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Purpose: Baseline neutrophil count may predict overall survival (OS) in patients with locally advanced pancreatic cancer (LAPC).
Methods and Materials: The international multicenter randomized LAP07 phase 3 trial has enrolled 442 patients with LAPC. We
analyzed the prognostic value of both baseline neutrophilia (neutrophil count >7 g/L) and elevated or increasing neutrophil count
as (1) neutrophilia or (2) increased absolute neutrophil count after induction chemotherapy versus baseline for OS, progression-free
survival, and local control (LC). A Cox proportional hazard model was used to assess elevated or increasing neutrophil count status
by randomly assigned treatment interactions for each endpoint.
Results: Among the 442 patients, 47 patients (11%) with baseline neutrophilia had worse OS (median 8.9 vs 13.3 months; P Z
.01). After induction chemotherapy, among the 235 patients whose blood counts were available, 90 patients (38%) had elevated or
increasing neutrophil count associated with poorer OS in univariate (median 14.4 vs 17.9 months; P Z .001) and multivariate
analysis (P Z .004). Elevated or increasing neutrophil count was also predictive of a decreased benefit of chemoradiation therapy
on LC. In 126 patients without elevated or increasing neutrophil count, 1-year LC was 80% in the chemoradiation arm versus 54%
in the chemotherapy arm (P < .001; interaction test P Z .015).
Conclusions: In this study, baseline neutrophilia and increased absolute neutrophil count were associated with worse OS in this
large series of patients with LAPC. In addition, the counts were an independent prognosis factor and a strong predictive LC
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biomarker for chemoradiation therapy benefit. An assessment of neutrophils counts can help to improve the selection of patients

who might benefit from chemoradiation therapy after induction chemotherapy. � 2021 Elsevier Inc. All rights reserved.
Introduction

Pancreatic cancer (PC) is one of the leading causes of
cancer-related mortality worldwide.1 Still, advances in pa-
tient management remain limited. Available data indicate
that between 2003 and 2012, death rates from this cancer
rose among both sexes.1 At the time of diagnosis, up to
35% of patients present with locally advanced PC
(LAPC)dthat is, nonmetastatic but unresectable disease
owing to the involvement of the adjacent arteries (TNM
stage III).2

Despite new, more efficient chemotherapy regimens
and advances in radiation therapy techniques, patients
with LAPC have high rates of both distant metastatic and
local progressions. Induction chemotherapy potentially
facilitates the selection of patients with a better prog-
nosis.3,4 The management of LAPC after induction
chemotherapy remains controversial, especially the role of
chemoradiation therapy.4-7 In the LAP07 phase 3 trial,
patients without disease progression after 4 months of
gemcitabine-based induction chemotherapy were ran-
domized between 2 more cycles of chemotherapy or
chemoradiation therapy at a dose of 54 Gy with concurrent
capecitabine. Although chemoradiation therapy did not
outperform chemotherapy alone in terms of overall sur-
vival (OS), chemoradiation therapy was associated with a
better local control and a longer delay before reintro-
duction of chemotherapy at tumor progression.5 Hence, a
subset of patients with LAPC could benefit from chemo-
radiation, with a rate of secondary resection of 20% in
recent series. One should interpret this high percentage
with caution; indeed, distinguishing LAPC and borderline
PC in some patients is difficult.6,7 Biomarkers to predict
OS, which help identify patients who require intensified
induction regimens and those who could benefit from ra-
diation therapy, are necessary.

Cancer-related inflammation enhances tumor initiation,
proliferation, angiogenesis, and metastatic process while
decreasing response to treatments.8 It is also suspected to be a
barrier to immune surveillance, particularly in PC.9 This
phenomenon is partially induced by tumor-derived gran-
ulocyte-macrophage colony-stimulating factor secretion. This
secretion reduces the migration of CD8þ T cells to cancer
cells.9,10 Each bone marrowederived cell type (macrophages,
mast cells, neutrophils, and lymphocytes) is involved in the
tumor invasion process.11 Being the most frequent type of
white blood cells, neutrophils influence tumorigenesis and
progression through secretion of cytokines, including inter-
leukin (IL) 1, IL-8, granulocyte-macrophage colony-
stimulating factor, and tumor necrosis factor a.12
A common pathway for PC development, progression,
and chemotherapy resistance is a chronic inflammatory
process that includes stroma formation.13,14 Circulating
blood neutrophils are reported to play a major role in tumor
inflammation and immunologic reaction.15 Until recently,
the role of baseline and longitudinal changes in absolute
neutrophil count in predicting sensitivity to chemotherapy
has not been evaluated in patients with LAPC.

