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Purpose: Predicting the response to chemoradiotherapy is critical for the optimal manage-
ment of esophageal cancer; however, it remains an unmet clinical need. This study aimed to
evaluate the predictive potential of peri-treatment peripheral blood cells (PBC) in disease
progression hazard in esophageal cancer following chemoradiotherapy.

Patients and Methods: A total of 87 patients with primary esophageal squamous cell
carcinoma were subjected to definitive concurrent chemoradiotherapy in a Phase II trial. PBC
parameters (hemoglobin, neutrophils, platelets, lymphocytes, and monocytes) were collected
at seven time points throughout the course of radiotherapy. The potential of peri-treatment
PBC parameters to predict the 3-year cumulative hazard of tumor progression was evaluated.
Results: Patients with disease progression displayed distinct distribution patterns of peri-
treatment PBC compared to that in patients without disease progression. Greater prediction
capabilities for risk of locoregional disease progression were found in PBC collected after
the start of radiotherapy compared to those in their pretreatment counterparts, and in
individual parameters rather than cell-to-cell ratios. The most predictive PBC parameters
were integrated by summation and designated as a PBC score (PBCS), which further
augmented their predictive power. Patients classified according to their PBCS (high vs
medium v. low) had significantly different 3-year cumulative hazards of locoregional pro-
gression (58% vs 29% vs 7%, P = 0.0017). Multivariate analysis confirmed that high PBCS
(HR, 12.2; 95% CI, 2.0-76.3; P = 0.007) and medium (HR, 5.8; 95% CI 1.2-27.7; P = 0.028)
were independent indicators of locoregional progression.

Conclusion: Systematic analysis of PBC distribution in esophageal cancer patients under-
going definitive chemoradiotherapy could help predict long-term locoregional progression
hazard after treatment.

Keywords: peripheral blood cell parameters, integration, discriminatory capacity, tumor

control failure, esophageal squamous cell carcinoma, chemoradiotherapy

Introduction

Esophageal cancer (EC) is one of the deadliest malignant diseases. It was estimated that
there were approximately 572,000 new cases of EC, and more than 500,000 patients
died due to this disease in 2018, worldwide.! Concurrent chemoradiotherapy (CCRT)
has gradually become the standard for nonsurgical treatment of locoregional EC.
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Locoregional tumor control is achieved in approximately
half of the patients, whereas the other half eventually experi-
ence recurrence.” * Heterogeneity in response to CCRT in
patients reflects the complexity of EC and poses a great
challenge to clinicians. To address this issue, it is critical to
be able to predict the hazard of disease progression in
patients after CCRT, enabling timely and more specific inter-
vention in patients with a high risk of tumor control failure
and allowing low-risk patients to be spared from unnecessary
treatment.

Predicting the response to CCRT in patients with EC is an
area of great interest. Studies have examined a variety of
means, including functional imaging (eg, Fluorine-18-
fluorodeoxyglucose positron emission tomography/com-
puted tomography [18" FDG PET/CTY), clinical parameters
(eg, tumor stage), and biomarkers in tumor samples.” These
factors have been shown to correlate with the treatment out-
comes of EC patients to some extent. However, none of these
methods have become standards or have been widely used
for clinical patient stratification or decision-making, as each
of them has weaknesses and limitations. Thus, the prediction
of patient response to CCRT for EC remains an unmet
clinical need, and novel methods that are both accurate and
cost-effective are needed.

Complete blood count is a routine clinical examination
in patients undergoing CCRT. This test quantifies various
peripheral blood cell (PBC) parameters, including hemo-
globin as a surrogate for red blood cells, neutrophils,
platelets, lymphocytes, and monocytes. There is
a growing body of evidence suggesting that these PBC
parameters, either singly or as ratios, correlate with treat-
ment outcomes of cancer patients.'®'* Consistently, it has
been shown that EC patients with high neutrophil-to-
lymphocyte ratio (NLR) or platelet-to-lymphocyte ratio
(PLR) are associated with unfavorable outcomes after
various treatments, including CCRT.'*' The prognostic
implications of PBC parameters in EC patients and their
clinical availability render them attractive candidates for
the prediction of tumor control. However, it remains to be
determined whether PBC parameters independently corre-
late with the long-term hazard of disease progression in
patients with EC following CCRT. Moreover, efforts are
warranted to maximize their predictive potential, as the
reported correlations between PBC parameters and patient
survival are relatively modest.'*"

