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Abstract

Objective To investigate whether pre-treatment contrast-enhanced MRI could predict the therapeutic response of systemic
treatment in advanced intrahepatic cholangiocarcinoma (ICC).

Methods This retrospective study enrolled 61 ICC participants with contrast-enhanced MRI before combined systemic therapy.
Clinical characteristics and MRI features were compared between patients with and without therapeutic response by univariate
and multivariate logistic regression analyses. Then, a combined MRI-based model and the nomogram were established based on
the results of the multivariate analysis. The diagnostic performances of significant findings and the combined model were
evaluated and compared. The progression-free survival (PFS) rates between patients with high and low combined index values
were compared.

Results Thirty (49.18%) patients showed overall response after therapy. In multivariate analysis, tumor margin (odds ratio (OR)
=5.004, p = 0.014), T2 homogeneity (OR = 14.93, p = 0.019), and arterial peritumoral enhancement (OR = 5.076, p = 0.042)
were independent predictive factors associated with therapeutic response. The C-index with the formulated nomogram incorpo-
rating the three independent imaging features was 0.828 (95% CI 0.710-0.913). Diagnostic characteristics of the combined index
were superior to any single feature alone (p = 0.0007-0.0141). ICCs with high combined index values showed higher PFS rates
than those with low values (x> = 13.306, p < 0.0001).

Conclusions Pre-treatment contrast-enhanced MRI can be used to predict therapeutic response in advanced ICC with systemic
therapy. The combination model incorporating significant MRI features achieved an improved predictive value, which may play
an important role in identifying appropriate therapeutic candidates.

Key Points

* Contrast-enhanced MRI can predict response of systemic therapy in advanced ICC.

* MRI features of tumor margin, T2 homogeneity, and arterial peritumoral enhancement are related to therapeutic response.

*» The combined MRI-based model may help to identify appropriate therapeutic candidates.
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Abbreviations

ADC Apparent diffusion coefficient
APE Arterial peritumoral enhancement
AUC Area under the curve

CI Confidence interval

ICC Intrahepatic cholangiocarcinoma
MRI Magnetic resonance imaging
OR Odds ratio

PD-1 Programmed cell death protein 1

PFS Progression-free survival

RECIST Response Evaluation Criteria in Solid Tumors
ROI Region of interest

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most com-
mon primary liver cancer after hepatocellular carcinoma, it is a
highly lethal hepatobiliary malignancy with poor prognosis, and
most patients are at advanced stages that preclude surgical resec-
tion once confirmed [1, 2]. For these patients, systemic therapies
including cytotoxic chemotherapy, targeted therapy, and immu-
notherapy have shown effectiveness. Gemcitabine plus
platinum-based antitumor drugs has been a standard of care for
first-line regimen in advanced ICC, and the Gemox regimen
(oxaliplatin+gemcitabine) is a frequently preferred well-
established regimen nowadays [3, 4], but the efficacy is still not
satisfactory. Multiple tyrosine kinase inhibitors including sorafe-
nib and lenvatinib with anti-angiogenic effects have been proven
effective in hepatocellular carcinoma [5, 6], and their antitumor
activity has also been demonstrated in biliary tract cancers [7]. In
recent years, immunotherapies with checkpoint blockade inhibi-
tors including the anti-programmed cell death protein 1 (PD-1)
antibody have shown remarkable therapeutic values in the treat-
ment of hepatobiliary tumors [8—10]. Combined with other
means such as chemotherapy and targeted drugs is an important
direction to improve the therapeutic effect of immunological
checkpoint inhibitors [2].

However, differential responses to the combined systemic
therapy have been observed with frequent primary or second-
ary resistance. Moreover, due to the high cost and inevitable
adverse effects, a reliable biomarker, especially the non-
invasive approach, to predict response to the systemic treat-
ment is urgently needed to search for appropriate therapeutic
candidates and optimize individual treatment strategies.
Among imaging techniques, magnetic resonance imaging
(MRYI) is superior to other liver imaging modalities including
ultrasonography and computed tomography as it provides
multiparametric information with no radiation exposure [11,
12]. Nowadays, MRI has been increasingly performed in rou-
tine clinical care for liver cancer patients, making the imaging
assessment a practical and cost-effective non-invasive evalu-
ation tool. Recent studies have demonstrated the potential of

MRI in prognostic evaluations of ICC [13—15], but barely
involved the efficacy evaluation with combined systemic
therapy.