The present study aimed (1) to assess whether neutrophil
count is able to predict OS in LAPC by analyzing the
largest cohort of LAPC patients included in the LAP07
phase 3 study and (2) to evaluate the effects of elevated or
increasing neutrophil count on the success of chemo-
radiation in terms of progression-free survival (PFS) or
local control (LC).
Methods and Materials

Patients and tumors

We included the 442 patients with LAPC who were
recruited in the LAP07 multicenter randomized phase 3
trial (NCT00634725). The LAP07 study assessed whether
chemoradiation administered to LAPC patients whose
tumor has been controlled after 4 months of gemcitabine
alone or with erlotinib increases OS compared with
continuation of the initial chemotherapy regimen (Fig. E1).
The complete design and trial procedures of the LAP07
study were described previously.5 Demographics, cancer
history, and clinicopathologic, biologic, and imaging pa-
rameters at baseline and at the second randomization, as
well as treatment outcomes, were collected.
Complete blood count analysis

In the current analysis, we used blood samples taken at the
inclusion of patients and before any chemotherapy to define
baseline biological inflammation. We define anemia as
hemoglobin count <2 g/dL; thrombocytosis as platelet
count >400 g/L; and neutrophilia as neutrophil blood count
>7 g/L. To calculate increased absolute neutrophil count
(IANC), we subtracted the baseline neutrophil count from
the neutrophil count at the second randomization (chemo-
radiation vs chemotherapy), after induction chemotherapy.
We define IANC as an increased absolute neutrophil count
after induction chemotherapy, compared with the baseline
count. We define elevated or increasing neutrophil count as
neutrophilia or IANC, or both, after induction chemo-
therapy versus baseline.
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Relationship between neutrophil counts and
endpoints

We proceeded to a 3-steps analysis as follows:

1. Evaluating baseline neutrophilia as a prognostic factor
for OS, PFS, LC, and distant metastases control (DMC)
in all patients included in LAP 07 trial
2. Evaluating baseline neutrophilia and IANC, distinct and
combined as “elevated or increasing neutrophil count,”
as a prognosis factor for OS, PFS, LC, and DMC in the
population of patients selected for the second randomi-
zation (nonprogressive tumor after 4 months of induction
chemotherapy)
3. Assessing elevated or increasing neutrophil count as a
predictive factor for the treatment arm effect (ie, che-
moradiation therapy or chemotherapy) on OS, PFS, LC,
and DMC in the second randomization population.
Follow-up

Patients were observed at 2, 4, 7, 9, and 11 months after
inclusion and every 2 months thereafter. Each follow-up
visit included a detailed clinical history and a complete
physical examination. The database was locked on
February 23, 2014.

Statistical analysis

The characteristics of patients with or without elevated or
increasing neutrophil count at baseline were compared
using a Fisher test, a Wilcoxon-Mann test, Student t test,
and variance analysis. Time-to-event endpoints corre-
spond to the time between the date of the first randomi-
zation and the last follow-up or first event (time of death
for OS, recurrence or death for PFS, local recurrence for
LC, and distant metastasis for DMC) and are estimated
using the Kaplan-Meier method. We used the log-rank test
to compare time-to-event curves. Hazard ratio (HR) and
95% confidence interval (CI) were estimated with uni-
variate analysis. The inflammation status by randomly
assigned treatment interaction was assessed individually
for each biomarker using a Cox proportional hazards
model. This model was adjusted by randomly assigned
treatment, inflammation status, or IANC (positive or
negative). To evaluate the predictive association between
inflammation and treatment efficacy (chemoradiation
therapy vs chemotherapy only), we used an interaction
test with a 5% threshold. Factors were considered as
predictive for OS, PFS, or LC if the P value for their
interaction term with the randomization arms (chemo-
radiation or chemotherapy) was <.05. P < .05 was
considered significant.

