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Systemic inflammatory response and nutritional status are important to the prognosis of patients with colorec-
tal cancer (CRC). This study aimed to investigate the prognostic value of the combination of preoperative he-
moglobin, lymphocyte, albumin, and neutrophil (HLAN) in patients with locally advanced CRC (LACRC).

We performed a retrospective analysis in 536 LACRC patients undergoing radical surgery. The value of HLAN
was defined as follow: HLAN=Hemoglobin (g/L)xLymphocyte (/L)xAlbumin (g/L)/Neutrophil (/L)/100. The X-tile
program was used to determine the optimal cut-point of HLAN, and the prognostic value of HLAN for overall
survival (OS) was evaluated with the Cox proportional hazard model.

The cut-point of HLAN was set at 19.5. Compared with the high-HLAN group, the low-HLAN group had a
1.50-fold (95% confidence interval 1.09-2.05) increased risk of death and a significantly lower OS rate (P<0.001).
Furthermore, the risk stratification model based on HLAN (AUC=0.72) displayed better accuracy in OS predic-
tion than the TNM system (AUC=0.61).

HLAN is a valuable prognostic marker for patients with LACRC.
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Background

Colorectal cancer (CRC) is a major public health issue, with an
estimated 1.4 million new cases and 693,900 deaths occur-
ring in 2012 worldwide [1]. Surgery is the mainstay of cura-
tive treatment for patients with locally advanced CRC (LACRC).
Unfortunately, the prognosis is unsatisfactory, and about 50%
of patients will develop recurrence or metastasis after radical
resection [2]. Tumor-node metastasis (TNM) stage has been
widely recognized as the primary prognostic factor, but it is
not entirely reliable, especially in patients with localized dis-
ease [3]. Therefore, it is very important and urgent to find
more effective biomarkers to identify patients with poor prog-
nosis, and to guide treatment according to the predictive risk.

Accumulating evidence supports the involvement of system-
ic inflammatory response and nutritional status in the cancer
development and progression [4-6]. The immune or nutrition-
al status of the host can be assessed by hematological exami-
nation [5], and many hematological indexes have been report-
ed to have prognostic value in various cancers, including CRC,
such as C-reactive protein level [7], hemoglobin level [8], albu-
min level [9], and lymphocyte [10] and neutrophil counts [11].
Further studies indicated that the integration of these hema-
tological indexes can improve the predictive accuracy, like the
Glasgow prognostic score (GPS) [12], prognostic nutritional in-
dex (PNI) [13], and neutrophil-to-lymphocyte ratio (NLR) [14].
However, the prognostic significance of the combination of
hemoglobin, lymphocyte, albumin, and neutrophil (HLAN) in
cancer has not been well investigated to date. Accordingly,
we performed a retrospective analysis in 536 LACRC patients
undergoing radical surgery and systematically evaluated the
prognostic value of HLAN for survival.

Material and Methods

Study population

We included 536 CRC patients recruited from Ruijin Hospital
affiliated to Shanghai Jiaotong University School of Medicine
between January 2009 and December 2010 in this retrospec-
tive study, with follow-up to January 2016. All patients were
diagnosed with stage Il or Il disease according to the seventh
edition of American Joint Committee on Cancer (AJCC) TNM
staging system, and they all underwent radical surgery. None
of the patients had another previous malignancy, end-stage
liver disease, or chronic inflammatory disease, including au-
toimmune disorders and infection.
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Data collection

Baseline demographic and clinical data were abstracted from
patients’ medical records, including age, sex, smoking and
drinking history, family cancer history, date of diagnosis, and
some tumor characteristics, such as tumor location, differ-
entiation grade, vessels/nerves invasion, and tumor stage.
Information on vital status was obtained from the medical
records or telephone follow-up. Moreover, 4 preoperative he-
matologic indexes, including hemoglobin level, albumin level,
and lymphocyte and neutrophil counts, were also collected to
establish a new index HLAN. The value of HLAN was defined
as follow: HLAN=Hemoglobin (g/L)xLymphocyte (/L)xAlbumin
(g/L)/Neutrophil (/L)/100. This study was approved by the in-
stitutional review board of our hospital and all participants
provided written informed consent.