The majority of previous studies have relied solely on
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pretreatment PBC parameters, while emerging data sug-

gest that radiation therapy (RT) can trigger an anti-tumor

immune response, which plays an important role in determin-
ing tumor response to RT in animal models.?* * Studies also
indicate that the local immune response interplays with sys-
temic inflammation, which consists of a variety of circulating
inflammatory factors, including PBC parameters.”> Thus,
changes in PBC parameters after RT may add substantial
input to their predictive capacity for patient outcomes.
Furthermore, RT-induced immune responses appear to be
transient in animal models, indicating that prompt assess-
ment of PBC parameters after RT may better reflect the
ongoing immune response. However, it is difficult to deter-
mine a specific time point for PBC assessment in patients.
Definitive RT generally takes 5—7 weeks, and the crosstalk
between the local immune response and systemic reactions
during this period is still not understood. Therefore, a more
comprehensive analysis of PBC parameters with multiple
assessments during radiotherapy (peri-treatment) may help
to better evaluate their predictive value.

We launched a phase II clinical trial in 2012, in which
patients with esophageal squamous cell carcinoma were sub-
jected to definitive CCRT with radiation dose escalation. One
of the objectives of this trial was to explore the predictive
potential of peri-treatment PBC parameters for tumor con-
trol. PBC assessment was performed at seven time points
throughout the course of RT. We hypothesized that systema-
tic assessment of peri-treatment PBC parameters might pro-
vide a predictive tool to evaluate disease progression hazard
in patients following treatment. Herein, we report the results
of this prospective cohort study. We found that peri-treatment
PBC had moderate potential for predicting the hazard of
locoregional disease progression in this patient cohort.
Notably, greater predictive capability was found for para-
meters collected after the start of RT compared to that in their
pretreatment counterparts, and for individual parameters
rather than cell-to-cell ratios. With regard to these emerging
features, we developed an approach to integrate multiple
peri-treatment PBC parameters into a PBC score (PBCS),
which led to greater predictive power. Further analysis
showed that PBCS was an independent predictor of tumor
control failure at locoregional sites and was able to separate
patients into subgroups with significantly different long-term
hazards of locoregional disease progression.

Methods

Patients
Patients who met the following criteria were enrolled in this
trial: (1) pathologically confirmed primary esophageal
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squamous cell carcinoma; (2) disease located in the cervi-
cal, upper, or middle thoracic esophagus; (3) Stage I-1VA,
including cervical nodes, according to the 6th edition of the
American Joint Committee on Cancer (AJCC) TNM staging
system; (4) aged > 18 but < 75 years; (5) Zubrod perfor-
mance status 0-2; (6) hemoglobin > 10 g per liter (g/L),
neutrophils > 1.5 x 10/L, platelets > 150 x 10°/L; (7)
adequate liver and renal function; (8) no history of prior
chemotherapy, radiotherapy, or major esophageal surgery.

Statement of Ethics

This study was carried out in accordance with the the
Declaration of Helsinki and approved by the Clinical
Research Ethics Committee of the Cancer Hospital of
Shantou University Medical College and registered at
clinicaltrial.gov (NCT01670409;). Written informed con-
sent for participation in this study was obtained from all
patients prior to enrollment.

Treatment

Patients recruited for this trial were treated with definite
CCRT (the treatment scheme is shown in Figure 1A). RT
was delivered using a simultaneous integrated boost (SIB)
approach, as previously described.?® Briefly, the gross tumor
(primary and regional metastatic lymph nodes) was deter-
mined by CT imaging, endoscopic reports, and barium
swallow fluoroscopy. The region of subclinical disease,
including high-risk lymph node regions, was derived from
the gross tumor. The prescribed dose was 66 Gray (Gy) to
the gross tumor and at the same time 54 Gy to the subclinical
disease in 30 fractions (F), administered over 6 weeks. RT
was delivered using intensity-modulated radiotherapy with
cone-beam CT guidance using a TrueBeam linear accelera-
tor (Varian Medical System, Palo Alto, CA, USA). Patients
were also treated with two cycles of concurrent chemother-
apy at weeks 1 and 5 during radiotherapy, and another two
cycles of adjuvant chemotherapy after radiotherapy at weeks
8 and 11. The chemotherapy regimen consisted of intrave-
nous cisplatin, 75 mg/m%, on day 1 and intravenous fluor-
ouracil, 0.5 g/m?, on days 1-4.