Competing prognosis factors included in the multivar-
iate analysis were age, pain, albumin, tumor size, and CA
19-9, in accordance with the PROLAP study.16 The PRO-
LAP nomogram has been developed from 442 patients with
LAPC who were enrolled in the LAP07 trial, analyzing 30
baseline parameters, and was externally validated in a
retrospective monocentric series including 106 patients.
Age, pain, tumor size, albumin, and CA 19-9 were finally
included in the nomogram that accurately predicted OS
before initiation of induction chemotherapy in patients with
LAPC.

We performed multivariate analyses using the variables
with P < .20 in the univariate analysis, according to the
Cox proportional hazards model. We performed the statis-
tical analyses with R (version 3.3.2).
Results

Patients and outcome

We analyzed data from 442 patients with LAPC treated in
the LAP07 trial between February 2008 and December
2011. The median follow-up time was 34.3 months (95%
CI, 27.6-43.7). Among the 269 patients who underwent
the second randomization, 236 patients (88%) had docu-
mented tumor progression at the time of the analysis,
which was locoregional in 93 patients (39%), metastatic
in 122 patients (52%), and of unknown type in 21 patients
(9%).

Hemoglobin level and neutrophil and platelet counts at
inclusion (baseline) were available in 439 patients (99%).
Anemia was reported in 123 patients (28%), thrombocy-
topenia in 12 patients (3%), and neutrophilia in 47 patients
(11%).

Among the 47 patients with baseline neutrophilia, 21
(45%) underwent the second randomization. Blood cell
counts at the second randomization were available in 235
patients (87%). Anemia was present in 153 patients
(65%), none (0%) had thrombocytopenia, 69 patients
(29%) had IANC, and neutrophilia was observed in 7
patients (3%), 6 of whom had IANC and 1 of whom had
baseline neutrophilia. Thus, 26 patients (55%) with neu-
trophilia at diagnosis had progressed during induction
chemotherapy. However, neutrophilia was not signifi-
cantly associated with disease progression after primary
chemotherapy (P Z .46).

At first randomization, 20 of 201 patients (9%) ran-
domized in the chemotherapy arm had neutrophilia,
compared with 27 of 191 patients (12%) in the chemo-
therapy þ erlotinib arm (P Z .25).

Among the patients included in the second randomiza-
tion, 9 of 111 patients (7.5%) in the chemotherapy arm had
neutrophilia at diagnosis, compared with 12 of 106 (10%)
in the chemotherapy þ erlotinib arm (PZ .46). In addition,
2 of 117 patients (1.7%) in the chemotherapy group had
neutrophilia at second randomization, compared with 5 of
113 (4.2%) in the chemotherapy þ erlotinib group



Table 1 Clinical, biological, and histologic characteristics of the 235 patients studied according to baseline and secondary radiation
versus chemotherapy randomization

Characteristics

Overall population second
randomization* n Z 235

Systemic inflammationy

No (n Z 145) Yes (n Z 90) P value

n (%) or median [range]

Patients characteristics at first randomization
Age (y) 63 [31-81] 63 [31-81] 63 [41-81] .554
Differentiation
Poorly 14 (6%) 8 (6%) 6 (7%) .143
Moderately 41 (18%) 30 (21%) 11 (12%)
Well 60 (27%) 39 (26%) 21 (23%)
Missing 115 (49%) 68 (47%) 52 (58%)

Performance status
0 113 (48%) 62 (43%) 51 (57%) .072
1 111 (47%) 74 (51%) 37 (41%)
2 11 (5%) 9 (6%) 2 (2%)

Pain
No 110 (47%) 67 (46%) 45 (50%) .694
Yes 123 (53%) 78 (54%) 45 (50%)

