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Abstract

BACKGROUND

Systemic inflammation and nutrition status play an important role in cancer
metastasis. The combined index of hemoglobin, albumin, lymphocyte, and
platelet (HALP), consisting of haemoglobin, albumin, lymphocytes, and platelets,
is considered as a novel marker to reflect both systemic inflammation and
nutrition status. However, no studies have investigated the relationship between
HALP and survival of patients with pancreatic cancer following radical resection.

AIM
To evaluate the prognostic value of preoperative HALP in pancreatic cancer
patients.

METHODS

The preoperative serum levels of hemoglobin, albumin, lymphocyte counts, and
platelet counts were routinely detected in 582 pancreatic adenocarcinoma
patients who underwent radical resection. The relationship between
postoperative survival and the preoperative level of HALP was investigated.

RESULTS

Low levels of HALP were significantly associated with lymph node metastasis (P
=0.002), poor tumor differentiation (P = 0.032), high TNM stage (P = 0.008),
female patients (P = 0.005) and tumor location in the head of the pancreas (P <
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0.001). Low levels of HALP were associated with early recurrence [7.3 mo vs 16.3
mo, P <0.001 for recurrence-free survival (RFS)] and short survival [11.5 mo vs
23.6 mo, P < 0.001 for overall survival (OS)] in patients with resected pancreatic
adenocarcinoma. A low level of HALP was an independent risk factor for early
recurrence and short survival irrespective of sex and tumor location.

CONCLUSION
Low levels of HALP may be a significant risk factor for RFS and OS in patients
with resected pancreatic cancer.

Key words: Pancreatic adenocarcinoma; HALP; Systemic inflammation; Nutrition status;
Postoperative survival

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The index of hemoglobin, albumin, lymphocyte, and platelet (HALP) consists
of haemoglobin, albumin, lymphocytes, and platelets. It is considered as a novel marker
to show systemic inflammation and nutrition status. We demonstrated that a low level of
HALP was an independent risk factor for surgical outcome in pancreatic cancer patients
following radical resection. Its prognostic value is superior to that of previous markers
commonly used for systemic inflammation and nutrition status (neutrophil-to-
lymphocyte ratio, platelet-to-lymphocyte ratio and prognostic nutritional index).

Citation: Xu SS, Li S, Xu HX, Li H, Wu CT, Wang WQ, Gao HL, Jiang W, Zhang WH, Li
TJ, Ni QX, Liu L, Yu XJ. Haemoglobin, albumin, lymphocyte and platelet predicts
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URL: https://www.wjgnet.com/1007-9327/full/v26/i8/828 .htm
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INTRODUCTION

Pancreatic cancer is one of most lethal solid tumors. Radical resection provides the
only opportunity for long-term survival. However, long-term survival after resection
remains poor as a result of a high incidence of recurrence. The 5-year survival rate
after radical surgery is approximately 20%! . It is urgent to find potential markers
that can accurately predict postoperative recurrence and help with decision making
for subsequent therapies.

Systemic inflammation and nutrition status play an important role in cancer
metastasis. Several preoperative haematological inflammation indices have been
demonstrated as prognostic markers for pancreatic cancer. Peripheral blood cells,
including neutrophils, lymphocytes, platelets, and monocytes, have been reported to
be associated with malignancy degree of cancer. Inflammatory indices based on the
levels of blood cells, such as the neutrophil-to-lymphocyte ratio (NLR)" and platelet-
to-lymphocyte ratio (PLR)"), have been used to predict the prognosis of patients with
pancreatic cancer. Nutritional status, such as haemoglobin and albumin levels
(prognostic nutritional index, PNI), has also been shown to be an important marker
for predicting survival in cancer patients!”..

Recent studies have identified a new marker, hemoglobin, albumin, lymphocyte,
and platelet (HALP), which consists of haemoglobin, albumin, lymphocytes, and
platelets, to reflect both systemic inflammation and nutrition status. It has been
reported to be associated with survival in patients with gastric®l, colorectal, renal""},
and bladder cancers!"’l. However, no studies have investigated the relationship
between HALP and survival in patients with pancreatic cancer following radical
resection. Thus, the aim of this study was to investigate the prognostic value of
preoperative HALP in patients with resected pancreatic cancer.

