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Abstract

Purpose This study aimed to establish a nomogram based on preoperative magnetic resonance imaging (MRI) features to
predict the very early recurrence (VER, less than 6 months) of intrahepatic mass-forming cholangiocarcinoma (IMCC) after
RO resection.

Methods This study enrolled a group of 193 IMCC patients from our institution between March 2010 and January 2022.
Patients were allocated into the development cohort (n = 137) and the validation cohort (n = 56), randomly, and the preop-
erative clinical and MRI features were collected. Univariate and multivariate stepwise logistic regression assessments were
adopted to assess predictors of VER. Nomogram was constructed and certificated in the validation cohort. The performance
of the prediction nomogram was evaluated by its discrimination, calibration, and clinical utility. The performance of the
nomogram was compared with the T stage of the American Joint Committee on Cancer (AJCC) 8th edition staging system.
Results Fifty-three patients (27.5%) experienced VER of the tumor and 140 patients (72.5%) with non-VER, during the fol-
low-up period. After multivariate stepwise logistic regression, number of lesions, diffuse hypoenhancement on arterial phase,
necorsis and suspicious lymph nodes were independently associated with VER. The nomogram demonstrated significantly
higher area under the curve (AUC) of 0.813 than T stage (AUC = 0.666, P = 0.006) in the development cohort, whereas in
the validation cohort, the nomogram showed better discrimination performance, with an AUC of 0.808 than T stage (0.705)
with no significantly difference (P = 0.230). Decision curve analysis reflected the clinical net benefit of the nomogram.
Conclusion The nomogram based on preoperative MRI features is a reliable tool to predict VER for patients with IMCC
after RO resection. This nomogram will be helpful to improve survival prediction and individualized treatment.

Keywords Magnetic resonance imaging - RO resection - Very early recurrence - Intrahepatic mass-forming
cholangiocarcinoma

Abbreviations
AFP Alpha-fetoprotein
Shuangmei Zou and Hongmei Zhang have contributed equally to AJCC American Joint Committee on Cancer

this article.

< Hongmei Zhang Department of Diagnostic Radiology, National Cancer
13581968865@163.com Center/National Clinical Research Center for Cancer/Cancer
Hospital, Chinese Academy of Medical Sciences and Peking

g?::gg% 1011;%1 com Union Medical College, #17 Panjiayuan Nanli, Chaoyang
9 District, Beijing 100021, China
Lijuan Wan P

Department of Pathology, National Cancer Center/National

lijuanwan1993@163.com Clinical Research Center for Cancer/Cancer Hospital,

Rui Zhao Chinese Academy of Medical Sciences and Peking Union
zhaorui_radiol @163.com Medical College, Beijing 100021, China
Wenjing Peng

pengwenching@163.com

Shuangmei Zou
smzou@hotmail.com

@ Springer


http://orcid.org/0000-0002-2976-8414
http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-023-04038-1&domain=pdf

Abdominal Radiology (2024) 49:21-33

22

AP Arterial phase

AUC Area under the curve

CA 19-9 Cancer antigen 19-9

CEA Carcinoembryonic antigen

CI Confidence interval

IMCC Intrahepatic mass-forming cholangiocarcinoma
NT Neoadjuvant therapy

OR Odds ratio

ROC Receiver operating characteristic
Introduction

The incidence of intrahepatic cholangiocarcinoma (iCCA)
has been increasing worldwide over the last several decades
[1]. Intrahepatic mass-forming cholangiocarcinoma (IMCC)
subtype is the most common type of iCCA [2]. Hepatec-
tomy is considered an effective and safe procedure for iCCA
[3]. Even if a patient undergoes RO resection, recurrence
still occurs, and the 5-year survival rate ranges from 25 to
40% [4]. However, the high heterogeneity of iCCA makes
it difficult to accurately identify the risk of recurrence and
develop appropriate interventions for individuals. Generally,
according to the time of relapse, recurrence patterns can
be classified into two types: early recurrence (< 24 months)
and late recurrence (> 24 months) [5, 6]. The prognosis
of iCCA patients with early recurrence is worse, and the
median overall survival time is lower than that of patients
with late recurrence [5]. Very early recurrence (VER) is
defined as recurrence within 6 months after the initial resec-
tion [7], and nearly 25% of iCCA patients experience it [5,
7]. Patients with VER are considered not very suitable for
direct tumor operation, maybe as candidates for neoadjuvant
systemic chemotherapy, or new clinical trials, alternative
liver directed treatment options [8]. Consequently, accurate
and early identification of patients who may develop VER is
conductive to choosing the optimal treatment options which
may delay the first recurrence time as much as possible [9].

