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Abstract 

Background: The association of contrast‑enhanced MRI (CE‑MRI) and the overall survival (OS) of biliary tract cancers 
(BTC) is ambiguous. Thus, the aim of this study is to evaluate the value of signal enhancement ratio (SER) and its early 
change in CE‑MRI as biomarkers of survival after hepatic arterial infusion chemotherapy (HAIC) in BTC.

Results: One hundred and two BTC patients treated via HAIC with 3cir‑OFF regimen between January 2011 and June 
2020 were enrolled in this retrospective study. The median progression‑free survival (PFS) and OS were 9.8 months 
[range 1.5–83.3 months, 95% confidence interval (CI) 7.789–11.811] and 14.2 months (range 1.8–83.3 months, 95% 
CI: 11.106–17.294), respectively. The cutoff value of SER before HAIC  (SER0) was 1.04, and both median PFS and OS in 
the  SER0 ≥ 1.04 group were longer than in the  SER0 < 1.04 group (median PFS: 10.5 vs. 8.5 months, p = 0.027; median 
OS: 23.9 vs. 12.3 months, p < 0.001). The median OS in the ΔSER > 0 group was longer than in the ΔSER < 0 group (17.3 
versus 12.8 months, p = 0.029 (ΔSER means the change of SER after two cycles of HAIC). Multivariate analysis showed 
 SER0 (p = 0.029) and HAIC treatment cycle (p = 0.002) were independent predictors of longer survival.

Conclusions: SER in CE‑MRI before HAIC  (SER0) is a potential biomarker for the prediction of survival after HAIC in 
advanced BTC.
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Key points

• SER of CE-MRI is a biomarker of survival for BTC 
after HAIC.

• ΔSER is also related to longer survival after HAIC in 
advanced BTC, but not an independent predictor of 
survival.
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Background
Biliary tract cancers (BTC) are malignancies arising 
from the biliary tracts with poor prognosis and are clas-
sified as gallbladder cancer (GBC), intrahepatic chol-
angiocarcinoma (iCCA), perihilar cholangiocarcinoma 
(pCCA), and distal cholangiocarcinoma (dCCA), based 
on anatomy. In the past decade, the incidence of BTC has 
increased worldwide, especially in China and southeast 
Asia [1–3].

Most BTC patients are diagnosed at the advanced stage 
and therefore are not suitable for surgery. Although sys-
temic chemotherapy is currently the standard first-line 
treatment for BTC, results of randomized controlled tri-
als have reported that the overall survival (OS) is usually 
less than one year [4, 5]. Hepatic arterial infusion chemo-
therapy (HAIC) has been proved to be a good alternative 
treatment in advanced iCCA [6]. HAIC with oxaliplatin 
and 5-fluorouracil has also been proved to have sur-
vival benefits with the median OS of 20.5  months for 
advanced pCCA [7] and 13.5 months for advanced GBC 
[8]. However, the prediction of survival for BTC remains 
a challenge.

In recent years, survival prediction using contrast-
enhanced MRI (CE-MRI) has been proved to have value 
in hepatobiliary malignancy. In 2016, Fujita et  al. found 
that the signal intensity (SI) of hepatocellular carcinoma 
(HCC) in the hepatobiliary phase (HBP) of CE-MRI 
before HAIC was correlated with prognosis in patients 
treated by HAIC [9]. In the same year, the relationship 
between the SI of mass-forming iCCA in HBP of CE-MRI 
and survival time was also proved [10]. Thus, the signal 
enhancement ratio (SER), one of the quantified indicators 
of CE-MRI, may have value for survival prediction for 
liver tumors and BTC.

Therefore, we retrospectively enrolled more than 100 
patients with BTC treated by HAIC in our center in past 
consecutive 10 years to explore whether SER in CE-MRI 
could be a potential biomarker of survival after HAIC 
treatment in advanced BTC.

Methods
Patients
This retrospective study was supported by the institu-
tional review board, and the requirement for informed 
consent was waived. All patients with BTC treated in our 
center from January 2011 to June 2020 were reviewed.

The eligibility criteria were as follows: (1) diagnosed 
as BTC by histopathology and cytopathology, includ-
ing GBC, iCCA, and pCCA; (2) inoperable as con-
firmed by hepatobiliary surgeons and radiologists; (3) 
treated via HAIC with 3cir-OFF for at least two cycles; 
(4) received abdominal CE-MRI before the initiation of 

HAIC and after 2 cycles of HAIC; (5) at least one meas-
urable lesion in CE-MRI images before the initiation of 
HAIC; (6) 18–80 years old; (7) Child–Pugh A/B; (8) East-
ern Cooperative Oncology Group (ECOG) performance 
status (PS) ≤ 2; (9) tumor burden in the liver < 70% of the 
total liver volume; (10) adequate bone marrow function 
(white blood cell count ≥ 3.5 ×  109/L, absolute neutrophil 
count ≥ 1.5 ×  109/L, and platelet count > 75 ×  109/L); (11) 
adequate liver and renal function [alanine transaminase 
and aspartate transaminase ≤ 5 × upper limit of normal 
(ULN), total bilirubin (TBiL) < 5 × ULN, and serum cre-
atinine < 2.0  mg/dL]; and (12) international normalized 
ratio ≤ 1.5.