Assessment of PBC Parameters

Assessment of PBC parameters was performed in patients
at pre-defined time points, including baseline (within 1
week before RT) and after every five fractions of RT
(seven time points in total). PBC assessments at other
time points were allowed but not included in the current
analysis. All PBC assessments were performed using

a Coulter LH 750 Hematology Analyzer (Beckman
Coulter, Brea, CA, USA). The following PBC parameters
were analyzed: hemoglobin, neutrophils, platelets, lym-
phocytes, monocytes, NLR, PLR, and monocyte-to-
lymphocyte ratio (MLR).

Follow-Up and Evaluation of Therapeutic

Response

Follow-up of patients was scheduled for every 3 months
for 2 years and then every 6 months for 3 years.
Assessments included history, physical examination,
hematologic and biochemical profiles, chest X-ray plus
esophageal barium swallow test or contrast-enhanced CT
scan, and abdominal ultrasound. Endoscopic ultrasound of
the esophagus with biopsy or PET/CT was performed if
clinically indicated. Tumor response to CCRT was evalu-
ated according to the Response Evaluation Criteria in
Solid Tumors guidelines 1.1.°” Disease progression was
confirmed by pathological proof, or longitudinal imaging

when biopsy was not available.

Endpoints and Statistical Analysis

The endpoints of this study included peri-treatment PBC
parameters, first failure patterns (local, regional, or dis-
tant) within 3 years after RT, and survival. Multiple sites
of tumor progression were considered concomitant if
they occurred within 3 months. Time-to-event (cumula-
tive hazard or survival) was measured from the date of
completion of radiotherapy to the date of the event
(tumor progression or death) or the last clinic visit.
Analyses were performed using the Statistical Package
for Social Sciences (SPSS 25.0; SPSS Inc, Chicago, IL,
USA). Means were compared between two groups using
the two-tailed unpaired Student’s z-test or the Wilcoxon
rank-sum test, as appropriate. Time-to-event curves were
generated using the Kaplan-Meier method and compared
using the Log rank test. Receiver operating characteris-
tic (ROC) curves were used to assess the prediction
capability of the PBC parameters. Areas under the
curve (AUC) for ROC curves were calculated. The cut-
off for the ROC curves was determined by the Youden
index (sensitivity + specificity - 1). Univariate analysis
was performed using the Log rank test. Multivariate
Cox regression with the enter selection method was
used for the hazard evaluation. Statistical significance
was set at p < 0.05.
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Results

A total of 87 patients were enrolled in this study between
August 2012 and August 2015. The interim results of this
trial have been previously reported.”® The current analysis
included all enrolled patients (see the trial diagram in
Figure 1B), which included 67 men and 20 women, with
a median age of 61 years (range, 37—73 years). The clin-
ical stages were as follows: stage II, 30 cases (34.5%);
stage III, 44 cases (50.6%); and stage IV, 13 cases
(14.9%). All patients completed the entire course of
CCRT, and the majority (85.1%) also received 1-2 cycles
of adjuvant chemotherapy. The data provided in this report
were current as of September 15, 2018, when all patients
had a minimum 3-year follow-up after RT. Four patients
(4.6%) were excluded from the analysis due to a lack of

A

Week o0 9 2 3 4 5 6

>

RT: 2.2Gy x 30F
PF chemotherapy
PBC assessment 1 2 3 4 5 6 7

87 patients enrolled in this
trial

v

87 patients received CCRT
with peri-treatment PBC
assessment

l

87 patients were followed up
for a minimum of 3 years

RN

83 patients were analysed
49 Progression-free
34 Disease progression
10 Local
3 Local and regional
5 Regional
2 Regional and distant
14 Distant

4 patients excluded
due to lack of
information of failure
pattern

Figure | Treatment scheme and outline of the trial. The treatment scheme and
timing of peripheral blood cell (PBC) assessments are shown in (A). The trial is
summarized in (B).

