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Morbidity andmortality of lung cancer rank first in China and worldwide. Thus, noninvasive prognostic biomarkers are critical for
clinicians to performrisk assessment in lung cancer patients prior to or during the course of treatment. In this study,we evaluated the
prognostic value of preoperative hematocrit (HCT) count reduction on the long-term survival of lung cancer patients undergoing
pneumonectomy and analyzed the correlation between reduced HCT counts and patients’ clinicopathological features. A total of
1022 patients who underwent surgical treatment in Harbin Medical University Cancer Hospital, China, from February 2006 to
December 2013, were enrolled in this study. The association between the clinicopathologic variables and HCT were evaluated
by Mann-Whitney U-test and chi-square test, respectively. Survival curves were generated using Kaplan-Meier estimates, and
differences between the curves were analyzed by a log-rank test. Multivariable analysis showed that high HCT (P < 0.001, HR:
0.595, 95% CI: 0.458–0.774) was favorable for patients’ survival. LowHCT patients presented shorter mean months of OS than that
of highHCTpatients (P< 0.001).Male adenocarcinoma carcinoma patientswith lower bodymass index (BMI) and advanced tumor
stage were more likely to observe lowHCT.We identified for the first time reduced preoperative HCT count as an independent risk
factor leading to poor prognosis in lung cancer patients who underwent surgical treatment.

1. Introduction

Lung cancer is the most common malignancy worldwide.
In the past three years, the morbidity and mortality of lung
cancer have been increasing with unprecedented speed and
ranking first in all cancers [1]. In 2015, the number of newly
diagnosed lung cancer cases in China reached about 730
thousand and the mortality 610 thousand [2]. As generally
acknowledged, it is important to accurately predict the prog-
nosis of a patient before surgery for appropriate management
of patients. Thus, biomarkers are critical for clinicians to
perform risk assessment in lung cancer patients prior to or
during the course of treatment.

Studies have reported that lung cancer patients with
increased peripheral blood leukocytes showed increased
mortality [3–5], and the number of lymphocytes and their

abnormal functions were also indicators of prognosis [4, 5].
HCT is one of the erythrocyte parameters. However, there
have seldom been reports to show that HCT can be adopted
as a screening index or a treatment effect predictor of certain
diseases [6]. No reports showed that it can be used in lung
cancer cases, either.

In this study, we evaluated the prognostic value of
preoperative HCT count reduction on the long-term survival
of lung cancer patients undergoing pneumonectomy. In
addition, the correlation between reduced HCT counts and
patients’ clinicopathological features was analyzed.

2. Materials and Methods

2.1. Study Population. A total of 1022 patients who underwent
surgical treatment in Harbin Medical University Cancer
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Hospital, China, from February 2006 to December 2013
were enrolled in this study. The enrolled patients received
routine chest CT, head CT, bone nuclide imaging, and
liver and adrenal gland ultrasonography to evaluate the
preoperative tumor staging and received pulmonary function
and heart color ultrasonography to evaluate the heart and
lung function. All enrolled patients were diagnosed through
pathological diagnosis. For most lung cancer patients, stan-
dard surgical procedure of pulmonary lobectomy and node
dissectionwas performed. Excluding criteria are preoperative
neoadjuvant radio (chemo-) therapy, intraoperative or post-
operative pathologic exclusion of lung cancer, and patients
with lung cancer combined with other cancer. This study
was approved by the Ethics Committee of Harbin Medical
University, Harbin, China. Written informed consent was
obtained from all the participants. In our study, the lung
cancer TNM staging system was used, which was revised by
the International Association for the Study of Lung Cancer
(IASLC) and adopted by the AJCC (8th edition, 2017) [7].
The TNM staging system applying to both NSCLC and SCLC
based on studies showed that the various stage designation
presented prognostic significance in both diseases [8].

2.2. Follow-Up. We carried out the follow-up by calling or
visiting the patients or their relatives to assess their medical
records. The first follow-up performed after 1 month hospital
discharge, when the patients were recommended to return
to the hospital for routine postoperative examination. The
second follow-up was carried out at the end of the third
month after surgery. After that, the patients were followed up
once every 3 months for the first year, then every 6 months
for the second year and third year, and once for the fourth
and fifth year. If a patient died during the follow-up, the
information of the exact date and cause of death would be
acquired. The last follow-up was in July 2016. The surviving
patients at the end of the study were examined.