The exclusion criteria were as follows: (1) coexist-
ent or synchronous malignancies; (2) treated via HAIC 
combined with other treatment methods, such as sys-
temic chemotherapy, targeted therapy, and trans-
arterial chemoembolization (TACE); (3) a follow-up 
period < 6 months.

Procedures and treatments
CE-MRI was performed on each patient within one 
month before the initiation of HAIC and after 2 cycles 
of HAIC. The images were assessed by two experienced 
radiologists (11 and 16 years of experience in abdominal 
imaging), and a consensus was reached. Complete blood 
count, blood biochemistry, blood coagulation, carci-
noembryonic antigen (CEA), and carbohydrate antigen 
19-9 (CA 19-9) were measured before HAIC.

A percutaneously implanted port-catheter system 
using fixed-catheter-tip technology, as depicted in pub-
lished studies [11–14], was used for HAIC. The HAIC 
regimen was 3cir-OFF, which was composed of oxalipl-
atin (40  mg/m2 for 2  h), 5-flourouracil (800  mg/m2 for 
22 h), and folinic acid (200 mg/m2) on days 1–3, every 3 
or 4 weeks. The folinic acid was injected intravenously for 
2 h from the beginning of 5-fluorouracil infusion on each 
day.

Response evaluation and follow‑up
The response was evaluated according to the New 
response evaluation criteria in solid tumors: Revised 
RECIST guideline (version 1.1) (RECIST 1.1) [15]. The 
follow-up processes, including abdominal CE-MRI scan, 
laboratory examination, and physical examination, were 
performed on every patient after two cycles of HAIC 
or every three months until the tumor progressed, or 
the patient died. OS was defined as the date from the 
initiation of HAIC to death, and progression-free sur-
vival (PFS) was defined as the date from the initiation 
of HAIC to tumor progression or death, whichever 
occurred first.
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CE‑MRI imaging technique
All CE-MRI scans were performed with three MRI 
machines (machine 1: 3.0 T, Discovery MR750, GE, USA; 
machine 2: 1.5 T, Optima MR360, GE, USA; machine 3: 
1.5 T, Aera, SIEMENS, Germany) with an eight-channel 
phased-array body coil. The contrast agent Gd-DTPA 
(Magnevist, Bayer Berlin, Germany) was injected intra-
venously (0.2  mL/kg, 2  mL/s), followed by a flush with 
20  mL of saline solution using a power injector. The 
parameters of the contrast-enhanced T1-weighted 
image sequence were as follows: (1) machine 1: repeti-
tion time (TR), 4.01 ms; echo time (TE), 1.71 ms; matrix, 
512 × 512; slice thickness, 5.0  mm; slice gap, 2.5  mm; 
flip angle, 10°; number of excitations (NEX), 0+. (2) 
machine 2: TR, 3.25 ms; TE, 1.43 ms; matrix, 256 × 256; 
slice thickness, 5.0  mm; slice gap, 2.5  mm; flip angle, 
15°; NEX, 0+. (3) machine 3: TR, 4.50 ms; TE, 2.21 ms; 
matrix, 240 × 320; slice thickness, 3.5 mm; flip angle, 15°; 
NEX, 1.

Image analysis
The SI of the tumor was measured in a ROI, which 
included the substantial components as possible, in 
the longest axial image of the tumor in unenhanced 
and portal vein phase (Fig. 1). For patients with more 
than 2 lesions in the liver, two target lesions were 
selected based on RECIST 1.1, and the SI of the tumor 
was defined as the mean SI of the two lesions. The 
SER was calculated with the equation  (SI1 –  SI0)/SI0 
[16], where  SI1 was the SI of the tumor in portal vein 
phase and  SI0 was the SI of the tumor in unenhanced 
phase. Then, ΔSER was calculated with the equation 
 SER0 –  SER1, where  SER0 was the SER before the ini-
tiation of HAIC and  SER1 was the SER after two cycles 
of HAIC.

Statistical analysis
Continuous and categorical variables were presented 
as mean ± standard deviation and frequencies, respec-
tively. Mann–Whitney U test, Kruskal–Wallis H, and 
Student’s t-test were used to analyze continuous vari-
ables. Chi-square tests and Fisher’s exact tests were used 
to analyze categorical variables. OS and PFS were ana-
lyzed using the Kaplan–Meier method and log-rank test. 
The receiver operating characteristic (ROC) curve was 
drawn; then, the Youden Index was calculated to obtain 
the cutoff value of  SER0. Univariate and multivariate 
analyses were performed with the Cox proportional haz-
ards regression method, and the factors with p < 0.10 in 
the univariate analysis were included in the multivariate 
analysis. A p < 0.05 was considered statistically signifi-
cant. The Statistical Package for Social Sciences version 
24.0 (IBM Corp., Armonk, NY, USA) was used for the 
statistical analysis.