MATERIALS AND METHODS

Patients
From March 2010 to December 2015, a total of 906 patients were screened. The
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inclusion criteria were as follows: (1) Pathologically confirmed pancreatic
adenocarcinoma; and (2) Treatment with radical resection. The exclusion criteria were:
(1) Incomplete clinicopathological and follow-up data (n = 15); (2) History of
antitumor treatments (n = 69); (3) Record of other malignant tumors (1 = 18); and (4)
Total bilirubin level > 34.2 pmol/L (n = 222). Finally, 582 eligible patients were
included in the study. All the clinical features, including routine blood tests and liver
function tests, and the follow-up data from each patient with pancreatic
adenocarcinoma, were prospectively recorded in our institutional database. The study
was reviewed and approved by the Human Research Ethics Committee of Shanghai
Cancer Center. Informed consent was obtained from each patient according to the
committee’s guidelines.

Patient follow-up

Each patient was routinely followed until death due to disease recurrence in
compliance with a standardized protocol as described in our previous studies!>*1.
Briefly, each patient was checked every month or more often by clinical and
laboratory examinations after surgery. If local or metastatic recurrence was suspected,
imaging tests (computed tomography scans, magnetic resonance imaging, bone scans,
or positron emission tomography/computed tomography) were suggested
accordingly. Overall survival (OS) was defined as the time interval from surgery to
death or to the last follow-up visit. Recurrence-free survival (RFS) was defined as the
time interval from surgery to tumor recurrence or to the last follow-up visit. If the
event (death and recurrence) did not take place at the time of the last follow-up, the
data were censored at the time of the last visit.

Statistical analysis

The NLR was calculated as the neutrophil count/lymphocyte count, the PLR was
calculated as the platelet count/lymphocyte count, and the PNI was calculated as
albumin level (g/L) + 5 x lymphocyte count (10°/L)!"l. HALP was determined by
haemoglobin level (g/L) x albumin level (g/L) x lymphocyte count (/L)/platelet
count (/L)Fl. Cut-off values for the NLR, PLR, PNI, and HALP for subgroup
classification of OS were illustrated with X-tile software (version v3.6.1, Yale
University). The cut-off value with the minimum P value calculated from the log-rank
x* test for OS was determined as the optimal cut-off value. Relationships between
categorical variables were analysed by Pearson’s y? or Fisher’s exact test. Kaplan-
Meier curves were used to plot the distribution of OS and RFS by group. The log-rank
tests were conducted to compare the survival of patients among subgroups.
Multivariate Cox regression survival analyses were performed to identify the
independent association of all clinical features with survival. The minimum numbers
of independently significant variables were determined by backward stepwise
variable selection in the multivariate Cox regression survival analysis. All statistical
analyses were performed with SPSS software, version 13.0 for Windows (SPSS,
Chicago, IL, United States) and were two-sided. P < 0.05 was considered statistically
significant.

RESULTS

Clinical features and patient survival

The clinical characteristics of the 582 patients included are described in Table 1. The
median age was 61 years (range, 29-82 years). Three hundred and nineteen patients
were male. Two hundred and forty-three patients had tumors located in the head of
the pancreas. More than 3 positive lymph nodes were detected in 75 patients, and 1-3
positive lymph nodes were found in 210 patients. Poorly differentiated tumors were
confirmed in 221 patients. Vascular invasion and nerve invasion by the tumors were
identified in 126 patients and 476 patients, respectively. Elevated preoperative serum
CA19-9 was detected in 440 patients. Four hundred and seventy-seven patients
received adjuvant chemotherapy. At the last follow-up, 255 patients died of the
disease. The median OS time was 20.9 mo, and the OS percentages at 1 and 3 years
were 66.0% and 32.9%, respectively. Tumor recurrence after surgery was confirmed in
405 patients. The median RFS time was 10.2 mo, and the percentages of RFS at 1 and 3
years were 41.1% and 13.9%, respectively.