In this study, we aimed to investigate whether pre-
treatment MRI could predict the therapeutic response of sys-
temic treatment in advanced ICC.

Materials and methods
Patients

The institutional review board approved this retrospective
study and waived the requirement for informed consent re-
garding the acquisition of MR imaging data. The study was
conducted in advanced ICC patients who received first-line
combined systemic therapy from two prospective clinical tri-
als with anti-angiogenic agent Lenvatinib (registered with
ClinicalTrials.gov (NCT04361331) with PD1 antibody +
Lenvatinib (group 1) or Gemox chemotherapy + Lenvatinib
(group 2), and (NCT03951597) with combined Gemox che-
motherapy, Lenvatinib, and PD-1 antibody (group 3)) from
August 2019 to September 2020. All patients were patholog-
ically confirmed by liver biopsy before treatment. Exclusion
criteria of the present study were (1) no availability of pre-
treatment contrast-enhanced MRI in our institution; (2) poor
image quality due to severe artifacts; (3) time interval between
MR scan and therapy more than 2 weeks; (4) no measurable
tumor in the liver according to the guideline of Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST
v1.1); and (5) history of prior local-regional or systemic
anti-cancer therapies (Fig. 1).

Image acquisition

All patients were examined before therapy with a 3.0-T MR
scanner (UMR 770; United Imaging Healthcare) with body
phased-array coils. Routine plain-scan liver protocols consisted
of axial respiratory-triggered T2-weighted fat-suppressed fast
spin-echo sequence, T1-weighted in-phase and opposed-phase
gradient-echo sequence, and free-breathing single-shot spin-
echo echo-planar diffusion-weighted sequence (b values, 0, 50,
and 500 s/mm?) with automatically generated apparent diffusion
coefficient (ADC) maps. Dynamic imaging was performed with
axial breath-hold T1-weighted 3-dimensional fat-suppressed
gradient-echo sequence, before and after the intravenous admin-
istration of gadopentetate dimeglumine (Magnevist; Bayer
HealthCare). Contrast was administered at a dose of 0.1 mmol/
kg at a rate of 2 mL/s, followed by a 20-mL saline flush using a
power injector (Spectris; Medrad). The arterial phase acquisitions
were triggered automatically when contrast media reached the
ascending aorta; the portal venous and delay phase were
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Fig. 1 Flowchart of patient
selection

84 patients received first-line combined systemic therapy for advanced
intrahepatic cholangiocarcinoma from August 2019 to September 2020

1. No pre-treatment contrast-
enhanced MRI (n=5)

2. Poor image quality (n=2)

3. Time interval > 2 weeks (n=2)
4. No measurable liver tumor (n=1)
5. Prior anti-cancer therapies (n=13)

61 advanced intrahepatic cholangiocarcinoma patients were finally enrolled

performed at 60 s and 180 s, respectively. Detailed scanning
parameters of each sequence are listed in Table 1.

Image analysis

MR images were independently evaluated by two radiologists
(with 6 and 10 years of experience in abdominal imaging, re-
spectively) using a picture archiving and communication system
(Pathspeed, GE Medical Systems Integrated Imaging Solutions,
Prospect). The reviewers were aware that the patients had sys-
temic treatment for ICC, but were unaware of other information,
including patients’ history, laboratory results, and follow-up in-
formation. The MR images were randomly presented to avoid
bias by creating a clinical practice setting. In cases with multiple
lesions in the liver, only the major target lesion was analyzed.