Results
Patients
“Gallbladder cancer,” “biliary tract cancers,” “intrahepatic 
cholangiocarcinoma,” and “perihilar cholangiocarcinoma” 
were used as keywords to search in the Hospital Informa-
tion System. Three hundred and fifty-four patients with 
BTC were treated in our center from January 2011 to 
June, 2020. According to the inclusion and exclusion cri-
teria, 102 patients with BTC were enrolled in this study 
finally. The patients screen flowchart is shown in Fig. 2.

Out of these 102 patients (mean age, 60.38 ± 9.76 years; 
56 males (54.9%)), 33 (32.4%) were diagnosed as iCCA, 
14 (13.7%) as GBC, and 55 (53.9%) as pCCA. Twenty-
five (24.5%) patients had recurrence after surgery or 
experienced progression after other treatments, and 71 
(69.6%) suffered jaundice before the initiation of HAIC 

Fig. 1 Drawing of the ROI in CE‑MRI images. A Example of ROI drawing in the unenhanced phase image. B  Example of ROI drawing in the portal 
vein phase image. SI, signal intensity; CE‑MRI, contrast‑enhanced MRI
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in which more than 70% of them contraindicated to sys-
temic chemotherapy since their level of TBiL was over 
2 × ULN. The characteristics of these patients are shown 
in Table 1.

Tumor response and survival after HAIC
The follow-up processes were completed on January 
23, 2021, with a median follow-up time of 48.6 months. 
There were 438 cycles of HAIC performed in this study, 

with a mean of 4.38 cycles. Seventy-seven (75.5%) 
patients died, and 74 (72.5%) patients had progressed by 
the date of last follow-up.

Two (2.0%) patients achieved CR, 54 (52.9%) PR, 32 
(31.4%) SD, and 14 (13.7%) PD, according to RECIST 1.1 
criteria. The objective response rate (ORR) was 54.9%, 
and the disease control rate (DCR) was 86.3%. After 
the treatment of HAIC, the median OS and PFS were 
14.2  months (range 1.8–83.3  months, 95% confidence 

Fig. 2 Patient flowchart. PTCD, percutaneous transhepatic cholangial drainage; RFA, radiofrequency ablation; HACI, hepatic arterial infusion 
chemotherapy; TACE, transarterial chemoembolization; CE‑MRI, contrast‑enhanced MRI
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interval (CI): 11.106–7.294) and 9.8  months (range 
1.5–83.3  months, 95% CI: 7.789–11.811), respectively 
(Fig. 4A, B).

Diversity of SER based on different MRI machines
Forty-three (42.2%) patients received CE-MRI scan 
before the initiation of HAIC with machine 1, 32 (31.4%) 
with machine 2, and 27 (26.5%) with machine 3. The  SER0 
based on these three different MRI machines was simi-
lar (p = 0.174), in which  SER0 based on machine 1 was 
1.06 ± 0.51, machine 2 was 1.28 ± 0.59, and machine 3 
was 1.09 ± 0.36. Thirty-two (31.4%) patients received 
CE-MRI scan after 2 cycles of HAIC with machine 1, 31 
(30.4%) with machine 2, and 39 (38.2%) with machine 3. 
The  SER1 based on these three machines was also simi-
lar (p = 0.230), in which  SER1 based on machine 1 was 
0.91 ± 0.47, machine 2 was 1.10 ± 0.52, and machine 
3 was 0.97 ± 0.42. Additionally, ΔSER was also simi-
lar in patients whose CE-MRI was performed with the 
same machine and patients whose CE-MRI was per-
formed with different machines before and after HAIC 
(p = 0.087). The ΔSER based on the same machine was 
0.23 ± 0.63, and the ΔSER based on different machines 
was 0.04 ± 0.33.

Relationship between survival,  SER0 and ΔSER
According to the ROC method and Youden Index cal-
culation, the cutoff value of  SER0 was 1.04 (area under 
the curve, 0.601; sensitivity, 55.7%; specificity, 71.4%; 
Fig.  3). Forty-nine (48.0%) patients were included in 
the  SER0 < 1.04 group, and fifty-three (52.0%) patients 
were included in the  SER0 ≥ 1.04 group. The median OS 
of patients in the  SER0 ≥ 1.04 group was 23.9  months 
(range 1.8–83.3 months, 95% CI: 16.494–31.306), which 
was significantly longer than that in the  SER0 < 1.04 
group (12.3  months, range 2.9–31.1  months, 95% CI: 
10.748–13.852, p < 0.001). Similarly, the median PFS of 

Table 1 Univariate analysis of patients’ baseline characteristics 
and treatment factors on survival

Characteristics Number of patients 
(%)

p value

Sex 0.070

 Male 56 (54.9%)

 Female 46 (45.1%)

Age (y) 0.008

 < 60 45 (44.1%)

 ≥ 60 57 (55.9%)

Diagnosis 0.503

 iCCA 33 (32.4%)

 GBC 14 (13.7%)

 pCCA 55 (53.9%)

Degree of differentiation 0.078

 High differentiation 2 (2%)

 Moderate differentiation 19 (18.6%)

 Poor differentiation 28 (27.5%)

