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Purpose: The current study aimed to explore the prognostic role of preoperative prealbumin
in resectedesophageal squamous cell carcinoma (ESCC).

Methods: A total of 1374 resected ESCC patients were retrospectively reviewed. Serum for
prealbumin analyses was taken within 1-3 days before the operation. Overall survival (OS)
was determined using the Kaplan-Meier method; the univariate log-rank test and the multi-
variate Cox proportional hazard model were used to evaluate the prognostic role of pre-
albumin. A receiver operating characteristic (ROC) curve was plotted, and the area under the
curve (AUC) was calculated to compare the prediction accuracy of prealbumin and albumin
for OS.

Results: Finally, 532 patients were included in this study. The 5-year OS rate was favourable
for the high prealbumin group versus the median and low prealbumin groups (58.1% vs
44.6% and 31.1%, respectively; P<0.001). Univariate and multivariate analyses identified
serum prealbumin, T stage, N stage, differentiation and albumin as independent prognostic
factors for OS. ROC curves indicated that prealbumin may be superior to albumin as a
prognostic predictor in ESCC patients, but the difference between the two AUCs was not
statistically significant (P=0.068).

Conclusion: Prealbumin is an independent prognostic factor and a prognostic indicator of
postoperative outcomes in ESCC patients. Future prospective studies are warranted to
confirm our results.

Keywords: oesophageal squamous cell carcinoma, prealbumin, albumin, prognosis, serum

marker

Introduction

Oesophageal cancer is highly malignant and has a high incidence in China. More than
90% of oesophageal cancers in China are oesophageal squamous cell carcinomas
(ESCCs), ranking 4th in mortality among all malignant tumours in China 2011.'
Despite the development of comprehensive treatment strategies, the long-term survi-
val of oesophageal cancer patients after radical oesophagectomy remains poor. The
TNM staging system, including the T, N and M classifications, is the most important
prognostic factor for determining the treatment strategy and predicting treatment
outcomes. However, it is becoming increasingly apparent that the prognostic role of
TNM staging for oesophageal cancer is not satisfactory. Consequently, the identifica-
tion of new biological markers that can predict long-term survival and determine the
treatment strategy is needed in the treatment of ESCC.
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Malnutrition is a common problem in cancer patients,
accounting for 80% of patients with advanced cancer.*
The preoperative nutritional status is associated with the
host immune status as a host defence ability. Malnutrition
is the most common cause of immunodeficiency.®’
Patients with a heavy tumour burden may be vulnerable
to nutritional impairment and may have a high risk of
postoperative recurrence. Serum prealbumin is an impor-
tant serum protein that reflects a patient’s nutritional sta-
tus, and its level can predict postoperative outcomes in
non-small cell lung cancer.®’ However, the relationship
between preoperative serum prealbumin and survival in
ESCC has not been fully elucidated.

We hypothesized that the preoperative nutritional status
might also have a potent prognostic impact in ESCC.
Therefore, this study aimed to evaluate the effect of pre-
operative serum prealbumin and other nutritional para-
meters, including preoperative serum albumin, on the
prognosis of oesophageal cancer patients after curative
resection.

Materials and methods

Patients

From January 2002 to December 2011, a total of 1374
consecutive patients with newly diagnosed, nondissemi-
nated ESCC who underwent curative oesophagectomy at
The Third Affiliated Hospital of Soochow University
(Changzhou, China) were retrospectively reviewed. All
patients who were conformed to be resectable ESCC with-
out distant metastasis by clinical and experimental exam-
ination received radical surgical resection of a
transthoracic enbloc esophagectomy with mediastinal and
two-field Mediastinal

lymphadenectomies were performed to include subcarinal,

abdominal lymphadenectomies.
left and right bronchial, lower posterior mediastinum, pul-
monary ligament, and paraesophageal and thoracic duct
nodes. Abdominal lymphadenectomies were performed to
include the paracardial, lesser curvature, left gastric, com-
mon hepatic, celiac, and splenic nodes. The paratracheal
and recurrent laryngeal nerve LNs were also dissected.
Cervical lymphadenectomy was only performed in case
of suspicious cervical lymphadenopathy. Patients who
received neoadjuvant chemotherapy, radiation, adjuvant
chemotherapy or radiation, with clinical signs of infection,
rheumatism or other diseases that could affect the concen-
trations of serum prealbumin and albumin, and with
information were

incomplete clinical or pathologic

excluded from this study. Twenty-four patients with
incomplete experimental or clinical data, 12 patients with
their sections no longer available for analysis, 688 patients
who received neoadjuvant or adjuvant therapy, 15 patients
who died during the perioperative period, 2 patients with
chronic kidney disease, 37 patients with diabetes, 1 patient
with abnormal thyroid function, 3 patients with abnormal
hepatic function, 6 patients with metabolic or immune
rheumatic diseases, and 56 patients lost to follow-up
were excluded. Finally, 532 patients were identified and
included in this study. This study was approved by our
Institutional Review Board. All patients provided written
informed consent, and that this study was conducted in
accordance with the Declaration of Helsinki.