Statistical analysis

The endpoint of this study was overall survival (OS), which was
calculated from the date of diagnosis to death from any cause
or the last follow-up. Statistical analyses to identify prognostic
factors were performed using SPSS software (SPSS 19.0, IBM,
Chicago, IL, USA). The optimal cut-point of HLAN was deter-
mined through use of the X-tile program (Version 3.6.1, Yale
University, USA) [15]. Survival curves were made by the Kaplan-
Meier method and compared by the log-rank test. To identify
the significant prognostic factors for OS, the Cox proportional
hazard model was used to estimate hazard ratios (HRs) and
their 95% confidence intervals (Cls). A risk stratification mod-
el was established according to the number of risk factors.
The predictive accuracy of this risk model and the TNM sys-
tem was compared by receiver operating characteristic (ROC)
curve analysis [16]. The area under the curve (AUC) was calcu-
lated with the use of R software (Version 3.2.0, R Foundation
for Statistical Computing). Two-sided P values less than 0.05
were considered statistically significant.

Results

Patient characteristics

A total of 536 patients with LACRC were enrolled in this study,
and the demographic and clinical characteristics are summa-
rized in Table 1. There were 216 females (40.3%) and 320
males (59.7%), with a median age of 61 years (range, 21-92).
Of these, 264 (49.3%) had rectal tumors and 272 (50.7%) had
colonic tumors; 259 patients (48.3%) were stage Il and 277
(51.7%) were stage Ill. There were 177 deaths (33.0%), with a
median follow-up time of 66 months, and the 5-year OS rate
for all patients was 69.0%.
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Table 1. Selected characteristics of 536 patients with LACRC.

Characteristic* No. (%) of patients
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Characteristic* No. (%) of patients

Age (years), median (range) 61 (21-92) Tumor location
Gender Rectum 264  (49.3%)
Female 216  (40.3%) Colon 272 (50.7%)
Male 320 (59.7%) Differentiation grade
Smoking history Well/moderate 360 (67.2%)
No 427  (79.7%) Poor/mucinous 176 (32.8%)
Yes 109  (20.3%) Vessels/nerves invasion
Alcohol-drinking history Negative 462  (86.2%)
No 421 (78.5%) Positive 74 (13.8%)
Yes 115 (21.5%) TNM stage
First-degree relative cancer history Il 259  (48.3%)
Yes 82 (15.3%) i 277 (51.7%)
No 454  (84.7%) HLAN, median (range) 18.7 (0.6-70.1)
Figure 1. Optimal cut-off point selection of
47 100 HLAN by X-tile program. The optimal
HALN >19.5 cut-off point of HLAN was set at 19.5.
HLAN=Hemoglobin (g/L)xLymphocyte
I _ (/L)xAlbumin (g/L)/Neutrophil (/L)/100.
S =
2 £ 50 HLAN <195
s A
0 0
0.6 19.5 70.1 0.0 35 6.9
HLAN Time (years)

* LACRC — locally advanced colorectal cancer; TNM — tumor-
node-metastasis; HLAN=Hemoglobin (g/L)xLymphocyte (/L)x
Albumin (g/L)/Neutrophil (/L)/100.

Prognostic value of HLAN

The median value of HLAN was 18.7 (range, 0.6-70.1). With the
use of the X-tile program, the optimal cut-point of HLAN was
set at 19.5, and patients were divided into either high-HLAN
(n=260, 48.5%) or low-HLAN (n=276, 51.5%) groups (Figure 1).
Univariate analysis showed that age, first-degree relative can-
cer history, differentiation grade, vessels/nerves invasion, TNM
stage, and HLAN were associated with OS (all P<0.05) (Table 2).
Multivariate analysis with backward stepwise regression

identified that age, first-degree relative cancer history, differ-
entiation grade, vessels/nerves invasion, TNM stage, and HLAN
were significant independent prognostic factors of LACRC pa-
tients (Table 2). Compared with the high-HLAN group, the low-
HLAN group had a 1.50-fold (95% Cl 1.09-2.05; P=0.012) in-
creased risk of death and a significantly lower 5-year OS rate
(76.5 vs. 62.0%; log-rank P<0.001) (Figure 2).

Risk stratification model

The 6 independent risk factors, including lower HLAN, iden-
tified by multivariate analysis were used to establish a risk
stratification model. Patients were categorized into 3 distinct
risk groups according to the number of risk factors and sim-
ilar HRs. Compared with the low-risk group (0-2 risk factors;
n=230), the medium-risk group (3 risk factors; n=163) and
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Table 2. Univariate and multivariate analyses for overall survival.

