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Abstract

Background: Aspartate aminotransferase/platelet ratio index (APRI) and albumin-bilirubin grade (ALBI) are validated prognostic indi-
ces implicated as predictors of postoperative liver dysfunction after hepatic resection. The aim of this study was to evaluate the rele-
vance of the combined APRI/ALBI score for postoperative clinically meaningful outcomes.

Methods: Patients undergoing hepatectomy were included from the American College of Surgeons National Surgical Quality
Improvement Program database. The association between APRI/ALBI score and postoperative grade C liver dysfunction, liver
dysfunction-associated and overall 30-day mortality was assessed.

Results: A total of 12 055 patients undergoing hepatic resection from 2014 to 2017 with preoperative blood values and detailed 30-day
postoperative outcomes were included (exploration cohort: January 2014 to December 2016; validation cohort: 2017). In the explora-
tion cohort (8538 patients), the combination of both scores (APRI/ALBI) was significantly associated with postoperative grade C liver
dysfunction, 30-day mortality, and liver dysfunction-associated 30-day mortality, and was superior to either score alone. The associ-
ation with postoperative 30-day mortality was confirmed in multivariable analysis. A predictive model was generated using the ex-
ploration cohort. The predicted incidence of events closely followed the observed incidence in the validation cohort (3517 patients).
Subgroup analyses of tumour types were used to generate disease-specific risk models to assess risk in different clinical scenarios.
These findings informed development of a smartphone application (https://tellaprialbi.37binary.com).

Conclusion: The predictive potential of the combined APRI/ALBI score for clinically relevant outcomes such as mortality was demon-
strated. An evidence-based smartphone application will allow clinical translation and facilitation of risk assessment before hepatic
resection using routine laboratory parameters.

source of underlying liver disease, affecting postoperative outcome
after hepatic resection®’. The quantification of these differences
in terms of hepatic function remains difficult. Aspartate to platelet
ratio index (APRI) and albumin-bilirubin grade (ALBI) scores were

Introduction

Preoperative assessment of postoperative risk remains a major
challenge in patients undergoing hepatic resection. A major
cause of persistent difficulties in preoperative assessment of risk

of postoperative death is the enormous heterogeneity in liver
function in patients undergoing hepatic surgery. In particular, in
patients with hepatocellular carcinoma (HCC), underlying liver
disease can range from marginally compensated cirrhosis to
completely unaffected healthy liver parenchyma. Additionally,
neoadjuvant chemotherapy, which is now frequently used in
patients with metastatic disease to the liver’, can negatively
affect liver function by causing chemotherapy-associated liver
injury (CALI)®*. The degree of CALI varies significantly
among patients, ranging from steatosis, sinusoidal obstruction
syndrome to chemotherapy-associated steatohepatitis®. Similarly,
the growing incidence of non-alcoholic steatohepatitis and associ-
ated non-alcoholic fatty liver disease poses another frequent

shown as estimates of liver function similar to the Child-Pugh
score and indocyanine green (ICG) clearance® ™. Recently, the
combination of APRI and ALBI scores was shown to be predictive
of postoperative outcome after hepatic resection in patients with
metastatic colorectal cancer to the liver, and correlated dynami-
cally with the recovery of CALI after cessation of chemotherapy,
offering the potential for optimized timing of surgery'®".
Similarly, the combination of APRI and ALBI scores was predictive
of outcome after hepatic resection in patients with HCC, and the
combination of these scores was superior to each score alone®®.
The aim of this study was to assess the predictive potential of
the combination of APRI and ALBI scores in patients undergoing
hepatic resection for a variety of indications in a large cohort of
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patients undergoing hepatic resection documented in the
American College of Surgeons procedure-targeted National
Surgical Quality Improvement Program (NSQIP) database on hep-
atectomy.

Methods

The procedure-targeted NSQIP database on hepatectomy con-
tains prospectively collected information on patients undergoing
hepatic resections in several institutions in the USA. Basic char-
acteristics, preoperative laboratory values, and preoperative co-
morbidities are documented routinely.