2.3. Clinical Data Collection. The following data of each
patient was collected from the Hospital Episodes Statistics
with permission of the hospital’s ethnic committee: sex,
age at the surgery, height, weight, smoking history, tumor
size, pathological type, lymph node metastasis, staging,
and survival time, etc. The other laboratory data collected
included red blood cell (RBC) count, mean corpuscular
hemoglobin (MCH), hemoglobin (Hb), white blood cell
(WBC), prothrombin time (PT), hematocrit (HCT), and
mean corpuscular volume (MCV). LH750 Beckman Coulter
(Florida,Miami,USA)was used tomeasure blood cell counts.

If multiple laboratory tests were carried out, only the data
from the last examination before surgery would be analyzed.
The postoperative count was specified to the examination
after 1 month of the surgery. According to the diagnostic
criteria of the hospital, the above biochemical variables were
divided into 3 groups: increased group (above the upper
limitation of the normal range), normal group (within the
normal range, if there was a range for laboratory parameters
in clinical practice), and decreased group (less than the lowest
limitation of normal range).

Table 1: Baseline characteristics of the 1022 patients.

Clinical feature n Percentage
Sex

Male 590 57.7
Female 432 42.3

Tumor stage
I 573 56.1
II 283 27.7
III 166 16.2

Age (years)
<60 564 55.2
≥60 458 44.8

BMI
<18.5 59 5.8
18.5-24.0 553 54.1
≥24.0 410 40.1

Smoking status
No 434 43.6
Yes 562 56.4

Histologic type
Squamous carcinoma 269 26.3
Adenocarcinoma 593 58.0
Others 160 15.7

Note: the numbers in some groups are < 1022 due to the lack of original data.
Hb: 1, Hb ≥ 120 g/L for male, ≥110 g/L for female; 2, Hb < 120 g/L for male,
<110/L for female. RBC: 1, RBC≥ 4×1012/L for male,≥3.5× 1012/L for female;
2, RBC < 4 × 1012/L for male, <3.5 × 1012/L for female. HCT: 1, HCT ≥ 40%
for male, ≥35% for female; 2, HCT < 40% for male, <35% for female. The
low group is marked 1, normal group marked 2, and high group marked 3 in
each group.

2.4. Statistical Analysis. The association between the clini-
copathologic variables and HCT were evaluated by Mann-
Whitney U-test and chi-square test, respectively. Cox uni-
variate and multivariate analyses were performed to identify
the independent factors relevant to patients’ survival. Survival
curves were generated using Kaplan-Meier estimates, and
differences between the curves were analyzed by a log-
rank test. All analyses were conducted using SPSS 21.0
(Xishu software (Shanghai) company). P values < 0.05 were
considered statistical significance.

3. Results

3.1. Baseline Characteristics and Follow-Up Information of
Lung Cancer Patients. We collected the preoperative clinico-
pathologic data and follow-up information of 1022 patients
with lung cancer in this study. The baseline character-
istics of these patients were summarized in Table 1. The
study cohort included 590 men (57.7%) and 432 women
(42.3%), with a median age of 59 years. All patients were
followed up and the median follow-up time was 24.7 months
(range, 1–114 months). At the time of final follow-up, there
were 782 patients alive and the 1, 3, and 5 year over-
all survival (OS) rates were 92%, 74%, and 66%, respec-
tively.
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Table 2: Univariate analysis of prognostic factors for OS of lung cancer (n = 1022).

Variable 𝛽 Wald HR 95% CI P Value
Sex (male/female, n = 1022) -0.005 0.002 0.995 0.769-1.287 0.969
Tumor stage (I/II/III, n = 1022)

I 1
II 0.691 21.349 1.996 1.489-2.677 <0.001
III 0.993 35.920 2.699 1.951-3.735 <0.001

Age (<60/≥60, n = 1022) 0.189 2.147 1.208 0.938-1.556 0.143
BMI (1/2/3, n = 1022) -0.114 1.096 0.892 0.720-1.105 0.295
Smoking (yes/no, n = 996) -0.068 0.256 0.935 0.719-1.214 0.613
Histologic type (n = 1022) 0.150 2.382 1.162 0.960-1.407 0.123
RBC (1/2, n = 1022) -0.642 11.106 0.526 0.361-0.768 0.001
Hb (1/2, n = 1022) -0.412 6.198 0.662 0.479-0.916 0.013
HCT (1/2, n = 1022) -0.575 18.464 0.563 0.433-0.731 <0.001
MCV (1/2/3, n = 1021) -0.236 0.894 0.790 0.484-1.288 0.344
MCH (1/2/3, n = 1022) -0.198 1.141 0.820 0.570-1.180 0.285
Note: BMI: body mass index; RBC: red blood cell; HB: hemoglobin; MCV: mean cell volume; MCH: mean corpuscular hemoglobin.