Tumor size (RECIST, mm) 40 [0-100] 40 [0-85] 39 [5-100] .724
Biological characteristics at

first randomization
Neutrophil count (g/dL) 4.1 [2.40-27.9] 4.4 [1.5-6.9] 3.5 [2.4-27.9] .016
Hemoglobin count (g/dL) 12.90 [9.0-159] 12.90 [9.0-17] 13.25 [9.0-159] .100
Platelet count (g/L) 258 [100-759] 258 [113-537] 256 [100-759] .974
Albumin (g/L) 38.9 [23.3-58] 39 [25-58] 38.1 [23.3-49] .099

Biological characteristics at
second randomization

Neutrophil count (g/dL) 3.1 [0.5-17.3] 2.6 [0.5-5.7] 4.2 [1.9-17.3] <.001
Difference versus baseline
count

1.0 [e14.8 to 23.5] 1.5 [0.0-5.2] e0.8 [e14.8 to 23.5] <.001

Hemoglobin count (g/dL) 11.50 [8.5-119] 11.40 [8.6-16.40] 11.60 [8.5-119] .092
Platelet count (G/L) 199 [9.3-655] 191 [9.3-655] 209 [54-595] .017

Treatment characteristics
Randomization set
CT: gem. 61 (26%) 37 (26%) 24 (27%) .030
CT: gem/erlo. 61 (26%) 29 (20%) 32 (35%)
CRT: gem. 57 (24%) 38 (26%) 19 (21%)
CRT: gem/erlo. 56 (24%) 41 (28%) 15 (17%)

Abbreviations: CRT Z chemoradiation; CT Z chemotherapy; erlo. Z erlotinib; gem. Z gemcitabine.

* Patients with both neutrophil count available at first and second randomization.
y Systemic inflammation: baseline neutrophilia (neutrophil count > 7 g/L) or increased absolute neutrophil count between first and second

randomization.
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(P Z .25). Patient baseline characteristics according to the
cohort set are summarized in Table 1.
Prognostic value of blood count disorders for OS,
PFS, LC, and DMC

Baseline neutrophilia
At the first randomization, patients with baseline neutro-
philia had decreased OS (median 13.3 vs 8.9 months; P Z
.011; Fig. 1A). Baseline neutrophilia was not associated
with PFS (P Z .203), LC (P Z .274), or DMC (P Z .684).
Anemia or thrombocytosis was not associated with OS
(P Z .098 and P Z .118), PFS (P Z .605 and P Z .087),
or LC (P Z .065 and P Z .234, respectively).

IANC and baseline neutrophilia
At the second randomization, we considered OS in 235
nonprogressive patients randomized in chemoradiation
versus chemotherapy arms with available blood cell count.
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Fig. 1. (A) Estimated overall survival in all patients included according to baseline neutrophilia. (B) Estimated overall
survival in patients at second randomization with or without baseline neutrophilia. (C) Estimated overall survival in patients
at second randomization with or without increased absolute neutrophil count. Neutrophilia: neutrophil count >7 g/L at
second randomization. Abbreviation: IANC Z increased absolute blood count between first (R1) and second randomization
(R2).

Schernberg et al. International Journal of Radiation Oncology � Biology � Physics1026
Baseline neutrophilia at first randomization still predicted
worse OS (P Z .027; Fig. 1B). Baseline neutrophilia was
not associated with PFS (P Z .339) or LC (P Z .065) in
this population. Neutrophilia at second randomization,
present in 7 patients (3%), was not significantly related to
OS (P Z .075; Fig. 1C).

Patients with IANC had worse OS: median 14.6 months
(95% CI, 13.4-16.8) in patients with IANC versus 17.4
months (95% CI, 15.3-18.9 months) in patients without
IANC (P Z .018; Fig. 1D). IANC was not associated with
PFS (P Z .281) or LC (P Z .532). Anemia at the second
randomization was not related to OS, PFS, LC, or DMC
(P Z .998, P Z .528, P Z .295, and P Z .950, respec-
tively). No patient had thrombocytosis on the second
randomization’s blood count analysis.