Qualitative analysis
The following MRI features were evaluated: (a) location

(right/left/right and left/caudate lobe); (b) tumor margin
(smooth: sharp, well-defined tumor with smooth contour/

irregular: indistinct, ill-defined tumor with irregular contour),
tumor margin was evaluated on T2-weighted images; (c) sig-
nal homogeneity on T2WI (homogeneous: the entire tumor
was uniform as a whole with homogeneous signal inside/het-
erogeneous: the entire tumor was nonuniform as a whole with
relatively hyper- or hypointense portion compared with the
main body of tumor), a cutoff of 10% heterogeneous regions
on T2WI was regarded as a positive finding (> 10% of the
entire tumor), and heterogeneous regions less than 10% were
defined as homogeneous; (d) arterial enhancement pattern
(non-rim enhancement/rim enhancement/no enhancement);
(e) enhancement intensity on arterial phase (marked: approx-
imately equal to aorta/moderate: approximately equal to portal
vein/mild: less than portal vein); (f) enhancement pattern (pro-
gressive: the range or intensity of enhancement progressed
over time/persistent: the enhancement remained invariable
through all phases/degressive: decreasing enhancement over
time); (g) arterial peritumoral enhancement (APE): fuzzy-
marginated hyperenhancement outside the tumor borders that
becomes isointense with normal liver parenchyma in later
dynamic phases; (h) signal in diffusion-weighted imaging

Table 1 Sequence parameters

Parameter T1-weighted IP and  Contrast-enhanced T1- T2-weighted Diffusion-
OP imaging weighted imaging imaging weighted imaging
Repetition time 3.66 3.27 2000 2714
(ms)
Echo time (ms) 1.2/2.4 1.45 106.2 63.3
Field of view 400 x 300 400 x 300 380 x 380 380 x 300
(mm?)
Matrix 168 x 288 288 x 320 256 x 256 128 x 100
Section thickness 3 3 6 6
(mm)
Gap (mm) 0 0 1.2 1.2
Flip angle 10 10 100 90
(degree)

1P in-phase, OP opposed-phase
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with b value of 500 s/mm?® (non-rim hyper-/rim hyper-/iso-
hypointensity); (i) targetoid appearance (rim arterial phase
hyperenhancement, peripheral washout, delayed central en-
hancement, or targetoid restriction on diffusion-weighted im-
aging); (j) hemorrhage; (k) necrosis; (1) hepatic capsule retrac-
tion; (m) intrahepatic bile duct dilation. After the first inde-
pendent image analyses by the two radiologists, interobserver
agreements were assessed. In discordant cases, a consensus
was made for final decision.

Quantitative analysis

For the measurement of ADC values, regions of interest
(ROIs) were manually drawn on the diffusion-weighted im-
ages, including the solid tumor area as large as possible; these
ROIs were then copied onto the ADC maps; and the ADC
values were assessed. For each case, 3 ROIs were placed on
3 subsequent slice locations and the average value was used.
Great care was taken to avoid large vessels, necrosis, hemor-
rhage, and artifacts. Mean values measured by two observers
were then averaged for final analyses. Lesion size was mea-
sured at the largest cross-sectional diameter (the maximum
dimension) on the axial planes of the delay phase.

Follow-up and treatment assessment

All patients were treated and monitored regularly. Treatment
was continued until the tumor progressed or unacceptable tox-
icity developed. Tumor response was evaluated via contrast-
enhanced MRI/CT every 2 months (+ 2 weeks) during thera-
py. Response of patients was determined according to
RECIST vl.1 [16], and then divided into the response group:
patients with a best overall response of complete response or
partial response, and non-response group: patients with a best
overall response of stable disease or progression disease. The
additional endpoint of this study was progression-free survival
(PFS), which was determined from the initiation of treatment
to the date of progression disease or death, whichever oc-
curred first. The cutoff follow-up date for this research was
September 30, 2021.

