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Abstract

Purpose Reported outcomes of patients with intra-hepatic cholangiocarcinoma (IH-CCA) treated with radioembolization are
highly variable, which indicates differences in included patients’ characteristics and/or procedure-related variables. This study
aimed to identify patient- and treatment-related variables predictive for radioembolization outcome.

Methods This retrospective multicenter study enrolled 58 patients with unresectable and chemorefractory IH-CCA treated with
resin *°Y-microspheres. Clinicopathologic data were collected from patient records. Metabolic parameters of liver tumor(s) and
presence of lymph node metastasis were measured on baseline '*F-FDG-PET/CT. **™Tc-MAA tumor to liver uptake ratio
(TLRypaa) was computed for each lesion on the SPECT-CT. Activity prescription using body-surface-area (BSA) or more
personalized partition-model was recorded. The study endpoint was overall survival (OS) starting from date of
radioembolization. Statistical analysis was performed by the log-rank test and multivariate Cox’s proportional hazards model.
Results Median OS (mOS) post-radioembolization of the entire cohort was 10.3 months. Variables associated with significant
differences in terms of OS were serum albumin (hazard ratio (HR) =2.78, 95%CI:1.29-5.98, p = 0.002), total bilirubin (HR =
2.17, 95%CI:1.14-4.12, p =0.009), aspartate aminotransferase (HR =2.96, 95%CI:1.50-5.84, p <0.001), alanine aminotrans-
ferase (HR =2.02, 95%CI:1.05-3.90, p=0.01) and y-GT (HR =2.61, 95%CI:1.31-5.22, p<0.001). The presence of lymph
node metastasis as well as a TLRyaa < 1.9 were associated with shorter mOS: HR =2.35, 95%CI:1.08-5.11, p =0.008 and
HR =2.92, 95%CI:1.01-8.44, p = 0.009, respectively. Finally, mOS was significantly shorter in patients treated according to the
BSA method compared to the partition-model: mOS of 5.5 vs 14.9 months (HR =2.52, 95%CI:1.23-5.16, p <0.001).
Multivariate analysis indicated that the only variable that increased outcome prediction above the clinical variables was the
activity prescription method with HR of 2.26 (95%CI1:1.09-4.70, p =0.03). The average mean radiation dose to tumors was
significantly higher with the partition-model (86Gy) versus BSA (38Gy).

Conclusion Radioembolization efficacy in patients with unresectable recurrent and/or chemorefractory IH-CCA strongly de-
pends on the tumor radiation dose. Personalized activity prescription should be performed.
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Introduction

This article is part of the Topical Collection on Oncology - Digestive

Tract. Intra-hepatic cholangiocarcinoma (IH-CCA) is a rare malig-

nancy of the biliary epithelium arising in the biliary ducts
within the liver parenchyma and is the second most common

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/500259-019-04427-z) contains supplementary

material, which is available to authorized users. primary hepatic malignancy after hepatocellular carcinoma
worldwide [1]. Prognosis is poor with median survival esti-

>4 Hugo Levillain mated between 3 and 8 months when left untreated [2—4].
hugo.levillain@bordet.be Surgery and liver transplantation are the only curative ap-
proaches; nevertheless, they are not always feasible as most
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given its clinically silent course [5]. Several non-curative ther-
apies have been attempted to improve survival in unresectable
IH-CCAs. Currently, cisplatin-gemcitabine is the standard of
care following the results of the ABC-02 study which had
relatively poor results with a median overall survival (mOS)
of 11.7 months [6]. In non-resectable disease limited to the
liver locoregional ablative treatments have been proposed.
Among them, radioembolization with *®yttrium-labelled resin
or glass microspheres seems attractive because most tumours
in the liver have a high arterial perfusion. However, reported
efficacies in recurrent and/or chemorefractory patients have
been highly variable with mOS ranging from 7 to 22 months
suggesting wide variation in included patients’ characteristics
and/or procedure-related variables [7—10]. This study aimed to
identify patient and treatment-related variables predictive of
radioembolization outcome.

