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Abstract

Background—Published prognostic models for overall survival after liver resection for
intrahepatic cholangiocarcinoma (ICC) require external validation before use in clinical practice.

Study Design—From January 1993 to May 2013, consecutive patients who underwent resection
of ICC were identified from a prospective database. The Wang nomogram was derived in an
Asian cohort (n=367) and included clinicopathological variables and preoperative CEA and CA
19-9 levels. The Hyder nomogram was derived in a Eastern and Western multicenter cohort
(n=514) using clinicopathological variables only. The AJCC Staging System 7th Edition (AJCC)
and the preoperative Fudan risk score were also evaluated. Prognostic performance was assessed
in terms of discrimination, calibration and stratification.

Results—One hundred eighty eight patients were included with a median follow-up of 41
months. Median OS was 48.7 months and estimated 3-year and 5-year OS were 59% and 45%,
respectively. OS prediction accuracy, according to concordance index calculation (C-index), was
respectively 0.72 in the Wang nomogram, 0.66 with the Hyder nomogram, 0.63 with the AJCC
and 0.55 using the Fudan score. Both nomograms provided also effective patient stratification in
distinct survival groups.

Conclusion—Both Wang and Hyder nomograms provided accurate patient prognosis estimation
after liver resection for ICC and may be useful for decision making regarding adjuvant therapy.

The Wang nomogram appears to be more appropriate in patients undergoing formal portal
lymphadenectomy and requires preoperative CEA and CA19-9 levels for optimal
performance. Intrahepatic cholangiocarcinoma (ICC) is the second most common primary
hepatic malignancy, with an incidence in the USA of about 1 per 100,000 (1). While ICC is
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much less common than hepatocellular carcinoma (HCC), its age-adjusted incidence has
risen by 165%, from 0.32 per 100,000 to 0.85 per 100,000 over the last 30 years (2, 3). The
only potentially curative treatment is complete resection, which offers a median overall
survival of about 30 months (4-7). Adjuvant or neoadjuvant therapy might improve survival
after resection, although this hypothesis is mainly based on extrapolation of data from two
randomized controlled trials for biliary cancers in the palliative setting (8—10). Prognostic
models could potentially optimize identification of patients most likely to benefit from such
treatment.

The 7t edition of the American Joint Committee on Cancer (AJCC) staging system
introduced a separate TNM classification for ICC, whereas earlier versions did not
differentiate between hepatocellular cancer and intrahepatic cholangiocarcinoma (2). Factors
included in the AJCC staging for ICC are the number of tumors, vascular invasion, direct
invasion of extrahepatic structures, periductal invasion (versus mass-forming lesions),
lymph node metastasis, and distant metastasis. Several studies found additional prognostic
factors, including a positive surgical margin, tumor size, tumor differentiation, and patient
age (11-13). Prognostic nomograms including such additional variables may, therefore, be
more accurate than the conventional AJCC staging system for predicting outcome (14).

Recently, one preoperative prognostic score and two prognostic nomograms have been
published (7, 15, 16), but none of these models has been externally validated. The aim of
this study was to evaluate and validate the existing prognostic scores for overall survival
after resection of ICC in a large, single center cohort.

Study population

The Institutional Review Board at Memorial Sloan Kettering Cancer Center (MSKCC)
approved this study. All included patients underwent a liver resection, and ICC was
confirmed at pathological evaluation of the resected specimen. Lymphadenectomy was
performed at the discretion of the surgeon, either as a formal peripancreatic and portocaval
lymph node (LN) dissection or as a targeted excision according to preoperative imaging and
intraoperative findings. Resections were extended to extrahepatic structures when required
to achieve a macroscopically complete resection.

Perioperative data

Clinical preoperative variables included demographics, preoperative tumor markers (CEA,
CA 19-9, and AFP), and the time interval between diagnosis and resection. The number of
liver lesions and the diameter of the largest tumor were evaluated using preoperative CT,
MRI, and intraoperative ultrasonography (US). Tumor boundary type, as defined and
adopted in the Fudan score, was assessed on preoperative cross-sectional imaging (15).