In patients without IANC, PFS was not significantly
improved in any treatment arm (P Z .052; interaction P Z
.343; Fig. E2A). Considering the 166 patients without
IANC at the second randomization, with LC evaluated in
145 patients, chemoradiation therapy significantly
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improved LC compared with the chemotherapy arm (P <
.001, with an interaction term between IANC and the
randomization arm P Z .014; Fig. E2).

In multivariate analysis, using prognostic factors
identified in the PROLAP nomogram, elevated or
increasing neutrophil count was independently associated
with worse OS (HR, 1.59; 95% CI, 1.16-2.18; P Z .004;
Table 2).16

Predictive value of elevated or increasing neutrophil
count for chemoradiation versus chemotherapy on OS, PFS,
and LC

In the population included in the second randomization,
patients with neutrophilia or IANC were defined as having
elevated or increasing neutrophil count, in addition to pa-
tients with baseline neutrophilia. Ninety patients (38%) had
elevated or increasing neutrophil count, and 145 patients
(62%) had none.

In the 235 patients with blood counts available, there
was no significant difference between chemoradiation
therapy versus chemotherapy alone in terms of OS or PFS
(P Z .753 and P Z .053, respectively).

Elevated or increasing neutrophil count at the second
randomization was related to a worse OS (P < .001).
Estimated 2-year OS was 31% (95% CI, 24%-40%) in
patients without elevated or increasing neutrophil count
versus 15% (95% CI, 9%-26%) in those with it (P < .001;
Fig. E3A). This result remained significant in the chemo-
radiation therapy arm (P Z .004), but not in the chemo-
therapy arm (P Z .054; Figs. E3B, E3C). Still, the
interaction between elevated or increasing neutrophil count
status and the randomization arm was not significant
considering OS (P Z .266). There was no association be-
tween the randomization arm and survival in patients
regarding elevated or increasing neutrophil count (P Z
.276 and P Z .696, respectively).

Elevated or increasing neutrophil count at the second
randomization was not significantly associated with PFS (P
Z .123); this also holds when restricting the analysis to the
chemoradiation therapy arm (P Z .055) and to the
chemotherapy arm (P Z .961). In patients without elevated
or increasing neutrophil count, PFS was significantly
improved in the chemoradiation therapy arm: 10.3 months
(95% CI, 9.2-12.9) versus 8.3 months in the chemotherapy
arm (95% CI, 7.7-9.6; P Z .043; Fig. 2A). In patients
exhibiting elevated or increasing neutrophil count, however,
there was no significant difference in PFS between the 2
arms (P Z .930; Fig. 2B). Considering PFS, the interaction
between elevated or increasing neutrophil count and the
randomization arms was not significant (P Z .175).

In the overall population after the second randomization,
elevated or increasing neutrophil count was not signifi-
cantly related to LC (P Z .096). The absence of elevated or
increasing neutrophil count, however, predicted superior
efficacy of chemoradiation therapy compared with
chemotherapy on LC (treatment by inflammation status
interaction test P Z .015). In addition, elevated or
increasing neutrophil count was associated with a poor LC
in the chemoradiation arm (P Z .021; Fig. E3D), but it had
no influence on LC in the chemotherapy arm (P Z .640;
Fig. E3E). In 126 patients without elevated or increasing
neutrophil count, chemoradiation therapy significantly
improved LC compared with only chemotherapy: 1-year
LC was 80% in the chemoradiation therapy arm versus
54% in the chemotherapy arm (P < .001; interaction be-
tween elevated or increasing neutrophil count and
randomization arm, P Z .015; Fig. 2C). Conversely, in the
80 patients with elevated or increasing neutrophil count,
there was no significant difference in LC between the
chemoradiation therapy and chemotherapy treatments.
DMC was not related to treatment arm (P Z .726) or
elevated or increasing neutrophil count (P Z .883).
Discussion

Our results show an association between elevated or
increasing neutrophil count (through neutrophilia) and
worse OS in patients with LAPC. Combined with a pro-
spective randomized phase 3 study, our results strongly
suggest that an elevated or increasing neutrophil count has
a predictive value for LC. Indeed, we observe an increased
benefit from chemoradiation in patients without elevated or
increasing neutrophil count.

