Lymphopenia Predicts Poor Prognosis in Patients With
Esophageal Squamous Cell Carcinoma
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Abstract: Lymphopenia is a useful predictive factor in several cancers.
The aim of this study was to determine the prognostic value of lympho-
penia in patients with esophageal squamous cell carcinoma (ESCC).

A retrospective analysis of 307 consecutive patients who had under-
gone esophagectomy for ESCC was conducted. In our study, a lympho-
cyte count (LC) of fewer than 1.0 Giga/L was defined as lymphopenia.
Kaplan—Meier method was used to calculate the cancer-specific survival
(CSS). Cox regression analyses were performed to evaluate the prog-
nostic factors. Receiver operating characteristic (ROC) curve was also
plotted to verify the accuracy of LC for CSS prediction.

The mean LC was 1.55 4 0.64 Giga/L (range 0.4—3.7 Giga/L). The
incidence of lymphopenia (LC < 1.0Giga/L) was 16.6% (51/307).
Patients with lymphopenia (LC < 1.0 Giga/L) had a significantly shorter
S-year CSS (21.6% vs 43.8%, P=0.004). On multivariate analysis,
lymphopenia (LC < 1.0Giga/L) was an independent prognostic factor
in patients with ESCC (P =0.013). Lymphopenia had a hazard ratio (HR)
of 1.579 [95% confidence interval (CI): 1.100—2.265] for CSS. ROC
curve demonstrated that lymphopenia (LC < 1.0 Giga/L) predicts survi-
val with a sensitivity of 86.2% and a specificity of 27.2%.

Lymphopenia (LC < 1.0 Giga/L) is still an independent predictive
factor for long-term survival in patients with ESCC.

(Medicine 93(27):¢257)

Abbreviations: AUC = areas under the curve, CI = confidence
interval, CSS = cancer-specific survival, EAC = esophageal
adenocarcinoma, EC = esophageal cancer, ESCC = esophageal
squamous cell carcinoma, HR = hazard ratio, LC = lymphocyte
count, ROC = receiver operating characteristic.

INTRODUCTION

sophageal cancer (EC) is one of the most common cancers,

with both high incidence and mortality." The most common
histological types are esophageal squamous cell carcinoma
(ESCC) and esophageal adenocarcinoma (EAC).? In China,
ESCC is the predominant histologic type (90—95%), in contrast
to the predominance of EAC in the West.>* There are important
biological differences between ESCC and EAC, therefore, a
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prognostic study that takes into account the predominance of
ESCC in China is important.

Inflammation plays an important role in cancer pro-
gression.>® The inflammatory marker, such as C-reactive
protein, neutrophil or platelet count, has been shown to be a
prognostic factor in several cancers, including ECs.” ' Recent
studies demonstrated that lymphopenia is associated with prog-
nosis in several cancers, such as hematological malignancy,
breast cancer, and renal cell cancer.'! !> However, to the best of
our knowledge, no studies regarding the predictive value of
lymphopenia in patients with EC are available. Therefore, the
aim of this study was to investigate the prognostic value of
lymphopenia in patients with ESCC.

PATIENTS AND METHODS

From January 2006 to December 2008, a retrospective
analysis was conducted of 307 consecutive patients with ESCC
who underwent esophagectomy at Zhejiang Cancer Hospital
(Hangzhou, China). All of the patients included in the analysis
fit the criteria: (1) ESCC was confirmed by histopathology; (2)
patients with curative esophagectomy; (3) patients without
preoperative neoadjuvant chemotherapy and/or radiotherapy;
and (4) preoperative blood cell counts were obtained before
esophagectomy within 1 week. The exclusion criteria were as
follows: (1) non-ESCC or gastroesophageal junction carci-
noma; (2) patients with previous or concomitant other cancers;
(3) patients with incomplete resection with microscopic or
macroscopic residual tumors; (4) patients with previous neoad-
juvant chemotherapy and/or radiotherapy; or (5) patients with
previous anti-inflammatory medicines within 1 week. Ethical
approval was obtained from the Ethical Committees of Zhejiang
Cancer Hospital.

