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ABSTRACT

Introduction: Biliary tract cancer (BTC) com-
prises infrequently occurring neoplasms with
poor prognoses. Red blood cell-related parame-
ters are commonly reported prognostic factors.
We aimed to compare and evaluate the clinical
value of red blood cell-related parameters and
develop a prognostic nomogram.

Methods: The analysis involved 418 patients
with BTC who underwent surgery from Decem-
ber 2003 to April 2017. Patients were divided into
training and validation cohorts. Red blood cell-
related parameters were compared using Kaplan-
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Meier analysis, the area under receiver-operating
characteristic curve (AUC), and C-index. Predic-
tive abilities were evaluated using Cox regres-
sion. We developed a nomogram incorporating
superior parameters verified using calibration
curves, internal validation, and subgroup analy-
sis. The nomogram was compared with the
tumour-node-metastasis staging system through
ROC, C-index, and Kaplan-Meier analysis.
Results: A combined parameter comprising hae-
moglobin, albumin, lymphocytes, and platelets
(HALP), which was superior to other red blood cell-
related parameters, indicated a high risk of worse
overall survival when low. Univariate analysis
revealed that HALP together with other clinical
characteristics was associated with overall survival.
Multivariate analysis revealed that HALP, tumour-
node-metastasis staging, and operative outcome
were independent predictors of poor overall sur-
vival. Internal validation proved the predictive
value of the nomogram. Additional statistical
analyses established the advantages of the nomo-
gram vs. tumour-node-metastasis staging.
Conclusion: HALP was a superior red blood
cell-related parameter and an independent pre-
dictor of prognosis. Our nomogram based on
HALP, tumour-node-metastasis staging, and
operative outcome is a promising model for
predicting overall survival.

Keywords: Biliary tract cancer; HALP; Nomo-
gram; Prognosis
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Key Summary Points

Red blood cell-related parameters are
commonly reported prognostic factors for
biliary tract cancer, although their value
for biliary tract cancer (BTC) is unknown.

We aimed to compare and evaluate the
clinical value of red blood cell-related
parameters and to develop a prognostic
nomogram.

A parameter combining haemoglobin,
albumin, lymphocyte count, and platelet
count (HALP) was a superior red blood
cell-related parameter and an
independent predictor of prognosis.

A nomogram based on HALP, tumour-
node-metastasis staging, and operative
outcome is a promising model for
predicting overall survival.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13326563.

INTRODUCTION

Biliary tract cancer (BTC) includes tumours of
the gallbladder (GBC), cholangiocarcinoma
(CCA) (intrahepatic [ICC] and extrahepatic bile
duct [ECC]), and ampulla of Vater. Although
BTC is rare, it is clinically significant because of
its dismal outcome and limited therapeutic
options [1-4]. The overall 1-, 3-, and S-year
relative survival rates, which have not signifi-
cantly increased in recent decades, are 25.0%,
9.7%, and 6.8%, respectively [5]. Complete
resection is the only available option to cure

BTC, and only 10% of patients are diagnosed at
an early stage and are thus considered for
curative resection [6]. However, recurrence and
progression to metastatic BTC commonly occur
within 2 years after resection, which accounts
for its poor prognosis [7, 8]. Consequently, we
require an accurate patient stratification system
to inform clinical decision-making as well as to
establish the rationale for designing clinical
trials. Such a stratification strategy requires an
effective prognosis prediction model to serve as
an important reference.

The most commonly used prognostic factor
for BTC is tumour-node-metastasis (TNM) stag-
ing as defined by the American Joint Committee
on Cancer (AJCC; 8th edition) [9]. TNM staging
ranks the extent of a cancer by scoring the
tumour, involved lymph nodes, and the pres-
ence or absence of metastasis. This method was
developed for general cancer diagnosis and
lacks personalized prediction of the prognosis of
individual patients and does not consider other
important prognostic parameters. Thus, we
urgently require a resource to identify impor-
tant clinical parameters that are effective for
cancer prognosis as well as to compensate for
the insufficiency of the BTC prognostic evalua-
tion system.

Haematological markers predict the prog-
noses of different neoplasms. Among them, red
blood cell-related parameters achieve ideal pre-
dictive ability as follows: haemoglobulin (HGB)
[10]; red blood count (RBC) [11]; mean corpus-
cular volume (MCV) [12]; haematocrit (HCT)
[13]; red blood distribution width (RDW) [14];
haemoglobin, albumin, lymphocyte, and pla-
telet parameter (HALP) [15]; HGB-to-RDW ratio
(HRR) [16]; HGB-to-platelet ratio (HPR). Red
blood cell-related parameters reveal the physi-
ological status of the circulatory system and are
potentially associated with the outcomes of
cancer. Specifically, HGB confers value for pre-
dicting the prognoses of patients with BTC [17].
However, the relationship between other
parameters and prognosis, as well as outcomes
of patients with BTC, is unclear. Moreover, no
study compares the prognostic significance of
red blood cell-related parameters.
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Here, we aimed to investigate the prognostic
role of red blood cell-related parameters of
patients with BTC and to integrate superior
parameters with other clinical variables to
develop a nomogram to predict the prognosis of
patients with BTC.