Abbreviations: RT, radiotherapy; Gy, gray; F, fraction; PF, cisplatin and fluorouracil;
CCRT, concurrent chemoradiotherapy.

information on disease progression. Of the 83 patients
analyzed, 34 (41%) cases had disease progression.

The distribution of peri-treatment PBC parameters in
patients with or without disease progression is summarized
in Figure 2. These parameters in both groups exhibited
a generally similar trend over time, including periodic
oscillation of neutrophils, platelets, and monocytes,
a gradual decline of hemoglobin and lymphocytes, and
a steady increase in NLR, PLR, and MLR. However,
significant differences were found for some parameters.
Patients with disease progression had elevated levels of
neutrophils at the 3rd time point (after 10F of RT), and
platelets at the 6th time point (after 25F of RT), compared
to those in patients without disease progression. These
patients also showed a trend of increasing hemoglobin
levels throughout the course of RT. The distinct distribu-
tion patterns of PBC parameters in patients who failed to
respond to CCRT suggest that they have potential predic-
tive value.

The ability of 56 peri-treatment PBC parameters to
predict the hazard of disease progression was analyzed
using ROC curves (Figure 3A). Pretreatment (the 1st
time point) PBC parameters did not appear to have pre-
dictive potential (AUC range, 0.52—0.58), whereas modest
capacity (AUC, up to 0.67) was found for PBC parameters
collected after the start of RT (the 2nd—7th time points).
Only the values for neutrophils (3rd) and NLR (3rd) were
statistically significant, which is consistent with their mean
differences as shown in Figure 2. Further analysis revealed
that the prediction capability of PBC parameters varied
markedly for different progression patterns (Figure 3B-D).
Greater discriminatory capacity was found for the predic-
tion of local (Figure 3B; AUC, up to 0.68) or regional
progression hazards (Figure 3C; AUC, up to 0.76) for
a number of PBC parameters, whereas their potential was
much less for risk of distant progression (Figure 3D; AUC,
up to 0.63). Therefore, subsequent analyses concentrated
only on local and regional progression. Consistently,
higher AUC values were found for PBC parameters during
the course of treatment compared to those in pretreatment
PBC parameters for these two failure patterns (Figure 3B
and C). Individual PBC parameters also exhibited greater
potential than cell ratios (NLR, PLR, and MLR) in most
cases. Moreover, the panel of parameters with higher
AUCs (> 0.6) differed between local and regional progres-
sion. Parameters with statistical significance included lym-
phocytes (7th) for local progression and hemoglobin (2nd
and 7th) and neutrophils (3rd) for regional progression.
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Figure 2 Distribution of peri-treatment peripheral blood cell parameters in patients with or without disease progression following definite chemoradiotherapy for
esophageal squamous cell carcinoma. Eight peripheral blood cell parameters were collected from patients at seven time points during radiotherapy, including hemoglobin
(A), neutrophils (B), platelets (C), lymphocytes (D), monocytes (E), neutrophil-to-lymphocyte ratio (NLR, F), platelet-to-lymphocyte ratio (PLR, G), and monocyte-to-
lymphocyte ratio (MLR, H). These parameters in patients with (black, n = 34) or without (gray, n = 49) disease progression were plotted in parallel and compared. Values
represent means with 95% confidence intervals Comparisons of means were performed using the two-tailed unpaired Student’s t-test (*P < 0.05).
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Figure 3 Discriminatory capacity of peri-treatment peripheral blood cell parameters for hazard of disease progression. The discriminatory capacity of peri-treatment
peripheral blood cell parameters (PBC) for hazard of disease progression (A), and local (B), regional (C), and distant (D) progression, were evaluated individually by receiver
operating characteristic (ROC) curves. Peri-treatment PBC parameters included hemoglobin, neutrophils, platelets, lymphocytes, monocytes, neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-to-lymphocyte ratio (MLR). The areas under the curve (AUC) of these curves were summarized as a matrix with
parameter type on the column and the time point on the row. AUCs with statistical significance are indicated by asterisks. AUC < 0.5, is not shown (*P < 0.05. **P < 0.01).
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To further augment the predictive power of PBC para-
meters, the integration of multiple parameters was exam-
ined. Cell-to-cell ratios (NLR, PLR, and MLR) from
a single time point led to inferior predictive potential and
were not considered further (Figure 3B and C). The dis-
tinctive distribution of predictive PBC parameters that
emerged from the screen suggested that a novel integration
approach based on peri-treatment PBC might stratify
patient prognosis. Since the panel of predictive PBC para-
meters varied between local and regional progression,
these two patterns were analyzed separately. All 35 PBC
parameters were ranked according to their AUC values
from high to low (Figure 4A and B). The top 10 para-
meters were selected for the initial integration test. These
parameters showed a consistent trend of elevated levels in
patients with progression versus patients without progres-
sion, suggesting that their summation might integrate their
predictive potential (Figure S1). Because PBC parameters
have different ranges of normal values, each parameter
was first normalized to the mean of the whole group.
Normalization did not alter the AUC values or rankings
(data not shown). The means of the top parameters (1-10)
were then calculated and designated as a PBC score
(PBCS) to test for hazard prediction of local (PBCS-L)
or regional progression (PBCS-R). As shown in Figure 4C,
combinations of multiple PBS parameters resulted in
greater AUC values. PBCS-L with the highest AUC
(0.73) was derived from the top two parameters, compris-
ing lymphocytes (7th) and monocytes (5th) (Figure 4A).
PBSC-R with the highest AUC (0.83) was based on the
top four parameters, including neutrophils (3rd), hemoglo-
bin (2nd and 7th), and platelets (6th) (Figure 4B). These
parameters were used in the subsequent analyses of this
cohort of patients.