All patients who underwent hepatic resection between 1
January 2014 and 31 December 2017 were included from the
procedure-targeted NSQIP database on hepatectomy using cur-
rent procedural terminology codes: partial hepatectomy (47120)
(defined as minor hepatectomy); trisegmentectomy (47122), left
lobectomy (47125), and right lobectomy (47130) (defined as major
hepatectomy). Patients aged less than 18 years and those with
trauma were excluded from the final analysis. The patients were
divided into an exploration cohort including patients from the
years 2014-2016, and a validation cohort including patients from
2017. Patients were further grouped according to underlying neo-
plastic entity for subgroup analyses.

Morbidity was assessed within 30 days after surgery, and di-
vided into major and minor complications. Minor complications
constituted superficial surgical-site infection (SSI), urinary tract
infection, deep incisional SSI, organ space SSI, wound disruption,
sepsis, progressive renal insufficiency, deep vein thrombosis or
thrombophlebitis. Pulmonary embolism, cardiac arrest requiring
cardiopulmonary resuscitation, myocardial infarction, stroke/ce-
rebrovascular accident with neurological deficit, unplanned intu-
bation, ventilator requirement for more than 48 h, pneumonia,
acute renal failure, and return to the operating room were de-
fined as major complications.

Calculation of liver dysfunction scores

Both, APRI and ALBI were calculated in accordance with previ-
ously published formulas (Fig. S1)*°. The Model for End-Stage
Liver Disease (MELD) score was calculated using the standard
equation: MELD score=(0.957 x In[creatinine, mg/dl]+0.378 x In[to-
tal bilirubin, mg/dl]+1.120 x In[INR]+0.643)x 10), where INR is the
international normalized ratio. As the timing of dialysis was not
documented routinely in the database, patients who were
recorded as undergoing chronic dialysis were excluded from com-
parative analyses including the MELD score.

Definition and classification of outcome
parameters

The procedure-targeted NSQIP database on hepatectomy con-
tains detailed prospective data on postoperative outcome in
terms of postoperative liver dysfunction (LD), mortality; the data
are of very high quality. In particular, the severity of postopera-
tive LD is further classified according to the International Study
Group of Liver Surgery (ISGLS) criteria’®: grade A, abnormality in
laboratory parameters not requiring a change in clinical manage-
ment; grade B, deviation from clinical management without inva-
sive treatment; and grade C, deviation from clinical management
requiring invasive treatment. Postoperative LD-associated
mortality was recorded for patients who died within 30 days and
concomitantly fulfilled any ISGLS grade LD. Postoperative
morbidity was defined as the development of one or more

postoperative complications. The postoperative observation pe-
riod was 30 days, as in the NSQIP database.

Statistical analysis

Statistical analyses were based on parametric tests and P < 0.050
was considered statistically significant. Receiver operating char-
acteristic (ROC) curve analysis was used to assess and compare
the predictive potential of APRI, ALBI, and their combination for
postoperative grade C LD, 30-day mortality, and LD-associated
mortality. Ultimately, a multivariable model was fit, based on lo-
gistic regression including all variables significant in univariable
analysis. To determine whether the APRI/ALBI score as a continu-
ous variable had a non-linear effect on the risk of 30-day mortal-
ity, generalized additive models with smoothing splines were
applied using R version 3.6.1 package mgcv (R Foundation for
Statistical Computing, Vienna, Austria,). Log odds with 95 per
cent c.i. (without intercept/baseline from the model) and average
predicted individual risk (percentage probability probability) were
illustrated over the range of APRI/ALBI scores (grouped in dec-
iles). Statistical analyses were performed using SPSS® version 23
(IBM, Armonk, New York, USA).

Results

A total of 13 401 patients underwent elective hepatic resection
between January 2014 and December 2017. Of these, 1305
patients underwent concomitant abdominal procedures and
were therefore excluded. A further 41 patients with obvious docu-
mentation errors were also excluded from analyses. To allow val-
idation, the cohort was divided into an exploration/model
generation cohort (including 8538 patients who had surgery be-
tween April 2014 and December 2016) and a validation cohort
(3517 patients operated in 2017). Characteristics of the two
cohorts are summarized in Table 1.