METHODS

Study Population

The study included 601 patients with BTC (in-
cluding ICC, ECC, and GBC) who underwent
resection at the Peking Union Medical College
Hospital from January 2003 to September 2017.
The inclusion criteria were as follows: (1) his-
tologically confirmed BTC, (2) resectable BTC,
(3) no history of other malignancies, and (4)
clinical data available upon first diagnosis.
These criteria were met by 418 patients whose
data were included in the statistical analyses.
Patients with missing follow-up data or with
stage IV TNM, defined by the AJCC 8th staging
system [6], were excluded from the study.
Interval validation was performed by drawing a
random sample of 30% patients from the orig-
inal study population (n = 418), using the Caret
package in R 3.6.3.

The Medical Ethics Committees of Peking
Union Medical College Hospital of the Chinese
Academy of Medical Sciences and Peking Union
Medical College approved the study, which was
conducted in accordance with the ethical stan-
dards of the World Medical Association’s Dec-
laration of Helsinki [18]. The requirement for
informed consent was waived because this was a
retrospective study.

Data Collection

Clinical data including age, sex, jaundice, gall-
bladder stones, alcohol consumption, preoper-
ative therapy, intraoperative haemorrhage,
choice of operation, incision margins (R),
maximum tumour diameter (D), TNM stage,
surgical procedure, operative surgical outcome,
chemotherapy, radiotherapy, postoperative
complications, hospitalization days (HODs),

and overall survival (OS) were collected from
medical records. TNM stage was determined
according to the 8th International AJCC criteria
for BTC [6]. Laboratory data included alanine
aminotransferase (ALT), aspartate aminotrans-
ferase (AST), albumin (ALB), carcinoembryonic
antigen (CEA), carbohydrate antigen 19-9
(CA19-9), and differential blood counts [platelet
(PLT) and lymphocyte (LMY)]. Red blood cell-
related parameters included HGB, RBC, MCV,
HCT, RDW, HALP, HPR, and HRR. HALP was
defined as (HGB*ALB*LMY)/PLT. HRR was
defined as HGB/RDW, and HPR was defined as
HGB/PLT.

Statistical Analysis

Data for continuous variables are expressed as
the mean + standard deviation (SD). Compar-
isons of baseline characteristics between groups
were performed using chi-square tests. Values of
ALT, AST, ALB, PLT, LMY, CEA, CA 19-9, intra-
operative haemorrhage, and D were divided
into high and low groups according to our
hospitals’ routine convention. The optimal cut-
off values for red blood cell-related parameters
were established using X-tile software. We used
the Kaplan-Meier method to compare the rela-
tionship between red blood cell-related param-
eters to long-term OS. The prognostic abilities
of red blood cell-related parameters were eval-
uated using the areas under the receiver-oper-
ating characteristic (ROC) curves (AUC) and
C-index. Univariate and multivariate Cox
regression analyses of potential factors affecting
patients’ outcomes were performed. The effect
of HALP on OS as a function of other parameters
was investigated using JMP software (version
Professional 13; SAS Institute, Cary, NC, USA).
ROC curves were generated to verify the accu-
racy of HALP and other significant factors
associated with therapeutic effects as well as to
predict OS.

Based on multivariate analysis of a training
cohort, a nomogram was developed using the
rms package in R version 3.6.3. The perfor-
mance of the nomogram was assessed using a
calibration curve. The prognostic abilities of the
nomogram were compared with HALP alone,
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extent of radical resection alone, and TNM stage
by comparing AUC values and the C-index. The
Kaplan-Meier (K-M) method was applied to
subgroups defined by carcinoma type and
extent of radical resection to further validate
the prognostic effect of superior parameters and
the nomogram. The comparison of the perfor-
mance of the nomogram compared with that of
the TNM staging system was performed using
same method.

Statistical analysis was conducted using R
3.6.3 software (Institute for Statistics and
Mathematics, Vienna, Austria) and the Statisti-
cal Package for Social Sciences version 25.0
(SPSS, Chicago, IL, USA). Significance levels
were defined as P < 0.05 (two-sided).

