recovery 
of patients. Therefore, we consider strengthening the intrave-
nous nutrition and supplementing albumin to maintain a high 
level during perioperative preparation, which can improve the 
patient’s tolerance to surgery, shorten recovery time and avoid 
complications.

CA19-9 ≥ 1000 U/mL (P = .003) was found to have an impact 
on prognosis in our research, but it was not an independent 
risk factor for prognosis (P = .129). CA19-9 is a tumor marker 
isolated from colon cancer cells by Koprowski in 1979.[27–29] 
Because it specifically binds to gastric and intestinal cancer cells, 
it is also called gastrointestinal cancer antigen. The amount 
of normal human tissue cells is extremely small. It is highly 
expressed in cholangiocarcinoma and it is used as a tumor 
marker for routine examination because of its high sensitivity. 
Domestic studies suggest that elevated CA19-9 can be used as 
an independent factor in cholangiocarcinoma, but most studies 
are based on operable patients.[7,30–34] Domestic scholars believe 
that the survival rate of preoperative CA19-9 level < 150 U/mL 

is significantly better than that of patients with high CA19-9 
level.[35] Heimbach et al[36] found that CA 19-9 > 100 U/mL can 
be used as a predictor of recurrence in liver transplant patients 
by performing orthotopic liver transplantation in 65 patients 
with HCCA who cannot undergo surgical resection. Based on 
this study, 24 patients with CA19-9 ≥ 1000 and included in 
Mayo stage III had a median survival time of 12.0 (6.8‐17.2) 
months. This study suggests that CA19-9 ≥ 1000 U/mL can be 
used as a qualitative factor for cholangiocarcinoma. But further 
research is needed to decide it as a determinant of stage III in 
Mayo staging.

Vascular encasement (P = .037) and lymph node metastasis 
(P < .001) were risk factors for predicting patient survival in 
our study, but through Cox risk ratio model analysis, it can be 
seen that lymph node metastasis and vascular involvement are 
not independent risk factors for prognosis. This is the same as 

Table 3

Intergroup comparison of Mayo staging system.

Mayo staging system I II III IV 

Log-rank I     
Log-rank II <0.001    
Log-rank III <0.001 0.008   
Log-rank IV <0.001 <0.001 <0.001  

Table 4

Comparison of the internal survival rate of Mayo staging system (the degree of differentiation and single trend).

Mayo staging system (n) Median survival in months (95% CI) P value 

I (14) 48.8 (20.7–76.9) <.001***
II (38) 25.1 (15.1–35.1) .008**
III (166) 13.0 (11.8–14.2) <.001*
IV (77) 7.4 (6.1–8.7)  

*P < .05,
**P < .01,
***P < .001.

Figure 3. The Kaplan–Meier survival curve and Log-rank test results 
(P < .001) of TNM staging system showed that TNM staging system can be 
used to predict prognosis.
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Professor Chaiteerakij et al,[13] but it still adds the number of 
tumors, vascular involvement, and lymph node metastasis to the 
stratification. Based on previous studies to consider the correla-
tion between individual tumor characteristics,[37–39] it has high 
correlation with other factors. And there were only 10 patients 
with tumors ≥ 2, which is inherently biased and not statistically 
significant.

We performed Mayo staging on patients with HCCA by 
preoperative imaging data and CA19-9 levels and found that 
it can predict prognosis better (P < .001). It has a good strat-
ification effect through the comparison of some layers in the 
period (P < .05), which can be used not only for operable 
patients but also for non-surgical patients. It is a staging sys-
tem which is better than any current staging system for over-
all research. At present, none of the general staging systems 
are suitable for liver transplantation, liver transplantation in 
China is only a treatment for end-stage liver disease. Studies 
have shown that liver transplantation is the only possible cure 
for HCCA patients with locally advanced but not yet diffuse, 
with a 5-year survival rate of 25% to 42%.[40] Early literature 
reports on liver transplantation for patients with unresectable 
HCCA, with a 5-year survival rate of only 20% to 30%.[41] 
However, the Mayo Clinic in the United States through mul-
tidisciplinary collaboration, the 5-year survival rate of liver 
transplantation for HCCA can reach 72%.[42] We need a stag-
ing system for the treatment of HCCA to study liver transplan-
tation with the maturity of liver transplantation technology. 
However, Bismuth‐Corlette typing and MSKCC T staging are 
only limited to the evaluation of surgical respectability and 
only to improve the R0 resection rate. The Mayo staging is 
applicable to the overall staging and can be used to evaluate 
liver transplants. However, this study is a single-center study 
that lacks the treatment of liver transplantation in HCCA ther-
apy and therefore cannot be evaluated.