Association between ALBI, APRI, APRI/ALBI and
postoperative complications

The predictive potential of preoperative APRI and ALBI for post-
operative grade C LD, 30-day mortality, and LD-assocliated 30-day
mortality was assessed in the exploration cohort. Patients who
developed postoperative grade C LD had higher APRI (Fig. S2a)
and ALBI (Fig. S2d) scores before hepatic resection. Postoperative
30-day mortality (not significant) and LD-associated 30-day mor-
tality were associated with higher preoperative APRI (Fig. S2b,c)
and ALBI (Fig. S2e,f) scores. The combined APRI/ALBI score was
significantly higher in patients with postoperative grade C LD, 30-
day mortality, and LD-associated 30-day mortality (Fig. S2g—i).

To avoid overfitting, a previously published cut-off value for
the combined APRI/ALBI score of —2.46'® was used to define a
high and a low APRI/ALBI group in the exploratory cohort. Rates
of various postoperative outcomes documented routinely in the
procedure-targeted NSQIP database on hepatectomy were com-
pared. Accordingly, a consistent increase in multiple postopera-
tive outcomes in patients with an increased APRI/ALBI score was
found (Fig. S3).

To compare the discriminatory potential of the APRI and ALBI
scores individually and in combination for the clinically relevant
outcomes grade C LD, 30-day mortality, and LD-associated
30-day mortality, ROC curve analyses were undertaken in the
exploration cohort. ALBI and APRI alone appeared to be equally
effective in their predictive potential for grade C LD and LD-
associated 30-day mortality, whereas ALBI seemed to be slightly
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Fig. 1 Receiver operating characteristic (ROC) curves comparing predictive ability of APRI and ALBI scores, individually or in combination, in relation

to clinical outcomes after hepatic resection

a Postoperative grade C liver dysfunction (LD), b postoperative 30-day mortality, and c LD-associated 30-day mortality. Areas under the curve: a aspartate
aminotransferase/platelet ratio index (APRI) 0.662, albumin-bilirubin grade (ALBI) 0.659, APRI/ALBI 0.689; b APRI 0.679, ALBI 0.704, APRI/ALBI 0.728; c APRI 0.697,

ALBI 0.704, APRI/ALBI 0.735.

superior for 30-day mortality (Fig. 1). The combined APRI/ALBI
score exceeded the predictive potential of the individual scores.

A multivariable analysis was performed to test whether the
combined APRI/ALBI score was an independent predictor of 30-
day mortality, and to identify potential confounding factors
(Table 2). Combined APRI/ALBI score, MELD score, sex, age, ASA
grade, diabetes, extent of resection, duration of surgery, and pre-
operative albumin, bilirubin, aspartate aminotransferase and
platelet levels showed an association with 30-day mortality in
univariable analysis, and were entered into the multivariable
model. In multivariable analysis, only the combined APRI/ALBI
score, sex, age, diabetes, extent of resection, and duration of sur-
gery remained as significant, independent variables (Table 2).

Generation of an individual-patient risk
stratification model

To evaluate a continuous non-linear relationship between the
combined APRI/ALBI score and risk of grade C LD, 30-day mortal-
ity or LD-associated 30-day mortality, generalized additive mod-
els with smoothing splines were applied to the exploratory cohort
(Fig. 2). To allow better visualization and categorization, the
APRI/ALBI score was further divided according to decile risk
groups, to facilitate reliable risk stratification for each patient.
Although the majority of patients were in the low-intermediate-
risk group for these outcomes, a relevant number of patients
were at significantly increased risk of postoperative death (Fig. 2,
lower panels).

Validation of preoperative APRI/ALBI score-based
prediction model

Given the significant risk of possible overfitting, the initial results
were validated in an independent validation cohort of 3517
patients who had surgery in 2017. When the cohort was divided
into risk groups according to deciles of APRI/ALBI score, a close
correlation between predicted and observed outcomes in terms
of grade C LD, 30-day mortality, and LD-associated 30-day mor-
tality in the validation cohort was found, with rates that closely
followed the predictive model across the risk groups (Fig. 3).