Statistical analysis

Statistical analyses were conducted using the SPSS software
(version 22.0) and R software (version 3.4.1). All tests were
two-sided, and p < 0.05 was considered significant. The nor-
mality of the data was tested using the Kolmogorov-Smirnov
test, and the homogeneity of variances was tested using
Levene’s method. Interobserver agreement was calculated
by using interclass correlation coefficient: poor for less than
0.20, fair for 0.20-0.40, moderate for 0.40-0.60, good for
0.60-0.80, and excellent for 0.80—1.00. The clinical and im-
aging findings were compared between patients with and

without response. Continuous variables were compared using
the independent #-test or Mann-Whitney U test, and categori-
cal variables were compared using Pearson’s x? test or
Fisher’s exact test, as appropriate. Factors with a p-value less
than 0.05 in univariate analyses were entered into the multi-
variate models. Multivariate logistic regression analysis was
performed using the backward stepwise elimination method to
identify the independent predictors. The Hosmer-Lemeshow
test was performed to explain the goodness-of-fit for the mul-
tivariate logistic model. A nomogram was established based
on the results of the multivariable analysis. Receiver operating
characteristic curve analyses of significant findings and the
combined index were performed to evaluate the diagnostic
performances. Sensitivity, specificity, positive likelihood ra-
tio, and negative likelihood ratio with 95% confidence interval
(CI) were calculated. The areas under the curve (AUCs) were
compared using DeLong’s method. In addition, the threshold
value of the combined index was evaluated based on the best
Youden’s index on the receiving operating characteristic
curve, and the combined index was divided into the high-
value group and low-value group accordingly. PFS was esti-
mated using the Kaplan-Meier method, and PFS rates between
patients with high and low values of the combined index as
well as patients among the three different therapeutic groups
were compared by the log-rank test. In addition, a Cox regres-
sion model was constructed to examine if the combined index
had significant predictive ability for PFS when adjusting with
the possible confounding factor of different therapeutic
groups.

Results
Patients

A total of 61 patients were enrolled in our research, including
36 men and 25 women with a mean age of 57.67 + 10.31 years
(range, 33-75 years). The median follow-up period was 16
months (range, 2-20 months). Patients’ distributions of the 3
therapeutic groups were as follows: group 1 (n = 21), group 2
(n=18), and group 3 (n = 22). Among all, complete response,
partial response, stable disease, and progression disease were
achieved in 0 (0%), 30 (49.18%), 25 (40.98%), and 6 (9.84%)
patients, respectively. Finally, 30 (49.18%) patients showed
overall response, and 31 (50.82%) patients showed no re-
sponse. The baseline characteristics of patients are shown in
Table 2. There were no differences in patients’ age, sex, tumor
markers, or any clinical characteristics between the response
and non-response groups (p = 0.053—1.000). Therapeutic reg-
imens were not equally distributed over different response
groups, but no significant differences existed as a whole (x*
= 5.323, p = 0.070), while pairwise comparisons showed a
different distribution between therapeutic groups 2 and 3 (x>
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Table 2 Clinical characteristics

of intrahepatic Variables Response (n = 30) No response (n = 31) P
cholangiocarcinoma according to
therapeutic response Age (V)T 58.87+11.66 56.52 £ 8.85 0.378
Sex male/female 17 (56.7)/13 (43.3) 19 (61.3)/12 (38.7) 0797
Vascular invasion Y/N 24 (80.0)/6 (20.0) 30 (96.7)/1 (3.3) 0.053
Lymphatic metastasis Y/N 18 (60.0)/12 (40.0) 23 (74.2)/8 (25.8) 0.283
Distant metastasis Y/N 8 (26.7)/22 (73.3) 9 (29.0)/22 (71.0) 1.000
Hepatitis B virus Y/N 11 (36.7)/19 (63.3) 9(29.0)/22 (71.0) 0.592
Alpha fetoprotein 26 (86.7)/4 (13.3) 22 (71.0)/9 (29.0) 0.211
<20/> 20 ng/mL
Carcinoembryonic antigen 25 (83.3)/5 (16.7) 22 (71.0)/9 (29.0) 0.363
<5/> 5 ng/mL
Carbohydrate antigen 199 12 (40.0)/18 (60.0) 10 (32.3)/21 (67.7) 0.600
<37/> 37 ng/mL
Total bilirubin 26 (86.7)/4 (13.3) 30 (96.7)/1 (3.3) 0.195
<20.4/> 20.4 umol/L
Direct bilirubin 26 (86.7)/4 (13.3) 27 (87.1)/4 (12.9) 1.000
<6.8/> 6.8 umol/L
Alanine aminotransferase 25 (83.3)/5 (16.7) 28 (90.3)/3 (9.7) 0.237
<40/> 40 U/L
Aspartate aminotransferase 24 (80.0)/6 (20.0) 25 (80.6)/6 (19.4) 1.000
<35/>35U/L
Platelet count 1 (3.3)/29 (96.7) 3(9.7)/28 (90.3) 0.612
<100/> 100 x10°/L
Prothrombin time 27 (90.0)/3 (10.0) 30 (96.7)/1 (3.3) 0.354
<13.0/>13.0s
Therapeutic groups 1/2/3 9 (30.0)/6 (20.0)/15 (50.0) 12 (38.7)/12 (38.7)/7 (22.6) 0.070