Pathologic Assessment

Pathologic variables included size and number of tumors, differentiation grade, resection
margin status, vascular invasion, perineural invasion, number, sites and involvement of
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harvested LN, and histology of nontumoral liver parenchyma (2). Extrahepatic involvement
(EHI) was defined as direct invasion of any extrahepatic organs excluding the gallbladder
(pT3). Morphological subtype was defined as mass-forming (MF), periductal infiltrating
(PI) and mixed (MFPI) (17, 18).

Clinical and radiographic monitoring was performed every 4-6 months. Adjuvant therapy
was offered, at the discretion of the multidisciplinary team, to patients at high risk of
recurrence, especially in case of lymph node positive disease, vascular invasion or R1
resection.

Nomograms and risk scores validation

The Wang nomogram was published in 2013 on a derivation cohort of 367 ICC patients
resected at a single Asian center (7). Preoperative CEA and CA19-9 levels, as well as tumor
size, were included as linear continuous variables. Additional dichotomous variables were
vascular invasion (No/Yes), nodal status (pNO/pN1), and direct invasion or local metastasis
(No/Yes). The nomogram concordance-index (C-index) was 0.75 (95% CI, 0.68-0.83) in a
subsequent validation cohort (n=82) from the same center.

The Hyder nomogram was published in 2014 from a multi-institutional cohort of 514
patients from 13 Western and Eastern centers (16). This nomogram included age, tumor
size, number of lesions, nodal status, vascular invasion and underlying cirrhotic liver
parenchyma. Continuous variables for age and tumor size were included after cubic splines
transformation, and the number of tumors was transformed to a binary variable (solitary
versus multiple). Categorical variables were defined as follows: nodal status (pNx/pNO/
pN1), vascular invasion (none/microvascular/macrovascular) and underlying cirrhotic liver
(No/Yes). The nomogram C-index in the derivation cohort was 0.69 (95% CI, 0.62-0.76),
and bootstrap validation showed minimal evidence of overfit. The study did not include a
validation cohort.

The Fudan score (15) was derived from an Asian single center cohort (n=344) in 2011, using
only prognostic factors that are preoperatively available: alkaline phosphatase (ALP), CA
19-9, number of tumors, tumor size and tumor boundary type. All variables were
transformed into binary variables. Tumor boundary type was categorized on imaging as
distinct versus obscure. Distinct boundary was defined as a regular border of thin ring-like
iso-attenuation or arterial enhancement relative to the liver. Conversely, obscure boundary
on imaging was described as an ill-defined border and represented a worse prognosis. These
five prognostic factors resulted in a simple risk score in which one point was assigned for
each factor. Patients were stratified in risk groups for death after resection: low risk for 0
points, intermediate risk for 1 point, high risk for 2-3 points, and extremely high risk for 4-5
points.

Statistical analysis

Overall survival (OS) and recurrence free survival (RFS) were calculated from the time of
surgical resection until time of death (for OS), or until first relapse or death (for PFS).
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Recurrence was defined as tumor relapse either biopsy proven or newly detected tumor on 2
consecutive radiologic images, with or without elevation of tumor markers. Patient who did
not experience the event of interest by the end of the study were censored at the time of the
last available follow-up. OS and PFS were estimated using the Kaplan-Meier method and
compared between clinico/pathological characteristics using the log-rank test.

Performance of the nomograms was validated using the MSKCC patients in terms of
discrimination and calibration. Discrimination was quantified with the C-index using
Harrell’s method (19). The C-index provides the probability that, in a randomly selected pair
of patients, in which one patient dies before the other, the patient who died first had the
worse predicted outcome from the nomogram. Calibration consisted of grouping patients in
quartiles according to their nomogram-predicted probabilities, and comparing the mean of
the group with the observed Kaplan-Meier OS curves. Results from calibration are presented
as a calibration plot. To compare the two nomograms, a significance test was conducted
using the bootstrap (20). Specifically, bootstrap sample was drawn from our data set and the
c-index for both nomograms as well as their difference was estimated. The process was
repeated 1000 times and the differences obtained were ranked from smallest to largest. The
p-value is twice the rank of the observation nearest to 0 (representing no difference between
the two nomograms).

