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Background: Studies have shown that the albumin-bilirubin (ALBI) grade can be a superior prognosticator 
for patients undergoing Yttrium-90 (Y90) glass microsphere radioembolization for hepatocellular carcinoma 
(HCC) compared to the Child-Pugh (CP) scoring system. Less is known about the applicability of this score 
in non-hepatocellular malignancies using Y90 resin microspheres. This study evaluates the ALBI grade’s 
ability to predict overall survival and biochemical toxicity in patients undergoing resin Y90 radioembolization 
and body surface area dosimetry (BSA) for non-hepatocellular primary and metastatic liver malignancies 
compared to the CP class and Model for End-Stage Liver Disease (MELD) score. 
Methods: A retrospective review of patients with intrahepatic metastatic colorectal and neuroendocrine 
cancers and cholangiocarcinoma undergoing resin radioembolization from 2006–2015 at a single tertiary 
medical center was performed. ALBI, MELD, and CP scores were compared and correlated with 
biochemical toxicity and overall survival.
Results: There was a significant difference in overall survival between CP class A and class B liver 
function (P=0.04) for the entire patient cohort. ALBI grade (P=0.36) and MELD score (P=0.19) were not 
independently associated with survival. When stratified by CP class, the ALBI grade revealed a trend for 
survival difference in CP class B (P=0.05). Baseline ALBI grade was associated with post-procedural albumin 
reduction (P=0.01) and bilirubin elevation (P=0.007).
Conclusions: ALBI grade predicted post-procedural biochemical toxicity, but did not predict survival 
after resin radioembolization of non-hepatocellular liver malignancies using BSA dosimetry. Given the 
heterogeneity of this study population, dedicated prospective analyses are required.
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Introduction

Radioembolization has a growing role in the management 
of hepatocellular carcinoma (HCC) (1) as well as non-HCC 
primary and metastatic liver malignancies (2-4). As such, 
there is an increased need for prognostic models to identify 
treatment benefit and recognize risk of toxicity. Assessment 
of underlying liver function is key in allocation of treatment 
strategies for patients with HCC (5). The Child-Pugh 
(CP) (6,7) score has an integral role in the widely-adopted 
Barcelona Clinic Liver Cancer (BCLC) classification 
system (8,9) but is limited by the empiric inclusion of the 
qualitative variables of ascites and encephalopathy, which 
introduce subjectivity (10,11). 

The Model for End Stage Liver Disease (MELD) is 
based on quantitative variables which are independently 
predictive of mortality (12) and has been used as an 
alternative to the CP score in assessing prognosis in 
cirrhotic patients (11). However, the MELD score is limited 
by the lack of universal adoption and objective superiority 
to the CP score in predicting survival (13,14). 

A more recent model devised by Johnson et al., the 
albumin-bilirubin (ALBI) grade, can stratify survival in 
patients with cirrhosis, early stage HCC undergoing 
liver resection, and advanced stage HCC treated with  
sorafenib (10). The ALBI grade is based on the serum 
albumin and bilirubin and is therefore not subject to the 
potential qualitative variable errors present in the CP score.

While recent studies have found the ALBI grade to be 
superior to CP class in discriminating survival in patients 
with HCC undergoing Yttrium-90 (Y90) radioembolization 
(15-18), little is known about its applicability for non-HCC 
primary and metastatic liver malignancies. Furthermore, 
the ALBI score was studied in patients with predominantly 
glass microspheres using Medical Internal Radiation Dose 
(MIRD) methodology (15-18).  This study evaluated 
whether the ALBI grade can predict biochemical toxicity 
and overall survival in patients with metastatic colorectal 
cancer (mCRC), intrahepatic cholangiocarcinoma 
(iCCA), and metastatic neuroendocrine cancers (mNEC) 
undergoing Y90 resin microsphere radioembolization using 
the body surface area dose method (BSA), and compared it 
to the CP and MELD scoring systems. 