Materials and methods
Study design and patient selection

This retrospective multicentre study enrolled 58 patients with
intrahepatic cholangiocarcinoma (IH-CCA) treated between
January 2004 and September 2018 with resin °*Y-microsphere
(SIR-Spheres, Sirtex medical Ltd., Sydney, Australia) in four
European radioembolization expert centres. Inclusion criteria
were: 18 years of age or older, histologically confirmed IH-
CCA, unresectable at initial diagnosis or recurrence after pri-
mary surgery, liver-only or liver predominant disease, refrac-
tory to one or more lines of chemotherapy, peformance status
<2, and adequate liver function without ascites. Exclusion
criteria were: prior radioembolization or external beam radio-
therapy, chemotherapy within the last 4 weeks prior to
radioembolization, second active cancer and predominant
extra-hepatic disease. This study was approved by the Jules
Bordet Institute Ethics Committee (CE2575) and Ethics
Committees of all other participating centres. For this retro-
spective study formal consent was not required.

Clinical and biological data

The clinicopathologic data of the 58 patients included in
the study were collected from the patients’ records. These
data included the demographic characteristics, biological
and pathological features of the tumour, time between ini-
tial diagnosis and radioembolization, liver surgery and the
number of previous chemotherapy lines. Notably, tumour
burden (uni or multifocal) and tumour distribution (uni or
bilobar) information were extracted from medical files and
were determined from anatomic and/or metabolic images
independently of tumour size.

8F-FDG-PET/CT and *°™Tc-MAA-SPECT/CT imaging
procedures

Thirty-seven patients had a '*F-FDG-PET/CT prior to
radioembolization. All "*F-FDG-PET/CT images were ac-
quired with EARL-approved settings to guarantee image qual-
ity standardisation. PET/CT systems involved were Siemens
Biograph 2, General Electric Discovery 690 time-of-flight
(TOF), Siemens Biograph mCT TOF and Siemens Biograph
TruePoint. Patients were required to have fasted for at least 6 h
and to have blood glucose levels <150 mg/dL before '*F-FDG
injection. Images were acquired 60 min after injection (range:
60—70 min) of 4 MBq/kg (range: 2.6-5.4 MBq/kg).
Attenuation and scatter corrections were applied on all
images.

Forty-four patients had a pre-treatment SPECT/CT after
intra-arterial injection of labeled macro-aggregated albumin
(**™Tc-MAA). SPECT/CT systems involved were Siemens
Symbia T2, T and T16. Images were acquired 60 min after
injection (range: 30—120 min) of 206 MBq (range: 80—
340 MBq) of “™Tc-MAA. Attenuation and scatter corrections
were applied on all images.

After local de-identification, all '‘*F-FDG-PET/CT and
99mMTc_MAA-SPECT/CT images were transferred and
centralised at the Imaging Core Lab of Institut Jules Bordet.

8F-FDG-PET/CT analysis

All "®F-FDG-PET/CT images were analyzed using dedicated
commercial software (PET VCAR v.4.6®; Advantage
Workstation; GE Healthcare).

Criteria for identification of target lesions
and delineation process

Criteria for identification of target lesions were adapted from
PERCIST 1.0 [10]. '®*F-FDG-PET/CT measurable target le-
sions were defined as follows: lesion size >2 c¢m in longest
axial diameter and '*F-FDG uptake with standard uptake val-
ue (SUV) normalized to lean body mass> 1.5 x mean liver
SUV (SUV can(non-tumoural-liver)) + 2 standard deviations
of liver SUV (SD(non-tumoural-liver)). Non-tumoural-liver
(NTL) background "*F-FDG uptake was determined by draw-
ing a reference volume as a 3-cm diameter spherical volume of
interest (VOI) located in the healthy liver parenchyma.
Lesions were delineated using a fixed threshold corresponding
to the PERCIST criteria: 1.5 X SUV pean (NTL) + 2SD(NTL).
Therefore, necrotic parts of tumour were not included in the
VOL "*F-FDG uptake bridging between two or more lesions
was manually corrected. The maximal number of target le-
sions was not restricted and all delineations were validated
by an experienced nuclear medicine physician blinded to the
clinical and outcome data of the patients.
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Baseline metabolic parameter assessment

SUVean(NTL) was measured for each patient. Metabolic pa-
rameters of interest, measured for each delineated target le-
sion, were: metabolic tumour volume (MTV), SUV,,axs
SUVpeaks SUV pean, total lesion glycolysis (TLG) and tumour
to NTL uptake ratio (TLR), defined as the tumour SUV .y
divided by the SUV,;,can(NTL). When multiple hepatic lesions
were present, the metabolic value retained to characterise the
patient evolution was the highest value among the lesions. The
total metabolic tumour volume (TMTV) corresponding to the
sum of the MTV of all delineated lesions was finally computed
for each patient.