All patients underwent curative esophagectomy. The stan-
dard surgical approach included the Ivor Lewis and the
McKeown procedure.m‘15 The lymphadenectomy included
two-field and three-field lymphadenectomy.'*'6 In the current
study, most of patients underwent two-field lymphadenectomy.
Patients who had received neoadjuvant therapy were excluded
in the current study. As the role of postoperative adjuvant
chemotherapy and/or radiotherapy was controversial during
that period, adjuvant therapy was not mandatory. The most
frequent adjuvant chemotherapy included 5-fluorouracil (5-FU)
and cisplatin in our institute. Usually, two to four courses of
chemotherapy were used, separated by a 3-week interval. The
median postoperative radiation dose was 50 Gy. Adjuvant radi-
ation was initially performed through the anteroposterior field
to 36 Gy, then through the parallel opposing oblique fields to
14 Gy.

The diagnosis of ESCC was confirmed by histopathology.
The fresh specimens were sent for histopathologic examination
by routine HE staining. All patients were staged according to the
7th edition of American Joint Committee on Cancer (AJCC)
Cancer Staging (TNM stage).'” Then the following data, such as
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tumor length, vessel invasion, differentiation, T stage, and N
stage were recorded according to the results of pathologic
reports. Tumor length was measured with a handheld ruler
and was recorded in the pathologic reports. Vessel invasion,
with HE staining, was considered only if the tumor cells were
within an endothelium-lined, vessel-like structure.'® According
to the 7th edition staging system, tumors can be divided into
well-differentiated tumors, moderately differentiated tumors,
and poorly differentiated tumors. The 7th edition defines the T
stage into four subclasses: T1, tumors invade lamina propria or
submucosa; T2, tumors invade muscularis propria; T3, tumors
invade adventitia; and T4, tumors invade adjacent structures
(T4a, resectable tumors invade adjacent structures such as
pleura, pericardium, diaphragm; T4b, unresectable tumors
invade adjacent structures such as aorta, vertebral body, and
trachea). The 7th edition defines the N stage according to the
number of positive lymph nodes: NO, no positive lymph nodes;
N1, one or two positive lymph nodes; N2, three to six positive
lymph nodes; and N3, seven or more positive lymph nodes.
Data on preoperative blood cell counts were extracted in
our medical records. In our study, a lymphocyte count (LC) of
fewer than 1.0 Giga/L was defined as lymphopenia.'"'? Then, it
was categorized into two groups: LLC (LC < 1.0 Giga/L) and
HLC (LC>1.0Giga/L). Based on the medical records,
the following data were also collected for each patient: age
(<60 and >60 years), gender (male and female), tumor
length (<3.0 and >3.0cm), tumor location (upper, middle,
and lower), differentiation (well, moderate, and poor),
vessel invasion (negative and positive), T stage (T1, T2, T3,

and T4a), N stage (NO, N1, N2, and N3), and adjuvant
therapy.

Patients were followed up at our outpatient department
every 3 to 6 months for the first 2 years, then annually. No
patients were missing in our study. The last follow-up was
November 30, 2011. As this series described the prognosis of
patients with ESCC, therefore, a cancer-specific survival (CSS)
was ascertained in the current study.

Statistical Analysis

Independent # tests were used to compare LC of continuous
variable. Chi-squared tests were used to determine the signifi-
cance of differences for patients grouped by LC as a dichot-
omous variable. The CSS was calculated by the Kaplan—Meier
method. A univariate analysis was used to examine the associ-
ation between prognostic predictors and CSS. Possible prog-
nostic factors associated with CSS were considered in a
multivariable Cox regression analysis. Receiver operating
characteristic (ROC) curve was also plotted to verify the
accuracy of LC for CSS prediction (survival vs death). The
area under curve (AUC) was used as an estimation of diagnostic
accuracy. A P-value less than 0.05 was considered to be
statistically significant. Statistical analysis was conducted with
SPSS 17.0 (SPSS, Inc., Chicago, IL).