RESULTS

Patients’ Characteristics

The baseline characteristics of 287 and 131
patients included in the training and validation
cohorts, respectively, are listed in Table 1. The
GBC, ECC, and ICC groups each comprised
23%, 56%, and 21% of the patient population.
The median OS of the training cohort was 19
(9-37) months and that of the validation cohort
was 18 (10-38) months. Radical resection was
performed on 36% of patients in each cohort.
TNM stages were as follows: 37%, stage I; 32%,
stage II; 31%, stage III. Postoperative complica-
tions were experienced by 113 (39%) and 49
(37%) patients in the training and validation
cohorts, respectively.

Cholecystectomy was performed on 95% of
patients with GBC, 51% of whom underwent
concurrent lymphadenectomy. In accordance
with the National Comprehensive Cancer Net-
work (NCCN) clinical practice guidelines in
oncology, 27% of patients with TNM stage III
GBC underwent partial or segmental hepatec-
tomy, 22% of patients with ECC underwent
cholecystectomy, and 31% underwent bile duct
resection. Among the patients with mid-bile duct
ECC, 38% underwent pancreaticoduodenec-
tomy. Among 89% of patients with ICC who
underwent partial or segmental hepatectomy,
34% underwent concurrent cholecystectomy.

Table 1 Clinicopathological characteristics of 420
patients with cancer of the biliary system
Training Validation
cohort cohort
medium medium
(IQR) or (IQR) or
n (%) n (%)
Total 287 131
Disease type
GBC 68 (24) 26 (20)
ECC 162 (56) 74 (56)
ICC 57 (20) 31 (24)
Age (years)
<60 130 (45) 56 (42)
> 60 157 (55) 75 (58)
Sex
Male 125 (43) 55 (42)
Female 162 (57) 76 (58)
Jaundice
No 119 (42) 56 (43)
Yes 168 (58) 75 (57)
Gallbladder stone
No 181 (53) 82 (75)
Yes 76 (47) 27 (25)
Alcohol
No 212 (74) 101 (77)
Yes 74 (26) 30 (23)
ALT (U/))
< 40 90 (32) 54 (42)
> 40 197 (68) 77 (58)
AST (U/)
< 40 103 (38) 49 (39)
> 40 171 (62) 79 (61)
ALB (g/l)
< 40 111 (39) 52 (39)
> 40 176 (61) 79 (61)
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Table 1 continued Table 1 continued
Training Validation Training Validation
cohort cohort cohort cohort
medium medium medium medium
(IQR) or (IQR) or (IQR) or (IQR) or
n (%) n (%) n (%) n (%)
PLT (x 10°/1) D (cm)
< 300 234 (82) 101 (77) <5 245 (86) 111 (89)
> 300 53 (18) 30 (23) >5 41 (14) 13 (11)
LMY (x 10°/1) TNM
< 1.00 239 (83) 115 (88) I 104 (36) 53 (40)
> 1.00 48 (17) 16 (12) I 92 (32) 40 (31)
CEA (mg/l) I 91 (32) 38 (29)
<S5 237 (83) 98 (75) Operation outcome
>5 50 (17) 33 (25) Radical 104 (36) 47 (37)
CA199 (U/ml) Non-radical 182 (64) 81 (63)
< 1000 252 (88) 110 (84) Postoperative complications
> 1000 35 (12) 21 (16) No 174 (61) 83 (63)
Surgical procedure Yes 113 (39) 49 (37)
Cholecystectomy 124 (43) 48 (39) HOD (days) 26.1 (£ 1.0) 29.0 (£ 2.7)
Bile duct resection 69 (24) 27 (22) OS (months) 19 (9-37) 18 (10-38)
Pancreaticoduodenectomy 64 (22) 28 (23) HGB (g/)
Hepatectomy 72 (25) 34 (28) <142 67 (24) 27 (21)
Lymphadenectomy 63 (22) 28 (23) > 142 220 (76) 104 (79)
Chemotherapy RBC (x 10'%/1)
No 182 (83) 87 (84) < 439 106 (37) 85 (84)
Yes 38 (17) 17 (16) > 439 181 (63) 46 (36)
Radiotherapy MCV (fl)
No 206 (94) 96 (92) <872 239 (84) 25 (19)
Yes 14 (6) 8 (8) > 87.2 47 (16) 106 (81)
Intraoperative haemorrhage (ml) HCT (/1)
< 400 160 (56) 80 (58) < 419 68 (24) 100 (77)
> 400 96 (44) 44 (42) > 419 218 (76) 31 (23)
Margin RDW (%)
RO 134 (47) 75 (57) < 143 157 (55) 68 (52)
R1 151 (53) 56 (43) > 14.3 128 (45) 63 (48)
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Table 1 continued

Training Validation
cohort cohort
medium medium
(IQR) or (IQR) or
n (%) n (%)
HALP
< 42.68 81 (29) 47 (36)
> 42.68 206 (71) 84 (64)
HRR
< 9.40 129 (45) 76 (58)
> 9.40 156 (55) 55 (42)
HPR
< 0.44 218 (76) 35 (27)
> 0.44 69 (24) 96 (73)