All p values were based on two-tailed statistical analysis and a p value <0.05 was considered
to indicate statistical significance. All analyses were performed with SAS v. 9.2 statistical
software (SAS Institute Inc, Cary, North Carolina), SPSS software, version 22.0 for
Windows (SPSS Inc., Chicago, IL) and R software, version 3.1.1.

Descriptive Data

From January 1993 to May 2013, 199 consecutive patients underwent liver resection for
ICC at MSKCC. Patients with mixed-type primary liver tumors (n=5), distant metastatic
disease at the time of resection (n=1, peritoneal carcinosis) or postoperative death within 90
days after surgery (n=5) were excluded. The remaining 188 patients were included in this
study. The preoperative, operative and pathologic characteristics are listed in Table 1 for
both the MSKCC cohort and the three cohorts for whom the prognostic models are
considered for validation. Patients from the MSKCC cohort were older (median age at
surgery, 65.8 years), and were more often female (59.8%). The hepatitis B virus (HBV)
infection rate was lower in MSKCC'’s patient set. All cohorts were comparable in terms of
preoperative biomarkers.

Liver resection consisted of a major hepatectomy (three or more segments) in 125 patients
(66.1%), achieving complete (RO) resection in 152 patients (80.4%). Extrahepatic resection
was performed in 36 patients (19.1%) for direct invasion of diaphragm (n=6), inferior vena
cava (n=4, with right adrenal gland resection in 3), stomach (n=2) and hilar structures (n=21,
e.g. biliary only, n=14; vascular only, n=2; combined biliary and vascular, n=5). Lymph
node dissection or sampling was performed in 92 patients (48.7%) and lymph node
involvement was found in 21 patients (11.1%). Tumor size and number were comparable
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across the different studies, but vascular invasion and extrahepatic organ invasion were more
frequently observed in the MSKCC cohort. Thirteen patients (6.9%) received neoadjuvant
treatment for initial local unresectability including systemic chemotherapy alone (n=10) and
intra-arterial floxuridine (FUDR) (n=3) using a hepatic arterial infusion pump.
Postoperatively, fifty-one patients (27.1%) received adjuvant chemotherapy including
gemcitabine-based therapy (n=36, of which 4 receiving gemcitabine + oxaliplatine and 4
receiving gemcitabine + cisplatine), fluorouracil-based therapy (n=9) and platinum
compounds only (n=1). Five patients received adjuvant intra-arterial floxuridine (FUDR)
using a hepatic arterial infusion pump.

Survival Data

With the median follow up of 42.5 months (range, 5-192), we observed 98 deaths. The
median OS was 47.8 months (95% CI, 37.6-68.9 months). The 1-, 3-, and 5-year OS rates
were 91% (95%Cl: 86%—-95%), 59% (95%Cl: 51%—-67%) and 45% (95%ClI: 37%-53%),
respectively. After primary resection, median RFS was 21 months (95% CI: 11.8-30.1
months). Recurrence occurred in 110 patients (58.5%). Palliative systemic chemotherapy
was offered after diagnosis of recurrence in 103 patients, combined with metastasectomy
(n=12), local ablation (n=9), radiation therapy (n=15) and liver-directed therapy (hepatic
artery embolization or hepatic arterial infusion, n=11).

Predictive performances

Variables required for both nomograms are summarized in Table 2. In the MSKCC cohort,
81 patients had missing values for the CEA and/or CA19-9 levels. After excluding patients
with missing tumor markers levels, the C-index for the nomogram from Wang et al was 0.72
(95%Cl: 0.64-0.80) in this 107 patient cohort. The nomogram from Hyder et al. had a C-
index of 0.63 (95%Cl: 0.57-0.69) in the whole cohort (n=188) and 0.66 (95%CI: 0.56-0.74)
in the cohort used for Wang nomogram assessment (n=107). Nomogram calibration plots are
displayed in Figure 1. Patient stratification using prediction tertiles was optimal with the
Wang nomogram (p=0.003) and the Hyder nomogram (p=0.021) (Figure 2). Different 5-year
OS prediction ranges in each tertile corresponded to distinct median OS observed in our
cohort (n=107). Stratification appeared more distinct between worse risk patients (15t and
2" tertiles) with the Wang nomogram.. Figure 3 shows how inconsistent the survival
predictions from both nomograms are in some patients.