RESULTS
The baseline characteristics are shown in Table 1. The
mean LC was 1.55+0.64 Giga/L (range 0.4—3.7 Giga/L). The

TABLE 1. Comparison of Baseline Clinical Characteristics Based on LC

LC (x10°/L)

LC (x10°/L)

Cases (n) (mean + SD) P-Value <1.0 (n) >1.0 (n) P-Value

Age (years) 0.406 0.287
<60 178 1.57 £0.69 33 145
>60 129 1.51+0.57 18 111

Gender 0.493 0.541
Female 38 1.50 +£0.46 5 33
Male 269 1.55+0.66 46 223

Tumor length (cm) 0.479 0.896
<3.0 82 1.59 £0.65 14 68
>3.0 225 1.53 +£0.64 37 188

Tumor location 0.232 0.523
Upper/middle 163 1.59 +£0.66 25 138
Lower 144 1.50£0.62 26 118

Vessel invasion 0.326 0.436
Negative 258 1.56 £0.65 41 217
Positive 49 1.46 £0.62 10 39

Differentiation 0.892 0.447
Well/moderate 241 1.55+0.64 38 203
Poor 66 1.54 +0.66 13 53

T stage 0.811 0.064
T1-2 104 1.53+0.69 23 81
T3-4a 203 1.554+0.62 28 175

N stage 0.001 0.038
NO 161 1.66 £0.71 20 141
NI1-3 146 1.42+0.53 31 115

Adjuvant therapy 0.591 0.497
No 211 1.56 £ 0.66 33 178
Yes 96 1.52+0.60 18 78
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histogram of LC is shown in Figure 1. The incidence of
lymphopenia (LC < 1.0Giga/L) was (51/307) 16.6% in our
study. As a continuous variable, lower LC correlated with N
stage (P=0.001). As a dichotomous variable, lymphopenia
(LC<1.0Giga/L) was also associated with N stage
(P=0.038) (Table 1).

The 5-year CSS was 40.1% in our study. Patients with
lymphopenia (LC < 1.0Giga/L) had a significantly shorter
S-year CSS (21.6% vs 43.8%, P =0.004) (Figure 2). In addition,
in our study, there were also significant differences regarding
S-year CSS in tumor length (56.1% vs 34.2%, P < 0.001), vessel
invasion (44.2% vs 18.4%, P<0.001), T stage (57.7% vs
31.0%, P<0.001), and N stage (59.0% vs 19.2%,
P <0.001). However, no significant difference was found
regarding S-year CSS in adjuvant therapy (40.8% vs 38.5%,
P =0.458) (Table 2).

For assessing the confounding effect of LC on T stage
(T1-2 vs T3—4a) and N stage (NO vs N1-3), we further
stratified patients into different groups regarding T stage and
N stage. The 5-year CSS of patients with LC < 1.0 Giga/L was
shorter than that of patients with LC > 1.0Giga/L in T1-2
group (26.1% vs 66.7%, P=0.001) and T3—4a group
(17.9% vs 33.1%, P=0.043), respectively (Figure 3A and
B). However, as shown in Figure 3C and D, no significant
differences were found in NO (45.0% vs 61.0%, P =0.208) and
N1-3 (6.5% vs 22.6%, P=0.094) between patients with and
without lymphopenia.

By univariate analysis, we found that tumor length, vessel
invasion, T stage, N stage, and LC had significant associations
with CSS (Table 2). Then all of the 5 variables above were
included in a multivariate Cox proportional hazards model to
adjust the effects of covariates. In multivariable analysis, we
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FIGURE 1. The histogram of the LC (range 0.4-3.7 Giga/L).
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demonstrated that T stage (hazard ratio [HR]=1.499, 95%
confidence interval [CI] 1.015-2.214, P=0.042), N stage
(HR =2.534, 95% CI 1.814-3.540, P < 0.001) and lymphope-
nia (HR =1.579, 95% CI 1.100-2.265, P=0.013) were inde-
pendent prognostic factors in patients with ESCC (Table 2).
Lymphopenia (LC < 1.0 Giga/L) had an HR of 1.579 (95% CI:
1.100-2.265) for CSS. However, the magnitudes of effect for
tumor length (P =0.284) and vessel invasion (P = 0.340) were
reduced between the univariate and multivariate analysis.

ROC curve was also plotted to verify the accuracy of
LC for survival prediction. The AUC was 0.699 (95% CI:
0.639-0.759, P <0.001). It demonstrated that lymphopenia
(LC<1.0Giga/L) predicts survival with a sensitivity of
86.2% and a specificity of 27.2% (Figure 4).