Biological and clinical data

Sera for prealbumin analyses were taken within 1-3 days
prior to the operation. Prealbumin was analysed on an
automatic ~ biochemical analyser from Beckman
Instruments (Brea, CA, USA). Other clinical data, includ-
ing age, gender, tumour location, staging, pathology, and
survival outcomes, were also collected.

Follow-up

All patients were followed up as described previously. The
end of follow-up was July 31, 2014. The observation time
in this study was the interval from the date of surgical
resection to the date of death or the last follow-up.
Surviving patients were censored on the day of last
contact.

Statistical analysis

Optimal cutoff values for classifying preoperative serum
prealbumin were determined using X-tile software (http://
www.tissuearray.org/rimmlab).'® Survival was calculated
using the Kaplan—-Meier method, and the log-rank test was
used to assess differences in survival between groups. In the
multivariate analysis, a forward stepwise regression analysis
was carried out with a Cox proportional hazards model. A
receiver operating characteristic (ROC) curve was plotted,
and the area under the curve (AUC) was calculated to verify
the accuracy of prealbumin and albumin for overall survival
(0OS) prediction by the method of Delong et al''. All statis-
tical analyses were performed using SPSS 13.0 software
(SPSS, Inc., Chicago, IL). A P-value less than 0.05 from
the two-sided test was considered statistically significant.
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Results
Determination of a threshold for serum

prealbumin and albumin

The cutoff values for classifying preoperative serum pre-
albumin were 18.8 mg/dl and 24.7 mg/dl, respectively, in
our series, as calculated by using X-tile software. All
patients were divided into three groups according to the
preoperative serum prealbumin value (low prealbumin
group: less than 18.8 mg/dl, median prealbumin group:
between 18.8 mg/dl and 24.7 mg/dl, and high prealbumin
group: more than 24.7 mg/dl). Similarly, the cutoff value for
classifying preoperative serum albumin was 3.65 mg/dl.

Clinicopathological characteristics and

survival outcomes

The clinicopathological characteristics of the 532 patients, of
whom 388 (72.9%) were male and 144 (27.1%) were female,
are presented in Table 1. The median age of the patients at
surgery was 60 years (range, 38—85 years). All patients were
staged according to the 7th edition of the International Union
against Cancer/American Joint Committee on Cancer
(UICC/AJCC) staging system for ESCC. The mean serum
prealbumin level was 24.7+5.0 mg/dl. A total of 268 (50.3%)
patients had high serum prealbumin levels in the overall
population, and 54.5% and 46.9% of the patients were aged
<60 and >60 years, respectively (P=0.213). By the end of
follow-up, 271/532 patients (50.9%) had died. The overall 5-
year survival rate for all patients was 49.7%. The 5-year OS
rate was favourable for the high prealbumin group versus the
median and low prealbumin groups (58.1% vs 44.6% and
31.1%, respectively; P<0.001).

Association of serum prealbumin with the
clinicopathological characteristics of
ESCC patients

The preoperative serum prealbumin level correlated with
the T stage of the tumour (P<0.001), BMI (P=0.003)and
preoperative serum albumin (P<0.001). Preoperative
serum prealbumin did not correlate with age, gender,
tumour location, N stage or tumour differentiation.