Planning and administration of °°Y-microspheres

Workup and treatment were performed following the local
standard of practice and according to the manufacturer’s rec-
ommendations. Activity prescription of **Y-microspheres was
performed using either the body surface area (BSA) or parti-
tion-model. Briefly, the BSA method determines the activity
of **Y-microspheres to administer by computing the patient’s
body surface area, assumed to correlate with the patient’s liver
volume [11]. And the partition-model computes the maximal
activity that can be administered based on tumour to non-
tumoural liver uptake ratio (assessed on °°™Tc-
MAA_ SPECT/CT) and on patient specific liver, lungs and
tumour mass, while maintaining a safe dose (<40Gy) for
non-treated liver and (<20Gy) lungs [12]. Tumour dose eval-
uation was performed using only the volume of viable tumour,
excluding necrosis.

The administered *°Y-microspheres activity was collected
for each patient from the medical record.

Pre-treatment *°™Tc-MAA-SPECT/CT analysis

All ™ Tc-MAA-SPECT/CT images were analyzed using ded-
icated commercial software (Planet Onco 3.0®; Dosisoft).

Determination of the administered °°Y-microspheres
volumic activity

For each of the 44 patients presenting a 29mTe-MAA—SPECT/
CT, the whole liver volume was determined by manual delin-
eation on CT images. In case of lobar or segmental treatment
an additional delineation of the treated liver was performed on
99MTc.MAA-SPECT images using a semi-automatic method
based on a threshold. For each patient the threshold value was
adjusted so that the isocontour of the **™Tc-MAA distribution
volume visually fits best with anatomic images. The adminis-
tered 90Y—microspheres volumic activity (Avol°Y)) was com-
puted for the 44 patients by dividing the administered 0y-
microspheres activity by the treated liver volume.
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Pre-treatment °™Tc-MAA uptake

From the 58 patients included in this study, 23 had a complete
image set containing both baseline '*F-FDG-PET/CT and
99MTc-MAA-SPECT/CT. Lesions delineated on baseline '*F-
FDG-PET/CT were projected on the liver-based anatomically
registered **™Tc-MAA-SPECT/CT, using rigid registration
method. The lesions VOI were morphologically subtracted
from the whole liver VOI to obtain the NTL VOI. Then
PMTe_ MAA lesion uptake to NTL uptake ratio (TLRyan)
was computed for each lesion by dividing the number of
counts within the lesion by the number of counts within the
NTL. When multiple hepatic lesions were present, the
TLRpmaa Value retained to characterise the patient was the
lowest value among the lesions.

Pre-treatment °°™Tc-MAA dosimetry

The pre-treatment time-integrated activity map for *°Y-
microspheres was derived from the **™Tc-MAA-SPECT/
CT dataset, assuming similar distributions within the
treated liver for *°Y-microspheres and *°™Tc-MAA.
Voxel-based 3D dosimetry was performed by convolving
the time-integrated activity map with Voxel-S-value as
described by Dieudonne et al. [13]. The dose volume
histogram was computed for all target lesions and the
NTL of the 23 patients that had a complete image set.
Finally, corresponding mean absorbed doses (NTL-D can
and lesion-D,,c.,) Were determined.