The AJCC 7t Edition staging system had a C-index of 0.63 (95%Cl: 0.58-0.67). Survival in
patients stratified by AJCC stages (7! Edition), is represented in Figure 2. As shown in
Figure 4A, tumor stage according to the AJCC 7t Edition was a significant predictive factor
for OS in the whole cohort (p<0.001), but separation of the curves was poor (median OS for
stage 1l = 32.7 months; median OS for stage |11 patients = 51.9 months; median OS for stage
IV = 25.2 months). Excluding patients with unknown nodal status (pNx) improved
predictive accuracy (c-index= 0.68; 95%CI: 0.61-0.75). Still, patients stratification
remained poor, with unclear survival differences between stage 11, I11, and IV patients, as
displayed on Figure 4B (median OS for stage 1l = 32.9 months; median OS for stage |11
patients = 28 months; median OS for stage 1V = 26.9 months).
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One hundred thirteen patients had available data for Fudan score assessment (75 patients had
missing values for the ALP and/or CA19-9 levels). Discrimination was acceptable (C-
index= 0.55; 95%CIl: 0.47-0.64) and prognostic stratification tended to be significant
(p=0.051), but stratification with respect to the different risk score strata was not optimal
(Figure 4C).

Impact of Adjuvant Therapy

Patients who received adjuvant therapy were mostly those with a predicted poor prognosis
by both nomograms (Wang 1%t tertile = 59.4%, p<0.001; Hyder 1%t tertile = 43.8%, p=0.17)
or with more advanced disease (AJCC stage 111-1V=51%, p=0.001; high risk or extremely
high risk Fudan score = 57.6%, p=0.001). Overall, 51 patients (27.1%) received adjuvant
therapy that was a negative prognostic variable in univariate analysis (HR=5.728; p=0.017).

Discussion

This study is the first to externally validate two recently published nomograms and one risk
score for outcome after resection of ICC. Both nomograms showed an optimal
discrimination and calibration and provided an accurate patient stratification. In contrast, the
Fudan score failed to achieve optimal discrimination and correct stratification in the current
study.

Both nomograms included different variables. Notably, the Wang nomogram included the
tumor markers CA 19-9 and CEA. Although those biomarkers are not considered in other
models or in the AJCC staging system, they have previously been reported as important
prognostic variables (21, 22). Additionally, direct extrahepatic invasion, already included in
the AJCC staging system, was included in the Wang nomogram and may reflect adverse
tumor biology. Conversely, the Hyder nomogram did not include either of these variables
while incorporating age and underlying cirrhosis as prognostic factors. Although underlying
cirrhosis has been reported as a poor prognostic factor in ICC, no studies other than the
Hyder nomogram have related it to overall survival after resection of ICC (3). In our cohort,
the underlying cirrhosis rate was low (4.8%), resulting in a low additive predictive capacity.
Another noteworthy difference between both nomograms is related to the lymph node status.
Hyder et al. coded this variable as a categorical variable (pNO, pN1 or pNx), whereas
patients with missing lymph node status (Nx) were considered node-negative (NO) in the
Wang nomogram. Some studies have suggested that no suspicion of nodal disease based on
preoperative imaging and intraoperative assessment may act as a reasonable surrogate to
routine LN dissection and reported similar outcomes in ICC patients with pNO and pNx
disease (23, 24). However, portal lymph node involvement is an independent prognostic
factor in ICC and such a nodal status classification may be inappropriate, as several studies
advocate a routine lymphadenectomy for accurate staging (25-27). Other variables were
included in both nomograms but differently modeled. Tumor size had been removed from
the T-stage in the 71" edition of the AJCC staging system but was included as a variable in
both Wang and Hyder, modeled as a continuous variable in the former. Estimating the
clinical meaning of continuous variables using a linear model might be inaccurate. In
contrast, Hyder et al. observed in their study that the actual effect of tumor size on the risk

J Am Coll Surg. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Doussot et al.