GBC, gallbladder carcinoma; ICC, intrahepatic cholan-
giocarcinoma; ECC, extrahepatic cholangiocarcinoma;
TNM, tumour-node-metastasis; HGB, haemoglobulin;
RBC, red blood count; MCV, mean corpuscular volume;
HCT, haematocrit; RDW, red blood distribution width;
HALP, haemoglobin, albumin, lymphocyte, and platelet
parameter; HRR, HGB-to-RDW ratio; HPR, HGB-to-
platelet ratio; R, incision margins; D, maximum tumour
diameter; HOD, hospitalization day; OS, overall survival;
ALT, alanine aminotransferase; AS7, aspartate amino-
transferase; ALB, albumin; CEA, carcinoembryonic anti-
gen; CA 19-9, carbohydrate antigen 19-9; PLT, platelet;
LMY, lymphocyte; SD, standard deviation; AUC, areas
under the ROC curves; HR, hazard ratio; CI, confidence
interval; PLR, PLT-to-LMY ratio; GPS, Glasgow prog-
nostic score

Comparison of Red Blood Cell-Related
Parameters

Kaplan-Meier curves stratified according to red
blood cell-related parameters are shown in
Fig. 1. All parameters were associated with the
OS of patients in the training cohort. AUC val-
ues after 1, 3, and 5 years were calculated to
compare the predictive value of red blood cell-
related parameters (Fig. S1). Time-dependent
ROC curves were generated to compare the

performances of these risk factors (Fig. 2). The
three superior risk factors were HRR (C-in-
dex = 0.566), HALP (C-index = 0.562), and HGB
(C-index = 0.556). The subgroup analyses of the
associations of HALP, HGB, and HRR with OR
are presented in Fig. S2. Only HALP significantly
correlated with the OS of each subgroup and
was the superior parameter overall.

Univariate Cox analysis revealed that OS was
significantly associated with jaundice, LMY
< 1.0, HGB < 142, RBC < 4.39, MCV < 87.2,
HCT <419, RDW > 14.3, HALP < 42.68,
HRR < 9.40, HPR < 0.018, CEA > 5Sng/ml, CA
19-9 > 1000 U/ml, TNM stage, and extent of
radical resection. Multivariate analysis identi-
fied the independent factors associated with
poor OS as follows: HALP < 42.68 [hazard ratio
(HR) 1.548; 95% confidence interval (CI)
1.017-2.285; P = 0.041], TNM stage (HR 1.393;
95% CI 1.000-1.941; P = 0.050), and nonradical
resection (HR 2.258; 95% Cl 1.625-3.136;
P < 0.001; Table 2). Internal validation yielded
results similar to those of the training cohort.

Internal validation (Fig. S3) indicated that
low HALP was related to poor postoperative
outcomes (P < 0.001). Further analysis based on
patient stratification according to disease type
and extent of radical resection indicated HALP's
predictive value (GBC group, P = 0.016; ECC
group, P =0.014; ICC group, P = 0.010; non-
radical group, P =0.041; radical group,
P < 0.001; Fig. S4).

Relationship Between HALP and Patients’
Clinical Characteristics

We divided patients into a high and a low group
according to the cut-off value of each parame-
ter. Patients’ characteristics in each group are
summarized in Table 3. The frequency of jaun-
dice was higher in the high-HALP group vs. the
low-HALP group (34.6% vs. 68.0%, respectively,
P < 0.001), and the proportion of patients with
higher ALT or AST was larger in the low-HALP
group vs. the high-HALP group. Red blood cell-
related parameters including RBC, HCT, and
RDW were higher in the high-HALP group vs.
the low-HALP group.
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Fig. 1 Kaplan-Meier analysis of OS stratified according to red blood cell-related parameters of the training cohort. K-M
curves stratified according to a HALP, b HGB, ¢ RBC, d RDW, ¢ HCT, f MCV, g HRR, and h HPR

Nomogram Development and Validation

Multivariate Cox regression analysis identified
HALP, TNM stage, and operative outcome as
independent predictors of prognosis of BTC
(Table 2). The model that incorporated the
above independent parameters is presented as

Nomogram A (Fig. 3a). The 1-, 3-, and 5-year
calibration curves for predicting OS using the
nomogram demonstrated good agreement with
the actual observations (Fig. 3b). As established
above, HALP was the superior potential risk
factor for predicting overall survival. When we
developed Nomogram B without HALP (Fig. 3c,

I\ Adis



1234

Adv Ther (2021) 38:1227-1244

=4 —
- — HALP
— HGB
- — RBC
o — HCT
MCV
RDW
© | HRR
- HPR
o
2 o~
< o 7|
° ] 3@5_—‘;"‘«94%
O | e T
o
T T T I T T
10 20 30 40 50 60

time (month)

Fig. 2 ROC analysis of red blood cell-related parameters
of the training cohort

d) to further evaluate its predictive value, we
found that the calibration curves were not sig-
nificantly different.