Predictive potential of APRI/ALBI score compared
with MELD score

The predictive value of the APRI and ALBI scores individually and
combined was compared with that of the MELD score, a current
widely used and validated predictor of risk after hepatic resec-
tion. The three outcomes (grade C LD, 30-day mortality, and LD-
associated 30-day mortality) were assessed using ROC curve
analyses. Although all scores were highly significantly associated
with each clinical outcome variable (P<0.001), the MELD score
seemed inferior to the individual APRI and ALBI scores in its pre-
dictive value (Fig. 4). The combined APRI/ALBI score exceeded the
predictive value of MELD for each outcome.

Subgroup analyses for risk assessment in
specified patient cohorts.

As different disease patterns, surgical indications, and extent of
resection are associated with differences in risk, patients were di-
vided according to tumour type as well as extent of resection.
Despite a uniform predictive value of the combined APRI/ALBI
score, distinct shifts in risk scores were observed in individual pa-
tient subgroups (Fig. 5). To optimize and individualize risk predic-
tion within patient subgroups, subgroup-specific prediction
models were generated to allow the highest precision in outcome
prediction (Fig. 6). Using these results, a smartphone application
was designed to allow specific selection of subgroups for person-
alized individual-patient risk assessment (https://tellaprialbi.37bi
nary.com).

Discussion

Postoperative severe LD and mortality remain critical issues in
patients undergoing hepatic resection. Here, the predictive value
of the combination of two commonly used liver function scores,
APRI and ALBI, was explored in a representative cohort of 12 055
patients undergoing hepatic resection. The combined APRI/ALBI
score was found to be specifically predictive of clinically signifi-
cant poor postoperative outcomes: LD requiring intervention
(grade C), overall 30-day mortality, and LD-associated 30-day
mortality. APRI/ALBI score was a better predictor of these out-
comes than the widely used and validated MELD score.
Furthermore, the predictive value of the combined score was
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Table 1 Patient demographics

Baseline characteristics
Sex ratio (M : F)
Neoplastic entity
Metastatic disease to liver
HCC
CCA
Perihilar CCA
Benign
Other
Co-morbidities
ASA grade
I
I
111
v
Unknown
Diabetes
Smoking
BMI (kg/m?)*
Dialysis
Preoperative laboratory measurements*
Platelets (x 10%/ul)
Serum bilirubin (mg/dl)
AST (units/l)
Albumin (g/dl)
International normalized ratio
Creatinine (mg/dl)
APRI score
ALBI score
APRI/ALBI score
MELD score
Operative data
Hepatic resection
Minor
Major
Laparoscopic/robotict
Duration of surgery (min)*
Hepatectomy with bile duct resection
Hepatectomy with vascular resection
Postoperative outcomes
Readmission
30-day mortality
LD-associated 30-day mortality
Duration of postoperative hospital stay (days)*
ISGLS LD grade
No LD
Grade A
Grade B
Grade C
Readmission
Morbidity, any
Morbidity, major
Unplanned reintubation
Reoperation
Sepsis
Ventilation for > 48 h
Pneumonia

Evaluation cohort (n=8538)

4245 :4293

3778 (44.2)
1552 (18.2)
937 (11.0)
206 (2.4)
874 (10.2)
1190 (13.9)

186 (2.2)
2237 (26.2)
5529 (64.8)
565 (6.6)

21 (< 0.1%)
1425 (16.7)
1315 (15.4)
27.52 (12.6-89.46)
16 (0.2)

219 (24-861)
0.5 (0.1-14.8)
26 (3-841)
4.1(1.3-9.7)
1.0 (0.1-10.0)

0.8 (0.1-10.3)
0.240 (0.019-8.894)
-2.785 (~7.431 to 1.376)
-2.543 (~7.352 to 7.318)
7 (6-32)

5219 (61.1)
3319 (38.9)
2255 (26.4)
212 (6-1027)
427 (5.0)
205 (2.4)

763 (8.9)
137 (1.6)
76 (0.9)
5 (0-119)

Validation cohort (n=3517)

1812:1705

1449 (41.2)
719 (20.4)
406 (11.5)
72 (2.0)
395 (11.2)
476 (13.5)

55 (1.6)

909 (25.8)
2313 (65.8)
240 (6.8)

0 (0.0%)

679 (19.3)

566 (16.1)
27.71 (15.18-64.41)
6(0.2)

218 (46-708)
0.5 (0.1-14.0)
26 (3-815)
4.0 (1.4-7.4)
1.4 (0.8-10.0)