Unless otherwise specified, data are numbers of patients, with percentage in parentheses

" Data are mean + standard deviation

Qualitative variables are analyzed using Pearson’s X* test or Fisher’s exact test as appropriate, and quantitative
variables are analyzed using the independent #-test

= 4.821, p = 0.028), but not between groups 1 and 2 (x*
0.371, p = 0.542) and between groups 1 and 3 (x> =2.794, p
0.095).

MR imaging characteristics of ICC related to
therapeutic response

As presented in Table 3, imaging characteristics of tumor
number (x? = 11.726, p = 0.003), tumor margin (x> =
8.795, p = 0.005), T2 homogeneity (x> = 10.789, p =
0.001), and APE (x2 =8.925, p = 0.003) were associated with
therapeutic response (Figs. 2 and 3). Interobserver agreements
were good to excellent for all qualitative imaging parameters
(interclass correlation coefficient = 0.702—0.965). Mean tu-
mor size of the cases with no response was larger than that
with response (mean 7.542 +2.824 cm vs 6.527 +2.202 cm),
but no statistical differences existed (¢ = 1.562, p = 0.124).
Although average ADC values in the non-response group
were lower than those in the response group (median 1.107
(interquartile ranges 0.908—1.409) x10° mm?/s vs 1.283
(1.083-1.468) x10° mm?/s), the differences were also not sig-
nificant (p = 0.162) and interobserver agreement was excellent

@ Springer

for ADC measurement (interclass correlation coefficient =
0.985 (95% C1 0.975-0.991)).

In multivariate analysis, smooth margin (odds ratio (OR) =
5.004 (95% CI: 1.384, 18.095), p = 0.014), homogeneous T2
signal (OR = 14.93 (95% CI: 1.550, 142.86), p = 0.019), and
non-APE (OR = 5.076 (95% CI: 1.057, 24.39), p = 0.042)
were independent predictive factors associated with therapeu-
tic response. The Hosmer-Lemeshow test significance level
was 0.893, suggesting an acceptable goodness-of-fit for the
model. To create a more accurate and useful predictive model,
we tried to integrate all the significant radiological variables,
and a regression coefficient-based nomogram was constructed
(Fig. 4). In our cohort, the C-index for therapeutic response
prediction with the formulated nomogram was 0.828 (95% CI
0.710-0.913).

Performance of the combined model

Diagnostic characteristics of significant features and their
combination for predicting therapeutic responses are demon-
strated in Table 4. When the significant MRI features above
were combined, a largest AUC of 0.828 was achieved, supe-
rior to features of tumor margin (z =2.454, p =0.0141), T2WI
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Table 3

Qualitative MRI characteristics of intrahepatic cholangiocarcinoma according to therapeutic response

Variables Response (n = 30)

No response (n = 31) p ICC (95% CI)

Tumor number 1/2-5/> 5
Location right/left/right and left/caudate lobe

Tumor margin smooth/irregular 22 (73.3)/8 (26.7)

T2 homogeneity homogeneous/heterogeneous 11 (36.7)/19 (63.3)