Prognostic value of serum prealbumin

The univariate analysis identified serum prealbumin as a
statistically significant predictive factor for OS (P<0.001;
Table 2 and Figure 1). T stage, N stage, differentiation and
albumin were also identified as independent predictive

factors for OS by the log-rank test (Table 2 and Figure 1).
The multivariate analysis for OS was performed to adjust for
various prognostic factors. The following parameters were
included in the Cox proportional hazards model: age (<60 vs
>60 years), gender (male vs female), T classification (T1-2 vs
T3-4), N classification (NO vs N1-3), pretreatment ALB
(<3.65 g/dl vs >3.65 g/dl) and pretreatment prealbumin
(high vs low and median). Consistent with the univariate
analysis, prealbumin was identified as an independent pre-
dictive factor for OS (P=0.013). T stage, N stage, differentia-
tion and albumin were also identified as independent
predictive factors for OS in the multivariate analysis. In
contrast, patient age, gender and location were not indepen-
dent predictive factors for OS (Table 3). To examine the
influence of age, we also performed a multivariate analysis
in 286 elderly ESCC patients aged more than 60 years and
consistently identified serum prealbumin as a statistically
significant predictive factor for OS in the elderly ESCC
patients (Table 4). In 246 ESCC patients with age
<60 years, multivariate analysis showed that serum prealbu-
min is still an independent prognostic factor for OS in the
younger ESCC patients (Table 5).

ROC curve for the assessment of

prognostic performance

The AUC was 0.605 (95% CI: 0.557 to 0.653) for pre-
albumin and 0.563 (95% CI: 0.514 to 0.611) for albumin,
which indicated that prealbumin may be superior to albu-
min as a prognostic predictor in ESCC patients after cura-
tive resection, but the difference between the two AUCs
was not statistically significant (P=0.068) (Figure 2).

Discussion
Malnutrition is common in patients with cancer and is due
to a variety of mechanisms involving the tumour, the host
response to the tumour, and anticancer therapies.'*'* A
previous study demonstrated that prealbumin showed the
best concordance with the standard Detailed Nutritional
Assessment (DNA) method and a good sensitivity/specifi-
Subjective  Global
Assessment (SGA) and the Prognostic Inflammatory and
Nutritional Index score (PINI).'*

Prealbumin is a carrier protein that transports thyroid hor-

city profile compared with the

mones in the plasma and cerebrospinal fluid and transports
retinol (vitamin A) in the plasma. Both serum prealbumin and
albumin are valuable markers for assessing a patient’s nutri-
tional status. However, because of its shorter half-life, the
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Table | Correlation of preoperative serum prealbumin with clinicopathological features in overall 532 patients with ESCC

Overall patients | Low Prealbumin Median Prealbumin >188 and | High Prealbumin P
(N=532) <188 (N=60) <247 (N=204) 2247 (N=268)

Age 0.213
<60 246 26(10.6%) 86(35.0%) 134(54.5%)
>60 286 34(11.9%) 118(41.3%) 134(46.9%)

Gender 0.334
Male 388 40(10.3%) 146(37.6%) 202(51.8%)
Female 144 20(13.9%) 58(40.3%) 66(45.8%)

BMI 0.003
<18.5 231 34(14.7%) 100(43.3%) 97(42.0%)
18.5-24.5 209 20(9.6%) 65(31.1%) 124(59.3%)
>24.5 92 6(6.5%) 39(42.4%) 47(51.1%)

Location 0.548
Proximal esophagus | 31 2 (6.5%) 15 (48.4%) 14 (45.2%)
Mid esophagus 34| 37 (10.9%) 134 (39.3%) 170 (49.9%)
Distal esophagus 160 21 (13.1%) 55 (34.4%) 84 (52.5%)

Differentiation 0.754
WVell 41 2 (4.9%) 17 (41.5%) 22 (53.7%)
Moderately 271 33 (12.2%) 103 (38.0%) 135 (49.8%)
Poorly 220 25 (11.4%) 84 (38.2%) 111 (50.5%)

T stage <0.001
pTI 180 8 (4.4%) 66 (36.7%) 106 (58.9%)
pT2 140 I5 (10.7%) 50 (35.7%) 75 (53.6%)
pT3 201 35 (16.7%) 87 (43.3%) 79 (39.3%)
pT4 I 2 (18.2%) 1 (9.1%) 8 (72.7%)

N stage 0.598
pNO 328 30 (9.1%) 126 (38.4%) 172 (52.4%)
pNI 126 19 (15.1%) 48 (38.1%) 59 (46.8%)
pN2 59 9 (15.3%) 22 (37.3%) 28 (47.5%)
pN3 19 2 (10.5%) 8 (42.1%) 9 (47.4%)

Albumin <0.001
Low 93 28 (30.1%) 45 (48.4%) 20 (21.5%)
High 439 32 (7.3%) 159 (36.2%) 248 (56.5%)

Abbreviations: ESCC, esophageal squamous cell carcinoma; BMI, body mass index.

serum concentration of prealbumin more closely reflects
recent changes in the nutritional status rather than the overall
nutritional status. In this regard, serum prealbumin should be
considered a sensitive nutritional biomarker for evaluating the
preoperative nutritional status of cancer patients.