Methods

Institutional review board approval was obtained for 
this study. A retrospective analysis was performed of all 

patients undergoing resin microsphere (SIR-Spheres; Sirtex 
Medical, Lane Cove, Australia) radioembolization of non-
HCC liver malignancies from 2006–2015 at a single tertiary 
medical center. All patients received lobar or staged bilobar 
radioembolization utilizing BSA dosimetry according 
to the manufacturer’s instructions for use. Patients who 
received glass microsphere (TheraSphere, Boston Scientific, 
Marlborough, MA) radioembolizaton, segmental infusions, 
and ablative or MIRD dosimetry were excluded to 
reduce the confounding variables of administered activity 
distribution and mimic the most common utilization of 
resin microspheres in general practice (19,20). After initial 
analysis, only patients with intrahepatic mCRC, iCCA, and 
mNEC were included in order to sufficiently power the 
study per cohort. Patient demographics were collected at 
baseline. Laboratory values including albumin, bilirubin, 
AST, and ALT were collected at baseline and 1–3 and 3– 
6 months post-procedure. Baseline CP class was determined 
prospectively for each patient. Overall survival was defined 
as time from radioembolization treatment to death. Post-
procedural laboratory value changes were graded according 
to the National Cancer Institute Common Terminology 
Criteria for Adverse Events v5 (CTCAE) (21) and used to 
assess toxicity. Toxicity events for all tumor subtypes at 1– 
3 months and 3–6 months post-procedure were combined 
to sufficiently power statistical analysis. CP class, ALBI 
grade, and MELD score were compared and correlated 
with survival and laboratory toxicity (CTCAE grade ≥2). 

Statistical analysis

An overall comparison between groups for categorical 
variables was completed using the Chi-square test. 
Continuous variables were compared using the analysis of 
variance. Overall survival was estimated using the Kaplan-
Meier method. Comparisons between survival curves 
between groups were completed using Log-rank tests.  
Cox proportional hazards models were used to evaluate 
the relationship of the continuous versions of the variables 
to the survival endpoint. The relationship of individual 
variables to the complication outcomes were evaluated using 
logistic regression models. All analyses were completed 
using SAS version 9.4 (Cary, NC). 

Results

Ninety-six patients from 2006–2015 met inclusion criteria. 
Baseline demographics, disease characteristics, and pre-
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Table 1 Patient characteristics

Patient characteristics mCRC (N=43) iCCA (N=22) mNEC (N=31) Total (N=96) P value

Gender, (n, %)    0.19

F 19 (44.2) 15 (68.2) 16 (51.6) 50 (52.1)  

M 24 (55.8) 7 (31.8) 15 (48.4) 46 (47.9)  

Age     0.82

Mean (SD) 61.0 (12.5) 62.1 (13.1) 62.1 (13.2) 61.6 (12.8)  

CP class, (n, %)     0.02

A 36 (83.7) 17 (77.3) 17 (54.8) 70 (72.9)  

B 7 (16.3) 5 (22.7) 14 (45.2) 26 (27.1)  

ALBI score     0.03

Mean ‒2.8 ‒2.8 ‒3 ‒2.8  

Range ‒3.5 to ‒1.5 ‒3.4 to ‒1.7 ‒4.4 to ‒2.3 ‒4.4 to ‒1.5  

ALBI grade, (n, %)     0.09

1 30 (73.2) 14 (66.7) 28 (90.3) 72 (77.4)  

2 11 (26.8) 7 (33.3) 3 (9.7) 21 (22.6)  

MELD score     0.87

Mean 7.6 7.6 7.7 7.6  

Range 6.0 to 14.0 6.0 to 14.0 6.0 to 11.0 6.0 to 14.0  

Overall survival (months)     <0.001

Median 13.0 9.0 41.0 15.0  

Follow-up time (months)     0.02

Median 11.0 9.0 20.0 12.0  

mCRC, metastatic colorectal cancer; iCCA, intrahepatic cholangiocarcinoma; mNEC, metastatic neuroendocrine cancer.

treatment information are listed in Tables 1-3, respectively.
With regards to dosimetry, mean administered activity 

was 1.5 GBq (range, 0.5–4.7 GBq), without significant 
difference between the three tumor types (P=0.47, Table 4). 

