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Purpose: The objectives of the present study are to perform a survival analysis of patients
with thoracic esophageal squamous cell carcinoma (ESCC) receiving definitive radiotherapy
and to identify prognostic factors from among the hematological and dosimetric factors.
Methods: Cases of thoracic ESCC treated with radical RT between 2014 and 2017 were
identified. The impact of clinicopathological factors on overall survival (OS) were analyzed
using the Cox proportional hazards model. Absolute lymphocyte counts (ALC) and the
neutrophil-to-lymphocyte ratio (NLR = ANC/ALC) were assessed before, during, and after
radiotherapy (RT). Cox regression was used to correlate clinical factors with hematologic
toxicities, dosimetric parameters and overall survival. Multiple logistic regression analysis
was used to identify associations between lymphopenia and dosimetric parameters. With the
overall survival status and real time events, the X-tile program was utilized to determine the
optimal cut-off value of pretreatment NLR, and ALC nadir.

Results: Ninety-nine ESCC patients were enrolled in the present study. They had a median
OS of 23 months. The median RT dose was 55.75Gy (46-66Gy), and the mean dose (Dean)
of the thoracic vertebrae (TVB) was 27.04+9.65Gy. Based on the multivariate analysis, the
V20 of TVB, the pretreatment NLR, and the ALC nadir were associated with significantly
worse OS. Concurrent CRT, which entailed increasing the mean TVB dose and V20 of TVB,
was linked to a higher probability of lymphopenia risk (P<0.05). This was ascertained
through the multiple logistic regression analysis.

Conclusion: In ESCC patients who received definitive RT, V,o of TVB, pretreatment NLR,
and ALC nadir during RT were independent prognostic factors and chemotherapy regimen,
mean TVB dose, and V,o of TVB were associated with lymphopenia.

Keywords: radiotherapy, lymphopenia, esophageal cancer, dosimetric parameters, overall

survival

Introduction

Esophageal cancer (EC) is an extremely aggressive type of malignancy with
morbidity and mortality ranked sixth and fourth in China, respectively.' In East
Asian countries, ESCC is the leading histology subtype and the condition of most
patients has progressed to be in the middle or advanced stage. In these cases, and
surgery is no longer applicable.” Consequently, CRT or radiation is the definitive
non-surgical approach to non-metastatic esophageal cancer. More recently, with the
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increasing appreciation, immunotherapy, has provided
a new paradigm for cancer therapy and has demonstrated
significant clinical benefits.” The role of the immune func-
tion of patients undergoing radiotherapy has become more
of a focal point.**

Immune and inflammatory responses are the vital pro-
cesses for tumor progression.® Radiation can suppress host
immunity by killing immune cells, in particular cytotoxic
T lymphocytes.” During RT, radiation-induced lymphopenia
(RIL) is a common hematologic adverse effect because per-
ipheral lymphocytes are known to be the most radiosensitive
cells. In the RT procedure, RIL in the tumor microenviron-
ment may promote tumor progression. ALC nadir was pro-
ven to be correlated with poor survival in a wide variety of
malignancies, such as glioblastoma, cervical, pancreatic, and
non-small cell lung cancer (NSCLC).*!! The NLR, an index
of generalized inflammatory response, has also been demon-
strated as a prognostic factor for patients with multiple cancer
types.'>'? There is still however, a lack of studies which
reveal that immunosuppression interferes with the overall
outcomes in ESCC. The purpose of the present study is to
identify the effects of hematological toxicity and radiation
parameters on the OS of ESCC patients, as well as determine
the relationship between lymphopenia and the radiation
parameters.

Patients and Methods

Patient Selection and Data Collection

We reviewed the medical records of 318 consecutive
patients with esophageal cancer who were treated at the
Second Affiliated Hospital of Anhui Medical University
between February 2014 and November 2017. The specific
inclusion criteria were: (1) patients with stage II-IV4 eso-
phageal carcinoma (according to the 8th Union for
International Cancer Control [UICC] esophageal cancer
staging'*); (2) histological pathologic confirmation that it
was limited to squamous cell carcinoma; (3) Eastern
Cooperative Oncology Group (ECOG) performance status
< 2; (4) the primary site of esophageal carcinoma was
limited to thoracic segments; (5) patients who completed
definitive radiotherapy (with or without chemotherapy) of
intensity modulated radiation therapy (IMRT) no less than
50Gy without delay; (6) patients that had complete blood
counts (CBC) and retrievable dosimetry records (heart,
lung, thoracic vertebrae, and whole body doses); and (7)
patients without prior chemotherapy, or serious comorbid-
ities that might have affected the lymphocyte count.