Page 7

of death was linear up to nearly 7 cm, whereas this effect leveled off over 7 cm; hence,
tumor size was transformed in a non linear continuous variable using restricted cubic splines
in this model. The number of liver lesions was also modeled differently for both
nomograms. The multiplicity of lesions appears to represent strong evidence of unfavorable
tumor biology. Wang et al. considered the number of lesions as an ordinal variable,
stratifying patients as solitary tumor, multiple tumors but less than three, or three and more.
Although multiplicity of lesions may represent aggressive tumor biology, such impact on
overall survival regarding differential tumor number has never been reported. Similarly,
vascular invasion is a poor prognostic factor and a recurrence risk factor, and differentiating
microvascular and macrovascular invasion has been suggested as an important distinction in
staging ICC which was only considered in the Hyder nomogram (28). Taken altogether,
these differences might account for the inconsistency in 5-year OS prediction by between
both nomograms (Figure 3).

Despite these discrepancies, both nomograms provided optimal discrimination and
stratification when compared on the same patient population. Patients’ stratification using
predicted 5 year-OS tertiles appeared slightly more accurate with the Wang nomogram
(Figure 2 and Table 3). The concordance index tended to show a more accurate
discrimination with the Wang nomogram (C-index = 0.72; 95% ClI: 0.64-0.80) than with the
Hyder nomogram (C-index = 0.66; 95% CI: 0.56-0.74). This difference was not significant
statistically (p=0.17), which is not surprising, given that large sample sizes are typically
required to establish statistical significance between c-indices. Accordingly, while one can
not formally endorse the Wang nomogram for use in clinical practice, it is interesting to note
that this prognostic model was developed in an Eastern population but fit well to our
Western cohort, providing the most clear-cut patient stratification in distinct survival groups.
The Wang nomogram requires both routine preoperative CA19-9 and CEA levels and
routine lymph node dissection for being applicable. In contrast, the Hyder nomogram might
have a broader clinical applicability by obviating routine preoperative tumor marker
assessment and routine formal portal lymphadenectomy and being developed from an
international cohort.

The Fudan score provided moderate but acceptable discrimination (C-index>0.5) (19).
However, stratification using the four risk levels of this score was not optimal (Figure 4C).
These findings are likely the result of several factors. First, tumor boundary type is a very
subjective variable, resulting in significant interobserver variability. Second, preoperative
evaluation of the number of tumors may be inaccurate, given that detecting small satellite
nodules on preoperative imaging can be challenging (17). Additionally, serum alkaline
phosphatase level was a binary variable in this score but that has never been reported as a
prognostic factor in ICC. Moreover, serum alkaline phosphatase activity is increased in
many pathologic conditions, associated to an increased all-cause mortality risk and reported
to have different baseline levels between Eastern and Western populations (29). Thus, using
this variable may limit the applicability of this score developed in an Eastern population to a
Western population. Unlike the AJCC staging system and both nomograms that are
pathology-based prognostic tools, the Fudan score allows a preoperative prognostic
estimation. Such prognostic tools can help to identify preoperatively patients with poor
prognostic and improve their management.
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The AJCC staging system provided a correct discrimination (0.63 (95%Cl: 0.58-0.67) but a
suboptimal stratification with a worse median OS for stage Il patients (32.7 months) than for
stage 111 patients (51.9 months). AJCC staging system discrimination was improved when
the staging system was applied only to the 92 patients who underwent LN dissection (C-
index = 0.68; 95%CI: 0.61-0.75). Similarly, patient stratification was slightly more accurate
with median OS in stage 11 and 111 of 32.9 and 28 months, respectively but curves separation
remained poor (Figures 4A, 4B). Consequently, the AJCC Staging System may not be
appropriate for prognostic estimations in patients without lymph node dissection.
Furthermore, the lack of stratification between stages Il and 111 may be due to the definition
of pathologic T stage. Stage Il encompasses pT2 tumors (T2a: solitary tumor with vascular
invasion and T2b: multiple tumors with or without vascular invasion) and stage 111 defines
tumor perforating the visceral peritoneum or directly involving the local extrahepatic
structures. The clinical significance of multiple tumors (pT2b), meaning intrahepatic
metastases or satellite lesions, is likely underestimated by this definition and would explain
the overlapping survival curves of stage Il patients (pT2b), who had inferior survival
compared to stage |11 patients with solitary tumors, regardless of size.