The optimal cut-off of PBCS-L was set at 86, as deter-
mined by the Youden index (Figure 5A), and showed
a sensitivity of 92.3% and a specificity of 57.1% for predict-
ing the risk of local progression. Patients with high PBCS-L
had a greater 3-year cumulative hazard of local progression
compared to that in patients with low PBCS-L (30% vs 3%,
P = 0.002) (Figure 5B). Twelve out of 13 (92.3%) patients
with confirmed local progression were PBCS-L high. The
cut-off of PBSC-R was set at 107 with a sensitivity of 90.0%
and a specificity of 79.5% (Figure 5C). Patients with high
PBCS-Rs had a significantly higher 3-year cumulative hazard
of regional progression than that in patients with low PBCS-
Rs (41% vs 2%, P <0.001) (Figure 5D). Nine out of 10 (90%)
patients with confirmed regional progression had high

PBCS-Rs. Multivariate Cox regression confirmed that high
PBCS-L (HR 16.0, 95% CI 1.9-132.5, P = 0.01) and high
PBCS-R (HR 28.6, 95% CI 3.2-254.8, P = 0.003) were
independent indicators of local and regional progression,
respectively (Tables S1 and S2).

Overall, 20 patients (24%) had local or regional disease
progression. To evaluate the predictive value of PBCS in
terms of local and regional progression as a whole,
patients were divided into three subgroups according to
their PBCS-L and PBCS-R, as follows. PBCS high: both
PBCS-L and PBCS-R high; PBCS medium: either PBCS-
L or PBCS-R high; PBCS low: both PBCS-L and PBCS-R
low. These subgroups of patients displayed significantly
different 3-year cumulative hazards of locoregional failure
(58% vs 29% vs 7%, P = 0.0017, Figure 6A). In contrast,
no significant differences were found in the patients with
different clinical stages (Figure 6B). Multivariate Cox
regression analysis confirmed that PBCS was the only
independent variable associated with risk of locoregional
progression (Table 1). A higher risk of locoregional failure
was found in patients with high PBCSs (HR, 12.2; 95%
Cl, 2.0-76.3; P = 0.007) or medium (HR, 5.8; 95% CI,
1.2-27.7; P = 0.028) compared to that in patients with low
PBCS:s.