Currently, the American Joint Committee on Cancer
(AJCC) 8th edition staging system [10] is the most com-
monly used to guide treatment and predict the prognosis of
patients with IMCC, but it can only be accurately evaluated
after surgery. In addition, there may be significant prognos-
tic differences between patients with the same pathological
stage, indicating that other factors may also affect the prog-
nosis of iCCA patients [11, 12]. Therefore, it is necessary to
develop a non-invasive, early, and comprehensive evaluation
method to estimate the possibility of a worse prognosis of
IMCC before therapy.

Nowadays, magnetic resonance imaging (MRI) is the
noninvasive diagnostic criterion for preoperative staging
and surveillance of IMCC [13, 14]. Preliminary studies have
found that some MRI features, such as the arterial phase
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(AP) enhancement patterns, and the area of diffusion restric-
tion are associated with patient prognosis after R0 resection
[15, 16]. Additionally, nomograms based on MRI features
have been reported as useful methods in prognostic evalua-
tion methods for iCCA [17, 18]. We hypothesised that MRI
features might have a better predictive value for VER in
IMCC patients after RO resection, which might be hopeful
in developing surgical strategies and follow-up plans.

In this context, this study aimed to establish a compre-
hensive preoperative MRI-based nomogram to predict VER
more accurately and to compare its predictive ability with
that of the postoperative AJCC 8th edition staging system
for IMCC patients who undergo RO resection.

Materials and methods

This retrospective study was approved by the ethics com-
mittee of our institution, and written informed consent of
patients was waived.

Patients

We analyzed the data from patients who consecutively
underwent hepatectomy for IMCC at our institution between
March 2010 and January 2022. Patients were included
according to the following criteria: (1) IMCC was pathologi-
cally diagnosed after hepatectomy. (2) All patients under-
went contrast-enhanced (CE) abdominal MRI examination
before surgery. The exclusion criteria were: (1) Adminis-
tration of preoperative neoadjuvant therapies (NT) includ-
ing chemotherapy, concurrent chemoradiation therapy,
etc (n = 17). (2) With a history of other malignant tumors
(n =24). (3) Loss to follow-up within 6 months (rn = 16). (4)
Resection margin status of specimens were non-RO (n = 10).
(5) Poor image quality (n = 4). The two groups were ran-
domly assigned with a ratio of 7:3. Fig. 1 shows the work-
flow of the patients inclusion and exclusion criteria. The
mean time interval between surgery and MRI examination
was 15.4 days. Each patient was then categorised into the
VER group or non-VER group with a 6-month interval of
recurrence.

Liver MR technique

MR examinations were performed using 3.0-T scanner
devices with a phased-array coil (Discovery MR 750,
SIGNA Excite HDx, or SIGNA Pioneer, GE Healthcare;
and SIGNA Architect, Philips Healthcare). Clinical routine
MRI sequences were performed, including T2-weighted
imaging (T2WI) on the coronal, T1-weighted in-phase
and opposed-phase imaging, T2WI fat-suppressed (FS),
diffusion-weighted imaging (DWI) with two b values (0
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264 patients with IMCC who underwent hepatectomy and
preoperative 3.0T CE-MRI from March 2010 to January 2022

- administration of neoadjuvant therapy before the
Exclusion | surgery (n = 17)

- with a history of other malignant tumors (n = 24)
- loss to follow-up within 6 months (n = 16)

- resection margin status was non-R0 (n = 10)

- poor image quality (n = 4)

’ Enrolled patients (n =193 )|

7:3 randomization

Development cohort Validation cohort
(n=137) (n=56)
VER Non-VER VER Non-VER
(n=36) (n=101) (n=17) (n=39)

Fig. 1 Flowchart of the inclusion and exclusion decision tree. IMCC
intrahepatic mass-forming cholangiocarcinoma, CE-MRI contrast-
enhanced magnetic resonance imaging, VER very early recurrence

and 800 s/mmz), pre-contrast, and contrast-enhanced (CE)
T1-weighted imaging (TIWI) on the axial. one of the fol-
lowing contrast agents was injected into the patient: gadox-
etate disodium (Gd-EOB-DTPA, Primovist®, Bayer Health-
Care) at a rate of 1 mL/s or gadopentetate dimeglumine
(Gd-DTPA, Magnevist®, Bayer HealthCare) at a rate of
2 mL/s were administered, followed by 20 mL of 0.9% saline
flush at a rate of 2 mL/s. AP, portal venous phase (PVP), and
delayed phase (DP, or transitional phase with gadoxetate
disodium) of CE T1WI were acquired at 20-35 s, 70-90 s,
and 170-200 s after contrast material administration. Hepa-
tobiliary phase (HBP) imaging using gadoxetate disodium
was available in 35 patients and obtained 15-20 min after
injection. For CE imaging, coronal CE T1WI was provided
for clinical diagnosis at last. The MRI acquisition protocol
is provided in the Supplementary Table S1.