 Unknown 53 (52%)

Previous treatment 0.447

 Yes 25 (24.5%)

 No 77 (75.5%)

Hepatitis 0.345

 No 53 (52%)

 Hepatitis B 49 (48%)

 Hepatitis C 0 (0)

Child–Pugh classification 0.323

 A 52 (51%)

 B 50 (49%)

ECOG PS 0.013

 0 64 (62.7%)

 1 38 (37.3%)

Jaundice 0.205

 Yes 71 (69.6%)

 No 31 (30.4%)

Extent of disease 0.081

 NxM0 + N0M0 41 (40.2%)

 N1M0 53 (52%)

 N2M0 + any M1 8 (7.8%)

SER0 < 0.001

 < 1.04 49 (48%)

 ≥ 1.04 53 (52%)

CEA level < 0.001

 < 10 U/mL 74 (72.5%)

 ≥ 10 U/mL 25 (24.5%)

 Unknown 3 (2.9%)

CA 19‑9 level 0.001

 < 200U/mL 31 (30.4%)

 ≥ 200U/mL 67 (65.7%)

 Unknown 4 (3.9%)

Treatment cycle 0.002

 2–4 cycles 54 (52.9%)

iCCA, intrahepatic cholangiocarcinoma; GBC, gallbladder cancer; pCCA, 
perihilar cholangiocarcinoma; ECOG PS, Eastern Cooperative Oncology Group 
performance status; SER, signal enhancement ratio; CEA, carcinoembryonic 
antigen; CA 19-9, carbohydrate antigen 19-9

Table 1 (continued)

Characteristics Number of patients 
(%)

p value

 5–6 cycles 48 (47.1%)

ΔSER 0.031

 < 0 36 (35.3%)

 > 0 66 (64.7%)

Subsequent treatment 0.173

 Yes 63 (61.8%)

 No 39 (38.2%)
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10.5  months (range 1.6–83.3  months, 95% CI: 6.140–
14.860) in the former group was significantly longer than 
the PFS of 8.5 months (range 1.5–28.7 months, 95% CI: 
5.337–11.663, p = 0.027, Fig. 4C, D) in the latter group.

All patients were divided into two groups based on 
ΔSER. There were 66 (64.7%) patients in the ΔSER > 0 
group, and 36 (35.3%) in the ΔSER < 0 group. Although 
the median PFS in the ΔSER > 0 and ΔSER < 0 groups 
was similar (10.5 vs. 8.5 months, p = 0.086), the median 

OS of 17.3  months (range 1.8–83.3  months, 95% CI: 
12.359–22.241) in the former group was significantly 
longer than the 12.8  months [range 4.0–66.0  months, 
95% CI: 12.134–13.466, p = 0.029, Figs.  4E, F, 5, 6) in 
the latter group.

Predictors of survival after HAIC
Sex (p = 0.070), age (p = 0.008), degree of differen-
tiation (p = 0.078), extent of disease (p =  0.081), ECOG 
PS (p = 0.013),  SER0 (p < 0.001), CEA level (p < 0.001), 
CA 19-9 level (p = 0.001), treatment cycle (p = 0.002), 
and ΔSER (p = 0.031) were identified as risk factors via 
univariate analysis. In the multivariate analysis,  SER0 
(p = 0.029) and treatment cycle (p = 0.002) were con-
firmed as independent risk factors related to survival 
(Table 2).

Discussion
This large 10-year cohort retrospective study demon-
strated the prediction value of signal enhancement ratio 
from CE-MRI as a biomarker of survival after hepatic 
arterial infusion chemotherapy. In this study, median OS 
and PFS in SER before HAIC  (SER0) > 1.04 group were 
significantly longer than those in the  SER0 < 1.04 group 
(median OS: 23.9 vs. 12.3 months, p < 0.001; median PFS: 
10.5 vs. 8.5  months, p = 0.027). Further, the median OS 
of patients in the early change of SER (ΔSER) > 0 group 
was better than that in the ΔSER < 0 group (17.3 vs. 

Fig. 3 ROC curve of  SER0. ROC, receiver operating characteristic; AUC, 
area under the curve

Fig. 4 A, B Cumulative survival curves of hepatic arterial infusion chemotherapy (HAIC) for biliary tract cancers (BTC). C, D Cumulative survival 
curves of HAIC for BTC in different  SER0 groups. E, F Cumulative survival curves of HAIC for BTC in different ΔSER groups. SER, signal enhancement 
ratio; OS, overall survival; PFS, progression‑free survival; HR, hazard ratio; CI, confident interval
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Fig. 5 Two typical case demonstrations of perihilar cholangiocarcinoma. A–D Images from a 47‑year‑old male patient with pCCA. A, B The signal 
enhancement ratio (SER) before the initiation of hepatic arterial infusion chemotherapy (HAIC) was 1.39 [(709–297)/297]. C, D After two cycles 
of HAIC, the tumor shrank significantly in size, which corresponded to partial response according to RECIST 1.1. SER of the tumor decreased 
[SER = (498–221)/221 = 1.25; ΔSER = 1.39–1.25 = 0.14 > 0]. This patient was still alive, and the tumor did not progress by the time of last follow‑up, 
with a survival time more than 83 months. E–H Images from a 60‑year‑old male patient with pCCA. E, F The SER before the initiation of HAIC was 
0.59 [(148–93)/93]. G, H After two cycles of HAIC, the tumor did not change significantly in size, which corresponded to stable disease according to 
RECIST 1.1. SER of the tumor increased [SER = (168–102)/102 = 0.65; ΔSER = 0.59–0.65 = − 0.06 < 0]. The tumor progressed after 2 months following 
the initiation of HAIC. Although the subsequent HAIC with another regimen was performed, the patient died 5.4 months after the initiation of HAIC