Statistical method

Descriptive analyses were performed to summarise base-
line patient characteristics and *°Y-microsphere treatment.
The Kaplan-Meier product limit method was used to de-
scribe OS curves. OS was defined as the time between
radioembolization and death or last follow-up (date of cen-
soring). Univariate associations between the explanatory
variables and the outcome OS were examined by the log
rank test. Continuous variables were dichotomized by
using their respective median as cut-off value. A correla-
tion matrix was computed for all continuous variables in
order to identify highly correlated parameters (Spearman’s
correlation >0.8) and to investigate a possible problem of
multicollinearity in multivariate analysis. Variables with
p<0.05 by univariate analysis and low intercorrelation
were included in multivariate analysis. Multivariate Cox’s
proportional hazards model was performed for selected
combinations of predictive factors to determine the inde-
pendent predictive significance of each combination. As
the considered variables are not available in all patients
(only 10 cases with complete data for all variables, e.g.
"E_FDG-PET/CT was not performed in all patients), the
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variable selection was performed in several steps in order
to respect the rule of thumb of ten events per predictor.
First we considered biology variables available in the ma-
jority of the patients as explanatory variables (i.e. fixed
variables) and computed a predictive score for OS (PSqg)
using their parameter estimates as weights. Then, the re-
maining variables were added one by one to the score in
order to identify variables that improve the hazard ratio of
the model already containing the score. Finally, differences
between patients treated by BSA method and patients treat-
ed with partition-model were investigated. All continuous
variables within the two groups were checked for normal-
ity, using the D’Agostino and Pearson normality test, and
described with conventional statistics. Differences in de-
mographic, clinical, pathological and treatment data were
compared using t-test or Mann-Whitney test for continuous
variables and x2 (Fisher’s exact) test for discrete variables.
The statistical analyses were performed using the
GraphPad® software (version 7.4; Prism, La Jolla
California, USA) except for the multivariate analysis
which was performed with SAS® software (version 9.4;
SAS Institute Inc., Cary, NC, USA).

Results
Patients baseline characteristics

The 58 patients included in this study had a median age of
66 years (range 4088 years) and the median duration from
primary diagnostic to radioembolization was 9 months (range
3-42 months). All patients underwent surgery and/or chemo-
therapy. Baseline characteristics are presented in Table 1.

Baseline '3F-FDG-PET/CT and pre-treatment
29MTc-MAA-SPECT/CT analysis

Among the 37 patients who had a baseline '*F-FDG-PET/
CT, 80 lesions were delineated out of which 25 had to be
excluded from analysis (diameter <2 cm), resulting in 55
evaluable lesions. All 37 patients had at least one evaluable
lesion. Among the 23 patients that had a complete imaging
set, 32 lesions were evaluable. The median patient-based
TLRyaa was 1.9 (range 0.5-5.1). Baseline '*F-FDG-PET/
CT and **™Tc-MAA-SPECT/CT analysis are presented in
Supplementary material 1.

Survival

The median follow-up for all patients after radioembolization
was 6.3 months. The Kaplan-Meier survival estimate for the
entire cohort of 58 patients is presented on Fig. 1. Among the
58 patients, 12 were censored because of endpoint not reached
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Table 1 Baseline characteristics of patients
Characteristic Number of  Value, n (%) or
patients median (range)
Sex 58
Male 23 (40%)
Female 35 (60%)
Age (y) 58 66 (40-88)
BMI (kg/m?) 58 25 (19-37)
Time between diagnosis and 58 9 (3-42)
radioembolization (months)
Biological
Haemoglobin (g/dl) 50 11.5 (7.8-16.6)
Albumin (g/dl) 37 392.74.7)
Prothrombin time (%) 50 92 (60-135)
Total Bilirubin (mg/dl) 50 0.53 (0.18-1.9)
Aspartate aminotransferase (UI/L) 50 33 (14-146)
Alanine aminotransferase (UI/L) 50 28 (9-90)
Alkaline phosphatase (UI/L) 35 241 (58-2015)
v-GT (UI/L) 50 205 (20-1542)
Lactate dehydrogenase (UI/L) 43 326 (149-641)
Liver surgery 58
Yes 30 (52%)
No 28 (48%)
Number of chemotherapy lines 58
before radioembolization
<2 43 (74%)
>2 15 (26%)
Tumour burden 58
Solitary 27 (47%)
Multifocal 31 (53%)
Tumour distribution 58
Unilobar 25 (43%)
Bilobar 33 (57%)
Activity prescription method 58
BSA 27 (47%)
Partition-model 31(53%)

at last follow-up. The mOS post- radioembolization was
10.3 months. The 1- and 2-year survival rates after
radioembolization were 40% and 22%, respectively.