Analysis according to stratification of disease
type and operative outcome (Fig. S5) indicated
Nomogram A’s superior predictive value HALP;
nonradical group, P < 0.001; radical group,
P =0.022).

Comparison of Predictive Value
Determined Using Nomograms A and B,
Risk Factors, and TNM Stage

The AUROC curves after 1, 3, and 5 years OS
and C-indexes were generated to compare the
performances of Nomograms A and B, HALP,
operative outcome, and TNM stage (Table S1).
Time-dependent ROC curves display the differ-
ence between these models and variables
(Fig. 3e). In the training cohort, the C-index for
predicting OS was 0.656 using Nomogram A vs.
0.633 using Nomogram B (C-index = 0.633),
HALP (C-index =0.562, P < 0.001), radical
extent (C-index = 0.612, P = 0.024), and TNM
stage (C-index = 0.562, P < 0.001). Nomogram
A showed an advantage vs. Nomogram B
(IDI = 2.92%, P =0.007), which demonstrates
the effect of HALP. Internal validation results
were similar to those of the training cohort.

Compared with the TNM staging system,
59% of patients were regraded using the
nomogram; 22% were downstaged and 37%
were upstaged (Table 4). Among the disease
subgroups, > 80% of patients in the ECC group
had the most significant change of prognostic
risk grade. Patients who underwent radical
resection underwent more change in stages
than the nonradical group (Table S2). The above
difference demonstrated the improvement on
discrimination ability over the TNM staging
system.

Specifically, the TNM stage system and
Nomogram A showed good ability to stratify
prognoses of the overall population, and the
results of subgroup analysis differed between
the two models (Fig.4). When stratified
according to disease type (Fig.4b-d), Nomo-
gram A achieved a significant prognostic effect
in the subgroups as follows: GBC, P < 0.001;
ECC, P <0.001; ICC, P<0.001. The TNM
staging system showed a prognostic effect only
in the GBC (P <0.001) and ICC (P < 0.001)
groups and lacked predictive value for ECC
patients (P = 0.180). Nomogram A also showed
an advantage vs. TNM stage in the nonradical
and radical groups.

DISCUSSION

The prognosis of patients with BTC, which
includes CCA, GBC, and ampulla cancer, is
poor, in part because of the paucity of treatment
options. Accurate prediction of BTC prognosis
will likely benefit clinical decision-making for
implementing personalized treatment after
surgery. Red blood cell-related parameters serve
as cancer prognostic factors, although their
value for BTC is unclear. Here we aimed to
compare and assess the prognostic value of dif-
ferent red blood cell-related parameters and to
design a prognostic nomogram for BTC. Our
results show that HALP was one of the superior
red blood cell-related parameters for predicting
prognosis. Moreover, we found that a lower
HALP value, late TNM stage, and nonradical
resection were independent predictors of prog-
nosis. According to the score of each clinical
variable, our nomogram model accurately
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Table 2 Univariate and multivariate Cox proportional hazard analyses of factors associated with overall survival
Training cohort Validation cohort
Univariate analysis Multivariate analysis Multivariate analysis
pP HR 95% CI r HR 95% CI P HR 95% CI
Age (years)
< 60 1.000
> 60 0.138  1.249 0.931-1.577
Sex
Female 1.000
Male 0.997 0999  0.744-1.343
BMI
> 25 1.000
<25 0.369 1.160 0.839-1.603
Jaundice
No 1.000 1.000 1.000
Yes 0.013 1474 1.087-2.000 0.652 1.100 0.726-1.666 0.253 1426 0.776-2.623
Gallbladder stone
No 1.000
Yes 0227 1.194 0.896-1.591
ALT (U/])
< 40 1.000
> 40 0.126 1.240 0.941-1.634
AST (U/])
< 40 1.000
> 40 0.059 1303 0.990-1.715
ALB (g/])
> 35 1.000
<35 0.055 1349 0.993-1.833
PLT (x 10°/1)
< 300 1.000
> 300 0219 1250 0.876-1.927
LMY (x 10°/1)
> 1.0 1.000 1.000 1.000
<10 0.021 1530 1.066-2.196 0.335 0.817 0.541-1.233 0.531 0.765 0.331-1.770
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Table 2 continued

Training cohort

Validation cohort

Univariate analysis

Multivariate analysis

Multivariate analysis

P HR  95% CI P HR  95% CI P HR  95% CI
HGB (g/1)

> 142 1.000 1.000 1.000

<142 0002 1774 1.223-2.572 0360 1379  0.693-2.742 0479 0711 0.276-1.831
RBC (x 10'%/1)