Clinical data collection and imaging records

Preoperative factors were collected, including age, sex, body
mass index (BMI), hepatitis B surface antigen (HBsAg),
tumor markers (alpha-fetoprotein [AFP], carcinoembryonic
antigen [CEA], and carbohydrate antigen [CA] 19-9), rou-
tine blood tests (total bilirubin, alkaline phosphatase, and
aspartate aminotransferase), and MRI features. The MRI fea-
tures included the tumor size (< 5 cm vs. > 5 cm), number
of lesions (= 1 vs. > 1), tumor location (peripheral vs. peri-
hilar), signal homogeneity (homogeneous vs. heterogene-
ous), AP enhancement patterns (diffuse hyperenhancement
vs. rim-enhancement vs. diffuse hypoenhancement), target
appearance at DWI (absent vs. present), necrosis (absent vs.
present), tumor margin (well-defined vs. ill-defined), peritu-
moral enhancement (absent vs. present), suspicious lymph

nodes (negative vs. positive), hepatic capsule retraction
(absent vs. present), and bile duct dilatation (absent vs. pre-
sent). Diagnostic criteria were introduced in Supplementary
Table S2. All MRI features were re-evaluated by two radi-
ologists with 6 and 11 years of liver imaging interpretation
experience, respectively. The images were anonymized and
randomly distributed to the radiologists. Both radiologists
were unknown the demographic, clinicopathologic, and the
follow-up results, but were aware that this study was regard-
ing IMCC. The final judgment was made by a chief radiolo-
gist with 20 years of experience in case of a disagreement
between the first two radiologists. In cases with multiple
lesions, the features were recorded in the largest one.

Surgical management and histopathologic analysis

Liver resection of three or more segments was defined as
major resection. Lymphadenectomy is not always performed
in patients with IMCC, especially in those without suspi-
cious metastatic lymph nodes based on preoperative imag-
ing and intra-operative findings. Whether the patient needs
adjuvant treatment after surgery depends on the pathological
staging of the tumor, the patient's physical condition, and
the patient's willingness to decide. Postoperative treatment
methods include radiotherapy, chemotherapy, immuno-
therapy, and targeted therapy, single or multiple combina-
tions. Hepatectomy specimens from each IMCC patient were
viewed microscopically. Formalin-fixed paraffin-embedded
tissue blocks were sectioned at 5 p and stained with hema-
toxylin and eosin. All surgical specimens were re-staged by
professional pathologists with more than 25 years of expe-
rience in the interpretation of liver lesions according to the
AJCC 8th edition staging system [19].

Follow up protocol

Patients were postoperatively followed up with radiographic
observations and serum tumor markers every 3—6 months for
the first two years and then annually or symptomatic. The
endpoint of this study was VER, which was defined as tumor
recurrence occurring within 6 months after hepatectomy and
determined according to the findings of pathological con-
firmation (surgery or biopsy) or typical imaging features.

Statistical analysis

Fisher's exact test or Chi-square and two-sample independ-
ent z-test or Mann—Whitney U test were used for analyzing
the significance across the demographic, clinicopathologic
and MRI features. Cohen's kappa statistics were used to
evaluate the interobserver agreement for the imaging fea-
tures. The agreement levels of kappa were explained as fol-
lows: almost perfect, 0.81-1.0; good, 0.61-0.80; moderate,
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0.41-0.60; fair, 0.21-0.40; and slight, < 0.20 [20]. Univari-
ate and multivariate stepwise logistic regression assessments
were carried out to filtrate the predictive factors. Next, the
independent predictors were subsequently incorporated into
the establishment of the nomogram. Receiver operating
characteristic (ROC) curve, calibration curve and decision
curve analysis (DCA) were performed to assess the discrimi-
nation efficiency of the nomogram. Del.ong’s test was used
to compare the difference of area under ROC curves (AUCs).
A 2-tailed P < 0.05 was considered statistically significant.
SPSS Statistics software (version 26.0, Chicago, IL, United
States) and R version 4.0.3 for Windows (32/64 bit) were
used for data management and analyses.