Fig. 6 Two typical case demonstrations of intrahepatic cholangiocarcinoma. A–D Images from a 66‑year‑old male patient with iCCA. A, B The 
signal enhancement ratio (SER) before the initiation of hepatic arterial infusion chemotherapy (HAIC) was 1.32 [(1202–518)/518]. C, D After two 
cycles of HAIC, the tumor shrank significantly in size, which corresponded to partial response according to RECIST 1.1. SER of the tumor decreased 
[SER = (829–495)/495 = 0.67; ΔSER = 1.32–0.67 = 0.65 > 0]. The tumor progressed after 10 months following the initiation of HAIC. Without 
subsequent treatment after progression, the patient died after 11.2 months of the initiation of HAIC. (E–H) Images from a 76‑year‑old female 
patient with iCCA. E, F The SER before the initiation of HAIC was 0.65 [(837–506)/506]. G, H After two cycles of HAIC, the tumor did not change 
significantly in size, which corresponded to stable disease according to RECIST 1.1. SER of the tumor increased [SER = (600–253)/253 = 1.37; 
ΔSER = 0.65–1.37 = − 0.72 < 0]. The tumor progressed after 4 months following the initiation of HAIC, and subsequent HAIC with another regimen 
was performed. The patient died 13.7 months after the initiation of HAIC with 3cir‑OFF regimen
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12.8 months, p = 0.029). Additionally,  SER0 was an inde-
pendent risk factor of survival according to the multivari-
ate analysis.

Several potential biomarkers have currently been iden-
tified as being associated with the OS of BTC, such as CA 
19-9, serum IL-6, and neutrophil/lymphocyte ratio [17–
21]. However, the results of studies that focused on these 
biomarkers were contradictory. Additionally, the use of 
these biomarkers in the clinical setting remains contro-
versial due to poor specificity, especially CA 19-9, which 
may be elevated in other conditions such as diabetes [19, 
22, 23]. The results of this study suggest that SER may be 
a reliable biomarker for prediction of survival after HAIC 
treatment of patients with advanced BTC.

The OS and PFS of patients in the  SER0 > 1.04 group 
was longer than those in the  SER0 < 1.04 group. This may 
be due to the following reasons. First, tumor angiogen-
esis has been proved to be necessary for the growth of 
tumors [24, 25], and the enhancement of tumor in CE-
MRI is partially associated with vascularity and high per-
meability of the tumor [26, 27]. Therefore, in this study, 
the greater  SER0, the more vessels or the higher vessel 
permeability of the BTC before the initiation of HAIC. 
Second, the adequate delivery and transport of chemo-
therapeutics to the tumor, which depends in part on the 
tumor vessels and their permeability, would increase 
the efficacy of chemotherapy [28]. Third, HAIC could 
increase the local concentration of chemotherapeutics by 
infusing the chemotherapeutics into the vessels supply-
ing  the tumor directly. Thus, more chemotherapeutics 
would be infused into the tumor in the  SER0 > 1.04 group, 

resulting in better survival. Furthermore, it is well known 
that the differentiation of a tumor can influence progno-
sis. Some published studies had found better enhance-
ment of iCCA was associated with well differentiation of 
tumors [29, 30]. Jeong et al. also found that mass-forming 
iCCA with well differentiation tended to present with 
greater enhancement in HBP [16]. Thus,  SER0 > 1.04 
might also correlate to the well differentiation of tumor.

Enhancement is considered one factor in the evalu-
ation of the treatment response according to the modi-
fied RECIST for HCC [31]. However, in 2017, Chen et al. 
found that retinoblastoma with decreased activation after 
the treatment of HAIC presented with lower enhance-
ment in MRI [32]. Another recently published study also 
proved that the enhancement of tumors decreased after 
the effective chemotherapy [33]. Similar results were 
also observed in other tumor types, such as breast can-
cer after neoadjuvant chemotherapy and locally advanced 
pancreatic cancer after high-intensity focused ultra-
sound [34, 35]. Therefore, both absence and decrease in 
tumor enhancement could reflect response after effective 
treatment. HAIC using the 3cir-OFF regimen has been 
proved to be an effective and safe treatment for BTC [7, 
8]. In this study, the median OS and PFS were 14.2 and 
9.8 months, respectively, although 24.5% of patients with 
prior treatment failed. The survival benefits of HAIC 
with the 3cir-OFF regimen were superior to results 
achieved in treatment-naïve BTC patients treated with 
systemic chemotherapies such as gemcitabine plus cispl-
atin, XELOX, GEMOX, S-1 along, gemcitabine plus S-1, 
or FOLFIRI (median OS: 11.7, 10.4, 10.6, 9.4, 11.6, and 
6.6 months, respectively) [4, 5, 36–38]. Further, ΔSER > 0 
showed that the enhancement of BTC decreased after the 
treatment of HAIC in this study. The median OS in the 
ΔSER > 0 group was 17.3 months, which was significantly 
longer than that in the ΔSER < 0 group with a median OS 
of 12.8  months (p = 0.029). These results are consistent 
with the fact that the decrease in tumor enhancement 
reflected the response after effective treatment.