Univariate analysis

Table 2 summarises the median survivals of the dichotomised
baseline characteristics. Several biological parameters were
associated with significant differences in terms of OS. The
mOS was significantly shorter in patients with hypermetabolic
lymph nodes on '*F-FDG-PET/CT compared to patients with-
out hypermetabolic lymph nodes (mOS 7.1 versus
14.9 months; HR 2.35 (95% C11.08-5.11), p = 0.008), as well
as for patients with TLRyaa < 1.9 compared to patients with
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Fig. 1 Overall survival estimated by the Kaplan-Meier method for the
entire cohort

TLRpaa > 1.9 (mOS 9.4 versus 16.2 months; HR 2.92 (95%
CI 1.01-8.44), p =0.009). The mOS was significantly shorter
in patients treated according to the standard BSA method
compared to patients treated according to partition-model
(mOS 5.5 versus 14.9 months; HR 2.52 (95%CI 1.23-5.16),
p=<0.001). Figure 2 shows the OS curves.

Continuous variables correlation

Supplementary material 2 shows the correlation matrix. Out of
total 20 variables analysed only the seven metabolic values
derived from baseline '*F-FDG-PET/CT images presented a
high correlation (Spearman’s correlation >0.8). All variables
identified as predictive factors of OS in the univariate analysis
did not show high intercorrelation.

Table 2  Univariate analysis of predictive factors for overall survival in patient with IH-CCA

Variables Dichotomisation Overall survival

Median (months) Hazard 95%CI1 p-value

ratio (HR)
Sex Female vs male 9.8 vs 10.3 1.21 0.65-2.25 0.53
Age (y) > 66 vs <66 9.9 vs 10.2 1.04 0.56-1.97 0.91
BMI (kg/m?) >25vs<25 9.9 vs 10.9 1.42 0.67-2.90 0.28
Time between diagnostic >8.6vs<8.6 9.8 vs 10.3 1.17 0.57-2.13 0.73
and treatment (months)
Haemoglobin (g/dl) <11.5vs>11.5 72 vs 11.7 1.35 0.72-2.53 0.33
Albumin (g/dl) <39vs>39 6.6 vs 15.1 2.78 1.29-5.98 0.002
Prothrombin time (%) <92vs>92 6.2vs 11.7 1.37 0.73-2.55 0.31
Total Bilirubin (mg/dl) >0.53vs<0.53 7.2 vs 14.9 217 1.14-4.12 0.009
Aspartate aminotransferase (UI/L) >33 vs<33 59vs15.1 2.96 1.50-5.84 <0.001
Alanine aminotransferase (UI/L) >28 vs<28 94vs 12,5 2.02 1.05-3.9 0.01
Alkaline phosphatase (UI/L) >241 vs <241 7.2 vs 133 1.73 0.81-3.69 0.13
v-GT (UI/L) >205 vs <205 52vs15.1 2.61 1.31-5.22 <0.001
Lactate dehydrogenase (UI/L) >326 vs <326 6.9 vs 10.3 1.02 0.53-1.98 0.94
Liver surgery No vs Yes 8.1vsl1l3 1.23 0.68-2.21 0.5
Number of chemotherapy lines >2vs<2 8.6 vs 10.1 1.75 0.76-2.39 0.16
before radioembolization

Tumour burden Multifocal vs solitary 9.8 vs14.9 1.79 0.74-4.29 0.31
Tumour distribution Bilobar vs unilobar 6.6 vs 11.7 1.53 0.81-2.88 0.13
Hypermetabolic lymph nodes Presence vs absence 7.1vs 149 235 1.08-5.11 0.008
TMTV (ml) >106 vs <106 11 vs 12.3 1.47 0.67-3.21 0.3
SUVnax (g/ml) >9vs<9 10.3 vs 14.9 1.67 0.75-3.69 0.17
SUV eai (g/ml) >7vs<7 10.3 vs 14.9 1.8 0.81-4.01 0.16
SUV nean (g/ml) >4 vs<4 11vs12.3 1.3 0.60-2.81 0.5
MTV (ml) >57 vs <57 11.8 vs 10.8 127 0.58-2.75 0.53
TLG (g) >249 vs <249 11.8 vs 10.8 1.27 0.58-2.75 0.53
TLR >4vs<4 10.3vs 13.3 1.64 0.68-3.93 0.22
TLRyaA <19vs>19 9.4 vs 16.2 2.92 1.01-8.44 0.009
Activity prescription method BSA vs partition-model 5.5vs 14.9 2.52 1.23-5.16 <0.001

p-values presented in bold text were considered significant
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Fig. 2 OS curves estimated by the Kaplan-Meier method stratified by (A) absence or presence of hypermetabolic lymph nodes, (B) TLRyia, (C) the

activity prescription method (BSA vs partition-model)

Multivariate analysis

Results of the multivariate Cox’s proportional hazards model
analysis for the explanatory variables: total bilirubin,
Aspartate aminotransferase, Alanine aminotransferase and y-
GT (biological parameters available in the majority of pa-
tients) are presented in Table 3. The Alanine aminotransferase
was not retained by the model.

