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The effect of albumin and hemoglobin levels <=

on the prognosis of early-stage cervical cancer:
a prospective, single-center-based cohort study

Xinmei Wang', Juan Xu', Hongyuan Zhang' and Pengpeng Qu'

Abstract

Background Serum albumin (ALB) and hemoglobin (HGB) are important serum biochemical indices of the nutri-
tional status of patients and are associated with cancer development. We investigated the relationship between ALB
and HGB levels and clinicopathologic characteristics of early-stage cervical cancer to determine the influence of ALB
and HGB on the prognosis of early-stage cervical cancer.

Methods The clinical data of 560 patients with International Federation of Gynaecology and Obstetrics (FIGO, 2009)
stage IA1-IIA2 cervical cancer from January 2005 to December 2010 were retrospectively analyzed. The relationship
between serum ALB and HGB levels and clinicopathological characteristics of patients were analyzed. The patients
were followed-up for 12-138 months. The effects of ALB and HGB levels on the prognosis were analyzed by Cox
regression, log-rank test, and the Kaplan—-Meier method.

Results The rate of patients with pelvic lymph node metastasis (PLNM), tumor diameter >4 cm, lymphovascu-

lar space invasion (LVSI), and deep stromal invasion was significantly higher in the anemia and hypoalbuminemia
group than in the normal group (P <0.05). The progression-free survival (PFS) and overall survival (OS) of patients

in the hypoalbuminemia group and anemia group were significantly lower than that of the normal group (P<0.05).
FIGO stage, tumor diameter, PLNM, depth of stromal invasion, LVSI, the levels of ALB and HGB were risk factors

for the prognosis of cervical cancer patients (P<0.05).

Conclusion Patients with hypoproteinemia and anemia in early-stage cervical cancer are more likely to have higher
tumor stage, larger tumor size, PLNM, LVSI, and deep stromal invasion. In addition, patients with hypoproteinemia
and anemia have a poorer prognosis than those without the condition. Therefore, it is of great significance to detect
the ALB and HGB levels of patients and improve the nutritional status of patients in a timely manner for better prog-
nosis of cervical cancer.
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Introduction
Although cervical cancer is largely prevented through
routine screening for HPV and vaccination, the latest
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present, clinicopathological factors such as tumor size,
PLNM, LVSI, histological type and tumor grade have
been confirmed to be the main risk factors affecting the
prognosis of cervical cancer [3]. However, detailed infor-
mation about these factors often needs to be obtained
after surgical treatment, which limits their clinical appli-
cation to some extent. Therefore, it is urgent to find
effective preoperative prognostic indexes for prognosis
assessment and individualized treatment of patients with
cervical cancer.

The incidence of malnutrition in patients with malig-
nant tumors is 40-80% [4]. Malnutrition can directly
affect the therapeutic outcomes of cancer treatment,
reduce the patient’s quality of life, cause organ dysfunc-
tion, and increase complications [5]. Serum albumin
(ALB) and hemoglobin (HGB) are important serum bio-
chemical indices of the nutritional status of patients and
are associated with cancer development [6]. Nutritional
status is closely related to tumor inflammatory response
[7]. Cancer-associated inflammatory mediators promote
tumor growth, invasion, metastasis, and angiogenesis
[8]. Anemia and hypoalbuminemia affect the immune
tolerance environment of tumor tissues and can activate
proinflammatory-related pathways, thereby affecting the
occurrence and development of tumors and patients’
prognosis [9].

Thus far, there are few studies on the relationship
between ALB and HGB level and prognosis of early cer-
vical cancer. Therefore, in this study, we retrospectively
analyzed the clinical data of 560 early-stage cervical
cancer patients admitted to our hospital between Janu-
ary 2005 and December 2010. The serum ALB and HGB
levels of patients were noted, and the relationship of
ALB and HGB levels with the clinicopathological char-
acteristics of patients and their impact on prognosis was
assessed.

Methods

Patients

The clinical data of 560 patients with International Feder-
ation of Gynaecology and Obstetrics (FIGO, 2009) stage
IA1-ITA2 cervical cancer admitted to Tianjin Central
Hospital of Gynecology and Obstetrics between January
2005 and December 2010 were retrospectively analyzed
using the hospital medical records.