> 4.39 1.000 1.000 1.000

< 439 0018 1448 1.065-1.971 0367 0.828  0.548-1.249 0274 1.644 0.675-4.004
MCV (fl)

> 87.2 1.000 1.000 1.000

<872 0026 1528 1.052-2.220 0.159 0745 0.494-1.122 0.672 1145 0.612-2.144
HCT (/1)

> 41.9 1.000 1.000 1.000

< 419 0002 1.820 1.257-2.636 0.300 0.706  0.366-1.364 0.164 0543  0.229-1284
RDW (%)

< 143 1.000 1.000 1.000

> 143 0.032 1377 1.028-1.847 0.708 1095 0.731-1.640 0.149 1.656 0.835-3.285
HALP

> 42.68 1.000 1.000 1.000

<4268 <0001 1924 1352-2.738 0.041 1.548 1.017-2.285 0.005 2400 1.296-4.445
HRR

> 9.40 1.000 1.000 1.000

< 9.40 0.001 1.685 1.249-2.274 0487 1.187 0.732-1.927 0.958 0977 0417-2.291
HPR

> 044 1.000 1.000 1.000

< 0.44 0018 0479 1.068-2.049 0.949 0983 0.586-1.650 0.358 1.659 0.563-4.888
CEA (mg/l)

<5 1.000 1.000 1.000

>5 0008 1.634 1.138-2.346 0296 1235 0.831-1.835 0.085 1.625 0.936-2.821
CA19-9 (U/ml)

< 1000 1.000 1.000 1.000

>1000 <0001 2237 1506-3.321 0226 1.327  0.840-2.096 0358 1412  0.677-2.944
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Table 2 continued
Training cohort Validation cohort
Univariate analysis Multivariate analysis Multivariate analysis
P HR 95% CI r HR 95% CI r HR 95% CI
Haemorrhage (ml)
< 400 1.000
> 400 0.896 1.019 0.765-1.358
Margins
RO 1.000 1.000
R1 0297 1.168 0.872-1.565 0438 1195 0.761-1.877
D (cm)
<5 1.000
>5 0.107 1445 0.923-2.262
TNM
[+ 10 1.000 1.000 1.000
III < 0.001 1725 1.272-2.339 0.050 1393 1.000-1.941 0.020 1985 1.114-3.534
Chemotherapy
No 1.000
Yes 0.839 1.045 0.685-1.594
Operation outcome
Radical 1.000 1.000 1.000
Non < 0.001 2344 1.742-3.154 < 0.001 2258 1.625-3.136 < 0.001 2706 1.664-4.398

TNM, tumour-node-metastasis; HGB, haemoglobulin; RBC, red blood count; MCV, mean corpuscular volume; HCT,
haematocrit; RDW, red blood distribution width; HALP, haemoglobin, albumin, lymphocyte, and platelet parameter; HRR,
HGB-to-RDW ratio; HPR, HGB-to-platelet ratio; R, incision margins; D, maximum tumour diameter; AL7, alanine
aminotransferase; 457, aspartate aminotransferase; ALB, albumin; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate

antigen 19-9; PLT, platelet; LMY, lymphocyte

predicted the 1-, 3-, and 5-year probabilities of
survival of patients with BTC. This nomogram
may therefore serve as a reference for patient
stratification and clinical decision-making.
Haematological markers predict the progno-
sis of patients with neoplasms. Among them,
the use of red blood cell-related parameters
achieves an ideal predictive ability. HGB and
RBC are used to develop nomograms for pre-
dicting cancer prognosis [10, 11]. For example,
patients with oesophageal cancer with high

MCYV values have poorer prognoses [12], and
there is a significant association between low
HCT values and high risk of poor prognosis of
patients with lung cancer [13]. Furthermore,
elevated RDW values are associated with the
prognosis of lung cancer [14]. Low HRR values
are associated with late tumour stage [16]. Red
blood cell-related parameters reveal the physi-
ological status of the circulatory system and are
potentially associated with the outcomes of
patients with cancer. For example, a study on
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Table 3 Clinical characteristics of the patients associated with HALP

Total Training cohort medium (IQR) or # (%) Validation cohort medium (IQR) or 7 (%)

Low group High group P Low group High group P

Age (years)

<60 40 (494) 90 (43.7) 0.383 21 (44.7) 35 (41.7) 0.738
> 60 41 (50.6) 116 (56.3) 26 (55.3) 49 (58.3)

Sex
Male 30 (37.0) 95 (46.1) 0.163 15 (31.9) 40 (47.6) 0.081
Female 51 (63.0) 111 (53.9) 32 (68.1) 44 (52.4)

Jaundice
No 53 (65.4) 66 (32.0) < 0.001 25 (53.2) 32 (36.9) 0.071
Yes 28 (34.6) 140 (68.0) 22 (46.8) 53 (63.1)