Systemic inflammation is a significant indicator of poor
prognosis in various types of cancers.12 Their response
markers have previously been studied in PC. One retro-
spective study including 321 patients with LAPC or met-
astatic PC correlated baseline leukocyte, neutrophil, and
monocyte counts in addition to the neutrophil-to-
lymphocyte ratio (NLR) with OS.17 Another study retro-
spectively associated NLR and eosinophil-to-lymphocyte
ratio with prognosis in patients with early-stage PC
undergoing chemoradiation therapy.18 Albumin-to-
lymphocyte ratio and NLR were also retrospectively asso-
ciated with lower OS in patients with LAPC treated with
stereotactic body radiation therapy.19 Still, the optimal
NLR cutoff varies in these studies, typically from 2.5 to 5.
NLR can be related to increased neutrophil count,
decreased lymphocyte count, or both. A comparison with
NLR in the LAP07 study was not possible because
lymphocyte count was not available. Our current work on
439 patients settles baseline neutrophil count as a prog-
nostic biomarker for OS in LAPC. It also shows that an
increase in neutrophil count after 4 gemcitabine cycles is
associated with a reduced OS in the 235 patients who had
no evidence of tumor progression after this induction
chemotherapy. Finally, we found a predictive association
between absolute neutrophil count and local resistance to
chemoradiation in patients with LAPC. This association
was significant considering IANC (P < .001; interaction
P Z .014) and a composite score, “elevated or increasing
neutrophil count,” including patients with baseline neutro-
philia or IANC (P < .001; interaction P Z .015).



Table 2 Results of univariate and multivariate (Cox) analyses for overall survival regarding prognosis factors

Variable

Overall Survival
(235 patients after second randomization)

Univariate Cox analysis Multivariate Cox analysis

HR 95%CI P HR 95%CI P

Chemoradiation (vs chemotherapy) d d .754 d d d
Systemic inflammation (vs absence)* 1.65 1.23-2.21 .001 1.59 1.16-2.18 .004
Tumor size d d .656 d d d
Pain (vs absence) d d .966 d d d
Age d d .224 d d d
Albumin 0.95 0.02-0.98 <.001 0.95 0.90-0.99 .035
CA 19.9 d d .255 d d d

Abbreviations: CI Z confidence interval; HR Z hazard ratio.

* Systemic inflammation: baseline neutrophilia (neutrophil count >7 g/L), neutrophilia or increased absolute.
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PC has a unique and complex microenvironment con-
sisting of fibroblasts and stellate, endothelial, endocrine,
and immune cells.17 Approximately 30% of patients with
PC die of locally aggressive disease associated with the
somatic SMAD4/DPC4 genes status.20 Smad proteins play a
major role in the development of tumors, through the in-
duction of angiogenesis and immune suppression, and are
associated with poor OS.21,22 A paradigm of antitumoral
“N1 neutrophils” versus protumoral “N2 neutrophils” has
been proposed, in which transforming growth factor b
(TGF-b) blocks the switch from the “N2” to the “N1”
antitumoral phenotype.23,24 TGF-b signaling results in nu-
clear accumulation of active Smad complexes, which
regulate transcription of target genes.25 In addition to
Smad4, expression of CD15þ neutrophils in the immune
profile within the microenvironment of pancreatic ductal
adenocarcinoma has been associated with poor outcome
after surgery.26 Combining the findings of previous studies
and our current work, “local resistance” to radiation ther-
apy seems to be associated with neutrophilia, which sug-
gests TGF-b as a potential target in patients with LAPC
who are displaying systemic inflammation.

A number of tumors are known for aberrant production
of growth factors, such as the granulocyte colony-
stimulating factor (G-CSF), which includes PC. These tu-
mors are more aggressive because of cytokine-mediated
immune suppression and angiogenesis.27 In PC patients,
high expression of G-CSF has been associated with worse
prognosis (pas de virgule) and early recurrence.28 In addi-
tion, a significant correlation was observed between a high
G-CSF expression and neural invasion. Elevated concen-
trations of G-CSF in PC stimulate myeloid cells (pas de
virgule) and decrease T cell proliferation.29 Therefore,
neutrophilia could be an easily measurable reflection of a
G-CSFesecreting tumor phenotype.