The predictive score of the model was defined as
follows: PSos=0.7x (1 if total bilirubin>0.53 mg/dl) +
1.0 x (1 if Aspartate aminotransferase>33 UI/L) + 0.9x (1
if v-GT >205 UI/L). The minimum value of the score is
0 when the values of a patient are lower than the medi-
an for total bilirubin, aspartate aminotransferase and -
GT. The maximum value is 2.6, when the values of a
patient are higher than the median for total bilirubin,
aspartate aminotransferase and y-GT. Hazard ratio in-
crease by 2.83 (1.85 to 4.33, p<0.001) per one-unit in
the score. The PSos, defined by multivariate analysis,
was then used to assess the added predictive value of
the remaining variables.

Table 4 shows the results of the multivariate Cox’s pro-
portional hazards model analysis for the remaining vari-
ables when added one by one to the model. The albumin,
alkaline phosphatase, hypermetabolic lymph nodes detect-
ed on baseline '*F-FDG-PET/CT and TLRys did not im-
prove the model already containing PSps. However, the
activity prescription method (BSA vs partition-model)

does significantly improve the model containing PSqs,
with a HR for BSA compared to the partition-model of
2.26 (95%CI1 1.09-4.70, p =0.03).

Difference in patient treated by BSA
or partition-model methods

Comparison between patients treated with the BSA method
and patients treated with the partition-model are presented in
Supplementary material 3. No difference in terms of demo-
graphic, clinicopathologic or '*F-FDG-PET/CT image-
derived parameters were observed between patients treated
according to BSA method and partition-model for **Y-micro-
spheres activity prescription. Interestingly, tumour burden
(p=0.18), tumour distribution (p =0.85), TLRyaa (p =
0.20) and NTL-D,ean (p =0.16) were similar in both patient
subsets. Significant statistical differences were found between
BSA and partition-model cohorts only for Avol’’Y) (BSA
group: 19 patients, partition-model group: 25 patients) and
lesion-Dyean (BSA group: 13 lesions, partition-model group:
19 lesions), that were 1.9-fold and 2.3-fold greater, respective-
ly, in the partition-model group than in the BSA group:
median-value of 1.4 MBg/ml (Q1 =0.84 MBqg/ml, Q3 =
2.2 MBg/ml) vs 0.98 MBg/ml (Q1 =0.69 MBg/ml, Q3 =
1.2 MBg/ml), p=0.023 and median-value of 84 Gy (Ql =
50 Gy, Q3=110 Gy) vs 41 Gy (Q1=23.75 Gy, Q3=
75 Gy), p <0.001, respectively.

Table 3 Multivariate Cox’s
proportional hazard model for
creation of PSpg

Parameter Number of Parameter Hazard 95% CI p-value
measures estimate ratio (HR)
Total bilirubin (= 0.53 vs <0.53) 50 0.7 2.09 1.07-4.07 0.03
Aspartate aminotransferase 50 1.0 2.82 1.35-5.90 0.006
(>33 vs<33)
Alanine aminotransferase 50 -0.1 0.89 0.39-2.02 0.78
(> 28 vs<28)
v-GT (=205 vs <205) 50 0.9 2.54 1.21-5.34 0.01

p-values presented in bold text were considered significant
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Table 4 Multivariate Cox’s

proportional hazard model for Parameter added to the model Number of Hazard 95% C1 p-value
assessing the ability of the measures ratio (HR)
remaining variables to improve
PSos Albumin (< 3.9 vs>3.9) 37 1.51 0.64-3.57 0.34
Alkaline phosphatase (> 241 vs <241) 35 1.65 1.72-3.80 0.24
Hypermetabolic lymph nodes 37 1.88 0.76-4.61 0.17
(presence vs absence)
TLRpaA (<19 vs>1.9) 23 1.56 0.32-7.69 0.58
Activity prescription method 58 2.26 1.09-4.70 0.03
(BSA vs partition-model)
p-values presented in bold text were considered significant
Discussion moderately correlated to liver volume and that the percent-