Discussion

The heterogeneous response among EC patients after defi-
nite CCRT is a major challenge for the optimal manage-
ment of this disease.>* The ability to predict patient
response to CCRT could be a critical step leading to
stratified treatments and better outcomes; however, it
remains an unmet clinical need. The prognostic implica-
tion of pretreatment PBC parameters in EC patients sug-
gests that they may help address this issue, although their
predictive capacity is often modest. In this study, we show
that PBC parameters collected after the start of RT exhib-
ited greater discriminatory capacity in predicting disease
progression hazard compared to that in their pretreatment
counterparts. Moreover, superior potentials were found for
individual parameters compared to cell-to-cell ratios. In
the face of these emerging features from this peri-
treatment PBC screen, an approach was developed to
integrate the most predictive PBC parameters into
a PBCS, which further augmented their predictive poten-
tial. Patients with high PBCSs had a significantly higher
risk of locoregional progression than that in patients with
low PBCSs. Multivariate analysis confirmed that high
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Ranking of PBC for local progression Ranking of PBC for regional progression
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Neutrophils 7 4 9 Neutrophils 1 10
Platelets Platelets 4
Lymphocytes 1 Lymphocytes
Monocytes 5 8 2 Monocytes
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Time point Time point
C
PBC parameter PBCS-L PBCS-R
Mean (1+2+...n)  AUC P AUC P Cray AUC
Top2 142 073 0.008 079 0.004 Scale B
Top3 1+2+3 072 0011 079  0.003 05.06
Tops 1+2+.4 072 0013 [H0B83110:001 SEAY
Tops 1+2+.5 072 0011 083  0.001 g
Top6 1+2+...6 0.72 0.013 0.83 0.001 >0.8
Top7 1+2+..7 0.7 0.02 0.83 0.001
Top8 1+2+.8 069 0032 078  0.004
Top9 1+2+...9 0.69 0.034 0.78 0.004
Top10 1+2+.10 068 0037 080  0.002

Figure 4 Development of peripheral blood cell score. Peri-treatment peripheral blood cell (PBC) parameters were ranked according to their area under the curve (AUC)
for discrimination of local (A) and regional (B) progression using receiver operating characteristic (ROC) curves. The top |0 parameters are indicated. The values of each
PBC parameter were normalized to the mean of the whole group (mean = 100). The mean of the top PBC (n = 2—10) parameters from (A) and (B) were calculated and
designated as PBC scores for local and regional progression (PBCS-L and PBCS-R), respectively. The discriminatory capacity of PBCS-L and PBCS-R was evaluated using
ROC curves and summarized in (C). The background of each AUC corresponds to its value, as indicated.

peri-treatment PBCS is an independent indicator of tumor
control failure at locoregional sites.

The sample size of this study was relatively smaller
than that of most previous studies that examined the prog-
nostic value of peripheral blood-related parameters in eso-
15-1719 This

challenge in the clinic where researchers often have to

phageal cancer. represents a common
rely on small to medium-sized clinical datasets to develop
response predictors. This limitation may impede the dis-
covery of potential predictors or undermine their predic-
tive value. Indeed, the majority of patient clinical

characteristics and pretreatment PBC parameters failed to

discriminate patients with disease progression hazard from
patients without in this study. However, our results show
that systematic assessment and appropriate integration
could help reveal the predictive value of peri-treatment
PBC for tumor response to therapy. PBCS can separate
patients into subgroups with markedly distinct disease
progression hazards, suggesting that it is an effective
methodology to tackle the conflict between the clinical
need for cost-effective predictors and limited resources.
Our results suggest that the timing of PBC assessment is
important for a thorough evaluation of their predictive
value. In our hands, pretreatment PBC parameters did not
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Figure 5 Peri-treatment peripheral blood cell score (PBCS) predicts long-term hazard of local or regional progression in esophageal cancer patients after chemoradiother-
apy. The receiver operating characteristic curves of PBCS-L and PBCS-R are shown in (A) and (C), respectively. The cut-off value of the curve was determined using the
Youden index. The percentage and 3-year cumulative hazard of local progression in patients with PBCS-L > 86 (black, n = 42) or PBCS-L < 86 (gray, n = 41) are plotted in
(B). The 3-year cumulative hazard of regional progression in patients with PBCS-R > 108 (black, n = 24) or PBCS-R < 108 (gray, n = 59) is plotted in (D). Black pie charts
indicate the percentage of patients with disease progression. A comparison of the 3-year cumulative hazards was performed using the Log rank test.