Up to 85% of all patients with cancer develop clinical
malnutrition, which negatively affects a patient’s response
to therapy, increases the incidence of treatment-related
side effects and can decrease survival.'” It has been
reported that the serum prealbumin level can change
early and reflect a patient’s nutritional status in several

cancers, including oesophageal cancer.'>'*™" It is well

accepted that nutrition is an important determinant of
immune responses and that malnutrition is the most com-
mon cause of immunodeficiency.®’*?! Malnutrition can
impair the immune system, suppressing immune functions
that are fundamental to host protection against tumour
progression and metastasis.*> In this study, we showed
that the preoperative level of serum prealbumin was clo-
sely associated with the infiltration depth of the tumour.
The positivity rate of hypoalbuminemia increased when
tumour invasion advanced. In addition, we found no rela-
tionship between the level of serum prealbumin and lymph

node metastasis. Similar to our findings, previous studies
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Table 2 Univariate analysis for OS in 532 ESCC patients who
underwent curative resection without postoperative adjuvant
radiotherapy or chemotherapy

Table 3 Cox multivariate regression analyses for the influence of
preoperative serum prealbumin on OS in overall 532 resected
ESCC patients without postoperative adjuvant radiotherapy or

Abbreviations: ESCC, esophageal squamous cell carcinoma; OS, overall survival.

have shown that the level of serum prealbumin was closely
correlated with the depth of invasion but not with lymph

prealbumin
100-
—— <18.8mg/dl
_ 8o —— 18.8-24.7mg/dI
g >24.7mg/dI
£ 60
2]
‘T 404
[
>
O 20{ p<0.001
0 —

0 20 40 60 80 100 120 140
Time (months)

_ . chemotherapy
Patients | Overall survival log-rank
test Variables Hazard P 95% CI
Ratio
NO (%) | 5 year (%) P
Overall survival
Age (years) 0.140
Gender(f vs m) 0.841 0.255 0.624-1.133
<60 246 (%) | 462
Age (<60 vs >60) 0.985 0.905 0.771-1.255
>60 286 (%) | 527
Location(baseline, Proximal esophagus) 0.099

Sex 0.024
Male 388 (%) 46.9 Mid esophagus 0618 0.057 0.377-1.108
Female 144 (%) 574 Distal esophagus 0.562 0.032 0.335-0.958

Location 0.523 T stage 2014 <0.001 1.530-2.651
Proximal esophagus | 31 (%) 46.3 N stage 2311 <0.001 1.753-3.046
Mid esophagus 341 (%) | 493 reremmion e, Wl 0002
Distal esophagus 160 %) | 512 ifferentiation(baseline, VVell) :

e e T T I
pTI-T2 320 (%) | 6.1 oory : : Tem
pT3-4 212 (%) | 250 Prealbumin (baseline, high) 0.005
pNO 328 (%) | 658 median : ' A
PN+ 204 (%) | 22.8 Albumin(low vs high) 0.697 0.020 0.514-0.945

Differentiation <0.001 Abbreviations: ESCC, esophageal squamous cell carcinoma; OS, overall survival;
Well 41 (%) 90 Cl, confidence interval.

Moderately 271 (%) | 534 .
Poorly 220 (%) | 378 node metastases.” However, another study reported statis-
tically significant associations with preoperative prealbu-

Prealbumin <0.001 .

Low 64 (%) 310 min levels for both lymph node metastases and the depth
Median 201 (%) | 44.6 of tumour invasion.”> Overall, our results further support
High 267 (%) | 58.0 the conclusion that preoperative prealbumin levels are

Albumin significantly associated with tumour progression.