This multicenter retrospective study identified patient
and treatment-related variables predictive of outcome
in a large cohort of patients with unresectable recurrent
and/or chemorefractory TH-CCA treated with
radioembolization in four European radioembolization
reference centers. Our results demonstrated that, beyond
classical clinical parameters, the method used for 0y
microspheres activity prescription was the only indepen-
dent predictor of outcome after radioembolization. Using
the partition model versus the BSA method was associ-
ated with a significantly higher estimated tumour
absorbed radiation dose (86Gy vs 38Gy; p<0.001)
which resulted in a significant improvement of mOS
(14.9 vs 5.5 months; HR 0.44, p<0.001). This finding
is in line with other studies that demonstrated a dose—
response relationship of radioembolization in other tu-
mour types such as colorectal liver metastases and
HCC [14-16].

This is, to the best of our knowledge, the first study that
identifies significant outcome differences between the
BSA method and the more personalized partition-model.
Both methods are standard methods for activity prescrip-
tion of resin microsphere radioembolization, as notified in
the official package insert of the device [17]. Currently,
most centers use the BSA method because of its simplicity
and extensive documentation of its safety. Additionally, a
more conservative variant of the BSA method, resulting in
lower prescribed activities compared to the classical BSA
method, was used in SIRFLOX and FOXFIRE trials. These
trials showed negative results when radioembolization was
combined with chemotherapy in first line treatment of liver
metastatic CRC [18-20].

The BSA method determines the prescribed activity of
9%Y-microspheres by computing the patient’s body surface
area, assumed to correlate with the patient’s liver volume,
adjusted with the percentage of tumour involvement and
magnitude of the lung shunt fraction. However, it has been
shown that the patient’s body surface area is only
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age of tumour involvement has little added value for the
adjustment of the activity to administer [11]. On the other
hand, the partition-model method is more sophisticated
and relies on the Medical Internal Radiation Dose formal-
ism [12]. It separates the lungs, liver and tumours into
different compartments and computes the maximal activity
that can be administered, while maintaining a safe dose for
non-treated liver (<40Gy) and lungs (<20Gy). These
absorbed dose safety limits were derived from external
beam radiotherapy dose limits for liver and lungs homo-
geneous irradiation based on biological effective doses
[21]. The partition-model also takes into account the tu-
mour to non-tumoural liver uptake ratio, assessed on
9mTe-MAA SPECT/CT images, e.g. when a very targeted
focal uptake is observed, higher activity could be admin-
istered. Furthermore, this model incorporates the patient
specific liver and tumour masses as assessed by anatomic
and metabolic image delineation and is therefore recog-
nized as a more personalised and accurate method to de-
termine the activity to administer [22]. The partition-mod-
el, compared to the BSA method, requests additional re-
sources: multimodality 3D delineation, 99mTe MAA
SPECT/CT images acquisition and a medical physicist ex-
pert. Nevertheless, radioembolization dedicated treatment
planning and post-treatment evaluation software are now
getting more widely available, which facilitates its imple-
mentation in clinical routine.

Importantly, in our study cohort we did not identify any
significant biases in the choice between patients treated ac-
cording to the BSA method and the partition-model for **Y-
microspheres activity prescription: tumour burden (p =0.18),
tumour distribution (p =0.85) and TLRyaa (p =0.20) were
similar in both patient subsets, indicating that the choice be-
tween the two methods was only based on local preferences
and expertise and not on patient characteristics. Besides, de-
mographic parameters, liver surgery and number of chemo-
therapy lines before radioembolization, tumour burden and
tumour distribution were not correlated with OS, which was
similarly observed in previous studies [7, 8].
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In patients treated according to both partition-model and
BSA method, patient’s average NTL-D,,,.,, were lower than
the cut-off value of 40Gy for hepatic toxicity, which confirms
that the partition-model method provides an optimized activ-
ity to administer by maximising the dose to the lesion while
remaining safe for organs at risks.