Abbreviations: PBCS-L, peripheral blood cell score for local progression; PBCS-R, peripheral blood cell type for regional progression.

correlate with local progression hazard and only displayed
modest discriminatory capacity for the risk of regional
progression. Peri-treatment PBC parameters proved to be
better indicators. Indeed, all parameters with significant
discriminatory capacity were collected after the start of
RT, rather than at baseline. In line with our results,
a number of recently published studies suggest that post-
treatment PBC parameters are associated with the outcomes
of cancer patients after RT or immunotherapy.’ > Barbetta
et al showed that changes in NLR after CRT are associated

with risk of recurrence in patients with esophageal squa-
mous cell carcinoma.®® Davuluri et al found that lympho-
cyte nadir during CRT for EC was associated with poor
outcomes, and a higher lymphocyte count during neoadju-
vant CRT was associated with a higher rate of pathologic
complete response in EC.**” The majority of these studies,
however, used only a single assessment of PBC after the
start of treatment, which may have limited their predictive
ability. For instance, Zhou and colleagues examined the
predictive role of NLR in patients with EC after definite

Cancer Management and Research 2021:13

4211

Dove:


https://www.dovepress.com
https://www.dovepress.com

Xu et al

Dove

A Locoregional progression
PBCS
1.0
'g -~ P =0.007 — high 589%
o
i ey
o
% -=- Medium - 29%
>
5
®] Low ' 7%
0 12 24 36
Months after RT
B . .
Locoregional progression
Clinical stage
1.0
o
E 0.8 P =0.656 — . 34%
©
o
0.6
o
3 — B
=]
@)
I LYy
| | T
12 24 36

Months after RT

Figure 6 Peri-treatment peripheral blood cell score (PBCS) predicts long-term hazard of locoregional recurrence in patients with esophageal squamous cell carcinoma after
chemoradiotherapy. Patients were divided into three subgroups according to their PBCS-L and PBCS-R. PBCS high (black solid line): PBCS-L and PBCS-R high; PBCS medium
(black dashed line): either PBCS-L or PBCS-R high; PBCS low (gray solid line): both PBCS-L and PBCS-R low. The percentage and 3-year cumulative hazard of locoregional
progression in patients categorized according to their PBCS is plotted in (A). The 3-year cumulative hazard of locoregional progression in patients categorized according to
their clinical stage (Il [black solid line] vs Ill [black dashed line] vs IV [gray solid line]) is plotted in (B). Black pie charts indicate the percentage of patients with disease
progression. A comparison of the 3-year cumulative hazards was performed using the Log rank test.

Abbreviations: PBCS-L, peripheral blood cell score for local progression; PBCS-R, peripheral blood cell type for regional progression.

CRT. They found that post-treatment NLR had prognostic
value only in patients with high NLR (> 5) at baseline, but
not in patients with low NRL (< 5).33 The majority (98%)
of patients enrolled in this study had a low NLR (< 5) at
baseline (1st). Post-treatment NLR (7th) did not show an
apparent association with disease progression hazard.
Nevertheless, a number of statistically significant PBC para-
meters emerged in our screen, and most of them were
collected during RT. This suggests that the correlations
between PBC parameters and patient response to RT follow

a temporal pattern with considerable variation, and require
longitudinal and more comprehensive assessment.

Our results also indicate that the integration of multiple
parameters into a score could provide superior discrimina-
tory capacity over any single parameter or cell-to-cell
ratios. The specific distribution of predictive PBC para-
meters in patients with locoregional progression led us to
develop an integrated score for hazard prediction. This
score is composed of a variety of PBC parameters at
multiple time points during RT. Consistent with these
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Table | Univariate and Multivariate Cox Regression Analysis for 3-Year Cumulative Hazard of Locoregional Tumor Progression