The inclusion criteria were: 1) patients with squa-
mous, adenocarcinoma, or adenosquamous carcinoma
of the cervix, 2) those with FIGO (2009) stage IA1-11A2
cervical cancer; and 3) those who received primary radi-
cal surgical treatment comprising transabdominal radi-
cal hysterectomy and bilateral pelvic lymphadenectomy.
The exclusion criteria were as follows: 1) patients with
small-cell neuroendocrine carcinoma, cervical sarcoma,
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cervical lymphoma, cervical melanoma, and other cer-
vical nonepithelial tumors, 2) preoperative metastatic
cervical cancer, 3) patients who received radiotherapy or
neoadjuvant chemotherapy before surgery, and 4) cases
complicated by malignant tumors in other organ systems.
5) Patients with dysfunction of the liver, kidney, and
other important organs, 6) Patients with other diseases
affecting HGB and ALB levels.

Diagnostic criteria for hypoproteinemia and anemia

Peripheral venous blood was collected from all women.
The blood was collected before the operation, and the
serum levels of ALB and total protein were detected
by colorimetry using an automatic biochemical ana-
lyzer (Beckmann, USA). In addition, the HGB level
was detected by colorimetry using an XN-9000
automatic hematology analyzer (Nisimori Mica,
Japan). HGB<110 g/Lwas diagnosed as anemia, and
ALB<35 g/L was diagnosed as hypoalbuminemia.

Pathological diagnosis

Two gynecologic pathologists reviewed the pathologi-
cal slides of each patient to confirm tumor diameter,
pelvic lymph node metastasis (LNM), lymphovascular
space invasion (LVSI), depth of cervical stromal invasion,
parametrial invasion, and pathological type. The largest
dimension was recorded as tumor diameter. Deep stro-
mal invasion was defined as the depth of cervical stromal
invasion>1/2.

Postoperative adjuvant therapy

Patients with any of the “High risk factors” were recom-
mended for further imaging to understand metastases at
other sites, followed by external pelvic irradiation plus
platinum-containing concurrent chemotherapy and/or
brachytherapy. High risk factors include positive lymph
nodes, positive incisal margins and parametrial invasion.
Patients with Medium risk factors were supplemented
with external pelvic irradiation and/or platinum-con-
taining concurrent chemotherapy according to Sedlis
criteria. Medium risk factors include tumor size, inter-
stitial infiltration, and positive lymphatic vascular space,
However, the medium risk factors are not limited to Sed-
lis criteria, but also include adenocarcinoma and tumor
proximity to the incisal margin.

Follow-up

All patients were followed-up immediately after surgery.
The follow-up deadline was April 1, 2021. The follow-up
period was 12—-138 months (median: 117.83 months) and
the follow-up loss rate was 1.43%. All patients were fol-
lowed-up in the outpatient clinic or over the telephone,
once every 3 months within 2 years after the end of
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treatment, once every 6 months thereafter, and once per
year after 5 years. The follow-up included reexamination
of routine blood parameters, blood biochemistry, tumor
markers, chest CT, abdominal enhanced CT, and abdom-
inal color ultrasound.

Progression-free survival (PES) refers to the time from
the initiation of follow-up to the appearance of objective
tumor progression or death. Overall survival (OS) refers
to the time from the start of the follow-up to the time
of patient’s death from any cause. Disease progression
was defined as an increase of at least >20% in the sum of
maximum diameters of the target lesion or the appear-
ance of a new lesion.

Patient anonymity was preserved as the data were col-
lected from the hospital’s electronic medical records. In
addition, the research ethics committee of Tianjin Cen-
tral Hospital of Gynecology and Obstetrics waived the
requirement for ethics approval and informed consent,
because the study used previously stored data.

Statistical analysis

SPSS version 28.0 (IBM Corporation, Armonk, NY, USA)
was used for all statistical analyses. All tests were two-
sided, with the significance threshold at P<0.05. The
chi-square test analyzed the relationship between ALB
and HGB levels with clinicopathological characteristics.
The log-rank test was used for single-factor analysis of
the influence of preoperative ALB and HGB levels on the
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long-term postoperative survival of patients. Finally, the
Kaplan—Meier method was used to plot survival curves.
The effects of albumin and hemoglobin levels on the
prognosis were analyzed by Cox regression.

Results

Association between ALB level and clinicopathological
characteristics of cervical cancer patients

The patients were divided into two groups according to
the level of ALB, namely the normal group (ALB >35 g/L,
n=344) and hypoalbuminemia group (ALB<35 g/L,
n=216). Patients in both groups were further subdi-
vided depending on age, FIGO stage, tumor diameter,
PLNM, depth of stromal invasion, and LVSI. There were
significant differences in FIGO stage, tumor diameter,
incidence of PLNM, LVSI, and deep stromal invasion
between the normal and hypoalbuminemia groups. The
percentage of patients with FIGO stage II, tumor diam-
eter>4 cm, PLNM, LVSI, and deep stromal invasion in
the hypoalbuminemia group were significantly higher
than in the normal group (P<0.05). There was no signifi-
cant difference in age between the two groups (P> 0. 05)
(Table 1).