Results
Patient characteristics and postsurgical outcome

The whole cohort included 193 patients with IMCC who
underwent RO resection. One hundred and thirty-seven
patients in the development cohort (81 males and 56
females, mean age of 58.9 years, range 36-80 years) and 56
patients in the validation cohort (35 males and 21 females,
mean age of 59.7 years, range 41-76 years). A total of 53
patients (27.5%) had VER at the last follow-up visit. There
was no significant difference in the VER rate between the
two cohorts (36/137 vs. 17/56, P = 0.925). According to
the surgical findings, 67 (34.7%) patients underwent major
hepatectomy. Among 193 patients, 75 (38.9%) participants
received completed adjuvant therapy after surgery. Tumor
stage was T1 in 91 patients, T2 in 53 patients, T3 in 32
patients, and T4 in 17 patients. The TNM stage data were
missing in 61 (31.6%) patients due to the unavailability of
lymph node status. The remaining 132 patients underwent
lymphadenectomy along with liver resection, and 86 partici-
pants showed no evidence of lymph node metastasis (NO),
46 participants (45%) had N1. Comparisons of the demo-
graphic, clinicopathological, and MRI features between the
development and validation cohorts were shown in Tables 1
and 2. No significant differences were observed between the
two cohorts (all P > 0.05).

Development and validation of a VER-predicting
nomogram

In the univariate analysis, CA19-9 (P = 0.042), tumor size
(P =0.026), number of lesions (P = 0.002), diffuse hypoen-
hancement on AP (P = 0.010), necrosis (P < 0.001), and sus-
picious lymph nodes (P < 0.001) were significantly related
to VER. Then, these variables were adopted into the multi-
variate stepwise analysis, which showed that the number of
lesions (odds ratio [OR] = 3.452, 95% confidence interval [CI]
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1.202-9.915, P = 0.021), diffuse hypoenhancement on AP
(OR = 15.042, 95% CI 1.387-163.169, P = 0.026), necrosis
(OR =2.749,95% CI 1.120-6.745, P = 0.027), and suspicious
lymph nodes (OR = 2.471, 95% CI 1.012-6.029, P = 0.047)
remained as independent predictive factors for VER (Table 3).
A predictive nomogram was established using the findings of
multivariate stepwise logistic regression (Fig. 2).

Comparisons of AUC values of the nomogram
and the AJCC 8th edition staging system

This nomogram had a favorable diagnostic performance of
the VER, with an AUC of 0.813 in the development cohort
(Fig. 3a). Good performance was also observed in the vali-
dation cohort (Fig. 3b), with an AUC of 0.808. Specifically,
the nomogram based on the development cohort showed
improvements compared with that based on the T stage,
which had the AUCs of 0.666 in the development cohort
and 0.705 in the validation cohort, respectively. The other
diagnostic performance results are described in Table 4.
The nomogram performed significantly better than the T
stage in the development cohort (P = 0.006), but with no
significant difference in the validation cohort (P = 0.230)
in terms of the prediction of VER using the DeLong’s test.
The Hosmer-Lemeshow test demonstrated that the nomo-
gram model had a good fit in the development and validation
cohorts (P = 0.875 and 0.453, respectively) and the calibra-
tion curve showed that the probability of VER predicted
by the nomogram was in good agreement with the actual
probability (Fig. 4). Moreover, the DCA also showed that
the nomogram added more net benefit than the T stage, with
threshold rates ranging from 0 to 55%, and from O to 80%,
respectively (Fig. 5). Two representative clinical examples
of nomogram applications are shown in Fig. 6.

Interobserver agreement for MRI features

We analyzed the interobserver agreement (Cohen’s kappa)
for each MRI feature between the two radiologists. For the
variables included in the nomogram, the agreement was
good to almost perfect for the number of lesions (0.865 and
0.825 for the development and validation cohorts, respec-
tively), AP enhancement patterns (0.799 and 0.748), necro-
sis (0.732 and 0.755), and suspicious lymph nodes (0.700
and 0.681). The interobserver agreement for the other imag-
ing factors is shown in Supplementary Table S3.

Discussion

In the current study, we developed and validated a nomogram
based on MRI features to predict VER in individuals with
IMCC in a preoperative setting. The results demonstrated
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Table 1 The demographic and clinicopathologic characteristics of patients in the development and validation cohorts

Characteristics Development cohort (n = 137) Validation cohort (n = 56) P value

VER (n = 36) Non-VER (1 = 101) VER (n = 17) Non-VER (n = 39)