The exclusion criteria were: (1) patients who had
received surgery; (2) the patients’ follow-up was less
than one month or unknown; and (3) the necessary and
sufficient follow-up data including documented CBC
values either before, during, and/or after RT, retrievable
and complete DVH information was lacking.

Radiation Treatment and Dosimetric
Analysis

Radiotherapy was conducted using a Varian linear accelera-
tor. All 99 esophageal cancer patients received IMRT. The
current practice contoured the gross tumor volume (GTV)
according to the chest positioning CT, esophageal barium
meal imaging and electronic gastroscopy, which encom-
passed the primary tumor and positive lymph nodes if pre-
sent. For the upper thoracic cancer, the clinical tumor volume
(CTV) included the involved bilateral supraclavicular and
upper mediastinal lymph nodes areas. In the case of middle
and lower thoracic cancer, the CTV encompassed the abdom-
inal, middle, and lower mediastinal lymph nodes. CTV was
expanded from GTV with 3—4 cm superiorly and inferiorly
and 0.8 cm radially. Planning tumor volume (PTV) was
defined as a 0.5-to 1-cm expansion from the CTV.

Chemotherapy

The chemotherapeutic regimen consisted of a weekly
intravenous infusion of Cisplatin (25 mg/m?®) combined
with Fluorouracil (300 mg/m?; continuous infusion) or
Paclitaxel (45 mg/m?). It was suspended or the dose was
reduced when grade>2 hematologic toxicity occurred.

Data Collection

The following clinicopathologic variables were obtained: of
age, gender, location, performance status, stage, use of con-
current or sequential chemotherapy and radiation dosimetry
parameters. From CBC data, ALC and absolute neutrophil
counts (ANC) were recorded within the two weeks prior to
the start of RT. The nadir of ALC was the lowest, appearing
within two months after the RT started. The NLR, was
calculated by dividing the ANC by the ALC.

The following radiotherapy-related variables were
assessed based on the DVH parameters: mean heart dose
(MHD), mean lung dose (MLD), mean body dose (MBD),
mean vertebral dose (MVD) and V5-20 of TVB from T1-
T12. The estimated dose of radiation to immune cells
(EDRIC) consisting of MHD, MLD, MBD, and the num-
ber of fractions as per the model developed by Jin et al,
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confirmed a correlation with OS in NSCLC."® In the pre-
sent study, we used EDRIC as a composite dosimetric
index in the model as follows:

EDRIC = 0.12*MLD + 0:08*MHD +
0.35*0.85*(of fractions/45)"] * MBD

[0.45 +

Statistical Analysis

The primary endpoint was OS, defined as the time between
the start date of radiotherapy and the death or final follow-
up (censored) of the patient. The continuous baseline
clinicopathological characteristics were analyzed using
descriptive statistics, and categorical data were summar-
ized as frequencies and percentages.

The Kaplan—-Meier (KM) analysis was performed to
estimate survival curves, and the Log rank test was used
to compare survival curves. The potential prognostic fac-
tors were explored using Cox regression and reported as
hazard ratios (HR) and the 95% confidence intervals.
X-tile 3.6.1 software'? (Yale University, New Haven, CT,

with a median dose of 55.75 Gy (4666 Gy), and the
Dinean of TVB was 27.04 £ 9.65Gy (Table 1).

Overall Survival and Optimal Cutoff Point
In the entire set of patients, the estimated median OS was
23 months (95% CI: 18.45-27.56), and three- and five-
year OS rates were 30% and 18%, respectively.