Adjuvant therapy is usually recommended for patient with worrisome tumor features
(positive margin, node-positive disease, vascular invasion) and its positive impact on
prognosis is based on findings from randomized trials in non resected patients with
advanced or metastatic biliary neoplasms and retrospective series (9, 10, 30). In the current
study, adjuvant therapy was delivered to high risk patients and did not modify significantly
patient stratification. Survival was worse in patients receiving adjuvant therapy in the whole
cohort and in stratified patient’s subsets. This finding, however, should be considered
carefully given the small proportion of patients receiving adjuvant therapy (27.1% in the
whole cohort and 30.3% in the 107 patients used for nomograms validation).

The present study has several limitations. First, missing data on tumor markers considerably
reduced the number of patients available for validation of the Wang et al. nomogram.
Second, the validation cohort was similar to the derivation cohorts of the published
nomograms regarding key prognostic factors identified in a recent meta-analysis (Figure 1)
but, regarding the underlying liver disease potentially driving tumor biology, a large
proportion of patients in the current study had non-alcoholic steatosis in the non-tumorous
liver, much higher than previously reported in Western studies (31-33). Similarly, HBV
(4.8%) and cirrhosis (4.8%) rates were lower in the current study. Additionally, in the
current cohort, patients who underwent resection after neoadjuvant therapy (n=13) might
represent a patient category not appropriate for these prognostic models.

In conclusion, both nomograms may be useful for patient prognosis estimation and
recommendation for adjuvant therapy after liver resection for ICC. The nomogram proposed
by Wang et al appeared to have the best overall prognostic accuracy in the present cohort
but requires routine portal lymph node dissection and preoperative tumor markers (CEA and
CA19-9), in addition to the variables necessary for the AJCC staging system, for optimal
performance. By contrast, the Fudan score and AJCC staging system were of limited utility
in this data set. Further investigations are needed in wider series to define the most
appropriate prognostic nomogram for clinical practice.
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Figure 1.
Calibration plots of the (A) Wang nomogram and (B) the Hyder nomogram in 107 patients.

The dashed line represents the reference line.
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Kaplan-Meier OS curves for patients stratified by predicted tertiles by the (A) Wang
nomogram and the (B) Hyder nomogram.
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Figure 3.
Differences in 5-year OS probability for each patient by Hyder and Wang nomograms. (A)

The waterfall plot shows the inconsistency between both nomograms (Hyder — Wang).
Patients with a difference in 5-year OS probability above 0% had better predicted 5-year OS
probability by Hyder nomogram. Patients with a difference in 5-year OS probability below
0% had better predicted 5-year OS probability by Wang nomogram. This inconsistency
between both nomograms is completely random, without any correlation, as shown on the
(B) cloud plot
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Figure 4.
Kaplan-Meier OS curves for patients stratified according to the AJCC 7th Edition Staging

System, (A) in the MSKCC cohort, (B) in only patients with pathologic lymph node status,
and (C) according to the Fudan score.
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Table 1

Descriptive Data in MSKCC Cohort and Nomograms and Fudan Score Cohorts
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Description MSKCC Hyder Wang cohort Fudan
(n=188) nomogram (n=367) score
(n=514) (n=344)

Age at surgery, y

Median (range) 65.8 (19-89) 53 (23-78)

Median (IQR) 65.7 (57.5-74.3) | 59.2 (50-69)

>65Y, n (%) 96 (51) 87 (25.3)
Female sex, n (%) 110 (59.8) 241 (46.1) 121 (33) 145 (42.2)
Ethnicity, n (%) NR NR

White 135 (71.8) 314 (61.1)

Black 9 (4.8) 16 (3.1)

Asian 44 (23.4) 184 (35.8)
Hepatitis, n (%) 18 (9.5)

HBV 9(4.8) 173 (33.4) 187 (51)

HCV 9 (4.8) 19 (3.7) 8(2.2) 96 (27.9)
Albumin, g/L, NR

Median (range) 4.2 (2.1-6.3) 4.2 (3-6.5)

<35 g/dL, n (%) 8(4.2) 22 (6.4)
Total Bilirubin, mg/L NR

Median (range) 0.6 (0.2-28.5) 0.8 (0.3-18.5)