Patient demographics

Age (years)* 58.9 +£10.5 589+9.5 584 +76 60.3 +7.9 0.528
Men 21(58.3) 60 (59.4) 13 (76.5) 22 (56.4) 0.664
Body mass index (kg/m?)® 24.8+3.7 24.9+3.7 25.7+3.3 24.5+3.2 0.984
HBsAg 0.774
Positive 14 (38.9) 33 (32.7) 5(29.4) 9(23.1)
Negative 22 (61.1) 68 (67.3) 12 (70.6) 30 (76.9)
Laboratory data
Carbohydrate antigen 19-9 0.549
<37 U/ml 11 (30.6) 51 (50.5) 7(41.2) 21 (53.8)
> 37 U/ml 25 (69.4) 50 (49.5) 10 (58.8) 18 (46.2)
Carcinoembryonic antigen 0.698
< 5ng/ml 27 (75.0) 84 (83.2) 12 (70.6) 32 (82.1)
> 5 ng/ml 9 (25.0) 17 (16.8) 5(294) 7(17.9)
Alpha-fetoprotein 0.676
< 7 ng/ml 30(83.3) 92 (91.1) 16 (94.1) 35(89.7)
> 7 ng/ml 6 (16.7) 9 (8.9) 1(5.9) 4(10.3)
Total bilirubin (pmol/1)® 12.2(9.3, 15.8) 12.8 (9.5, 16.2) 11.9(9.7, 14.4) 11.9 (9.6, 14.4) 0.462
Alkaline phosphatase (U/1)° 82.9(63.0, 113.3) 84.0 (63.6, 113.3) 75.0 (60.8, 105.8) 74.0 (64.5, 107.5) 0.533
Aspartate aminotransferase unyb 23.0 (18.8, 33.0) 23.0 (18.7,33.0) 22.0(19.0, 31.6) 21.0 (18.0, 32.0) 0.648
Histologic characteristics
T stage (AJCC 8th) 0.150
Tl 8(22.2) 53 (52.5) 5(294) 25 (64.1)
T2 16 (44.4) 25 (24.8) 4(23.5) 8(20.5)
T3 6 (16.7) 14 (13.9) 7(41.2) 5(12.8)
T4 6 (16.7) 9(8.9) 1(5.9 1(2.6)
N stage (AJCC 8th) 0.606
Nx 7(19.4) 34(33.7) 4(23.5) 16 (41.0)
NO 16 (44.4) 45 (44.6) 6(35.3) 19 (48.7)
N1 13 (36.1) 22 (21.8) 7(41.2) 4(10.3)
TNM stage (AJCC 8th)® 0.708
I 3(10.3) 22 (32.8) 2(154) 10 (43.5)
I 10 (34.5) 11 (16.4) 1(7.7) 6(26.1)
111 16 (55.2) 34 (50.7) 10 (76.9) 7 (30.4)
Treatment
Liver resection 0.129
Minor 26 (72.2) 68 (67.3) 9(52.9) 23 (59.0)
Major 10 (27.8) 33 (32.7) 8 (47.1) 16 (41.0)
Adjuvant therapy 0.566
No 19 (52.8) 63 (62.4) 12 (70.6) 24 (61.5)
Yes 17 (47.2) 38 (37.6) 5(29.4) 15 (38.5)

Except where indicated, data are numbers of patients, with percentages in parentheses.
#Data are means, with standard deviation in parentheses.
"Data are medians, numbers in parentheses are the interquartile range.

“TNM stage (AJCC 8th) data were missing in 41 and 20 patients in the development and validation cohorts, respectively, due to unavailability of
lymph node status.

VER very early recurrence, HBsAg hepatitis B surface antigen, AJCC American Joint Committee on Cancer, BMI body mass index, TNM tumor-
node-metastasis.

Two-sample t tests were used to compare the difference in normally distributed continuous variables. Mann-Whiney U tests were used to com-
pare the difference in non-normally distributed continuous variables. A Chi-square test was used to compare the difference in categorical charac-
teristics.

P value represents the comparisons of characteristics between development and validation cohorts. P < 0.05 indicates a significant difference.
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Table 2 Imaging findings of patients in the development and validation cohorts

MRI features Development cohort (n = 137) Validation cohort (n = 56) P value
VER (n = 36) Non-VER (n = 101) VER (n=17) Non-VER (n = 39)

Tumor size 0.440
<5cm 11 (30.6) 54 (53.5) 4(23.5) 26 (66.7)
>5cm 25 (69.4) 47 (46.5) 13 (76.5) 13 (33.3)

Number of lesions 0.719
Lesion number =1 23 (63.9) 89 (88.1) 12 (70.6) 35(89.7)
Lesion number > 1 13 (36.1) 12 (11.9) 5(29.4) 4(10.3)

Tumor location 0.832
Perihilar 5(13.9) 13 (12.9) 4(23.5) 4(10.3)
Peripheral 31 (86.1) 88 (87.1) 13 (76.5) 35(89.7)

Signal homogeneity 0.489
Homogeneous 13 (36.1) 36 (35.6) 4(23.5) 19 (48.7)
Heterogeneous 23 (63.9) 65 (64.4) 13 (76.5) 20 (51.3)

AP enhancement patterns 0.286
Diffuse hyperenhancement 12.7 17 (16.8) 0(0) 12 (30.8)
Rim-enhancement 23 (63.9) 72 (71.3) 10 (58.8) 23 (59.0)
Diffuse hypoenhancement 12 (33.3) 12 (11.9) 7(41.2) 4(10.2)