Univariate Multivariate

Variable*

Age (years)

<65 1.00
"""" 5 o0l  187(38-253) <0001
CGender
"""" Female
"""" Male o1

Negative 1.00
"""" Postve o0l 165(114240 0008
CTNMstage
"""" e w0
"""" w001  208(51-28 <0001
CHAN
"""" 95 10
"""" <05 @01 150009205 0012

* TNM — tumor-node-metastasis; HLAN=Hemoglobin (g/L)xLymphocyte (/L)xAlbumin (g/L)/Neutrophil (/L)/100; ** HR — hazard ratio;
Cl - confidence interval.

the high-risk group (4-6 risk factors; n=143) had a 2.74-fold We subsequently compared the predictive power of the risk
(95% Cl 1.81-4.14; P<0.001) and 4.89-fold (95% Cl 3.29-7.26; stratification model with the 7t edition of AJCC TNM sys-
P<0.001) higher risk of death, respectively. The 5-year OS rates tem. The AUC for our model was 0.72 (95% Cl 0.68-0.77),
of the 3 groups were 86.1%, 65.0%, and 46.2%, respective- which was higher than that for the TNM system (AUC=0.61).
ly, with significant difference (log-rank P<0.001) (Figure 3). Furthermore, the analysis showed that multiple risk factors
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Figure 2. Kaplan-Meier curves for overall survival according
to HLAN. The 5-year overall survival rate of patients
with HLAN <19.5 was significantly lower than that of
patients with HLAN >19.5 (62.0 vs. 76.5%, log-rank
P<0.001). HLAN=Hemoglobin (g/L)xLymphocyte (/L)
xAlbumin (g/L)/Neutrophil (/L)/100.

had a significant dose-dependent effect on patient survival
(P for trend <0.001).

Discussion

In this study, we developed a novel index — HLAN and found
that it was significantly associated with the prognosis of pa-
tients with LACRC. Moreover, the risk stratification model based
on HLAN displayed better accuracy in survival prediction than
did the TNM system. To the best of our knowledge, this is the
first study to investigate the prognostic value of HLAN in CRC.

It is well known that systemic inflammation and nutrition-
al status play important roles in the prognosis of cancer pa-
tients [5,17,18]. Both hemoglobin and albumin are commonly
used markers for assessing patient nutritional status. With the
progression of cancer, the levels of hemoglobin and albumin
fall sharply because malnutrition and systemic inflammatory
response to tumor suppress their synthesis [8,19]. Large studies
have indicated that anemia and malnutrition can cause many
adverse clinical consequences, including decreased quality of
life, reduced response to treatment, increased risk of chemo-
therapeutic toxicity, and a reduction in cancer survival [9,20].
Neutrophil and lymphocyte counts can be used to reflect the
balance between tumor-promoting inflammatory response
and antitumor immune function [21]. Neutrophils plays a key
role in tumor proliferation and metastasis by releasing reac-
tive oxygen species (ROS), vascular endothelial growth fac-
tor (VEGF), and other factors [22,23]. On the other hand, the
function of lymphocytes is to induce cytotoxic cell death and
cytokine production that inhibit cancer development [24,25].

Figure 3. Kaplan-Meier curves for overall survival according to
risk stratification model. The 5-year overall survival
rates were 86.1%, 65.0%, and 46.2% for patients with
low risk, medium risk, and high risk, respectively, with
significant difference (log-rank P<0.001).

Therefore, an increased number of neutrophils or a decreased
number of lymphocytes confers a poor prognosis [21]. We in-
tegrated these 4 factors to form a superior index (HLAN), and
for clinical convenience we divided this index by 100. Our re-
sults indicated the prognostic value of HLAN in LACRC pa-
tients, suggesting that lower HLAN was strongly correlated
with a worse clinical outcome. In addition, the X-tile program,
which is a new tool for biomarker assessment [15], was used
in this study for the optimal cut-point selection of HLAN. We
found the cut-off value of 19.5 had a relatively high sensitiv-
ity and specificity for distinction.