This study has some limitation. First, this was a retro-
spectively study with only 102 patients enrolled. Second, 
the number of patients with GBC, iCCA, or pCCA varied 
greatly, and the number of patients with high, moderate, 
or poor degree of differentiation of BTC varied greatly 
in this study. Third, most patients enrolled in this study 
were diagnosed with BTC by cytopathology rather than 
histopathology, which limited the further investigation 
of the relationship between SER and the expression of 
certain molecules or proteins. Finally, some biases were 
inevitable when the ROI was drawn, although the ROI 
included as more substantial components as possible.

In conclusion, signal enhancement ratio of con-
trast-enhanced MRI is an independent biomarker for 

Table 2 Multivariate Cox regression analysis of factors related to 
survival

HR, hazard ratio; CI, confident interval; ECOG PS, Eastern Cooperative 
Oncology Group performance status; SER, signal enhancement ratio; CEA, 
carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9

Variates p value HR (95% CI)

Sex 0.489 1.358 (0.571, 3.230)

Age 0.438 0.700 (0.284, 1.726)

Degree of differentiation

 High/moderate 0.353 0.324 (0.030, 3.502)

 High/poor 0.052 0.380 (0.143, 1.010)

Extent of disease

 NxM0 + N0M0/N1M0 0.451 0.606 (0.165, 2.228)

 NxM0 + N0M0/N2M0 + any M1 0.404 0.587 (0.168, 2.051)

ECOG PS 0.465 0.725 (0.306, 1.719)

SER0 0.029 2.686 (1.109, 6.505)

CEA level 0.055 0.472 (0.219, 1.017)

CA 19‑9 level 0.194 0.576 (0.251, 1.324)

Treatment cycle 0.002 3.669 (1.611, 8.353)

ΔSER 0.779 1.137 (0.463, 2.793)
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prediction of survival after hepatic arterial infusion 
chemotherapy of advanced biliary tract cancers. The 
early change of SER (ΔSER) was also related to longer 
survival. Therefore, a prospective trial is needed to verify 
the results in this study.

Abbreviations
BTC: Biliary tract cancers; CA 19‑9: Carbohydrate antigen 19‑9; CEA: Carci‑
noembryonic agent; CE‑MRI: Contrast‑enhanced MRI; GBC: Gallbladder cancer; 
HAIC: Hepatic arterial infusion chemotherapy; iCCA : Intrahepatic cholangio‑
carcinoma; OS: Overall survival; pCCA : Perihilar cholangiocarcinoma; PFS: 
Progression‑free survival; SER: Signal enhancement ratio; SI: Signal intensity.

Acknowledgements
We thank LetPub (http:// www. letpub. com) for its linguistic assistance during 
the preparation of this manuscript.

Authors’ contributions
KZ and SF were involved in conception and design, acquisition of data, analy‑
sis and interpretation of data, and drafting the manuscript. BL was involved in 
acquisition of data and analysis. YC and YL were involved in analysis and inter‑
pretation of data. WL was involved in analysis of data. RY, GC, LX, XZ, SG, and 
PL were involved in acquisition of data.  XW was involved in conception and 
design, acquisition of data, analysis and interpretation of data, and revising the 
manuscript. All authors read and approved the final manuscript.

Funding
This study has received funding by National Natural Science Foundation of 
China (No. 82172039), Beijing Hospitals Authority Clinical Medicine Develop‑
ment of Special Funding Support (No. ZYLX202117), and Beijing Natural 
Science Foundation (No. 7212198).

Availability of data and materials
The data and material supporting the results reported in this study can be 
found at Peking University Cancer Hospital.

Declarations

Ethics approval and consent to participate
This retrospective study was supported by the institutional review board, and 
the requirement for informed consent was waived.

Consent for publication
Our institution has given consent for publication.

Competing interests
The authors declare that they have no competing interest.

Author details
1 Key Laboratory of Carcinogenesis and Translational Research (Ministry 
of Education), Department of Interventional Therapy, Peking University Cancer 
Hospital & Institute, 52 Fucheng Road, Haidian District, Beijing, China. 2 Hebei 
North University, 11 Zuanshi South Road, Gaoxin District, Zhangjiakou, Hebei, 
China. 3 Key Laboratory of Carcinogenesis and Translational Research (Ministry 
of Education), Department of Radiology, Peking University Cancer Hospital & 
Institute, 52 Fucheng Road, Haidian District, Beijing, China. 4 Key Laboratory 
of Carcinogenesis and Translational Research (Ministry of Education/Beijing), 
Department of Cancer Epidemiology, Peking University Cancer Hospital & 
Institute, 52 Fucheng Road, Haidian District, Beijing, China. 