Association between HGB level and clinicopathological
characteristics of cervical cancer patients

The patients were divided into two groups according to the
level of HGB, namely the normal group (HGB>110 g/L,

Table 1 Association between ALB level and clinicopathological characteristics

Characteristic Patients (n) Normal group (n=344, Hypoalbuminemia group Chi-square P-value
61.43%) (n=216, 38.57%)

Age (years)
<50 312 216 (69.23) 96 (30.77) 2.263 0.133
>50 248 128 (51.61) 120 (48.39)

Tumor diameter (cm)
<4 408 304 (74.51) 104 (25.49) 24.646 <0.001
>4 152 40 (26.32) 112 (73.68)

FIGO stage
| 368 256 (69.57) 112 (3043) 4011 0.042
Il 192 88 (45.83) 104 (54.17)

PLNM
Positive 216 72 (33.33) 144 (66.67) 17.85 <0.001
Negative 344 272 (79.07) 72 (20.93)

Deep stromal invasion
No 296 216 (72.97) 80 (27.03) 4417 0.035
Yes 264 128 (48.48) 136 (51.51)

LVSI
Negative 64 48 (75) 16 (25) 4212 0.039
Positive 496 296 (59.68) 200 (40.32)

FIGO International Federation of Gynaecology and Obstetrics, LVS/ Lymphovascular space invasion, PLNM Pelvic lymph node metastasis



Wang et al. BMC Women'’s Health (2023) 23:553

n=420) and anemia group (HGB<110 g/L, n=140).
Patients in both groups were subdivided into two levels,
depending on age, FIGO stage, PLNM, depth of stromal
invasion, and LVSI. There were significant differences in
FIGO stage, tumor diameter, incidence of PLNM, LVSI,
and deep stromal invasion between the normal and ane-
mia groups. The rate of patients with FIGO stage II, tumor
diameter >4 cm, PLNM, LVSI, and deep stromal invasion
in the anemia group were significantly higher than in the
normal group (P<0.05). There was no significant differ-
ence in age between the two groups (P>0.05) (Table 2).

Survival analysis

The patients were followed up for 12—138 months; the
median follow-up duration was 117.83 months. Kaplan—
Meier curves for PFS and OS of all patients were included
in the analysis; The OS rate was 90.2%, and the PFS rate
was 87.87% (Figs. 1 and 2).

Relationship between ALB levels and prognosis of cervical
cancer

The log-rank test showed a significant difference in
PFS and OS between the normal and hypoalbumine-
mia groups (P<0.001). The PFS of the hypoalbumine-
mia group and normal group were 81.0% and 91.9%,
respectively. The OS of the hypoalbuminemia group
and the normal group were 83.8% and 94.2%, respec-
tively. The PFS and OS of the hypoalbuminemia group
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were significantly lower than that of the normal group
(Figs. 3 and 4).

Relationship between HGB levels and prognosis of cervical
cancer

The log-rank test showed a significant difference in
PES and OS between the normal and anemia groups
(P<0.003). The PES of the anemia group and normal
group were 77.1% and 92.1%, respectively. The OS of
the anemia group and normal group were 82.9% and
93.1%, respectively. The PFS and OS of the anemia
group were significantly lower than that of the normal
group (Figs. 5 and 6).

Cox regression analysis of prognostic factors of early-stage
cervical cancer

Multivariate Cox regression analysis showed that FIGO
stage, tumor diameter, PLNM, depth of stromal invasion,
LVS]I, the levels of ALB and HGB were risk factors for the
prognosis of cervical cancer patients (P<0.05) (Table 3).

Discussion
It is estimated that more than 300,000 of the 500,000
women diagnosed with cervical cancer worldwide die
from the disease every year, among which tumor recur-
rence and metastasis are the main causes [10].