Low 93 (%) 305 <0.001 The level of serum prealbumin was recently reempha-
High 439 (%) | 53.7 sized by extending its clinical use to the severity of disease,

disease progression, and prognosis.>**** It has been
reported that a low perioperative serum prealbumin level
predicted early recurrence after curative pulmonary resec-

tion for non-small cell lung cancer and was associated with

albumin
100+
—— <3.65g/dI
= 80- 23.65g/dI
2
£ 60+
"
‘S 40
Q
>
O 201  p<0.001
0 r

0 20 40 60 80 100 120 140
Time (months)

Figure | Kaplan—Meier survival curve for ESCC patients with three different serum prealbumin levels (A) and for ESCC patients with two different serum albumin levels (B).
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Table 4 Cox multivariate regression analyses for the influence of 100
preoperative serum prealbumin on overall survival in 286 elderly i 4
ESCC patients with age more than 60 years old and without -
postoperative adjuvant radiotherapy or chemotherapy - i
Variables Hazard P 95% ClI i
Ratio B P
- 60}
Overall survival é—j |
Gender(f vs m) 0.880 0524 | 0.595-1.303 g i
w
40}
Location(baseline, Proximal esophagus) 0.262 |
Mid esophagus 0.967 0.931 0.456-2.050 : ,//’
. — albumin AUC=0.563
Distal esophagus 0.701 0.383 0.315-1.557 20~ / — prealbumin AUC=0.605
T stage 2.026 <0.001 | 1.382-2.971 L/
N stage 2.127 <0.001 | 1.447-3.126 o-/. T T
0 20 40 60 80 100
Differentiation(baseline, Well) 0.042 100-Specificity
Moderately 2.606 0065 | 0.943-7.198 _ A A N . '
Poorly 3.329 0.021 1202-9218 :lgure 2 Recelver‘operatlng characteristic curve of serum albumin and albumin for
-year overall survival.
Prealbumin (baseline, high) 0.009
Low 1.900 0.010 1.170-3.085
Median 1.641 0011 1.120-2.404 a poor prognosis.8 Similarly, Alifano et al demonstrated that
i i prealbumin levels were independent prognostic markers in
Albumin(low vs high) 0.434 <0.001 0.292-0.644

Abbreviations: ESCC, esophageal squamous cell carcinoma; Cl, confidence interval.

Table 5 Cox multivariate regression analyses for the influence of
preoperative serum prealbumin on overall survival in 246 ESCC
patients with age <60 years without postoperative adjuvant
radiotherapy or chemotherapy

Variables Hazard P 95% ClI
Ratio
Overall survival
Gender(f vs m) 0.761 0.251 0.478-1.213
Location(baseline, Proximal esophagus) 0.082
Mid esophagus 0.450 0.025 0.224-0.907
Distal esophagus 0.490 0.056 0.236-1.018
T stage 2.008 0.002 1.301-3.101
N stage 2.717 <0.001 1.790-4.127
Differentiation(baseline, Well) 0.180
Moderately 2.534 0.088 0.843-9.232
Poorly 3.092 0.063 0.913-8.534
Prealbumin (baseline, high) 0.035
Low 2.176 0.010 1.201-3.944
Median 1.25 0.246 0.858-1.821
Albumin(low vs high) 0.996 0.988 0.623-1.592

Abbreviations: ESCC, esophageal squamous cell carcinoma; Cl, confidence interval.

resected non-small cell lung cancer. To the best of our
knowledge, no data have reported the prognostic value of
serum prealbumin in ESCC patients. In this study, we
showed that the serum prealbumin level was an independent
prognostic indicator and that a low preoperative serum
prealbumin level was associated with poor OS in resected
ESCC patients without neoadjuvant or adjuvant therapy.

Previous studies have investigated the nutritional status
as a possible prognostic factor in ESCC. In particular, the
adverse effect of a low serum albumin level on OS has
emerged from previously reported studies.”> Consistent
with previous studies, we found that the serum albumin
level remained as an independent predictor of OS.
Moreover, our comparative assessment of the serum preal-
bumin level with that of albumin confirmed that the preo-
perative serum prealbumin level is superior to that of
albumin for predicting long-term survival in patients with
ESCC. However, the difference between prealbumin and
albumin did not reach statistical significance.

This study has several potential limitations. The major
limitation is that this study is a retrospective cohort study
from a single institution. In addition, it should be noted
that only squamous cell carcinoma was examined in this
study, and the results from this study may not be suitable
for oesophageal adenocarcinoma. Despite the limited
scope of this retrospective cohort study, we suggest that
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ESCC patients with a low preoperative serum prealbumin
level may need to receive perioperative immunonutrition
therapy to improve postoperative survival. Prospective
studies evaluating the role of nutritional modulation to
improve long-term outcomes are required.

In conclusion, the results of the present study suggest that
the preoperative serum prealbumin level could serve as a
prognostic biomarker in patients with ESCC after curative
resection. We suggest that preoperative nutritional para-
meters, as indicated by serum prealbumin and albumin
levels, should be included in the prognosis prediction for
resected ESCC patients.
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