Hematological indexes are promising prognostic factors of can-
cer patients. However, a single index may not have sufficient
predictive power for clinical application. The joint analysis of
multiple markers can enhance the predictive power. A large
European study on the prognosis of renal cell carcinoma pa-
tients revealed that the concordance index (C-index, equivalent
to AUC) of the original Leibovich model was 0.79, compared
with 0.81 when NLR was supplemented [26]. Huang et al. [27]
performed an analysis in 349 patients with hepatocellular car-
cinoma and showed that the combined GPS and Cancer of
the Liver Italian Program (CLIP) score (C-index=0.705) were
superior to CLIP alone (C-index=0.686) in prognostic ability.
Liu et al. [28] also found that when serum albumin, lactate
dehydrogenase, and total bilirubin were added into the tradi-
tional prognostic model (including age and nuclear grade) for
breast cancer, the AUC increased from 0.748 to 0.766. When
we incorporated HLAN and other significant predictors revealed
in the present study, the AUC for the risk stratification mod-
el reached 0.72. Compared with the TNM system, our model
showed better predictive accuracy, highlighting the cumula-
tive effect of multiple markers in prognostic prediction. This

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

4990




Jiang H. et al.:
HLAN predicts survival in colorectal cancer
© Med Sci Monit, 2016; 22: 4986-4991

risk model may allow clinicians to identify LACRC patients at
high risk of poor survival before the treatment and to make
better clinical decisions and follow-up surveillance for patients.

Some limitations of this study should be acknowledged. First,
these analyses are based on data obtained from a single insti-
tution in China. Second, this was a retrospective study, and the
potential for selection bias is unavoidable. In addition, other
CRC risk factors not included in this study cannot be examined
for confounding effects. As a result, large prospective studies
are required to further confirm our findings.
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Conclusions

Our study demonstrates that HLAN is an independent prog-
nostic factor for survival of patients with LACRC, and the risk
stratification model based on HLAN can serve as a useful guide
in clinical practice.

Conflicts of interest

The authors declare no potential conflicts of interest.

15. Camp RL, Dolled-Filhart M, Rimm DL: X-tile: A new bio-informatics tool for
biomarker assessment and outcome-based cut-point optimization. Clin
Cancer Res, 2004; 10: 7252-59

16. Heagerty PJ, Zheng Y: Survival model predictive accuracy and ROC curves.
Biometrics, 2005; 61: 92-105

17. Roxburgh CS, McMillan DC: Role of systemic inflammatory response in
predicting survival in patients with primary operable cancer. Future Oncol,
2010; 6: 149-63

18. Brookes GB: Nutritional status — a prognostic indicator in head and neck
cancer. Otolaryngol Head Neck Surg, 1985; 93: 69-74

19. Yeun JY, Kaysen GA: Factors influencing serum albumin in dialysis patients.
Am ] Kidney Dis, 1998; 32: S118-25

20. Knight K, Wade S, Balducci L: Prevalence and outcomes of anemia in can-
cer: A systematic review of the literature. Am J Med, 2004; 116: 11-26

21. Li MX, Liu XM, Zhang XF et al: Prognostic role of neutrophil-to-lympho-
cyte ratio in colorectal cancer: A systematic review and meta-analysis. Int
J Cancer, 2014; 134: 2403-13

22. Jablonska J, Leschner S, Westphal K et al: Neutrophils responsive to endog-
enous IFN-beta regulate tumor angiogenesis and growth in a mouse tumor
model. J Clin Invest, 2010; 120: 1151-64

23. Hofman PM: Pathobiology of the neutrophil-intestinal epithelial cell inter-
action: role in carcinogenesis. World J Gastroenterol, 2010; 16: 5790-800

24, Terzic J, Grivennikov S, Karin E, Karin M: Inflammation and colon cancer.
Gastroenterology, 2010; 138: 2101-14

25. Lin EY, Pollard JW: Role of infiltrated leucocytes in tumour growth and
spread. Br ) Cancer, 2004; 90: 2053-58

26. Pichler M, Hutterer GC, Stoeckigt C et al: Validation of the pre-treatment
neutrophil-lymphocyte ratio as a prognostic factor in a large European co-
hort of renal cell carcinoma patients. Br J Cancer, 2013; 108: 901-7

27. HuangJ, Xu L, Luo Y et al: The inflammation-based scores to predict prog-
nosis of patients with hepatocellular carcinoma after hepatectomy. Med
Oncol, 2014; 31: 883

28. Liu X, Meng QH, Ye Y et al: Prognostic significance of pretreatment serum
levels of albumin, LDH and total bilirubin in patients with non-metastatic
breast cancer. Carcinogenesis, 2015; 36: 243-48

[Chemical Abstracts/CAS] [Index Copernicus]

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]