Association between HALP and clinical features

The cut-off value of HALP was determined to be 44.56, which provided the best
classification for survival prediction. A low level of HALP was present in 231 patients.
Patients with low levels of HALP tended to have lymph node metastasis (P = 0.002),
poor tumor differentiation (P = 0.032) and high TNM stage (P = 0.008, Table 2). A low

Jaishidengs WJG | https://www.wjgnet.com 830 February 28,2020 | Volume26 | Issue8 |



Xu SS et al. Preoperative HALP predicts surgical outcome in pancreatic cancer

Table 1 Clinicopathological features of patients with resected pancreatic cancer, n (%)

Features n =582

Age [yr, median (range)] 61 (29-82)

Gender (male/female) 319(54.8)/263(45.2)

Tumour location (head/body, tail) 243(41.8)/339 (58.2)
Preoperative CA19-9 (> 37 U/mL/< 37 U/mL) 440 (75.6)/142 (24.4)

HALP (> 44.56/< 44.56) 351 (60.3)/231 (39.7)

NLR (> 2.20/< 2.20) 287 (49.3)/295 (50.7)

PLR (>112.94/<112.94) 331 (56.9)/251 (43.1)

PNI (> 53.10/< 53.10) 249 (42.8)/333 (57.2)

Tumour size (cm, median (range)) 4.0 (0.3-11.5)

Lymph node metastasis (more than 3/1-3/0 positive lymph nodes) 75 (12.9)/210 (36.1) /297 (51.0)
Total lymph nodes resected [median (range)] 12 (1-69)

TNM stage (IA/IB/IIA/IIB/1II) 39 (6.7)/164 (28.2)/94 (16.2) /210 (36.0) /75 (12.9)
Differentiation (well, moderate/poor) 361 (62.0)/221 (38.0)

Neural invasion (yes/no) 476 (81.8)/106 (18.2)
Microvascular invasion (yes/no) 126 (21.6)/456 (78.4)

HALP: Hemoglobin, albumin, lymphocyte, and platelet; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; PNI: Prognostic
nutritional index.

level of HALP was more likely to be present in female patients (P = 0.005) or in
patients with tumors located in the head of the pancreas (P < 0.001). Low levels of
HALP were significantly associated with high NLR (P < 0.001) and PLR (P < 0.001)
levels. A low level of HALP was significantly associated with a low PNI level (P <
0.001).

Low levels of HALP associated with poor RFS and OS

Univariate Cox regression analysis showed that high NLR and high PLR levels, low
PNI levels and low levels of HALP were all associated with a short median time of OS
and RFS (Table 3). The median time of RFS and OS in patients with low levels of
HALP was 7.3 mo and 16.3 mo, respectively, compared to patients with high levels of
HALP (11.5 mo and 23.6 mo, respectively; P < 0.001, Figure 1). Multivariate Cox
regression analysis demonstrated that a high level of HALP was an independent favor
factor for both RFS [hazard ratio (HR) = 0.601, 95% confidence interval (CI): 0.433-
0.835, P < 0.001] and OS (HR = 0.605, 95%CI: 0.472-0.774, P < 0.001) (Table 3).

Low levels of HALP predicted poor OS and RFS classified by sex and tumor
location

In both male and female patients, patients with a low level of HALP had a shorter
median time of RFS (7.0 mo vs 9.5 mo, P = 0.002 for males; and 7.9 mo vs 14.5 mo, P <
0.001 for females; Figure 2) and OS (16.6 mo vs 19.7 mo, P = 0.014 for males; and 16.4
vs median time not reached, P < 0.001 for females; Figure 2) compared to patients with
a high level of HALP. Regardless of tumor location in the head or body/tail of the
pancreas, the median time of RFS (8.0 mo vs 11.9 mo, P = 0.007 for pancreatic head
tumors; and 6.6 mo vs 11.5 mo, P < 0.001 for pancreatic body/tail tumours; Figure 3)
and OS (18.2 mo vs 22.5 mo, P = 0.033 for pancreatic head tumors; and 14.6 mo vs 25.1
mo, P < 0.001 for pancreatic body/tail tumors; Figure 3) was significantly shorter in
patients with low levels of HALP than in patients with high levels of HALP.