Received: 17 November 2021   Accepted: 15 February 2022

References
 1. Rizvi S, Khan SA, Hallemeier CL, Kelley RK, Gores GJ (2018) Cholangiocarci‑

noma—evolving concepts and therapeutic strategies. Nat Rev Clin Oncol 
15:95–111

 2. Schmidt MA, Marcano‑Bonilla L, Roberts LR (2019) Gallbladder cancer: 
epidemiology and genetic risk associations. Chin Clin Oncol 8:2

 3. Bridgewater JA, Goodman KA, Kalyan A, Mulcahy MF (2016) Biliary tract 
cancer: epidemiology, radiotherapy, and molecular profiling. Am Soc Clin 
Oncol Educ Book 35:e194‑203

 4. Valle J, Wasan H, Palmer DH et al (2010) Cisplatin plus gemcitabine versus 
gemcitabine for biliary tract cancer. N Engl J Med 362:1273–1281

 5. Kim ST, Kang JH, Lee J et al (2019) Capecitabine plus oxaliplatin versus 
gemcitabine plus oxaliplatin as first‑line therapy for advanced biliary tract 
cancers: a multicenter, open‑label, randomized, phase III, noninferiority 
trial. Ann Oncol 30:788–795

 6. Sinn M, Nicolaou A, Gebauer B et al (2013) Hepatic arterial infusion with 
oxaliplatin and 5‑FU/folinic acid for advanced biliary tract cancer: a phase 
II study. Dig Dis Sci 58:2399–2405

 7. Wang X, Hu J, Cao G et al (2016) Phase II study of hepatic arterial infusion 
chemotherapy with oxaliplatin and 5‑fluorouracil for advanced perihilar 
cholangiocarcinoma. Radiology 283:580–589

 8. Zheng K, Wang X, Cao G et al (2021) Hepatic arterial infusion chemother‑
apy with oxaliplatin and 5‑fluorouracil for advanced gallbladder cancer. 
Cardiovasc Intervent Radiol 44:271–280

 9. Fujita N, Nishie A, Asayama Y et al (2016) Significance of the signal inten‑
sity of gadoxetic acid‑enhanced MR imaging for predicting the efficacy 
of hepatic arterial infusion chemotherapy in hepatocellular carcinoma. 
Magn Reson Med Sci 15:111–120

 10. Koh J, Chung YE, Nahm JH et al (2016) Intrahepatic mass‑forming cholan‑
giocarcinoma: prognostic value of preoperative gadoxetic acid‑enhanced 
MRI. Eur Radiol 26:407–416

 11. Hildebrandt B, Pech M, Nicolaou A et al (2007) Interventionally implanted 
port catheter systems for hepatic arterial infusion of chemotherapy in 
patients with colorectal liver metastases: a Phase II‑study and historical 
comparison with the surgical approach. BMC Cancer 7:69–69

 12. Hu J, Zhu X, Wang X, Cao G, Wang X, Yang R (2019) Evaluation of percu‑
taneous unilateral trans‑femoral implantation of side‑hole port‑catheter 
system with coil only fixed‑catheter‑tip for hepatic arterial infusion 
chemotherapy. Cancer Imaging 19:15–15

 13. Tanaka T, Arai Y, Inaba Y et al (2003) Radiologic placement of side‑hole 
catheter with tip fixation for hepatic arterial infusion chemotherapy. J 
Vasc Interv Radiol 14:63–68

 14. Arai Y, Takeuchi Y, Inaba Y et al (2007) Percutaneous catheter placement 
for hepatic arterial infusion chemotherapy. Tech Vasc Interv Radiol 
10:30–37

 15. Eisenhauer EA, Therasse P, Bogaerts J et al (2009) New response evalua‑
tion criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J 
Cancer 45:228–247

 16. Jeong HT, Kim M‑J, Chung YE, Choi JY, Park YN, Kim KW (2013) Gadox‑
etate disodium‑enhanced MRI of mass‑forming intrahepatic cholan‑
giocarcinomas: imaging‑histologic correlation. AJR Am J Roentgenol 
201:W603–W611

 17. Harder J, Kummer O, Olschewski M, Otto F, Blum HE, Opitz O (2007) 
Prognostic relevance of carbohydrate antigen 19–9 levels in patients with 
advanced biliary tract cancer. Cancer Epidemiol Biomark Prev 16:2097

 18. Takahara N, Nakai Y, Isayama H et al (2017) CA19‑9 kinetics during sys‑
temic chemotherapy in patients with advanced or recurrent biliary tract 
cancer. Cancer Chemother Pharmacol 80:1105–1112

 19. Boilève A, Hilmi M, Delaye M, Tijeras‑Raballand A, Neuzillet C (2021) 
Biomarkers in hepatobiliary cancers: what is useful in clinical practice? 
Cancers 13:2708