0.8 (0.3-14.2)
0.246 (0.034-7.477)
-2.773 (-5.623 to 1.164)
-2.539 (-5.032 to 5.809)
7 (6-32)

2159 (61.4)
1358 (38.6)
936 (26.6)
203 (5-758)
141 (4.0)
76 (2.2)

306 (8.7)
51 (1.5)
31(0.9)

5(0-85)

3383 (96.2)
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Values in parentheses are percentages unless indicated otherwise; *values are median (range). fIncluding laparoscopic attempts with conversion. HCC,
hepatocellular carcinoma; CCA, cholangiocarcinoma; AST, aspartate aminotransferase; APRI, aspartate aminotransferase/platelet ratio index; ALBI, albumin-

bilirubin grade; MELD, Model for End-Stage Liver Disease; LD, liver dysfunction; ISGLS, International Study Group of Liver Surgery.

verified in patients with different neoplasms and different he-
patic resections. The large size of the NSQIP database allowed the
development of risk prediction models for disease-
operation-specific subgroups to enhance the precision of risk as-
sessment. Finally, a smartphone application was developed to
calculate individual-patient risk for postoperative 30-day mortal-
ity that is easily applicable to the clinical setting (https://tellap

rialbi.37binary.com).

The severity of liver disease varies substantially in patients un-
dergoing hepatic resection, posing a challenge for individualized
care in these patients. HCC has been the best studied malignancy
for preoperative risk assessment. Indeed, the recent American
Association for the Study of Liver Diseases (AASLD?’)/European
Association for the Study of the Liver (EASL?Y) international guide-
lines for HCC state that patients with portal hypertension should
not undergo hepatic resection. However, quantification of portal


https://tellaprialbi.37binary.com
https://tellaprialbi.37binary.com

Starlingeretal. | 5

a Grade C LD b 30-day mortality
8 10 |
< 6 X 8r
z Z 6f
= 4%t =
2 ] 4
Qo Q2
o o
0 _——--. 0 ___—-.
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
APRI/ALBI score decile APRI/ALBI score decile
n Q % 6.9 O.A DN O n Q 9% 65 0 O ’\ 5 N b
(\Q, Q;\Q) %Q ‘i\ o Q° N (\Q/ (g\‘b Q (b o’ Q° N
4+ o 4+
[=] ©
- -
o 2+ 5 2+
) £
g 0 g O
o ?
8 2 8 -2t
T (2]
° :
g’ —4 o —4
4 o
— 1 1 1 1 1 1 1 1 3 — 1 1 1 1 1 1 1 1
-5 -4 -3 -2 -1 0 1 2 -5 -4 -3 -2 -1 0 1 2
APRI/ALBI score APRI/ALBI score

C LD-associated 30-day mortality

10
< 8r
T ol
2 a4t
9
= 2+
o
0__—--
1 2 3 4 5 6 7 8 9 10
APRI/ALBI score decile
n Q 5% 660 0 A O N %
QY QO N\ © N
(\Q/Q;\ S v
° 4r
2
.g‘? 2_
83
85 o
EE
>-_2_
23
08 —4 E
[=2]
o
-I — 1 1 1 1 1 1 1 1

-5 -4 -3 -2 -1 0 1 2
APRI/ALBI score

Fig. 2 Model generation for individualized prediction of postoperative outcome

Given the continuous non-linear relationship between combined aspartate aminotransferase/platelet ratio index/albumin-bilirubin grade (APRI/ALBI) score and
clinical outcomes, generalized additive models with smoothing splines were used, as illustrated for a postoperative grade C liver dysfunction (LD), b postoperative
30-day mortality, and ¢ LD-associated 30-day mortality. Shaded areas represent 95 per cent confidence intervals. Based on the respective model, the combined
APRI/ALBI score was grouped into deciles and individual risk for each outcome is shown in the lower panels. Number of patients in each decile is also shown.

hypertension requires invasive measurements, and clinical surro- portal hypertension®. Several invasive and non-invasive tests have
gates may not reflect the severity of portal hypertension accurately been developed to assess preoperative risk for postoperative out-
which may confound indication for resection. Moreover, previous come after hepatic resection, but few have been incorporated into

reports documented good results of surgery even in patients with routine clinical practice even in high-risk patients. Major