To dichotomize the hematologic index parameters, the
X-tile software determined that the optimal cut-off value
for ALC nadir of OS was 0.3*10°/L (see in Supplementary
Figure 1), and for pretreatment NLR of OS it was 2.0 (see
in Supplementary Figure 2), respectively. The 0.3*10°/L

of ALC nadir was subsequently used as the state viable in
ROC analysis which was used to identify the cut-off
values of the dosimetric parameters. Cutoffs of D ,c., of
TVB was 28.94 Gy, of V5, v10, and V20 of TVB were

Table | Clinicopathological Characteristics

USA) was used to determine the best critical value of the | Characteristics Median (Range or %)
variables within the hematologic index parameters, which Gender
included pretreatment NLR and ALC nadir. On this basis, Male 79 (80%)
receiver operating characteristics (ROC) curve was used to Female 20 (20%)
determine the cut-off points for dosimetric parameters with Age, years 67 (43-83)
ALC nadir as state variables during RT. All tests were two- ECOG Score
sided, and p-values < 0.05 were considered significant. oI 69 (70%)
All statistical analyses were performed with SPSS ver- 2 30 (30%)
sion 25.0 (IBM Corp., Armonk, NY, USA) and the survi- )
Tumor location
val curves were plotted with GraphPad Prism version 5.01 Upper 20 (20%)
(GraphPad Software, San Diego, CA, USA). Middle 54 (55%)
Lower 25 (25%)
Results Clinical stage
Of the 99 patients enrolled in the present study, 79 were ! 0
. . . [ 55 (56%)
male and 20 were female. Their characteristics are listed in " 4 @1%)
Table 1. The median age of all patients included in the IVA 3 (3%)
present study was 67 years (range, 43—83). For the major-
. . . cN status
ity of cases, the cancer was located in the middle segment NO 42 (42%)
of the esophagus (55%), followed by lower esophageal N+ 57 (58%)
cancer (25%), and only 20 cases in the upper segment. ‘
There were 55 cases in Stage II, 41 in Stage III and 3 in Ché:;therapy regimen 58 (59%)
Stage IVA. The median follow-up of enrolled patients was Sequential RT 9 (9%)
24.69 months (range 4—73 months). Most patients received RT alone 32 (32%)
concurrent chemoradiotherapy (59%), and nine (9%) of ]
. . . Prescribed RT dose (Gy) 55.75 (46—66)
them were treated with sequential chemoradiotherapy. < 6000 51 (51%)
Thirty-two (32%) of patients were treated with RT alone > 6000 48 (48%)
due to the toxicity of chemotherapy or self-refusal. The
. . Dose (Gy)/fraction 1.8-2.2
prescribed dose was 46-66 Gy/1.8-2.2 Gy per fraction
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Figure | Kaplan—Meier curves of overall survival for the entire study cohort (A), for patients with V20 of TVB = 80% versus < 80% (B), for patients with ALC Nadir =

0.3*107/L or < 0.3*10°/L (C), and for patients with Pretreatment NLR 2 2 or 2 (D).

72%, 68.1%, and 80%, respectively. The cut-off value of
EDRIC was 7.11 Gy. Consequently, the most accurate
predictors to avoid ALC nadir below 0.3*10°/L were
TVB mean doses < 28.94 Gy, V5 < 72%, V10 < 68.1%,
and V20 < 80%. EDRIC higher than 7.11 Gy also pre-
dicted a lower ALC nadir.

With reference to Figure 1, the Kaplan—Meier curves for
OS revealed that patients in the high ALC nadir group, low
pretreatment NLR group, and low V20 of TVB group had
longer OS. The factors that are correlated with OS are
summarized in Table 2. Displayed are the hazard ratios
(HRs) and their 95% confidence intervals (Cls). Based on
the univariate analysis, increased Dyean, and V,o of TVB,
EDRIC was associated with lower OS. Based on the multi-
variate analysis, the independent indicators of OS are stage
(HR, 2.051; 95% CI, 1.236-3.405; P = 0.003), pretreatment
NLR (HR, 2.062; 95% CI, 1.278-3.326; P = 0.003), ALC

nadir (HR, 0.542; 95% CI, 0.317-0.929; P = 0.026), and V5
of TVB (HR, 2.888; 95% CI, 1.450-5.753; P = 0.003).