The study was grouped by imaging diagnosis, and a good 
staging effect was obtained. But the cases were mainly concen-
trated in stage III (56.3%), and stage 1,2 and 4 accounted for 
5%, 13.9%, and 26.1%, respectively. It is not so ideal from 
the perspective of the staging system. However, it is consistent 
with the characteristics of HCCA with the current situation of 
HCCA in China. There were usually no obvious clinical symp-
toms in the early stage, and most of them were diagnosed due 
to symptoms such as upper abdominal pain, jaundice and other 
symptoms. The diagnosis was in the middle and late stages.[43–45] 
Therefore, the cohort study is concentrated on stage III and is 
also reasonable.

We used the comparison of the area under the ROC when 
evaluating the two staging systems in our research, showing 
the discrimination and single trend of the two staging sys-
tems. The results show that the curve area of Mayo staging 
system is larger than the TNM staging system, indicating that 
Mayo staging system is superior to TNM staging system in 
discriminative and single trend. It can be seen from the stag-
ing characteristics that the Mayo staging system owns staged 
data before surgery, and the TNM staging is limited to surgi-
cal pathological staging. The Mayo staging system is superior 
to TNM staging system whether from surgical guidance or 
evaluation. The diagnosis of HCCA has also received better 
technical support with the advancement of imaging technol-
ogy. CT examination can well show the extent of lesions and 
bile duct expansion, and can clearly show portal vein embo-
lism, lymph node metastasis, and peritoneal invasion. We can 
also access vascular encasement and variability by means of 
three-dimensional reconstruction of blood vessels,[46] which 
provides technical support for the implementation of Mayo 

Table 5

Intergroup comparison of TNM staging system.

TNM staging system I II III IV 

Log-rank I     
Log-rank II <0.001    
Log-rank III <0.001 0.173   
Log-rank IV <0.001 <0.001 0.006  

Table 6

Comparison of the internal survival rate of TNM staging system (the degree of differentiation and single trend).

TNM staging system (n) Median survival in months (95% CI) P value 

I (22) 49.3 (37.8–60.8) <.001***
II (57) 20.5 (16.8–24.2) .173
III (56) 15.0 (12.6–17.4) .006**
IV (47) 10.0 (7.3–12.7)  

**P < .01,
***P < .001.

Figure 4. A single trend analysis of the prognostic assessment capabilities of 
the Mayo staging system and the TNM staging system under the ROC curve. 
ROC = receiver operating characteristic.
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staging. Some scholars have pointed out that the traditional 
pathological TNM staging system can be replaced by imag-
ing TNM staging system as a gold standard for comparison. 
However, because the tumor depth pathological information 
(T1) and the tumor’s extension to the surrounding tissues 
(T2) are indistinguishable, only stage I (T1N0M0) and stage 
II (T2N0M0) can be combined. Based on this, Chaiteerakij et 
al[13] compared the imaging TNM staging and Mayo staging 
in the overall, liver transplantation group, surgical resection 
group, and biliary drainage group, which showed that the 
prognosis of Mayo staging was better than the imaging TNM 
staging. We underwent pathological TNM staging (P < .001) 
with postoperative pathological findings of 182 patients, indi-
cating a statistical significance in prognosis. In summary, the 
Mayo staging system can better distinguish the prognosis of 
all patients, while the TNM staging system is less capable of 
distinguishing than the Mayo staging system. At the same 
time, Mayo staging is significantly better than TNM staging 
in predicting the accuracy of patient survival.

5. Conclusion
Mayo staging can be used for preoperative patient prognosis 
evaluation based on a single-center small sample study, and the 
predicted value is better than TNM staging, which can pro-
vide better stratification ability. Tumor metastasis, maximum 
tumor diameter > 3 cm and ECOG score in Mayo staging sys-
tem are independent factors affecting prognosis, and whether 
CA19-9 ≥ 1000 U/mL can be used as a stage III evaluation index 
requires further study. Radical surgical resection and improve-
ment of preoperative albumin levels can significantly improve 
the survival of patients with prognosis.
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