DISCUSSION

To the best of our knowledge, this is the first study
to determine the prognostic value of lymphopenia
(LC<1.0Giga/L) in predicting postoperative survival in
patients with ESCC. Our study showed that lymphopenia
is associated with prognosis. Patients with lymphopenia
had a significantly shorter 5-year CSS (21.6% vs 43.8%,
P =0.004). Multivariate analysis demonstrated that lymphope-
nia is a significant predictor of CSS. Patients with
LC < 1.0Giga/L had an HR of 1.579 (95% CI: 1.100-2.265,
P=0.013) for CSS.

There is strong linkage between inflammation and
cancer.>® In our study, we analyzed the prognostic role of
lymphopenia in ESCC patients without neoadjuvant treatment
mainly because neoadjuvant therapy (chemotherapy and/or
radiation) will have an important impact on the inflammation.
Therefore, we initially evaluated the usefulness of lymphopenia
for predicting postoperative survival in patients with ESCC.
Our study showed that lymphopenia was associated with
N sta%e. This observation is in line with data from Saroha
et al," but is contrary to the result of Mehrazin et al,'> who
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FIGURE 2. Kaplan—Meier CSS curves stratified by LC. Patients
with lymphopenia had a significantly shorter 5-year CSS (21.6% vs
43.8%, P=0.004). HLC=high lymphocyte count, LLC=low
lymphocyte count, M =month.
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TABLE 2. Univariate and Multivariate Analyses of CSS in ESCC Patients

Univariate Analysis

Multivariate Analysis

CSS % P-Value HR (95% CI) P-Value HR (95% CI) P-Value
Age (years) 0.926 0.927 - -
<60 39.9 1.000
>60 40.3 1.014 (0.756—1.359)
Gender 0.530 0.535 - -
Female 44.7 1.000
Male 394 1.155 (0.733-1.820)
Tumor length (cm) <0.001 <0.001 0.284
<3.0 56.1 1.000 1.000
>3.0 342 1.995 (1.383-2.879) 1.252 (0.830-1.889)
Tumor location 0.213 0.218 - -
Upper/middle 442 1.000
Lower 354 1.199 (0.898-1.601)
Vessel invasion <0.001 <0.001 0.340
Negative 44.2 1.000 1.000
Positive 18.4 2.056 (1.445-2.926) 1.198 (0.827—-1.737)
Differentiation 0.097 0.102 - -
Well/moderate 41.5 1.000
Poor 34.8 1.330 (0.945-1.873)
T stage <0.001 <0.001 0.042
T1-2 57.7 1.000 1.000
T3—4a 31.0 2.094 (1.491-2.940) 1.499 (1.015-2.214)
N stage <0.001 <0.001 <0.001
NO 59.0 1.000 1.000
N1-3 19.2 3.191 (2.348-4.336) 2.534 (1.814-3.540)
Adjuvant therapy 0.458 0.463 - -
No 40.8 1.000
Yes 38.5 1.123 (0.824—1.531)
LC (x10%/L) 0.004 0.004 0.013
>1.0 43.8 1.000 1.000
<1.0 21.6 1.664 (1.171-2.364) 1.579 (1.100-2.265)

suggested that lymphopenia is not correlation with the N stage
(P=0.120).

Furthermore, our study showed that patients with lympho-
penia had a significantly shorter 5-year CSS (21.6% vs 43.8%,
P =0.004). On multivariate analysis, lymphopenia was a sig-
nificant predictive factor of CSS (P =0.013). It is widely agreed
that T stage and N stage are strong, independent prognostic
factors in EC.2%?! In our study, we also demonstrated that
T stage (P =0.042) and N stage (P < 0.001) were independent
prognostic factors. For assessing the confounding effect of
LC on T stage (T1-2 vs T3—4a) and N stage (NO vs N1-3),
we further stratified patients into different groups regarding
T stage and N stage. In our study, the predictive value of
lymphopenia was significant in patients with T stages, but
not significant in patients with N stages. Our results clearly
demonstrated that lymphopenia can serve as an independent
predictor of long-term survival for ESCC patients, especially in
T stages.

Tumor length is still a controversial prognostic factor in
patients with EC. Several studies have demonstrated that tumor
length was related to prognosis but was not an independent
prognostic factor in patients with EC.**** Eloubeidi et al**
Yendamuri et al,*® and Feng et al,?® however, showed that
tumor length was a prognostic indictor of EC. The presence of
vessel invasion has not been found to be a consistent finding.