Gallbladder stone
No 52 (64.2) 129 (62.6) 0.902 33 (70.2) 49 (58.3) 0.158
Yes 20 (24.7) 56 (27.2) 10 (21.3) 18 (20.2)

Alcohol
No 58 (71.6) 154 (75.1) 0.541 34 (72.3) 67 (79.8) 0.332
Yes 23 (28.4) 51 (24.9) 13 (27.7) 17 (20.2)

ALT (U/])
<40 37 (45.7) 53 (25.7) 0.001 20 (42.6) 34 (40.5) 0.817
> 40 44 (54.3) 153 (74.3) 27 (57.4) 50 (59.5)

AST (U/l)
< 40 42 (53.2) 61 (31.3) 0.001 20 (42.6) 29 (35.8) 0.449
> 40 37 (46.8) 134 (68.7) 27 (57.4) 52 (64.2)

CEA (mg/l)
<5 69 (85.2) 168 (81.6) 0.465 35 (74.5) 63 (75.0) 0.946
>5 12 (14.8) 38 (18.4) 12 (25.5) 21 (25.0)

CA19-9 (U/ml)
<1000 75 (92.6) 177 (85.9) 0.120 40 (85.1) 70 (83.3) 0.791
> 1000 6 (7.4) 29 (14.1) 7 (14.9) 14 (16.7)

D (cm)
<s 64 (83.1) 181 (91.0) 0.064 38 (80.9) 73 (86.9) 0.072
>5 13 (16.9) 18 (9.0) 8 (17.0) 5 (6.0)
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Table 3 continued
Total Training cohort medium (IQR) or 7z (%) Validation cohort medium (IQR) or # (%)
Low group High group r Low group High group r
TNM
[+ 10 52 (64.2) 143 (69.4) 0.394 32 (68.1) 61 (72.6) 0.583
I 29 (35.8) 63 (30.6) 15 (31.9) 23 (27.4)
RBC (x 10'%/1)
> 439 49 (60.5) 57 (27.7) < 0.001 19 (40.4) 66 (78.6) < 0.001
< 439 32 (39.5) 149 (72.3) 28 (59.6) 19 (21.4)
MCV (fl)
> 87.2 70 (86.4) 169 (82.4) 0413 6 (12.8) 19 (22.6) 0.169
<872 11 (13.6) 36 (17.6) 41 (87.2) 65 (77.4)
HCT (I/1)
> 41.9 35 (43.2) 33 (16.1) < 0.001 28 (59.6) 72 (85.7) 0.001
< 419 46 (56.8) 172 (83.9) 19 (40.4) 12 (14.3)
RDW (%)
< 143 58 (72.5) 99 (48.3) < 0.001 28 (59.6) 40 (47.6) 0.189
> 143 22 (27.5) 106 (51.7) 19 (40.4) 44 (52.4)

Bold represents P < 0.05

TNM, tumour-node-metastasis; HGB, haemoglobulin; RBC, red blood count; MCV, mean corpuscular volume; HCT,
haematocrit; RDW, red blood distribution width; HALP, haemoglobin, albumin, lymphocyte, and platelet parameter; HRR,
HGB-to-RDW ratio; HPR, HGB-to-platelet ratio; R, incision margins; D, maximum tumour diameter; AL7, alanine
aminotransferase; AS7, aspartate aminotransferase; 4LB, albumin; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate

antigen 19-9; PLT, platelet; LMY, lymphocyte

the modelling of clinical parameters to develop
a nomogram for patients with BTC employed
HGB as an independent prognostic parameter
[17]. Together, these studies indicate the
potential clinical value of red blood cell-related
parameters that are associated with the prog-
noses of patients with BTC.

Compared with other red blood cell-related
parameters, HALP combines more haematolog-
ical parameters to provide a more comprehen-
sive assessment of health. Here, we show that a
low HALP value significantly correlated with a
poor prognostic outcome, which was further
associated with low HGB and ALB and a signif-
icantly higher PLT-to-LMY ratio (PLR). Other
studies show predictive value of these three risk

factors. Low HGB is a standard marker for can-
cer-related anaemia [19], and multiple studies
found a significant relationship between low
HGB and poor surgical outcomes of patients
with cancer [20, 21].

Hypoalbuminaemia serves as a nutritional-
deficiency index because it significantly affects
the synthesis of visceral proteins. Furthermore,
low serum ALB serves to stratify BTC patients
into different prognostic categories after surgi-
cal resection [22] and the Glasgow prognostic
score (GPS) is an independent factor for pre-
dicting prognosis of BTC [23].