Overall survival

Among the entire patient population across tumor types 
there was a significant difference in median survival 
between patients with CP class A and B (17 vs. 7.5 months, 
P=0.04). This significant difference was also demonstrated 
within the mCRC and iCCA cohorts (P<0.001 and P=0.002 
respectively), and there was a trend for survival prediction 
in mNEC (P=0.05) (Figure 1). Furthermore, among the 
entire patient population, sub-stratifying each CP class 
by ALBI grade 1 and 2 demonstrated no median survival 

difference for CP A (17 vs. 11 months, P=0.69), but there 
was a trend for median survival prediction in CP B (9 vs.  
4 months, P=0.05; Figure 2). 

There was no statistically significant difference in 
median survival between ALBI grades 1 and 2 among the 
whole patient cohort (19 vs. 9 months, P=0.36) nor within 
each of the individual tumor type cohorts (mCRC, P=0.34; 
iCCA, P=0.57; mNEC, P=0.07; Figure 3). When evaluated 
as a continuous variable the ALBI score was not predictive 
of survival for the entire group (P=0.07) or each individual 
tumor type (mCRC, P=0.26; iCCA, P=0.49; mNEC, 
P=0.33). There was no cutoff value that could predict a 
survival difference. 

Similarly, the MELD score was not associated with 
survival for all patients (P=0.19) or when divided into each 
individual tumor type (mCRC P=0.55; iCCA P=0.14; 
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Table 3 Pre-treatment data

Pre-treatment data mCRC (N=43) iCCA (N=22) mNEC (N=31) Total (N=96) P value

Pre-treatment (any), (n, %)     <0.001

No 0 (0.0) 6 (27.3) 2 (6.5) 8 (8.3)  

Yes 43 (100.0) 16 (72.7) 29 (93.5) 88 (91.7)  

Surgery, (n, %)     0.08

No 33 (76.7) 14 (63.6) 16 (51.6) 63 (65.6)  

Yes 10 (23.3) 8 (36.4) 15 (48.4) 33 (34.4)  

External beam radiotherapy, (n, %)     0.47

No 38 (88.4) 17 (77.3) 25 (80.6) 80 (83.3)  

Yes 5 (11.6) 5 (22.7) 6 (19.4) 16 (16.7)  

Chemotherapy, (n, %)     <0.001

No 0 (0.0) 10 (45.5) 20 (64.5) 30 (31.3)  

Yes 43 (100.0) 12 (54.5) 11 (35.5) 66 (68.8)  

Locoregional therapy, (n, %)     0.03

No 41 (95.3) 21 (95.5) 24 (77.4) 86 (89.6)  

Yes 2 (4.7) 1 (4.5) 7 (22.6) 10 (10.4)  

mCRC, metastatic colorectal cancer; iCCA, intrahepatic cholangiocarcinoma; mNEC, metastatic neuroendocrine cancer.

Table 2 Baseline disease characteristics

Baseline disease characteristics mCRC (N=43) iCCA (N=22) mNEC (N=31) Total (N=96) P value

Tumor distribution, (n, %)     0.06

Lobar 9 (20.9) 8 (36.4) 3 (9.7) 20 (20.8)  

Bilobar 34 (79.1) 14 (63.6) 28 (90.3) 76 (79.2)  

Hepatic tumor burden, (n, %)     0.05

<25 23 (53.5) 6 (27.3) 8 (25.8) 37 (38.5)  

25–50 8 (18.6) 8 (36.4) 11 (35.5) 27 (28.1)  