>17.1 mmol/L, n (%) 30 (15.9) 88 (25.6)
CA19-9, U/mL

Median (range) 43 (1-53902) 41.2 (0.4-1000)

Median (IQR) 43 (14.4-1355) | 25.9 (1-145)

>37 U/mL, n (%) 66 (35.1) 200 (58.1)
CEA, pg/L

Median (range) 2.3 (0.1-410) 2.5 (0.1-809.6)

Median (IQR) 2.3 (1.3-3.4) 1.3(0.3-3)

>5ug/L, n (%) 5(2.7) 69 (23)
Tumor Size, cm

Median (range) 6 (1-24) 5.5 (0.4-22)

Median (IQR) 6 (4-9) 6 (4-8.6)

>10, n (%) 39 (20.7) 56 (16.3)
Solitary lesion, n (%) 134 (71.3) 384 (74.7) 258 (75)
Multiple lesions, n (%) 54 (28.7) 130 (25.3) 86 (25)

2-3 19 (10.1)

>3 35 (18.6) 42 (11.4)

<3 153 (81.4) 325 (88.6)
Underlying liver, n (%) NR
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Description MSKCC Hyder Wang cohort Fudan
(n=188) nomogram (n=367) score
(n=514) (n=344)
Steatosis 65 (35.9) NR NR
Cirrhosis 9 (4.8) 44 (8.6) 78 (21.3)
LVI, n (%) 68 (36.2) 124 (24.1) 57 (16.6)
Microvascular 46 (24.5) 68 (13.2) 54 (14.7)
Macrovascular 22 (11.7) 56 (10.9) 37 (10.1)
pN stage, n (%) NR
pNXx 96 (51.3) 262 (60) 74 (20.2)
pNO 71 (37.6) 162 (31.5) 211 (57.5)
pN1 21 (11.1) 90 (17.5) 82 (22.3)
AJCC 7t Stage, n (%) NR NR
I 75 (39.9) 129 (37.5)
I 49 (26) 75 (21.8)
1 31 (16.5) 23 (6.7)
v 33 (17.6) 117 (34)
Extrahepatic invasion”, n (%) 36 (19.1) 14(2.7) 35(9.5) NR
Morphological type, n (%) NR NR
Mass-Forming 175 (93) 345(94)
Periductal invasion 13 (7) 20 (5.5)
Adjuvant Therapy, n (%) 51 (27.1) 122 (23.7) NR NR

*
Gallbladder excluded

MSKCC, Memorial Sloan Kettering Cancer Center; CA19-9, carcinogen antigen 19-9; CEA, carcinoembryonic antigen; GB, gallbladder; HBV,
hepatitis B virus; HCV, hepatitis C virus; IQR, interquartile range; LVI, lymphovascular invasion; NR, not reported in the original publications;
AJCC, American Joint Committee on Cancer.
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Table 2

Variables Required for Nomograms, the Fudan Score and the AJCC 7th Edition
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Variable

Wang nomogram

Hyder nomogram

Fudan score

AJCC 7t Edition

Age

Continuous (transformed with cubic
splines)

Alkaline Phosphatase

Binary (<147 U/I/>147U1)

Biomarkers (CA19-9, CEA)

Continuous (linear)

CA19-9 only Binary
(<37pg/1/>37 pgll)

Tumor size

Continuous (linear)

Continuous (transformed with cubic
splines)

Binary <10cm/=10cm

Tumor number

Ordinal variable
Solitary/1-2 / =23

Binary Solitary/Multiple

Binary Solitary/Multiple

Binary variable Solitary/Multiple

Tumor Boundary Type

Binary Distinct/Obscure

Lymphovascular invasion

Binary Yes/No

Categorical variable Micro/Macro/No

Binary variable Yes/No

Direct extrahepatic invasion

Binary variable Yes/No

Binary variable Yes/No

Lymph node status

Binary variable Yes/No

Categorical variable pNO/pN1/pNx

Binary variable Yes/No

Underlying cirrhosis

Binary variable Yes/No

AJCC, American Joint Committee on Cancer; CA19-9, carcinogen antigen 19-9; CEA, carcinoembryonic antigen.
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