Systemic inflammation, represented by ele-
vated PLR, enhances the angiogenesis,
immunosuppression, and metastasis associated
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Fig. 3 Nomogram to predict the probability of survival

and comparison of different models. a Nomogram A for

OS. Calibration curve for Nomogram A. b Nomogram B

for OS, including risk factors in Nomogram A except

with tumour cells. Furthermore, infiltration of
tumours by platelets is associated with
improved accuracy of predicting the prognosis
of patients with BTC. Systemic inflammation
represented by PLR predicts the OS of patients

HALP. Calibration curve for Nomogram B. ¢ ROC
analysis of prognosis prediction models of the training
cohort

with advanced BTC who undergo palliative
chemotherapy [24]. Combined with the Cox
regression results, we show here that the com-
bination of these three factors serve as an
independent predictor of prognosis of BTC and
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Table 4 Comparison of cancer staging between the AJCC
Staging Manual (8th edition) and Nomogram A

AJCC staging system, 8th edition  Total

I II 111
Nomogram A
Low 39 19 27 85
45.9% 22.3% 31.8% 20.6%
Medium 80 73 45 198
40.4% 36.9% 22.7% 48.1%
High 37 35 57 129
28.6% 27.1% 44.2% 31.3%
Total 156 127 129 412

AJCC, American Joint Committee on Cancer

that HALP is superior for this purpose than each
alone. Moreover, low HALP predicted poor
prognosis of patients with BTC based on possi-
ble complications of cancer-related anaemia,
malnutrition, and systemic inflammation
(Fig. S6).

Anaemia may lead to resistance to postop-
erative gemcitabine therapy [25]. Furthermore,
patients suffering from malnutrition during the
early stage of BTC benefit from nutritional
intervention, which improves prognosis [26].
Systemic inflammation affects the outcome of
palliative chemotherapy [24]. The significant
predictive value of HALP indicates that more
attention should be preoperatively directed to
assessing anaemia, malnutrition, and inflam-
mation of patients before surgery. Moreover,
early intervention will likely ameliorate these
symptoms to improve the OS of patients with
BTC.

Clinical parameters that influence HALP
include jaundice, ALT, AST, RBC, HCT, and
RDW. Preoperative jaundice indicates a higher
risk of postoperative complications and adverse
events, which indicates poor prognosis [27].
Elevated levels of ALT and AST, which are pro-
duced by hepatocyte, are associated with hep-
atic damage, indicating liver disease and
singular body metabolism. Such damage may
lead to abnormalities in haematological
parameters such as HALP. Low levels of RBCs

and HCT are markers of anaemia, which is
revealed as well by low values of HALP. Con-
versely, significantly elevated RDW values
reflect the heterogeneity of red blood cells,
which correlate with iron deficiency anaemia
and lead to low values of HALP.

TNM stage, as defined by the AJCC, is the
most widely used prognostic model for BTC.
However, the TNM staging system is designed
for broad cancer diagnosis and does not include
a requirement for examining individual
patients. We show here that in the ECC sub-
group and radical group, Nomogram A signifi-
cantly improved the discriminative power of
the TNM staging system. Furthermore, > 60%
of patients’ risk grade was upstaged in the ECC
group, and approximately 60% of patients’ risk
grades changed in the radical group. These
findings suggest that the TNM staging system
requires specific prognostic parameters to
accommodate different types of diseases and
interventions.

Compared with the TNM stage model
defined by the AJCC (8th edition), we show here
that adding more clinical factors significantly
improved the accuracy and discriminative
power of prediction. Our nomogram, which
combined HALP, TNM stage, and operative
outcome, achieved significant value for pre-
dicting OS. Furthermore, HALP and operative
outcome contributed to a better prognostic
model by adding patient-specific characteristics.
The AURIC and C-index have advantages over
the TNM staging system, and K-M analysis of
subgroups further improved of the performance
of Nomogram A.

Our study has several limitations. First, the
predictive effect was ascertained using only
internal validation, which may lead to selection
bias that affects the generalization of our results
acquired using the model. Second, because of
the small number of patients, we analysed sev-
eral clinical factors. Future research analysing
more factors is required. Third, several clinical
parameters, including complications and choice
of surgery that can affect red blood cell-related
parameters, were not evaluated, which may lead
to further selection bias. Finally, the lengthy
study period (2003 to 2017) may introduce
historical bias.
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Fig. 4 Comparison of the TNM staging system with Nomogram A. Kaplan-Meier analysis of OS. a Primary cohort.
b GBC, ¢ ECC, d ICC, e radical resection, and f non-radical resection

CONCLUSION

In conclusion, HALP, which was superior to
other red blood cell-related parameters, was
identified as an independent prognostic factor

for predicting BTC patients’ OS. Our nomogram
model, based on HALP, TNM, and operative
outcome, successfully predicted the probability
of survival and revealed advantages compared
with the 8th edition of the AJCC TNM system.
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