50–75 8 (18.6) 6 (27.3) 4 (12.9) 18 (18.8)  

75–100 4 (9.3) 2 (9.1) 8 (25.8) 14 (14.6)  

Extrahepatic metastases, (n, %)     0.005

No 33 (76.7) 20 (90.9) 16 (51.6) 69 (71.9)  

Yes 10 (23.3) 2 (9.1) 15 (48.4) 27 (28.1)  

Lymph node metastases, (n, %)     0.6

No 22 (51.2) 14 (63.6) 16 (51.6) 52 (54.2)  

Yes 21 (48.8) 8 (36.4) 15 (48.4) 44 (45.8)  

mCRC, metastatic colorectal cancer; iCCA, intrahepatic cholangiocarcinoma; mNEC, metastatic neuroendocrine cancer.
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Table 4 Treatment data

Treatment data mCRC (N=43) iCCA (N=22) mNEC (N=31) Total (N=96) P value

Administered activity (GBQ)     0.47

Mean 1.4 1.5 1.7 1.5  

Range 0.6–2.5 0.5–2.8 0.7–4.7 0.5–4.7  

mCRC, metastatic colorectal cancer; iCCA, intrahepatic cholangiocarcinoma; mNEC, metastatic neuroendocrine cancer.

Overall survival by CP class (P=0.04)

Cholangiocarcinoma survival by CP class (P=0.002)
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Figure 1 Patient survival by Child-Pugh (CP) Class.

Figure 2 Overall patient survival by Child-Pugh (CP) Class sub-stratified by Albumin-Bilirubin (ALBI) grade.
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Figure 3 Patient survival by Albumin-Bilirubin (ALBI) grade.
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Biochemical toxicity

Albumin

Patients with ALBI grade 2 were significantly more likely 
to have a post-procedural decline in their albumin (CTCAE 
≥2) compared to grade 1 (P=0.01). There was otherwise no 
association with CP class (P=0.08) or MELD score (P=0.32).

Bilirubin

Patients with ALBI grade 2 were significantly more likely to 
have a post-procedural elevation in their bilirubin (CTCAE 
≥2) compared to grade 1 (P=0.007). There was a trend for 
the CP B to predict post-procedural bilirubin elevation, but 
this did not reach statistical significance (P=0.05). There 
was no association with MELD score (P=0.48). 

AST and ALT 

The ALBI grade was not associated with a post-procedural 

increase in AST (CTCAE ≥2) (P=0.53). The MELD score 
was not associated with a post-procedural increase in AST 
(P=0.99) or ALT (P=0.12). An association could not be 
determined for CP class and an AST or ALT elevation, or 
the ALBI grade and an ALT elevation due to the limited 
number of patients who developed an AST or ALT 
elevation.  

Discussion

Given the increasing utilization of radioembolization (RE) 
for hepatocellular (1) and non-hepatocellular primary and 
metastatic liver malignancies (2-4), there is a need to select 
patients appropriately and stratify risk of toxicity. The ALBI 
grade (10) improves prognostication for patients undergoing 
radioembolization for HCC compared to CP (15,16) and 
enables sub-stratification of CP A, BCLC stage A, and 
BCLC stage B patients into those with higher probability 
for survival (15,16). There are no studies to date evaluating 
the ability of the ALBI grade to predict survival in patients 
undergoing RE for non-HCC primary and metastatic liver 
malignancies.

The CP class was able to predict overall survival for 
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patients with mCRC and iCCA, and there was a trend 
for predicting survival in mNEC and for sub-stratifying 
the CP class B patients into ALBI grades to further refine 
the survival prediction. The strongest correlation was 
identified between the CP class and mCRC (Figure 1) which 
demonstrates a distinct survival advantage to CP class A. 
There was no correlation with the ALBI grade or MELD 
score, and there was no cut-off value in the ALBI score 
which predicted survival. While there was a trend between 
ALBI grade 1 and worse survival outcomes for patients with 
mNEC, this is likely due to the small number of mNEC 
patients who had baseline ALBI grade 2 in our cohort 
(3 patients), which limits statistical analysis. Although 
the ALBI grade has a clear value in assessing survival in 
patients with HCC (10), it may not be superior to the CP 
score in predicting outcomes in patients with non-HCC 
malignancies. 