Table 3: Multivariate analysis of prognostic factors for OS of lung cancer (n = 1022).

Variable 𝛽 Wald HR 95% CI P Value
Tumor stage (I/II/III, n=1022)

I 1
II 0.677 20.498 1.969 1.468-2.640 <0.001
III 0.949 32.637 2.584 1.866-3.578 <0.001

HCT (1/2, n = 1022) -0.519 14.968 0.595 0.458-0.774 <0.001
Note: the low group is marked 1 and high group marked 2.

3.2. Survival Analysis for the Risk Factors Related to OS
of Lung Cancer Patients. To investigate the risk factors for
poor prognosis after surgical treatment, the preoperative
HCT, RBC, Hb, MCV, and MCH as well as the other 6
potential clinicopathological characteristics were analyzed by
univariate analysis. As shown in Table 2 HCT (P < 0.001),
RBC (P = 0.001), Hb (P = 0.013), and tumor stage (P <
0.001) were identified as candidate risk factors for patients’
prognosis. Furthermore, multivariable analysis showed that
advanced tumor stage (tumor stage II: P < 0.001, HR: 1.969,
95% CI: 1.468-2.460; tumor stage III: P < 0.001, HR: 2.584,
95% CI: 1.866-3.578) was an independent risk factor for poor
prognosis in patients with lung cancer, and high HCT (P
< 0.001, HR: 0.595, 95% CI: 0.458–0.774) was favorable for
patients’ survival (Table 3).

To the best of our knowledge, this was the first study to
report the prognostic value of HCT in lung cancer patients.
To further access the predicating value of HCT, we used the
Kaplan-Meier method and log-rank tests. As the Kaplan-
Meier survival curve shown in Figure 1(a), low HCT patients
presented shorter mean months of OS than high HCT
patients (P< 0.001).The 1-, 3-, 5-year OS rates were 85%, 64%,
and 56% in low HCT group. The respective OS rates in high
group were 94%, 77%, and 69%.

Next, to prove the universal applicability of HCT as a
valuable prognostic parameter, the cohort was adjusted by
histologic type. Patients were divided into lung adenocarci-
noma patients and squamous cell carcinoma patients, and the

results showed thatHCThad a predictive prognostic value for
lung adenocarcinomapatients (Figure 1(c)) and no such value
for lung squamous cell carcinoma patients (Figure 1(b)).

Kaplan-Meier curve analysis confirmed that, amongmale
patients, the 1-, 3-, 5-year OS rates were 85%, 62%, and 58% in
low HCT group and 94%, 77%, and 73% in high HCT group;
low preoperative HCT indicated poor prognosis (P < 0.001).
However, this result was not obtained in female patients (P =
0.066). According to their ages at the moment of surgery, the
patients were divided into 2 groups using age of 60 years old
as a cutoff set, while, among a subfraction of patients under 60
years old, the 1-, 3-, 5-yearOS rateswere 88%, 68%, and 63% in
low HCT group patients, which were statistically lower than
94%, 77%, and 71% in high HCT group (P = 0.030). Similar
results were also obtained in those patients > 60 years old; low
HCTgroup patients have shorter OS than highHCT group (P
< 0.001) (Figures 1(d)–1(g)).

3.3. Impact of Preoperative and Postoperative HCT on the
Prognosis of Lung Cancer Patients. As preoperative HCT
could potentially be used as a predictor of the OS in lung ade-
nocarcinoma cancer patients who underwent surgery, it was
worthwhile to take the influence of postoperative HCT into
consideration too. When preoperative HCT was combined,
patients were stratified into 4 subgroups. The results were
plotted in Figure 2. Preoperative HCT has a greater effect
on the prognosis of patients with lung cancer. The prognosis
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Figure 1: Prognostic value of the preoperative HCT in patients with lung cancer. (a) All patients with low HCT (n = 269) and high HCT
(n = 753) (P < 0.001). (b) Squamous cell lung carcinoma patients with low HCT (n = 92) and high HCT (n = 177) (P = 0.281). (c) Lung
adenocarcinoma patients with low HCT (n = 131) and high HCT (n = 462) (P < 0.001). (d) Younger patients with lowHCT (n = 135) and high
HCT (n = 429) (P = 0.030). (e) Older patients with low HCT (n = 134), and high HCT (n = 324) (P < 0.001). (f) Male patients with low HCT
(n = 181) and high HCT (n = 409) (P < 0.001). (g) Female patients with low HCT (n = 88) and high HCT (n = 344) (P = 0.066).

of patients with high preoperative HCT is better while that
of patients with low HCT is worse. Postoperative HCT has
less effect in predicting patients’ survival. It seemed that
preoperative HCT was more usable in predicting patients’
survival.