Multiple Logistic Regression Analysis of
Lymphopenia

To attain more insights into the impact of the radiation
dose on the thoracic vertebrae and lymphopenia, further
statistical analyses were performed. The results of
a multiple logistic regression analysis is summarized in
Table 3. The chemotherapy regimen, EDRIC, D, and
V5 of TVB were statistically significantly correlated with
the probability of an increase in lymphopenia (P<0.05).

Discussion
In the present study, it was discovered that stage, pretreat-
ment NLR, ALC nadir, and V,, of TVB are independent
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Table 2 Cox Regression of Clinical and Dosimetric Variables with Overall Survival

Characteristics Univariate

Multivariate

HR (95% CI), P value

HR (95% CI), P value

Gender

Male vs female NS NS
Age, years

< 65vs > 65 NS NS
ECOG Score

0-lvs=2 NS NS
Tumor location

Upper vs Middle NS NS

Upper vs Lower NS NS
Chemotherapy regimen

CRT vs Sequential RT NS NS

CRT vs RT alone NS NS

Clinical stage

I~ 1l vs I~ IV 1.893 (1.188-3.017) 2.051 (1.236-3.405)
p=0.007 p=0.003
Prescribed RT dose (Gy)
< 60 vs 2 60 NS NS

Pretreatment NLR
<2vs22 2.216 (1.379-3.562)

p=0.003

2.062 (1.278-3.326)
p=0.001

ALC Nadir (*10°/L)

<03vs203 0.596 (0.365-0.971) 0.542 (0.317-0.929)
p=0.026 p=0.036
Dinean (GY)
< 28.94 vs > 28.94 1.623 (1.021-2.580) NS
p=0.041
V5 (%)
<712vs2712 NS NS
V10 (%)
<689 vs 2 689 NS NS
V20 (%)
<80 vs > 80 2911 (1.47-5.767) 2.888 (1.450-5.753)
p=0.002 p=0.003
EDRIC (Gy)
<71lvs27.11 1.91 (1.089-3.35) NS
p=0.024

predictors of OS for the locally advanced ESCC patients who
underwent definitive chemoradiotherapy.

As the marker of inflammation and immunosuppression,
pretreatment NLR and ALC nadir during treatment have been
used as prognostic factors in various solid tumors, in particular
lung cancer.'®'®
In 2014, Tang et al reported a dataset of 711 NSCLC

patients who were treated with definitive radiotherapy and

discovered lower lymphocyte nadirs and larger GTVs
hence predicting worse outcomes.'!

Suzuki et al'® on the other hand, reviewed the clinico-
pathologic and treatment characteristics of 252 patients
with ES-SCLC. Using a multivariate analysis, they identi-
fied low TLC and high NLR before the treatment as
predicting inferior survival. In a recent preclinical study,
grade 4 lymphopenia seemed to predict the worst
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Table 3 Multivariate Logistic Regression of the Risk Factors
Related to ALC Nadir

Variables Multiple Regression
OR (95% CI) P value

Prescribed RT dose (Gy)

<60 vs 2 60 1.935 (0.659.5.683) p=0.230
Chemotherapy regimen

RT alone Reference

CRT 4.764 (1.555-14.590) p=0.019

Sequential RT 1.026 (0.129-8.147) p=0.981
Drean (Gy) 6.822 (1.090—42.706) p=0.04
V5 (%) 1.333 (0.364-4.878) p=0.664
V10 (%) 1.447 (0.084-2.383) p=0.346
V20 (%) 1.591 (1.336 —1.894) p=0.046
EDRIC (Gy) 0.209 (0.057-0.762) p=0.018

progression-free and OS in an esophageal cancer cohort.'
In the present study, we demonstrated that higher pretreat-
ment NLR and lower ALC nadir during definitive RT were
significantly associated with worse outcomes.

How does radiation give rise to lymphopenia? Previous
preclinical and clinical studies have revealed that radiation
interacts with the host immune system by activating innate
and adaptive antitumor immune responses.’*>' However,
the exact mechanism of immunosuppression contributing
to radiation-induced lymphopenia remains unresolved. It
seems to be to the greater exposure of lymphocyte to the
disease sites and larger radiation portals.