Target appearance at DWI 0.620
Absent 17 (47.3) 52 (51.5) 8 (47.1) 18 (53.8)
Present 19 (52.7) 49 (48.5) 9 (52.9) 21 (46.2)

Necrosis 0.432
Absent 16 (44.4) 79 (78.2) 8 (47.1) 34 (87.2)
Present 20 (55.6) 22 (21.8) 9 (52.9) 5(12.8)

Tumor margin 0.955
Well-defined 17 (47.3) 46 (45.5) 2(11.8) 24 (61.5)
Ill-defined 19 (52.8) 55 (54.5) 15 (88.2) 15 (38.5)

Peritumoral enhancement 0.260
Absent 27 (75.0) 70 (69.3) 10 (58.8) 25 (64.1)
Present 9 (25.0) 31 (30.7) 7(41.2) 14 (35.9)

Suspicious lymph nodes 0.416
Negative 16 (44.4) 78 (77.2) 9 (52.9) 33 (84.6)
Positive 20 (55.6) 23 (22.8) 8 (47.1) 6 (15.4)

Hepatic capsule retraction 0.997
Absent 9 (25.0) 35 (34.7) 2(11.8) 16 (41.0)
Present 27 (75.0) 66 (65.3) 15 (88.2) 23 (59.0)

Bile duct dilatation 0.328
Absent 22 (61.1) 71 (70.3) 10 (58.8) 32 (82.1)
Present 14 (38.9) 30 (29.7) 7(41.2) 7(17.9)

Data are numbers of patients, with percentages in parentheses.

VER very early recurrence, MRI magnetic resonance imaging, AP arterial phase, DWI diffusion weighted imaging.

P value represents the comparisons of MRI features between development and validation cohorts. P < 0.05 indicates a significant difference.

that the presence of number of lesions (P = 0.021), diffuse
hypoenhancement on AP (P = 0.026), necrosis (P = 0.027)
and suspicious lymph nodes (P = 0.047) were independent
risk factors for predicting VER after RO resection in patients
with IMCC. To obtain a better predictive ability than that of
a single imaging finding, we integrated these factors into a
nomogram, which is a simple multivariate visualization tool
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used in oncology [21]. The nomogram was able to better
predicte VER among patients with IMCC than the T stage
of the AJCC 8th edition staging system, and demonstrated
good predictive efficiency and clinical utility.

The study of VER has been applied to a variety of malig-
nant liver tumors, such as hepatocellular carcinoma and
combined hepatocellular-cholangiocarcinoma [22, 23], and
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Tablg 3 .Univariate. and Characteristics Univariate analysis Multivariate analysis
multivariate analysis for factors
of VER in the development OR (95% CI) P value OR (95% CI) P value
cohort.
Age 1.000 (0.962, 1.040) 0.993
Sex 0.911
Female Reference
Male 0.957 (0.442,2.071)
Body mass index (kg/mz) 0.944 (0.896, 1.104) 0913
HBsAg 0.501
Negative Reference
Positive 1.311 (0.596, 2.885)
Carbohydrate antigen 19-9 0.042
<37 U/ml Reference
> 37 U/ml 2.318 (1.032, 5.208)
Carcinoembryonic antigen 0.286
< 5 ng/ml Reference
> 5 ng/ml 1.647 (0.658, 4.120)
Alpha-fetoprotein 0.208
< 7 ng/ml Reference
> 7 ng/ml 2.044 (0.672, 6.217)
Total bilirubin (pmol/L) 0.998 (0.985, 1.011) 0.755
Alkaline phosphatase (U/L) 1.000 (0.997, 1.004) 0.882
Aspartate aminotransferase (U/L) 1.003 (0.998, 1.008) 0.199
Tumor size
<5cm Reference 0.026
>5cm 2.509(1.117, 5.639)
Number of lesions 0.002 0.021
Lesion number = 1 Reference Reference
Lesion number > 1 4.192 (1.690, 10.401) 3.452 (1.202, 9.915)
Tumor location
Peripheral Reference 0.877
Perihilar 1.092 (0.360, 3.312)
Signal homogeneity 0.960
Homogeneous Reference
Heterogeneous 0.980 (0.444, 2.165)
AP enhancement patterns 0.009 0.029
Diffuse hyperenhancement Reference Reference
Rim-enhancement 5.431 (0.685, 43.066) 0.109 4.890 (0.516, 46.342) 0.167
Diffuse hypoenhancement 17.000 (1.942, 148.849) 0.010 15.042 (1.387, 163.169) 0.026
Target appearance at DWI 0.661
Absent Reference
Present 1.186 (0.554, 2.541)
Necrosis < 0.001 0.027
Absent Reference Reference
Present 4.489 (1.998, 10.086) 2.749 (1.120, 6.745)
Tumor margin 0.862
Well-defined Reference
Tll-defined 0.935 (0.436, 2.004)
Peritumoral enhancement 0.520
Absent Reference
Present 0.753 (0.317, 1.787)
Suspicious lymph nodes < 0.001 0.047
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Table3 (continued) Characteristics Univariate analysis Multivariate analysis
OR (95% CI) Pvalue OR (95% CI) P value
Negative Reference Reference
Positive 4.239 (1.895, 9.484) 2.471 (1.012, 6.029)
Hepatic capsule retraction 0.289
Absent Reference
Present 1.591 (0.674, 3.754)
Bile duct dilatation 0.312
Absent Reference
Present 1.506 (0.680, 3.333)
Liver resection
Minor Reference
Major 0.793 (0.342, 1.835) 0.587
Adjuvant therapy
No Reference
Yes 1.483 (0.688, 3.198) 0.314