The univariate analyses indicated two other significant var-
iables predictive of outcome: presence of hypermetabolic
lymph node metastasis on '*F-FDG-PET/CT, and the **™Tc-
MAA tumor to non-tumoral-liver uptake ratio. "8 E_FDG-PET/
CT is a well-established metabolic imaging in oncology for
assessment of initial extension, therapy response and has been
proven to have a prognostic value in various tumour types
[23-25]. In our study, only the presence of hypermetabolic
lymph node metastasis was significantly associated with a
reduced OS in univariate analysis.

2mTe-MAA uptake serves as a surrogate measurement for
tumours’ arterial vascularisation. Thelen et al. demonstrated
that tumour-associated angiogenesis promotes tumour growth
and is associated with a poorer prognosis [26]. However, the
efficacy of radioembolization also depends on a preferential
arterial vascularisation of liver tumours [27-29]. Therefore,
99mTe-MAA uptake could be both a negative prognostic bio-
marker and a positive predictive biomarker for treatment effi-
cacy of radioembolization. The results of our univariate anal-
ysis showed that TLRyaa > 1.9 was associated with
prolonged OS though this was not statistically significant in
multivariate analysis. However, the 1.9 cut-off used in this
study has not been derived by a method to optimize the pre-
dictive power, such as receiver operating characteristic curve.
These results suggest that the negative prognostic value of a
high tumour vascularisation is more than compensated by the
increased efficacy of radioembolization in such an environ-
ment, although this should be further elucidated in future
trials.

Finally, the recently started Phase III SIRCCA trial
(clinicaltrials.gov identifier NCT02807181) is currently
recruiting patients with unresectable IH-CCA. This study is
a prospective, multicenter, randomised, controlled study
evaluating radioembolization with resin *°Y-microspheres
preceding standard cisplatin-gemcitabine chemotherapy ver-
sus cisplatin-gemcitabine chemotherapy alone as first-line
treatment. Per protocol, the prescribed activity of *°Y-
micropheres should be determined either using the BSA or
the partition-model. In regard to the results of our study, the
SIRCCA trial as well as future studies on radioembolization
should stratify patients according to the method used to com-
pute the activity of **Y-microsphere to administer in their
analysis. Recently, a large randomised multicentre trial by
Wasan et al. showed a non-benefit of the combination of
radioembolization with FOLFOX in terms of PFS and OS
[18-20]. The prescribed **Y-microsphere activity to adminis-
ter was computed using an even more conservative variant of

the standard BSA method, in which the activity prescription
first linearly increases till tumour involvement of 50/55% and
then decreases for very high tumor load (>50%), whereas in
the classical BSA method (used in our study) this value in-
creases linearly [11, 19]. Thus, tumour underdosage could
mainly explain the absence of benefit.

This work reports the results of a European multicentre
retrospective study on patients with unresectable IH-CCA,
refractory to surgery and/or chemotherapy, treated with resin
9OY—microspheres, and, to the best of our knowledge, the first
to demonstrate clinically significant overall survival differ-
ence between patients treated according to the partition-
model versus the widely-used BSA method. Our results sup-
port that partition-model should be prioritized in patients with
unresectable and refractory IH-CCA treated with
radioembolization. Other cancer types treated with
radioembolization should be studied as they might also benefit
from a more personalized activity prescription method.

Several limitations of this study should be noted. This is
a multicenter study based on the data of four European
radioembolization expert centres. The first limitation of
our study is its retrospective character, and so the study is
subject to bias. Data and images were not acquired in all
patients because of differences in clinical practices be-
tween centres. Also, the small number of patients (n = 58)
limits the application of our results in an external dataset,
which is ineluctably due to the low incidence of IH-CCA
patients in western countries. It is uncertain whether the
results would be reproduced in non-expert centres for
radioembolization. Finally, because of the high impact of
the activity prescription method (partition-model vs BSA)
on OS, the impact of clinical, biological and imaging bio-
markers cannot be fully assessed in this relatively small
cohort of patients. These biomarkers should still be evalu-
ated in further trials and in patients stratified according to
the activity prescription method. Prospective studies are
required to validate our results.

Conclusion

In patients with unresectable and refractory IH-CCA treated
with radioembolization, personalised radioembolization activ-
ity prescription using the partition model was associated with
higher mean absorbed doses to tumour and consequently to an
improved OS compared to the widely used BSA method.
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