Arterial enhancement non-rim/rim/no
enhancement

Arterial enhancement intensity
marked/moderate/mild

Enhancement pattern
progressive/persistent/washout

Arterial peritumoral enhancement Y/N

27 (90.0)/2 (6.7)/1 (3.3)

17 (56.7)/13 (43.3)

Signal in DWI non-rim hyper-/rim 20 (66.7)/10 (33.3)
hyperintensity
Targetoid appearance Y/N 21 (70.0)/9 (30.0)

Hemorrhage in mass Y/N 3 (10.0)/27 (90.0)
17 (56.7)/13 (43.3)
12 (40.0)/18 (60.0)

20 (66.7)/10 (33.3)

Necrosis in mass Y/N
Hepatic capsule retraction Y/N
Intrahepatic bile duct dilation Y/N

20 (66.7)/5 (16.7)/5 (16.7)
12 (40.0)/8 (26.7)/10 (33.3)/0 (0) 12 (38.7)/13 (41.9)/5 (16.1)/1 (3.2) 0.250

7(23.3)/21 (70.0)/2 (6.7)

1 (3.3)/25 (83.3)/4 (13.3)

9 (29.0)/4 (12.9)/18 (58.1) 0.003* 0.950 (0.919-0.970)
0.951 (0.919-0.970)
0.005% 0.838 (0.743-0.899)

0.001* 0.796 (0.682—-0.872)

11 (35.5)/20 (64.5)
1 (3.2)/30 (96.8)

6 (19.4)/25 (80.6)/0 (0) 0421  0.924 (0.876-0.954)
39.7)/27 (87.1)/1 (3.2) 0267 0.702 (0.547-0.810)
27 87.1)/3 (9.7)/1 (3.2) 1.000  0.883 (0.812-0.929)

28 (90.3)/3 (9.7) 0.003* 0.866 (0.787-0.918)

25 (80.6)/6 (19.4) 0.255  0.959 (0.933-0.975)
25 (80.6)/6 (19.4) 0.384  0.850 (0.773-0.902)

6 (19.4)/25 (80.6) 0473  0.816 (0.711-0.886)
23 (74.2)/8 (25.8) 0.184  0.965 (0.942-0.979)
18 (58.1)/13 (41.9) 0204  0.935 (0.895-0.961)
22 (71.0)/9 (29.0) 0.786  0.963 (0.929-0.978)

Unless otherwise specified, data are numbers of patients/lesions, with percentage in parentheses

Variables are analyzed using Pearson’s x> test or Fisher’s exact test as appropriate

DWI diffusion-weighted imaging, /CC interclass correlation coefficient, CI confidence interval

p < 0.05

homogeneity (z = 3.402, p =0.0007), and APE (z=3.332,p=
0.0009) alone.

Based on the receiving operating characteristic curve anal-
ysis, threshold value of the combined index was set as
0.47962. The 6-month and 12-month PFS rates for [CCs with
high combined index values (> 0.47962) were 94.7% (95% CI
84.7-100.0%) and 78.9% (95% CI 60.5-97.3%), and PFS

rates for patients with low values (< 0.47962) were 71.4%
(95% CI 57.7-85.1%) and 37.4% (95% Cl1 21.5-53.3%), re-
spectively. ICCs with high combined index tended to take
longer to progress than those with low values (x> = 13.306,
p <0.0001) (Fig. 5). Cox analysis showed that the combined
index was independently associated with PFS (hazard ratio =
5.670 (95% CI 1.992, 16.136), p = 0.001), while the

Fig. 2 Intrahepatic cholangiocarcinoma in a 67-year-old man. a T2-
weighted image shows a large heterogeneous hyperintense tumor in the
right lobe with irregular, ill-defined margin. Peripheral and distant intra-
hepatic satellite nodules are presented (white arrowheads). b Pre-contrast
T1-weighted image shows a hypointense tumor. ¢ Contrast-enhanced
arterial phase image shows moderate rim enhancement accompanying