4 | www.md-journal.com

Zafirellis et al*’ showed that vessel invasion was an indepen-

dent prognostic indicator in patients with EC. However, War-
aich et al'® analyzed the outcomes of 244 EC patients. Their
results demonstrated that vessel invasion was not an indepen-
dent prognostic factor in patients with EC. In our study, tumor
length and vessel invasion related to prognosis but were not
independent prognostic factor in patients with ESCC. Since the
magnitudes of effect for tumor length and vessel invasion are
reduced between the univariate and multivariate analysis and
they loss statistical significance, we can suggest that the impact
of tumor length and vessel invasion on CSS are confounded by
the other variables in the model.

There is no consensus for the standard treatment for EC.
However, esophagectomy remains the standard treatment for
patients with early stage.”®2° In addition, there is strong evi-
dence to recommend multimodal treatments with adjuvant
chemoradiotherapy followed by surgery for patients with
resectable locally advanced cancers.> Resectable locally
advanced EC refers to T3—T4a or N1-3 and early stage EC
refers to T1—2 or NO according to the 7th edition of the AJCC."”
Recent studies have demonstrated that postoperative adjuvant
chemoradiotherapy significantly improves the long-term survi-
val of patients with EC compared with surgery alone.>*-'
However, no significant difference was found regarding 5-year
CSS in adjuvant therapy in our study (40.8% vs 38.5%,

© 2014 Lippincott Williams & Wilkins
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FIGURE 3. Kaplan—Meier CSS curves stratified by LC in patients with Tstage and N stage. The 5-year CSS of patients with LC < 1.0 Giga/L
was shorter than that of patients with LC>1.0 Giga/L in T1-2 group (26.1% vs 66.7%, P=0.001, [A]) and T3-4a group (17.9% vs
33.1%, P=0.043, [B]), respectively. However, no significant differences were found in NO (45.0% vs 61.0%, P=0.208, [C]) and N1-3
(6.5% vs 22.6%, P=0.094, [D]) between patients with and without lymphopenia. HLC = high lymphocyte count, LLC =low lymphocyte

count, M =month.

P=0.458). Two possible reasons were as follows: Firstly,
the postoperative adjuvant chemoradiotherapy was not manda-
tory in our study. Secondly, although adjuvant therapy was
followed by surgery, the survival of locally advanced EC
was poor.

The potential limitations of the present study include the
use of a retrospective analysis and the short duration of the
mean follow-up. Furthermore, in our study, we excluded
patients who had received neoadjuvant treatment (chemother-
apy and/or radiotherapy), which may have influenced the
result. On the one hand, chemotherapy and/or radiation will
have a side effect on blood cells, including LC. On the other
hand, recent studies revealed that chemotherapy and/or radio-
therapy could improve survival before surgery for locally
advanced EC, but not for early stage EC.*? In addition, our
study revealed that lymphopenia is an independent predictive
factor in patients with ESCC, however, it should be kept in

© 2014 Lippincott Williams & Wilkins

mind that lymphopenia itself alone without other variables may
not associate with postoperative survival in patients with
ESCC. Although we adopted rigorous inclusion and exclusion
criteria, it was shown that diabetes mellitus, renal and/or
hepatic failure, and many inflammatory diseases may poten-
tially affect the lymphocytes.**>>** In addition, we excluded
patients with previous anti-inflammatory, however, anti-dia-
betic, anti-hypertensive drug, and/or other medications may
potentially affect the LC. Therefore, larger prospective
studies will need to be performed to confirm these
preliminary results.

In conclusion, our study showed that lymphopenia
(LC<1.0Giga/L) is associated with prognosis and can be
considered as an independent marker of prognosis in
patients with ESCC. However, larger prospective studies
will need to be performed to confirm these preliminary
results.
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FIGURE 4. ROC curve for CSS prediction. A ROC curve plots the
sensitivity on the y-axis against one minus the specificity on the x-
axis. A diagonal line at 45°, known as the line of chance, would
result from a test, which allocated subjects randomly. Each point
on the ROC curve corresponds to a value of LC. The area under
curve (AUC) was used as an estimation of diagnostic accuracy.
Lymphopenia (LC < 1.0 Giga/L) predicts survival with a sensitivity
of 86.2% and a specificity of 27.2%.
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