DISCUSSION

Systemic inflammation and malnutrition are recognized as important components of
cancer. The novel HALP index represents a combination of haemoglobin and albumin
levels as well as lymphocyte and platelet counts. HALP reflects the status of both host
inflammation and nutrition. In this study, we demonstrated that HALP was
associated with lymph node metastasis, tumor differentiation and TNM staging.
HALP was first verified as a significant predictor of RFS and OS in pancreatic cancer
patients without hyperbilirubinemia following radical resection.

Systemic inflammation stimulates angiogenesis, immunosuppression, and the
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Table 2 Relationship between hemoglobin, albumin, lymphocyte, and platelet and clinical

features in patients with resected pancreatic cancer

HALP
Features
Low (S 44.56, n = 231) High (> 44.56, n = 351) P value
Age (yr) 0.161
<62 112 191
> 62 119 160
Gender 0.005
Female 121 142
Male 110 209
Preoperative CA19-9 0.473
<37U/mL 60 82
>37U/mL 171 269
NLR <0.001
<220 77 218
>2.20 154 133
PLR <0.001
<112.94 17 234
>112.94 214 117
PNI <0.001
<53.10 187 146
>53.10 44 205
Tumor location <0.001
Head 122 121
Body/Tail 109 230
TNM stage 0.008
1A 13 26
1B 59 105
IA 30 64
1B 86 124
1T 43 32
Tumor size 0.718
<4.0cm 146 227
>4.0cm 85 124
Lymph node metastasis 0.002
0 102 195
1-3 86 124
>3 43 32
Tumor differentiation 0.032
Well/Moderate 131 230
Poor 100 121
Neural invasion 0.672
No 44 62
Yes 187 289
Microvascular invasion 1.000
No 173 283
Yes 58 68

HALP: Hemoglobin, albumin, lymphocyte, and platelet; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-
to-lymphocyte ratio; PNI: Prognostic nutritional index.

formation of supporting microenvironments that can promote the initiation,
progression and metastasis of tumor cells!"*'*l. The infiltration of inflammatory cells,
such as neutrophils, lymphocytes and platelets, has been verified in tumor tissues to
improve the classification of survival in pancreatic cancer. Counts of these
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Figure 1 Kaplan-Meier curves of recurrence-free survival and overall survival in pancreatic cancer patients. A: Recurrence-free survival was stratified by
low/high levels of HALP; B: Overall survival was stratified by low/high levels of HALP. HALP: Hemoglobin, albumin, lymphocyte, and platelet.

inflammatory cells in serum are commonly acquired in clinical practice. Inflammation
indices based on these counts of immune and inflammatory cells in peripheral blood,
such as the NLR"! and PLR", have also been demonstrated to improve the accuracy
of survival prediction in pancreatic cancer. In the present study, both the NLR and
PLR were associated with survival prediction in pancreatic cancer patients following
radical resection. The HALP index, which was determined based on the counts of
inflammatory cells, was positively correlated with both the NLR and PLR. Thus,
HALP is considered a new potential marker which reflects systemic inflammation.

Anaemia is a common symptom in cancer patients. The association between
decreased haemoglobin levels and poor quality of life has been demonstrated by
randomized and controlled trials!**). The low level of haemoglobin is correlated with
a poor response to treatment and deteriorates survival, especially in patients with
late-stage diseasel”’””l. Serum albumin has been generally used to assess nutritional
status and visceral protein synthesis function. Low levels of serum albumin have also
been determined to be an independent risk factor for survival in pancreatic cancer
patients>*1. Consistent with a previous study, the PNI, which is based on the levels of
albumin, has been reported to improve the prediction of survival in pancreatic cancer
patients!”>”l. More importantly, both haemoglobin and albumin synthesis might be
inhibited by malnutrition and systemic inflammation in patients with extensive
disease spread. The HALP index incorporates the factors of malnutrition
(haemoglobin and albumin) with factors of the inflammatory response (counts of
lymphocytes and platelets). HALP shows high superiority for predicting recurrence
and survival in patients with resected pancreatic cancer. Multivariate Cox regression
demonstrated an independent and advantageous role for the HALP index in the
prediction of prognosis. Notably, haemoglobin and albumin levels and lymphocyte
and platelet counts are commonly measured in the clinic. The HALP index can be
easily and inexpensively applied to monitor the treatment response and patient
survival in clinical practice.