6 | BJS Open, 2021, Vol. 5, No. 1

a Grade C LD b 30-day mortality
— 25 |- B Predicted 3
&2 @ Observed =
9 10 §g
o N >
o 8 ¢ E
g s g
o 6 =0
5 5 E
>
g ¢ 23
e
< 9
o 0 o
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
—6.00 -5.19 —4.38 -3.58 —2.77 -1.96 —1.15 -0.34 0.46 1.27 2.00 —6.00 -5.19 —-4.38 -3.58 —2.77 -1.96 —1.15 -0.34 0.46 1.27 2.00
APRI/AIBI score (deciles) APRI/AIBI score (deciles)
C LD-associated 30-day mortality

- a N
o O N O
T

Probability of grade C LD (%)

o N OB~ O

1 2 383 4 5 6 7 8 9 10
-6.00 -5.19 —4.38 —3.58 —2.77 ~1.96 —1.15 —0.34 0.46 1.27 2.00

APRI/AIBI score (deciles)

Fig. 3 Assessment of prediction models in validation cohort

Model-based predicted incidence by aminotransferase/platelet ratio index/albumin-bilirubin grade (APRI/ALBI) score decile of a postoperative grade C liver
dysfunction LD, b postoperative 30-day mortality, and c LD-associated 30-day mortality, compared with actual incidence in the validation cohort.

Table 2 Results of univariable and multivariable logistic regression analyses to identify predictors of postoperative 30-day mortality

Univariable analysis Multivariable analysis
Odds ratio P Odds ratio P

Preoperative scores

APRI/ALBI 1.73 (1.52, 1.96) <0.001 1.72 (1.16, 2.55) 0.007

MELD 1.14 (1.09, 1.20) < 0.001 1.04 (0.95, 1.13) 0.411
Patient characteristics

Male sex 0.36 (0.25, 0.53) < 0.001 0.59 (0.35, 1.00) 0.049

Age (years) 1.06 (1.05, 1.08) < 0.001 1.06 (1.04, 1.09) < 0.001

BMI (kg/m?) 1.01 (0.99, 1.04) 0.303

ASA grade 3.04 (2.23,4.14) < 0.001 1.45 (0.92, 2.28) 0.114

Neoplastic entity 0.98 (0.90, 1.07) 0.653

Race 0.98 (0.80, 1.19) 0.809

Smoking 1.01 (0.63, 1.61) 0.981

Diabetes 2.84 (2.00, 4.05) < 0.001 1.76 (1.08, 2.87) 0.024
Operative data

Major resection 3.39 (2.36, 4.87) < 0.001 2.14 (1.28, 3.59) 0.004

Duration of surgery 1.006 (1.005, 1.007) < 0.001 1.005 (1.004, 1.007) < 0.001

(min)
Preoperative laboratory

measurements
Albumin (g/dl) 0.34 (0.25, 0.46) <0.001 0.96 (0.53, 1.75) 0.903
Serum bilirubin (mg/dl) 1.32 (1.20, 1.46) <0.001 0.95 (0.79, 1.15) 0.611
AST (units/l) 1.008 (1.005, 1.010) < 0.001 0.997 (0.990, 1.005) 0.447
Platelets (x 10%/pl) 0.998 (0.996, 1.000) 0.049 0.999 (0.996, 1.002) 0.393

Values in parentheses are 95 per cent confidence intervals. APRI, aspartate aminotransferase/platelet ratio index; ALBI, albumin-bilirubin grade; MELD, Model for
End-Stage Liver Disease; AST, aspartate aminotransferase. Odds ratios for continuous variables are shown per unit increase.
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Fig. 4 Receiver operating characteristic (ROC) curves comparing predictive power of combined APRI/ALBI score and MELD score for postoperative

outcomes

a Postoperative grade C liver dysfunction (LD), b postoperative 30-day mortality, and c LD-associated 30-day mortality. Areas under the curve: a aspartate
aminotransferase/platelet ratio index (APRI) 0.640, albumin-bilirubin grade (ALBI) 0.655, APRI/ALBI 0.678, Model for End-Stage Liver Disease (MELD) 0.637; b APRI
0.647, ALBI 0.684, APRI/ALBI 0.700, MELD 0.633; ¢ APRI, 0.651, ALBI 0.689, APRI/ALBI 0.710; MELD 0.630. For clarity, only curves for APRI/ALBI and MELD scores are