Recently, the use of blood routine, blood biochemical
and other immunonutritional parameters to predict the

Table 2 Association between HGB level and clinicopathological characteristics

Characteristic Patients (n) Normal group (n=420, Anemia group (n=140, Chi-square P-value
75%) 25%)

Age (years)
<50 397 304 (76.57) 93 (23.43) 0.336 0.562
>50 163 116 (71.17) 47 (28.83)

Tumor diameter (cm)
<4 171 108 (63.15) 63 (36.84) 5916 0.021
>4 389 312(80.21) 77 (19.79)

PLNM
Positive 163 98 (60.12) 65 (39.88) 6.929 0.015
Negative 397 322(81.11) 75(18.89)

FIGO stage
| 402 332(82.59) 70 (17.41) 9.238 0.002
Il 158 88 (55.70) 70 (44.30)

Deep stromal invasion
No 362 306 (84.53) 56 (15.47) 452 0.031
Yes 198 114 (57.58) 84 (42.42)

LVSI
Negative 84 47 (55.95) 37 (44.05) 4.27 0.038
Positive 476 373(78.36) 103 (21.64)

FIGO International Federation of Gynaecology and Obstetrics, LVS/ Lymphovascular space invasion, PLNM Pelvic lymph node metastasis
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Fig. 1 Kaplan—-Meier curves for PFS of all patients. Five hundred sixty patients were followed up for 12-138 months; the median follow-up duration
was 117.83 months. Kaplan-Meier curves for of all patients were included in the analysis; The PFS rate was 87.87%. PFS: Progression-free survival
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Fig. 2 Kaplan—-Meier curves for OS of all patients. Five hundred sixty patients were followed up for 12-138 months; the median follow-up duration
was 117.83 months. Kaplan—-Meier curves for of all patients were included in the analysis; The OS rate was 90.2%. OS: Overall survival
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Fig. 3 Survival curves of PFS in patients with different levels of ALB. The patients were divided into two groups according to the level of ALB,
namely the normal group (ALB>35 g/L, n=344) and hypoalbuminemia group (ALB <35 g/L, n=216). The log-rank test showed a significant
difference in PFS the normal and hypoalbuminemia groups (P<0.001). The PFS of the hypoalbuminemia group and normal group were 81.0%
and 91.9%, respectively. The PFS of the hypoalbuminemia group were significantly lower than that of the normal group. ALB: Albumin; PFS:

Progression-free survival

recurrence and metastasis and long-term prognosis of
patients with malignant tumors has attracted more and
more attention.

Tumor recurrence, metastasis and poor progno-
sis depend not only on the biological characteristics of
the tumor, but also on a variety of host-related factors.
Recent studies have shown that the proliferation, inva-
sion, metastasis and angiogenesis of tumor cells are
closely related to the nutritional status of patients and the
immune inflammatory response of the body [11, 12]. The
nutritional and immune status of patients can be easily
reflected by relevant indicators in the blood [13]. Serum
ALB and HGB are common serum biochemical indica-
tors, which can effectively reflect the nutritional status of
patients with cervical cancer and are associated with the
development of patients’ disease [6, 14].

Low ALB levels may indicate the existence of persis-
tent systemic inflammation and immune system suppres-
sion, which are both important mechanisms underlying
tumor occurrence and progression [15, 16]. Study [17]
have shown that inflammation caused by HPV can lead
to a decrease in the level of ALB, which was the result
of systemic inflammatory response, and low albumin
represents continuous systemic inflammatory response.
It was also shown that albumin can inhibit systemic

inflammation of tumor progression [18]. In this study, the
results showed that the rate of patients with FIGO stage
II, tumor diameter >4 cm, PLNM, LVSI, and deep stro-
mal invasion in the hypoalbuminemia group were signifi-
cantly higher than in the normal group (P<0.05), which
may be related to the reduced inflammatory inhibition
ability of tumor.

Moreover, about 30% patients with cervical cancer were
anemic before surgery, and severe anemia was a risk fac-
tor for mortality in such patients [19]. Preoperative trans-
fusion and other strategies do not improve the prognosis
of patients with cervical cancer, and patients with anemia
have aggressive tumors, which further worsens the prog-
nosis [20]. In this study, the rate of patients with FIGO
stage II, tumor diameter >4 c¢cm,P LNM, LVSI, and deep
stromal invasion in the anemia group were significantly
higher than in the normal group (P<0.05). The results
suggested that HGB levels may affect tumor progression,
which was consistent with the results of previous studies.
The reason may be that during the development of cer-
vical cancer, protein catabolism increases and anabolism
decreases, resulting in negative nitrogen balance and dif-
ferent degrees of HGB content reduction [21].