A significant correlation between HALP and sex was observed in the present study.
Male patients were more likely to have a high level of HALP than female patients. The
correlation between HALP and sex was mainly ascribed to the difference in
haemoglobin levels between male and female patients (138.1 g/L for males and 127.1
g/L for females, P < 0.001). The lower limit of the normal values of haemoglobin in
males and females was innate (120 g/L for males and 110 g/L for females). Subgroup
analysis based on sex demonstrated that a low level of HALP was associated with
early recurrence and short survival in both male and female patients. Additionally,
sex had no significant association with recurrence or survival. Thus, HALP can be
used for the prediction of prognosis irrespective of sex.

Patients with tumors located in the body/tail of the pancreas were more likely to
have a high level of HALP than patients with tumors located in the head of the
pancreas. In the present study, we excluded patients with obstructive jaundice
because of the significant association between albumin and total bilirubin levels.
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Table 3 Univariate and multivariate analysis for overall survival in subgroups of patients with resected pancreatic cancer

0s RFS
Features Univariate analysis Multivariate analysis  Univariate analysis Multivariate analysis
P P P P
HR  95%Cl HR  95%Cl HR  95%Cl HR  95%Cl
value value value value

Age 0.874  0.683- 0.286 NS 0.896 0.737- 0.273 NS
1.119 1.090

Gender (male versus female) 1.312  1.021- 0.034 NS 1.196  0.982- 0.075 NS
1.686 1.456

Tumor location (body/tail versus head) 0.925  0.722- 0.538 NS 0.976  0.806- 0.805 NS
1.185 1.188

Preoperative CA19-9 (>37 U/mL/<37 1871 1.355- < 1.629 1.176- 0.003 1543 1.218- < 145  1.143- 0.002

U/mL) 2.585 0.001 2.258 1.955 0.001 1.839

HALP (> 44.56/< 44.56) 0.605 0.472- < 0.601  0.433- < 0.633  0.520- < 0.678  0.556- <
0.774 0.001 0.835 0.001 0.772 0.001 0.828 0.001

NLR (>2.20/< 2.20) 1.654 1.289- < 1394 1.062- 0.017 1442 1.185- < NS
2122 0.001 1.831 1.754 0.001

PLR (> 112.94/<112.94) 1.272  0.990- 0.06 NS 1.277  1.047- 0.016 NS
1.634 1.557

PNI (> 53.10/< 53.10) 0.663  0.511- 0.002 NS 0.764  1.650- 0.024 NS
0.860 1.970

TNM stage (III/1IB/IIA/IB/IA) 139  1.240- < 1.302 1.161- < 1.294 1.184- < 1.236 1.132- <
1.558 0.001 1.461 0.001 1.413 0.001 1.350 0.001

Tumor size (> 4.0/<4.0 cm) 1586 1.237- < NA 1.334 1.092- 0.005 NA
2.034 0.001 1.630

Lymph node metastasis (more than 3/1- 1.658  1.395- < NA 1.533 1.334- < NA

3/0 nodes) 1.970 0.001 1.761 0.001

Total lymph nodes resected 0.992  0.979- 0.246 NS 1.001  0.991- 0.868 NS
1.006 1.011

Differentiation (well, moderate versus 2192 1.711- < 1.988 1.547- < 1.791 1.467- < 1.672 1.367- <

poor) 2.808 0.001 2.555 0.001 2.187 0.001 2.043 0.001

Neural invasion (yes versus no) 1.533 1.078- 0.018 NS 1.358  1.041- 0.024 NS
2182 1.772

Microvascular invasion (yes versusno) ~ 1.424  1.070- 0.015 NS 1.306  1.037- 0.024 NS
1.894 1.646

HALP: Hemoglobin, albumin, lymphocyte, and platelet; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; PNI: Prognostic
nutritional index; OS: Overall survival; RFS: Recurrence-free survival; HR: Hazard ratio; CI: Confidence interval; NA: Not adopted; NS: Not significant.