shown.
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Incidence and individual risk of postoperative 30-day mortality (percentage probability) is shown in relation to combined aspartate aminotransferase/platelet
ratio index/albumin-bilirubin grade (APRI/ALBI) score deciles for several patient and surgical subgroups. The change from green to red indicates a gradual
increase in risk, with red indicating a higher risk of postoperative 30-day mortality. Increased bubble size reflects large number of patients.

drawbacks of currently used predictors are availability, high
costs, and invasiveness®. Although hepatic venous pressure gra-
dient is predictive of postoperative clinical outcome in patients
with HCC?*%%, it remains in limited use because of the invasive
nature of the test. Other less invasive and well established
markers to assess liver function rely on dynamic functional as-
sessment of the liver. Multiple groups have documented that ICG
clearance is predictive of postoperative LD and morbidity?’; how-
ever, ICG clearance testing and most other measures of hepatic
function are expensive and time-consuming. The APRI/ALBI
score uses commonly assessed laboratory tests, and represents a
simple non-invasive, and easily accessible risk stratification
method.

The increased performance of the combined APRI and ALBI
score and its broad applicability to different patient subgroups
likely reflect differences between components of the score for
assessing various pathophysiological backgrounds. Indeed, ALBI
seems to correlate more strongly with advanced fibrosis, whereas
APRI score is better associated with CALI. Although advanced fi-
brosis and cirrhosis pose a significant risk for postoperative fatal
outcome after hepatic resection, the relevance of CALI is often
underestimated2?®, ICG clearance®”*° has been used for identifi-
cation of patients with CALIL but to date has not been employed
widely and routinely. Liver biopsy clearly provides the most accu-
rate method for diagnosis of CALI. However, percutaneous biopsy
is reserved for selected patients with high suspicion of severe
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Fig. 6 Subgroup model generation for individualized prediction of postoperative 30-day mortality

Generalized additive models with smoothing splines were used, as illustrated for postoperative 30-day mortality in patient subgroups: a major resection, b
minor resection, c perihilar cholangiocarcinoma (CCA), d metastatic disease to the liver, e hepatocellular carcinoma (HCC), and f CCA. Shaded areas represent 95
per cent confidence intervals. Based on the respective model, the combined aspartate aminotransferase/platelet ratio index/albumin-bilirubin grade (APRI/ALBI)
score was grouped into deciles and individual risk for each subgroup is shown in the lower panel. Number of patients in each decile is also shown.
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liver damage after chemotherapy, which leaves the majority of
patients without adequate preoperative assessment for CALIL.
Moreover, liver biopsy and histopathological examination have
low sensitivity for most types of CALI3*!, The APRI/ALBI score
might not only detect underlying liver disease from other causes,
but also pick up CALI and thereby be used to optimize preopera-
tive risk stratification in these patients, as clearly suggested by
the present results. An interesting aspect of previous findings
was that the combined APRI/ALBI score changed dynamically
during neoadjuvant chemotherapy, suggesting a direct correla-
tion between the marker and induced liver damage'®. Indeed,
this finding is in line with recent reports of the amelioration of
CALI after chemotherapy cessation®?. This suggests that repeti-
tive assessment of the APRI/ALBI score after neoadjuvant chemo-
therapy might be an attractive tool to define an optimized time
point for liver surgery in these patients.

A limitation of this study is the retrospective nature of the
analyses. However, assessing clinically relevant outcome param-
eters such as mortality in a prospective fashion remains a major
challenge given the low incidence. Another limitation is that the
number of patients in the highest risk groups is low. However, in-
cluded patients were all deemed fit for surgery and therefore had
been preselected. In clinical daily life, patients in these risk
groups might therefore be significantly more common.
Ultimately, the gradually increasing risk per group should be
used to stratify patients with respect to patient-related factors
such as co-morbidities and extent of surgery to allow individual-
ized risk assessment for lower-risk groups as well.
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