Studies have shown that ALB level, as an indicator of
systemic inflammatory response, was helpful in judging
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Fig. 4 Survival curves of OS in patients with different levels of ALB. The patients were divided into two groups according to the level of ALB, namely
the normal group (ALB>35 g/L, n=344) and hypoalbuminemia group (ALB <35 g/L, n=216). The log-rank test showed a significant difference
in OS between the normal and hypoalbuminemia groups (P <0.001). The OS of the hypoalbuminemia group and the normal group were 83.8%
and 94.2%, respectively. The OS of the hypoalbuminemia group were significantly lower than that of the normal group. ALB: Albumin; OS: Overall
survival
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Fig. 5 Survival curves of PFS in patients with different levels of HGB. The patients were divided into two groups according to the level of HGB,
namely the normal group (HGB =110 g/L, n=420) and anemia group (HGB < 110 g/L, n=140). The log-rank test showed a significant difference

in PFS between the normal and anemia groups (P <0.003). The PFS of the anemia group and normal group were 77.1% and 92.1%, respectively. The
PFS of the anemia group were significantly lower than that of the normal group. HGB: Hemoglobin; PFS: Progression-free survival
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Fig. 6 Survival curves of OS in patients with different levels of HGB. The patients were divided into two groups according to the level of HGB,
namely the normal group (HGB > 110 g/L, n=420) and anemia group (HGB < 110 g/L, n=140). The log-rank test showed a significant difference

in OS between the normal and anemia groups (P <0.003). The OS of the anemia group and normal group were 82.9% and 93.1%, respectively. The
OS of the anemia group were significantly lower than that of the normal group. HGB: Hemoglobin; OS: Overall survival

Table 3 Cox regression analysis of prognostic factors of early-
stage cervical cancer

Variable B SE Wald P-Value OR(95% Cl)
Age -0.137 0522 0523 0653 (0.316,1.127)
Tumor diameter -0.831 0271 5871 0019 (1.112,3. 336)
PLNM 0.757 0265 6.718 0017 (2.132,3.586)
FIGO stage 0684 0311 9.038 0.002 (1.969,5.441)
Deep stromal invasion 1411 0306 4661 0.035 (2.501,2.972)
LvsI 1.003 0044 4217 0037 (1.114,3.346)
ALB -0.831 0271 5871 0019 (1.112,3.336)
HGB 0.757 0265 6718 0017 (2.132,3.586)

SE Standard Error, OR Odds Ratio, C/ Confidence Interval, PLNM pelvic lymph
node metastasis, FIGO International Federation of Gynaecology and Obstetrics,
LVSI Lymphovascular space invasion, ALB Albumin, HGB Hemoglobin

the prognosis of solid tumors such as non-small cell
lung cancer and hepatocellular carcinoma [15, 22].
Some studies have also shown that the C-reactive
protein /ALB ratio was closely related to the progno-
sis of cervical cancer [16]. In addition to ALB, studies
have also shown that HGB levels affect the prognosis
of patients with cervical cancer [19, 23]. Many studies
have shown that low preoperative HGB level was an
independent risk factor for the prognosis of patients

with cervical cancer [20, 24, 25]. In this study, the
patients were followed-up for 12—138 months, and the
PES and OS of the hypoalbuminemia group and ane-
mia group were both significantly lower than that of
the normal group (P<0.05), suggesting that the ALB
and HGB level was closely related to the prognosis of
cervical cancer patients, which was also consistent with
previous studies. Multivariate Cox regression analysis
showed that FIGO stage, tumor diameter, PLNM, depth
of stromal invasion, LVSI, the levels of ALB and HGB
were risk factors for the prognosis of cervical cancer
patients(P<0.05). The results further indicated that
ALB and HGB levels were also important risk factors
affecting the prognosis of patients with early cervical
cancer in addition to traditional risk factors.

Limitations

We were unable to evaluate all the variables potentially
associated with the prognosis of early-Stage cervical
cancer in a single study. Furthermore, as all included
patients were from a single hospital, this might have
reduced our results’ external validity. Hence, pro-
spective studies with larger sample sizes and con-
ducted across multi-centers are needed to validate our
findings.
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Conclusions

Patients with hypoproteinemia and anemia in early-stage
cervical cancer are more likely to have higher tumor stage;
larger tumor size; and higher incidence of PLNM, LVSI,
and deep stromal invasion. In addition, patients with hypo-
proteinemia and anemia in early-stage cervical cancer
have a poorer prognosis than those without the condition.
Therefore, it is vital to detect the ALB and HGB levels of
patients and improve the nutritional status of patients in a
timely manner to improve the prognosis of patients with
cervical cancer.
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