However, the levels of albumin (43.2 g/L vs 44.5 g/L, P < 0.001) and haemoglobin
(130.9 g/L vs 134.7 g/L, P < 0.001) were still significantly lower in patients with
pancreatic head cancer. Pancreatic head cancer always causes the obstruction of bile
ducts as well as the gastrointestinal tract and pancreatitis. It affects the nutrition status
(haemoglobin and albumin levels) of cancer patients. When a tumor is located in the
pancreatic body/tail, it always causes hypersplenism due to the obstruction of the
splenic vein. Platelet counts are decreased by hypersplenism. Thus, the platelet count
(185 x 10°/L vs 210 x 10°/L, P < 0.001) was significantly lower in patients with tumors
in the pancreatic body/tail. As a result, the level of HALP was jointly increased in
patients with tumors in the body/tail of the pancreas. We did not find a significant
association between survival and tumor location in patients with resected pancreatic
cancer. Importantly, subgroup analysis based on tumor location demonstrated that a
low level of HALP was associated with early recurrence and short survival
irrespective of tumor location.

In conclusion, a low level of HALP was associated with lymph node metastasis,
poor tumor differentiation and high TNM staging. A low level of HALP was
suggested to be a significant risk factor for RFS and OS in patients with resected
pancreatic cancer. The measurement of HALP is inexpensive, convenient, and
necessary for the prediction of disease recurrence and survival.
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Figure 2 Recurrence-free survival and overall survival were stratified by low/high levels of haemoglobin, albumin, lymphocyte, and platelet in both female
and male pancreatic cancer patients. A: Recurrence-free survivals were stratified by low/high levels of HALP (hemoglobin, albumin, lymphocyte, and platelet) in
female patients. B: Overall survivals were stratified by low/high levels of HALP in female patients. C: Recurrence-free survivals were stratified by low/high levels of
HALP in male patients. D: Overall survivals were stratified by low/high levels of HALP in male patients. HALP: Hemoglobin, albumin, lymphocyte, and platelet.
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ARTICLE HIGHLIGHTS

Research background

Systemic inflammation and nutrition status are important factors in cancer metastasis.
Hemoglobin, albumin, lymphocyte, and platelet (HALP) consists of haemoglobin, albumin,
lymphocytes, and platelets. It is considered the novel marker for both systemic inflammation and
nutrition status.

Research motivation
No studies have investigated the relationship between HALP and survival in patients with
pancreatic cancer following radical resection.

Research objectives
The study aimed to evaluate the prognostic value of preoperative HALP in pancreatic cancer
patients.

Research methods
The relationship between postoperative survival and the preoperative level of HALP was
investigated in 582 pancreatic adenocarcinoma patients who underwent radical resection.
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Research results

Low levels of HALP were significantly associated with lymph node metastasis (P = 0.002), poor
tumor differentiation (P = 0.032), high TNM stage (P = 0.008), female patients (P = 0.005) and
tumor location in the head of the pancreas (P < 0.001). Low levels of HALP were associated with
early recurrence [7.3 mo vs 16.3 mo, P < 0.001 for recurrence-free survival] and short survival
[11.5 mo vs 23.6 mo, P < 0.001 for overall survival] for resected pancreatic adenocarcinoma. A
low level of HALP was an independent risk factor for early recurrence and short survival
irrespective of sex and tumor location.

Research conclusions
Low levels of HALP could serve as a significant risk factor for recurrence-free survival and
overall survival in patients with resected pancreatic cancer.

Research perspectives
The measurement of HALP is necessary for the prediction of disease recurrence and survival in
Ppatients with resected pancreatic cancer.
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