arterial peritumoral enhancement (white arrows). Contrast-enhanced por-
tal venous (d) and delay phase (e) images show a progressive enhance-
ment pattern. f Diffusion-weighted image exhibits non-rim
hyperintensity. g Progression occurred at the first follow-up 2 months
after the therapy with multiple new foci in the liver
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Fig. 3 Intrahepatic cholangiocarcinoma in a 66-year-old man. a T2-
weighted image shows a homogeneous hyperintense tumor in the right
lobe with smooth, well-defined margin. b Pre-contrast T1-weighted im-
age shows a hypointense tumor. ¢ Contrast-enhanced arterial phase image
shows moderate rim enhancement without arterial peritumoral

therapeutic group was not a significant independent predictor
(p=0.803); and PFS rates were not different between the three
treatment groups (x> = 1.369, p = 0.504).

Discussion

ICC is an aggressive primary liver cancer of the biliary duct
system with extremely poor therapeutic outcomes [17].
Advanced-stage ICC remains a difficult-to-treat disease to
date; the combined systemic strategies may be a promising
therapeutic direction. However, differential responses to treat-
ment have been observed attributing to the inherent heteroge-
neity of tumor and immune microenvironment of different
individual patients. Timely and accurate assessment of tumor
response to therapy is needed to select suitable candidates, for
both therapeutic and prognostic purposes. In this study, we
confirmed the feasibility of the combined systemic treatment
with targeted therapy, immunotherapy, and/or chemotherapy
with an overall response rate of 49.18%. Moreover, the results
of this study demonstrated that MRI features of smooth mar-
gin, homogeneous T2 signal, and non-APE were potential

@ Springer

enhancement. Contrast-enhanced portal venous (d) and delay phase (e)
images show a progressive enhancement pattern. f Diffusion-weighted
image exhibits non-rim hyperintensity. g Partial response with > 30%
decrease in tumor diameter accompanying significant necrosis was ob-
served at the first follow-up 2 months after therapy (white arrow)

predictors of therapeutic response in advanced ICC, and the
combination model incorporating the three significant MRI
features manifested an improved predictive value with high
specificity.

Irregular tumor margin was related to negative therapeutic
response of ICC in our study. Tumors with irregular margin
are rich in pathological vessels around and may be related to
tumor aggressiveness [18]. These tumors usually show an
infiltrative growth pattern and tend to invade small portal ve-
nous vessels around the tumor, which may result in the for-
mation of satellite nodules; the fusion of the primary mass and
adjacent satellite nodules may result in an ill-defined shape
[19].

Our study showed that T2 homogeneity was a predictor for
therapeutic response, and heterogeneous signal was more
commonly seen in non-response ICCs. Heterogeneous signal
may indicate the presence of complex intratumoral compo-
nents, referring to tumor heterogeneity with histological vari-
ations and potential rapid growth [20]. Moreover, inherent
tumor heterogeneity might hamper disease remission and pal-
liation as well as promote the metastatic behavior, and further
lead to drug resistance and treatment failure [21, 22]. Thus,
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Fig. 4 Nomogram for therapeutic 0 10 20 30 40 50 60 70 80 90 100
response prediction. The Points EeEEEEssasas s s s e e s e
nomogram established by
combining tumor margin, T2
homogeneity, and arterial
peritumoral enhancement (APE). smooth
Predictor points are on uppermost Margin I |
point scale corresponding to each irregular
variable. On the bottom scale,
points for all variables are added
and trap§1ated into response homogeneous signal
probability T2 homogeneity '
heterogeneous signal
non-APE
APE " .
APE
Total Points r T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220 24
Risk 1

there are good reasons to believe that T2 homogeneity might
convey prognostic information and play a role in patient se-
lection for systemic therapy.

We also identified the role of the imaging feature of APE in
the prediction of therapeutic response. APE presents abnormal
hemodynamic perfusions surrounding the tumor due to portal
branch microthrombosis and compensatory increased arterial
blood supply [23, 24]. Researches have proven that APE is a
predictive biomarker for microvascular invasion in both hepa-
tocellular carcinoma [24-26] and combined hepatocellular-
cholangiocarcinoma [23, 27], which is closely related to worse
clinical outcomes. Our study indicated its potential predictive
value in ICC.