The radiation of thoracic malignancies is often close to
the heart, such as esophageal, lung and left-sided breast
cancers which are encompassed in the radiation portal.
Previous studies have highlighted the detrimental effects
of lung or heart radiation dose-volumes in lung cancer
radiotherapy. This be the case, the higher doses of radia-
tion of the heart, lung and esophagus would result in
strong lymphopenia.”'""** A randomized Phase III clinical
trial (RTOG 0617) also revealed the potential for radiation
to act as a relevant factor reducing immune function. From
a survey of patients who received concurrent CRT of
locally advanced NSCLC, heart V5 and V30 were indi-
cated as being predictors of outcomes. From the result of
the multivariate analysis, the higher cardiac dose was
related to poorer survival.’

Another retrospective study of 117 patients who under-
went definitive treatment for stage III NSCLC found that

the EDRIC was an independent prognosticator of

outcomes.'”> We used the EDRIC model as a reference
but did not reach the same conclusions. In our study,
EDRIC reflected the statistically significant differences in
the univariate analysis only, but not in the multivariate
Cox regression. We believe that there are two possible
reasons: (1) when the variables of the TVB and EDRIC
were simultaneously entered into the Cox regression, an
interaction occurred between them, which interfered with
the outcome; and/or (2) the relative contribution of EDRIC
to the outcome was likely to be relatively small compared
with that of the TVB in ESCC patients receiving radical
radiotherapy.

In addition to the above viewpoint, the unintentional
exposure of the lymph node basins and secondary lymphoid
organs to RT like bone marrow, thymus and other potential
organs may cause lymphopenia, because these sites and the
tumor itself are the key organs induced by a direct hit of
lymphocytes by RT. The bone marrow, pelvis, cervical
vertebrae, and thoracic vertebrae are the top sites of hema-
topoiesis because of activation of the proliferating bone
marrow.'® As a result, RT doses to the pelvic, cervical,
and thoracic vertebrae are potential drivers of bone marrow
suppression.

Several studies have confirmed that RT dose contri-
butes to bone marrow suppression in the pelvis.>*?
Recently, a study of 201 patients with NSCLC and
SCLC who received definitive chemoradiation, demon-
strated an increased mean TVB dose and V5-V20 of
TVB were correlated with higher odds of grade > 3 hema-
tologic toxicities.'> It is important to note that in the
present study, only a logistic analysis was performed to
explore the correlation of TVB dose with HT3+, and with-
out direct evidence of TVB dose and the overall survival
of patients who received CRT.

We assumed in the procedure of chemoradiotherapy
that thoracic vertebrae dose correlates with ALC nadir
due to immunosuppression. In the present study, the multi-
ple regression analysis confirmed this hypothesis because
V20 of TVB < 80% reduced the risk of ALC
nadir<0.3*10°/L. The multivariate COX analysis also indi-
cated that V20 of TVB is an independent predictor for
ESCC patients in our cohort. To the best of my knowledge,
this is the first research into vertebral RT dose and the
prognosis of esophageal cancer.

The present study did have several limitations. First,
the retrospective study enrolled patients from a single
center in China, which created the risk of bias in selection
as well as information. Second, our patient cohort was
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comprised of only 99 patients. This posted a challenge as
we applied several radiation parameters including the
Dpean and V5-50 of the heart, and D,,.,, and V5-30 of
the lungs but did not enter them into the Cox regression
due to the small patient cohort. Finally, it was noted that
identifying the cut-off values of the categorical data by
using X-tile and ROC curve analysis may not provide the
most accurate results.

It is on this basis that a larger, multi-institutional study
is necessary to verify our results.

Conclusion

In conclusion, our study demonstrated that D,,.,, and V20
of TVB might be clinically useful in predicting severe
lymphopenia in patients with locally advanced ECSS
receiving definitive radiotherapy. Increased V20 of TVB,
as well as pretreatment NLR and decreased ALC nadir
were associated with poorer clinical outcomes. A Dyy,ea, Of
TVB below 28.49Gy and TVB V20 < 80% are correlated
with lower ALC nadir. Clinical outcomes can be improved
by optimizing prescriptions or implementing treatment
planning approaches that minimize the mean dose and
V20 of the TVB.
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