Numbers in parentheses are the 95% confidence interval.

MRI magnetic resonance imaging, HBsAg hepatitis B surface antigen, AP arterial phase, DWI diffusion
weighted imaging, OR odds ratio, CI confidence intervals.

P < 0.05 indicates a significant difference.
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Fig.2 A regression coefficient-based nomogram for predicting very
early recurrence (VER) in patients with IMCC. Draw a line perpen-
dicular from the corresponding axis of each parameter until it reaches
the top line marked “Points”. Sum up the number of points for all
parameters then draw a line descending from the axis marked “Total

the prognosis of patients with VER is more aggressive and
worse. As for iCCA patients, the median overall survival
(OS) time among patients with and without VER was 13.8
months and 59.7 months, respectively (P < 0.001) [7]. As
the utilization of NT has increased over time for resectable
iCCA [24, 25], some scholars have proposed that NT can be
provided to patients at risk of VER to prolong their survival
and prognosis [8]. In a study by Tsilimigras et al. [7], a nom-
ogram constructed based on preoperative factors, including

@ Springer
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Points” until it reaches the bottom line to determine the probability of
VER. For arterial phase (AP) enhancement pattern, “Pattern 1” refers
to diffuse hyperenhancement, “Pattern 2” refers to rim-enhancement,
and “Pattern 3” refers to is diffuse hypoenhancement. AP arterial
phase, VER very early recurrence.

age, race, cirrhosis, tumor size, tumor numbers, and imaging
lymph node metastases, was independently associated with
VER, with an AUC ranging from 0.710 to 0.750. However,
the preoperative imaging features of the tumors have not
been fully evaluated.

Number of lesions is an independent predictor of VER.
These findings agree with previous studies in which mul-
tiple tumors were related to a higher recurrence rate and
shorter survival time of iCCA [26, 27]. In a large study
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Table 4 Predictive performance for the nomogram, and T stage of AJCC 8th edition staging system.

Sensitivity (%) Specificity (%) Accuracy (%)

Model and group Number of patients AUC
evaluated
Development cohort
T stage (AJCC 8th) 137 0.666 (0.570, 0.762)
Nomogram 137 0.813 (0.736, 0.889)
Validation cohort
T stage (AJCC 8th) 56 0.705 (0.559, 0.851)
Nomogram 56 0.808 (0.690, 0.925)

77.8 (60.8, 89.9)
91.7 (77.5, 98.2)

70.6 (44.0, 89.7)
82.4 (56.6, 96.2)

52.5(42.3, 62.5)
57.4 (47.2,67.2)

64.1 (47.2,78.8)
71.8 (55.1, 85.0)

59.1(50.4, 67.4)
66.4 (57.9,74.3)

66.1 (52.2,78.2)
75.0 (61.6, 85.6)

Numbers in parentheses were used to calculate percentages.

AUC area under the curve, CI confidence interval, AJCC American Joint Committee on Cancer

of 880 iCCA patients, Tsilimigras et al. [7] demonstrated
that the number of lesions is a reliable predictor for VER
in iCCA. In addition, the number of lesions may help to
guide preoperative and postoperative treatment strategies
for patients.

Variable AP enhancement patterns can be seen on post-
contrast MRI images, and the most common of IMCC is
rim-enhancement pattern [14]. In the current study, we dem-
onstrated that diffuse hypoenhancement was a risk factor
that increased the probability of VER. Consistent with a
recent study, Min et al [15] found that the trend of prog-
nosis improvement was increasing from the hypoenhance-
ment group to the rim enhancement group and then to the
hyperenhancement group. Besides, on histopathology, the
diffuse hypoenhancement on AP may be mainly caused by
abundant necrosis and stromal fibrosis [28], both of which

play an important roles in promoting enhanced malignant
behavior, therapeutic resistance and poor prognosis [29, 30].