The combined index incorporating the significant imaging
features above achieved a best predictive performance with

I T T T T T 1
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high specificity, and the MRI-based nomogram showed satis-
factory predictive performance across the spectrum of re-
sponse prediction (C-index: 0.828) which refined the accuracy
of estimation. In the meantime, our results proved that the
MRI-based combined index can be regarded as a reliable
and independent predictor of response, taking the potential
confounding factor of different therapies into account. Thus,
contrast-enhanced MRI may serve as a practical non-invasive
tool to select more targeted candidates in real-world practice.
If adverse outcome is predicted by MRI assessment, unneces-
sary therapies could be avoided for those potential poorly
responding patients. However, the sensitivity of the combina-
tion model has yet to be improved, and our results needed to
be verified by future multicenter studies with external valida-
tion to improve generalization. Moreover, our results verified

Table 4  Diagnostic performance of significant findings and their combination for therapeutic response prediction of intrahepatic cholangiocarcinoma

AUC Sensitivity (%) Specificity (%) LR+ (%) LR- (%)
Smooth margin 0.689 (0.558-0.802) 7333 (54.1-87.7) 64.52 (45.4-80.8) 2.07 (1.2-3.5) 041 (0.2-0.8)
Homogeneous T2 signal 0.667 (0.535-0.783) 36.67 (19.9-56.1) 96.77 (83.3-99.9) 11.37 (1.6-82.7) 0.65 (0.5-0.9)
No APE 0.668 (0.536-0.784) 4333 (25.5-62.6) 90.32 (74.2-98.0) 448 (1.4-14.2) 0.63 (0.4-0.9)
Combined index 0.828 (0.710-0.913) 56.67 (37.4-74.5) 93.55 (78.6-99.2) 8.78 (2.2-34.8) 0.46 (0.3-0.7)

Data in parentheses are 95% confidence intervals

AUC area under the curve, LR likelihood ratio, APE arterial peritumoral enhancement
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Fig. 5 Progression-free survival
of intrahepatic 1.0+
cholangiocarcinomas with high

combined index and low

combined index. Patients with -
high combined index values
showed higher cumulative
progression-free survival rates
than those with low values (p <
0.0001). Threshold value of the
combined index was set as
0.47962 based on the
corresponding receiving
operating characteristic curve
analysis
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that ICCs with high combined index values tended to take
longer to progress than those with low values, confirming its
worth in pre-treatment response evaluation.

In addition, the results of univariate analysis showed that
increasing lesion number impaired therapeutic efficacy as
well, although it was not an independent factor. An increase
in the number of tumors indicated higher tumor burden within
a more advanced tumor stage, which represented an essential
prognostic factor for poor survival of ICC [28].

Our study had several limitations. First, the sample size was
relatively small; thus, our preliminary results should be verified
with larger study population. Second, as one of the clinical trials
was carried on since February 2020, and the last patient partic-
ipated in September 2020, long-term survival data was not in-
cluded in the present study. Future study with sufficient follow-
up data needs to be further fulfilled. Third, the retrospective
nature leads to inherent bias, including patient selection.
Additionally, we only included advanced ICC patients who
received first-line systemic therapy; our results need to be val-
idated in patients with second- or third-line systemic therapy, or
patients who undergo conversion resection with pathologic re-
sponse results. Finally, the datasets of two clinical trials with
different therapeutic regimens were pooled in our study.
According to our results, although different therapies were not
equally distributed over different response groups, the therapeu-
tic group was not an independent confounding factor. Thus, we
considered it reasonable to include both groups in a single anal-
ysis. Moreover, by pooling different therapies, it could be a
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promising non-invasive assessment to test in a broader popula-
tion. And yet, subgroup analysis of respective therapy protocols
is valuable in future work.

According to our preliminary research, MRI features including
tumor margin, T2 homogeneity, and APE were potential predic-
tors of therapeutic response in advanced ICC with systemic ther-
apy, and the combination model incorporating the three signifi-
cant MRI features achieved an improved predictive value, which
may play an important role in identifying appropriate therapeutic
candidates and optimize individual treatment strategies.
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