The CP score may be more predictive in these patient 
populations as it identifies the presence of ascites, a factor 
which may represent more severe disease involvement in 
patients without underlying cirrhosis (22). The CP score 
may also be capturing the effects of hepatotoxic systemic 
therapy exposure which is frequent in patients with non-
HCC malignancies (23). Finally, the presence of liver 
dysfunction limits the choices of systemic therapy available 
to patients with metastatic liver malignancy (24), and 
information on how to best approach these patients remains 
an active area of study (25). This may expose patients 
to additional toxicity from altered pharmacokinetics of 
antineoplastic agents in the presence of any physiologic 
dysfunction that results in the development of ascites (26), 
which is better captured by the CP score than by ALBI.

Compared to MELD and ALBI, the CP class provided 
improved prognostication, especially for patients with 
mCRC, and may be helpful in treatment algorithms 
weighing the risks, benefits, expected results and time to 
benefit of various therapies.

Post-procedural biochemical toxicity was the secondary 
endpoint of this study. Gui et al. had found no association 
between ALBI grade and post-procedural adverse events 
(including elevation in bilirubin) in patients undergoing 
radioembolization for HCC (16). While other studies have 
evaluated CP scores and biochemical toxicity in HCC 
patients (27), none have evaluated the ability of the ALBI 
grade, CP class, or MELD score to predict biochemical 
toxicity in patients undergoing radioembolization for non-
hepatocelluar cancers involving the liver. In a combined 
cohort of patients with all three tumor subtypes, post-

procedural reductions in albumin and elevations in 
bilirubin were the only biochemical toxicities associated 
with the ALBI grade. The CP class and MELD score 
had no associations. Predicting biochemical toxicity 
prior to RE can facilitate the development of treatment 
strategies, as liver dysfunction may limit the ability to 
offer future systemic therapy (23,25). In patients with 
baseline liver dysfunction, it provides value in making 
treatment decisions and identifying those at increased risk 
for hepatotoxicity requiring closer monitoring and clinical 
intervention. 

Limitations of this study 

This study was limited by its retrospective nature as well as 
the heterogeneity of tumor types included in the analysis 
and their underlying biology. The degree of differentiation 
of disease in the neuroendocrine cohort was not controlled 
for. The results were not controlled for the volume of 
extrahepatic disease burden; although this is somewhat 
mitigated by the institutional practice to offer locoregional 
therapy only to patients with liver dominant disease. 
Certain analyses were limited by small patient numbers, 
such as in some assessments of biochemical toxicity. Most 
patients were on highly variable chemotherapy regimens 
over extended periods of time which were also not 
controlled for, but common in palliative radioembolization 
clinical practice.  Tumor mutational profiling to control 
for disease biology was not available for the entirety of 
the study cohort. Finally, the radioembolization lobar 
volumetrics were not available for analysis, however is 
unlikely to affect the results of the study as there was no 
significant difference in lobar disease distribution among 
the tumor subtypes (P=0.06) and bilateral treatments are 
common with resin microspheres in patients with metastatic 
disease. In recognition of these limitations, this study aimed 
to generate an initial perspective on the role for the ALBI 
score in a commonly heterogeneous population receiving 
Y90 resin microsphere radioembolization.

Conclusions

The ALBI grade predicts post procedural biochemical 
toxicity but not survival in pateints with non-hepatocellular 
l iver  mal ignancy treated with res in microsphere 
radioembolization using BSA dosimetry.  Further study is 
required to determine the validity of this conclusion with 
dedicated, disease specific, studies. 
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