 20. Høgdall D, Rourke CJ, Dehlendorff C et al (2020) Serum IL6 as a prognos‑
tic biomarker and IL6R as a therapeutic target in biliary tract cancers. Clin 
Cancer Res 26:5655

 21. McNamara MG, Templeton AJ, Maganti M et al (2014) Neutrophil/lym‑
phocyte ratio as a prognostic factor in biliary tract cancer. Eur J Cancer 
50:1581–1589

 22. Gul K, Nas S, Ozdemir D, Ersoy R, Cakir B, Gumus M (2011) CA 19–9 level 
in patients with type 2 diabetes mellitus and its relation to the metabolic 
control and microvascular complications. Am J Med Sci 341:28–32

http://www.letpub.com


Page 10 of 10Zheng et al. Insights into Imaging           (2022) 13:46 

 23. Giannini E, Borro P, Chiarbonello B et al (2000) Cholestasis is the main 
determinant of abnormal CA 19–9 levels in patients with liver cirrhosis. 
Int J Biol Mark 15:226–230

 24. Folkman J (1971) Tumor angiogenesis: therapeutic implications. N Engl J 
Med 285:1182–1186

 25. Lugano R, Ramachandran M, Dimberg A (2020) Tumor angiogenesis: 
causes, consequences, challenges and opportunities. Cell Mol Life Sci 
CMLS 77:1745–1770

 26. Wikström MG, Moseley ME, White DL et al (1989) Contrast‑enhanced MRI 
of tumors Comparison of Gd‑DTPA and a macromolecular agent. Invest 
Radiol 24:609–615

 27. Clemént O, Mühler A, Vexler VS et al (1993) Comparison of Gd‑EOB‑DTPA 
and Gd‑DTPA for contrast‑enhanced MR imaging of liver tumors. J Magn 
Reson Imaging 3:71–77

 28. Jang SH, Wientjes MG, Lu D, Au JL (2003) Drug delivery and transport to 
solid tumors. Pharm Res 20:1337–1350

 29. Kim SJ, Lee JM, Han JK, Kim KH, Lee JY, Choi BI (2007) Peripheral mass‑
forming cholangiocarcinoma in cirrhotic liver. AJR Am J Roentgenol 
189:1428–1434

 30. Ariizumi S‑I, Kotera Y, Takahashi Y et al (2011) Mass‑forming intrahepatic 
cholangiocarcinoma with marked enhancement on arterial‑phase com‑
puted tomography reflects favorable surgical outcomes. J Surg Oncol 
104:130–139

 31. Lencioni R, Llovet JM (2010) Modified RECIST (mRECIST) assessment for 
hepatocellular carcinoma. Semin Liver Dis 30:052–060

 32. Chen S, Ji X, Liu M et al (2017) The value of MRI in evaluating the efficacy 
and complications with the treatment of intra‑arterial chemotherapy for 
retinoblastoma. Oncotarget 8:38413–38425

 33. Baboli M, Winters KV, Freed M, Zhang J, Kim SG (2020) Evaluation of 
metronomic chemotherapy response using diffusion and dynamic 
contrast‑enhanced MRI. PLoS One 15:e0241916–e0241916

 34. Iotti V, Ravaioli S, Vacondio R et al (2017) Contrast‑enhanced spectral 
mammography in neoadjuvant chemotherapy monitoring: a comparison 
with breast magnetic resonance imaging. Breast Cancer Res 19:106

 35. Zuo D, Feng Y, Zhang Q et al (2021) The value of dynamic contrast 
enhanced ultrasound (DCE‑US) in monitoring treatment effect of high‑
intensity focused ultrasound (HIFU) in locally advanced pancreatic cancer 
(LAPC). Clin Hemorheol Microcirc 77:323–333

 36. Furuse J, Okusaka T, Boku N et al (2008) S‑1 monotherapy as first‑line 
treatment in patients with advanced biliary tract cancer: a multicenter 
phase II study. Cancer Chemother Pharmacol 62:849–855

 37. Sasaki T, Isayama H, Nakai Y et al (2010) Multicenter, phase II study 
of gemcitabine and S‑1 combination chemotherapy in patients 
with advanced biliary tract cancer. Cancer Chemother Pharmacol 
65:1101–1107

 38. Mizrahi JD, Gunchick V, Mody K et al (2020) Multi‑institutional retrospec‑
tive analysis of FOLFIRI in patients with advanced biliary tract cancers. 
World J Gastrointest Oncol 12:83–91

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Signal enhancement ratio of CE-MRI: a potential biomarker of survival after hepatic arterial infusion chemotherapy in biliary tract cancers
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Key points
	Background
	Methods
	Patients
	Procedures and treatments
	Response evaluation and follow-up
	CE-MRI imaging technique
	Image analysis
	Statistical analysis

	Results
	Patients
	Tumor response and survival after HAIC
	Diversity of SER based on different MRI machines
	Relationship between survival, SER0 and ΔSER
	Predictors of survival after HAIC

	Discussion
	Acknowledgements
	References