3.4. Comparisons of Characteristics between Patients with
Low and High HCT. The characteristics of two groups were
summarized. There was statistically significant association
between two HCT groups in sex (P < 0.001), tumor staging
(P = 0.011), BMI (P < 0.001), and smoking (P < 0.001).
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Figure 2: Comparison of overall survival among 4 subgroups of
lung adenocarcinoma cancer patients.

Multivariate analysis showed that sex, BMI, and tumor
stage, influenced HCT, indicating that male adenocarcinoma
carcinoma patients with lower BMI and advanced tumor
stage were more likely to observe low HCT.

4. Discussion

Currently, there is no unanimous evaluation standard of
prognosis of lung cancer patients, as a variety of factors can
affect the patients’ prognosis. In this study, through Cox
univariate analysis, HCT, RBC, Hb, and tumor stage were
identified as the candidate risk factors for patients’ prognosis.
Further, multivariate analysis showed that advanced tumor
stage was an independent risk factor for poor prognosis
in lung cancer patients, and high HCT was favorable for
patients’ survival (Table 3).

Someof these factorswere in coherencewith other studies
[4, 9–11], which indicated the quality of our current follow-
up study cohort. Interestingly, as the Kaplan-Meier survival
curve shown in Figure 1(a), patients with low HCT presented
shorter mean months of OS than patients with high HCT.
We identified for the first time the reduced preoperative HCT
count as an independent risk factor leading to poor prognosis
in lung cancer patients who underwent surgical treatment.
Furthermore, our data clearly demonstrated that HCT was
negatively correlated with patients’ tumor stage, which was a
well-known prognostic measure for predicting the outcome
of lung cancer patients who underwent surgical resection.
Thus, it was not surprising to find that patients with lower
preoperative HCT had shorter survival time, just as patients
with higher tumor stage. In addition, since HCT can be
examined by routine blood test, it might be adopted as a new
and conditional marker to estimate the general condition of

patients and predict the mortality risk of lung cancer patients
who would undergo surgery.

It was commonly recognized that certain clinicopatho-
logic variables could impact the OS rate of lung cancer
patients who underwent surgical treatment. At the moment,
we cannot provide a mechanistic explanation why a patient’s
preoperative HCT count linked to his/her postsurgery sur-
vival chance. An article recently published pointed out that
the lung was a complex organ that could regenerate after
major injuries, a major organ of platelet production with
potential of being a contributor to blood generation, and
a reservoir for resident megakaryocytes and hematopoietic
progenitor cells [12].

In order to obtain some clues, we explored the rela-
tionship between reduced preoperative HCT with those
demographic and clinical features known to be of impact
on patients’ postoperative survival rate. We found that male
patients with lower BMI, adenocarcinoma carcinoma and
advanced tumor stage were more likely to observe low -HCT.

Some studies have suggested that low HCT is associated
with patients’ loss of appetite. Nutritional status was an
important predictor of postoperative death and complica-
tions in patients with lung cancer [13]. There have been
articles pointing out that Low BMI before surgery affected
surgical outcomes in the negative way for patients with non-
small-cell lung cancer [14, 15].

Our findings also showed that low HCT was in associa-
tion with lower BMI, which was related to poor prognosis.
Red cells were associated with the immune status of the
body [16]. Some studies concluded that lung cancer patients
with anemia had reduced immune function [17], which
was more obvious in late stage (IV-stage) lung cancer. Our
findings identified that low HCT was an independent risk
factor for prognosis in patients with early and midterm (II-
stage and IIII-stage) lung cancer. As this study showed that
low HCT in the early and midstage lung cancer affected
prognosis, treating patients with anemia before surgery with
iron supplements, folic acid, and vitamin B12 could decrease
the anemia of majority of patients, and such treatment was
very necessary [13, 18].

We must acknowledge that there are some limitations
in this study. During the course of collecting cases, we
do not consider the impact of surgical procedure and
standardized treatment after surgery (such as whether to
accept chemotherapy and targeted therapy, etc.) on the
survival. Additionally, this study is a retrospective study;
large, prospective studies will be necessary to determine.

5. Conclusions

We identified for the first time reduced preoperative HCT
count as an independent risk factor leading to poor prognosis
in lung cancer patients who underwent surgical treatment.
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