Our study shows that necrosis is a predictor for VER. A
common assumption for the development of tumor necrosis
is that rapid growth of malignant cells, especially in more
aggressive cancer types, exceeds its own blood supply and
then produces hypoxia conditions, leading to tissue necrosis
areas [31]. Tsilimigras et al noted that tumor necrosis was
related to shorter recurrence-free survival in patients with
T1 stage iCCA [32], indicating that this evaluation might be
used to guide clinical decision making, routinely.

Lymph node metastasis has already been reported as an
extremely poor prognostic risk factor after curative resec-
tion for iCCA [33, 34]. Besides, suspicious lymph node on
imaging was associated with actual positive lymph nodes,
which is commonly recognized and acceptted in AJCC TNM
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Fig.5 Decision curve for the nomogram predicting the VER in the
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net benefit, and the x-axis is the threshold probability. The grey line is
the net benefit of assuming that all patients have VER; the horizontal
black line is the net benefit of assuming no patients have VER; and

staging systems [35]. In additiona, our results showed that
preoperative suspicious lymph node was an independent pre-
dictor of VER, which was consistent with previous study
[7]. This result suggested that suspicious lymph nodes could
serve as a convenient biomarker for the prediction of inva-
sive biological behavior that provide prognostic information.

In addition, the results of univariate analysis showed that
increasing CA 19-9 and tumor size are associated with the
occurrence of VER as well, whereas they were not independ-
ent factors. High serum CA19-9 and large tumor size are
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the red line is expected net benefit of per patient based on the predic-
tive nomogram. The nomogram (red line) received a higher net ben-
efit than T stage (blue line) of American Joint Committee on Cancer
(AJCC) 8th edition staging system.

reflected the tumor burden in some studies, and is associated
with poor OS and proposed as a component of prognostic
models [33, 36, 37].

Our study has some limitations that are worth noting.
First, it is possible that the long-term retrospective research
design in a single-institution has caused selection bias.
Second, the contrast agents and MRI protocols used in the
current study were different. However, the heterogeneity
of the MRI protocol may strengthen the generalizability,
as it reflects the actual clinical practice. Third, subsequent
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Fig.6 Two representative clinical examples of nomogram applica-
tions. Magnetic resonance imaging (MRI) findings for a representa-
tive case involving a 62-year-old man exhibiting intrahepatic mass-
forming cholangiocarcinoma (IMCC) (a-c). a On T2-weighted
imaging fat suppressed (T2WI-FS) imaging, there is a hyperintense
mass in the left lateral section with multiple satellite nodules (arrow-
head, approximately 46 points). b On the arterial phase (AP), the
nodule shows diffuse hypoenhancement (100 points). Necrosis, bright
signal intensity foci on T2WI-FS without enhancement, is shown in
(a) and (b) (star, approximately 38 points). ¢ Suspicious lymph nodes
were observed on T2WI-FS of preoperative MRI (arrowhead, approx-
imately 35 points). Hence, a total score of 219 points was obtained,
which corresponds to a probability of very early recurrence nearly

treatments after surgery may play a critical role in the occur-
rence of VER, however, because of its complexity and diver-
sity, the detail of treatments was not included in the analysis
of the study. Forth, in our study, 61 (31.6%) patients did
not undergo lymphadenectomy, making it difficult to accu-
rately evaluate lymph node status (Nx). Lymphadenectomy
is not always performed, especially in those without suspi-
cious metastatic lymph nodes based on preoperative imag-
ing. Considering the inevitable limitation, we have adopted
the variable of preoperative suspicious lymph node as a
substitute for lymph node metastasis. Finally, although the
proposed predictive nomogram performed well on the vali-
dation cohort in the same institution, external validation is
still needed.

Conclusion

In conclusion, our study presents a predictive nomogram
that incorporates number of lesions, diffuse hypoenhance-
ment on AP, necrosis, and suspicious lymph nodes, which
can be conveniently used to facilitate the preoperative indi-
vidualized prediction of VER and may become a tool to
guide individual management in patients with IMCC.

90% according to the lower scale of the nomogram. Follow-up com-
puted tomography 3.5 months after surgery shows intrahepatic tumor
recurrence (d, arrowhead). A 47-year-old woman of IMCC without
very early recurrence (VER) confirmed by postoperative pathologi-
cal examination (e—f). e On T2WI-FS, there is a single hyperintense
lesion in the caudate lobe of liver (arrowhead). f On the AP, the nod-
ule shows diffuse hyperenhancement (arrowhead, O points). No sat-
ellite nodule, intrahepatic metastasis, necrosis or suspicious lymph
nodes was observed on any sequence of preoperative MRI (all 0
points). Therefore, a total score of O points was obtained, which cor-
responds to a probability of VER around 1% according to the lower
scale of the nomogram. In this patient, tumor recurrence was not
detected during the 34-month follow-up from the date of surgery.
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