To our knowledge, no prospective study has yet evalu-
ated the association between baseline neutrophilia and
survival after gemcitabine induction chemotherapy in
LAPC. Although other regimens are now often considered
for LAPC, gemcitabine-based chemotherapy is frequently
evaluated as a treatment option, making biomarker devel-
opment in this setting clinically relevant.14 FOLFIRINOX
(5-fluorouracil [5-FU], irinotecan, and oxaliplatin) and the
combination of gemcitabine and nab-paclitaxel are now
standard chemotherapy regimens in metastatic PC. Only
patients without cholestasis, however, are eligible for both
these regimens.30-32 FOLFIRINOX is currently compared
with gemcitabine in patients with LAPC in the PRODIGE
29eUCGI 26(NEOPAN) phase 3 trial.33 The results of the
LAPACT phase 2 study are in favor of a good tolerance of
the combination gemcitabine and nab-paclitaxel for
patients with LAPC with an interesting efficacy.34 In
addition, a post hoc study revealed that the combination of
gemcitabine and nab-paclitaxel versus gemcitabine alone
improves OS, even in patients with high NLR.35 A meta-
analysis including 355 patients with LAPC treated with
the FOLFIRINOX regimen reported a median OS of 24.2
months, longer than that described with gemcitabine (6-13
months).32 In the LAP07 study, the chemotherapy regimen
was gemcitabine based, with or without erlotinib. Among
the 439 patients with blood count available, baseline neu-
trophilia was present in 11% and predicted poor OS. These
findings suggest that patients with baseline neutrophilia
require more intensive induction chemotherapy regimens
when possible.

Inflammation, mediated by cytokines, the reactive oxy-
gen species, plays a key role in the early development of
PC.36 PC risk factors such as diabetes, cigarette smoking,
and obesity are also associated with systemic inflamma-
tion.37 Chronic pancreatitis is a well-known risk factor for
PC.38 In addition, during the history of their disease, 70%
to 90% of patients with LAPC will develop malignant distal
biliary obstruction, transient cholecystitis, or jaundice,
associated with poor short-term prognosis.39 These ele-
ments could suffice to explain an increase in inflammation
biomarkers, and a rise in circulating white blood cell count;
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they were not recorded in the LAP-07 trial, however, thus
preventing us from evaluating these confounding factors in
the present study.

It is challenging to translate a given neutrophilia into a
personalized prognosis or treatment plan.40 Prospective
longitudinal measurements of white blood count to an in-
dividual scaler is mandatory to maximize the clinical
usefulness of neutrophil scores.40 Understanding how
neutrophils are polarized and how they can be reprog-
rammed will be crucial in improving cancer therapies.41

Neutrophil-targeting agents are being developed for the
treatment of inflammatory and autoimmune diseases.40 In
patients with chronic obstructive pulmonary disease,
CXCR2 antagonist decreases absolute neutrophil counts
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and reduces biological inflammation and disease symp-
toms.42 Inhibition of CXCL8eCXCR1/2 signaling by
CXCL8 antibodies, or small molecules targeting CXCR1
and/or CXCR2, also decreases tumor growth and progres-
sion in tumor mouse models.41 Clinical trials that assess
reparixin, a CXCR1-CXCR2 inhibitor, in cancer treatment
are ongoing.40 Similarly, the CCL2eCCR2 chemokine axis
is targeted to recruit tumor-associated macrophages to build
an immunosuppressive tumor microenvironment.43 CCR2-
targeted drugs have been shown to be safe and efficient
when used in combination with FOLFIRINOX in patients
with PC.43 Considering responses to radiation therapy,
preclinical models reported both anti-Ly6G antibody-
mediated neutrophil depletion associated with improved
radiation therapy efficacy, whereas antibody-mediated
depletion of Gr1þ cells was not.40 Thus, combining tar-
geted radiation therapy with a neutrophil agonist can
enhance antitumor immunity, triggering neutrophil-
mediated tumor cell death.24