Parameters Subgroups No Locoregional Log-Rank Cox Regression
Progression Hazard (%) R
Chi-Square P value HR (95% CI) P value
Age <60 41 30 0.683 0.409 1.2 (0.5-3.1) 0.716
> 60 42 22 |
Gender Male 64 33 4.686 0.030 6.7 (0.8-55.3) 0.078
Female 19 5 |
T stage* TI-2 18 23 0.660 0.719 |
T3 38 31 1.2 (0.34.5) 0.738
T4 27 20 0.4 (0.1-3.5) 0.436
N stage* 0 31 26 0.000 0.997 | 0.579
| 52 25 0.7 (0.2-2.8)
M stage* 0 71 24 0.821 0.365
| 12 34
Clinical stage* I 30 24 0.845 0.656 |
1] 41 24 1.1 (0.1-3.9) 0.538
v 12 34 2.1 (0.3-13.3) 0.422
PBCS Low 30 7 9.857 0.007 |
Medium 40 29 5.8 (1.2-27.7) 0.028
High 13 58 12.2 (2.0-76.3) 0.007

Note: *According to the 6th edition of the American Joint Committee on Cancer (AJCC) TNM staging system.
Abbreviations: HR, hazard ratio; Cl, confidence interval; HR, | for references; PBCS, peripheral blood cell score.

results, a recently published report by Feng et al showed
that integrating multiple PBC parameters could predict the
with  adult
lymphoma.*® Thus, combining multiple PBC parameters

survival of patients T-lymphoblastic
through appropriate integration may reveal their predictive
power. This is practically feasible, as PBC assessment at
multiple time points is readily available in patients under-
going CCRT. Nonetheless, how these parameters collec-
tively influence locoregional tumor control requires further
investigation.

One interesting observation from this study is that the
best predictive PBC parameters for local and regional
progression differ. PBCS-L is based on lymphocytes
(7th) and monocytes (5th), while neutrophils (3rd), hemo-
globin (2nd and 7th), and platelets (6th) comprise PBCS-
R. This discrepancy provides a way to distinguish regional
progression from local progression, which could be helpful
for clinical stratification. Further studies will be needed to
address how increases in circulating lymphocytes and
monocytes lead to a greater risk of local recurrence, and
why regional progression is more often found in patients
and

with augmentation of neutrophils, hemoglobin,

platelets.

In addition to its predictive role, peri-treatment PBCS
could also provide insights for the investigation of novel
targets. A variety of PBC parameters have been shown to
increase at different time points in patients with disease
progression, and these cells might contribute to treatment
failure. For instance, the increased number of neutrophils
and monocytes in patients with disease progression is in
accordance with findings from animal models, in that IR
leads to recruitment of myeloid-derived suppressor cells
(derived from granulocytes and monocytes) in tumors,
which then mediates their resistance to IR.>*** Targeting
these cells may reverse resistance to therapy. In contrast to
neutrophils and monocytes, there are fewer studies regard-
ing the potential detrimental effects of hemoglobin varia-
tion on tumor control. However, our results suggest that
patients with a risk of treatment failure are associated with
elevated hemoglobin levels, which may provide clues for
exploring potential targets to improve response to CCRT.

This study has some limitations that should be
addressed in further research. First, the sample size of
this study was relatively small, and all patients were
enrolled in a single center. Further validation in multi-
center studies with a larger cohort of patients is warranted.
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Second, we used only a summation of PBC parameters as
a score for the discrimination of disease progression.
There might be other integration methods, such as those
that weigh different components, which could provide
greater predictive power. Additionally, we did not consider
information regarding local and systemic immune
responses. These data could help further improve the peri-
treatment PBC-based prediction system and provide
important insights into the underlying mechanisms.
Emerging studies suggest that robust prediction of
patient response to CCRT could also be achieved by
using a variety of other methodologies, including molecu-
lar signature, CT-radiomics, and positron emission
tomography.*' ™ Combining these markers with PBCS
may lead to a greater predictive capability for patient

outcomes.

Conclusions

In this prospective cohort study, we showed that peri-
treatment PBCS can predict the long-term hazard of locor-
egional progression after definitive CCRT in patients with
esophageal squamous cell carcinoma. This could provide
useful insights for personalized adjuvant therapy. Further
validation in multicenter studies using a larger cohort of
patients is warranted.
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