The strength of this study is the size of the sample with
baseline and postinduction neutrophil counts available for
analysis. The prognosis value of neutrophil count evolu-
tion after induction chemotherapy has not been evaluated
previously. This is a valuable approach to understand the
role of the neutrophil to stratify patients who should be
treated with highly intensive induction regimens rather
than gemcitabine alone. This work also shows a significant
interaction between elevated or increasing neutrophil
count and LC, with improved local outcome after che-
moradiation in about two thirds of patients who had
limited or no elevated or increasing neutrophil count after
induction chemotherapy. Thus, this finding could help
with selecting patients who might benefit from a second-
ary chemoradiation. Our study, however, has several lim-
itations. First, it is a retrospective analysis from
prospectively collected data. In addition, neither NLR nor
genomic stratification could be assessed.44 In addition, the
absence of a validation cohort is a limitation. The number
of patients included in the LAP07 trial did not allow us in
this post hoc analysis to separate a derivation cohort and a
validation cohort or to adjust for multiple comparisons,
with Bonferroni type correction; this presents methodo-
logical limitations. Validation in a larger cohort of patients
should be performed with the International Pancreas
Database Program ARCAD metabase, which is currently
under development. Moreover, despite a trend to a PFS
benefit of chemoradiation in patients without elevated or
increasing neutrophil count (P Z .043), the nonsignificant
interaction between elevated or increasing neutrophil
count and the randomization arm (P Z .175) prevents us
from drawing conclusions on this point. Finally, despite a
strong relationship between elevated or increasing
neutrophil count and worse OS, there was no trend of
survival benefit of using chemoradiation in patients
without elevated or increasing neutrophil count.
Conclusion

This study assessed the prognostic value of neutrophilia at
baseline on OS in patients with LAPC. Moreover, elevated
or increasing neutrophil count can help to predict efficacy
or resistance to chemoradiation in patients with LAPC, as
well as local control of tumor. This routinely available
biomarker could help with the decision to administer
intensified chemotherapy schemes and to optimize che-
moradiation indications.
References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016: Cancer Sta-

tistics, 2016. CA Cancer J Clin 2016;66:7-30.

2. Philip PA. Locally advanced pancreatic cancer: Where should we go

from here? J Clin Oncol 2011;29:4066-4068.

3. Krishnan S, Rana V, Janjan NA, et al. Induction chemotherapy selects

patients with locally advanced, unresectable pancreatic cancer for

optimal benefit from consolidative chemoradiation therapy. Cancer

2007;110:47-55.

4. Huguet F, Andre T, Hammel P, et al. Impact of chemoradiotherapy

after disease control with chemotherapy in locally advanced pancre-

atic adenocarcinoma in GERCOR phase II and III studies. J Clin

Oncol 2007;25:326-331.

5. Hammel P, Huguet F, van Laethem J-L, et al. Effect of chemo-

radiotherapy vs chemotherapy on survival in patients with locally

advanced pancreatic cancer controlled after 4 months of gemcitabine

with or without erlotinib: The LAP07 randomized clinical trial. JAMA

2016;315:1844.

6. Huguet F, Hajj C, Winston CB, et al. Chemotherapy and intensity-

modulated radiation therapy for locally advanced pancreatic cancer

achieves a high rate of R0 resection. Acta Oncol Stockh Swed 2017;56:

384-390.

7. Sajjad M, Batra S, Hoffe S, et al. Use of radiation therapy in locally

advanced pancreatic cancer improves survival: A SEER Database

analysis. Am J Clin Oncol 2018;41:236-241.

8. Mantovani A, Romero P, Palucka AK, et al. Tumour immunity:

Effector response to tumour and role of the microenvironment. Lancet

Lond Engl 2008;371:771-783.

9. Bayne LJ, Beatty GL, Jhala N, et al. Tumor-derived granulocyte-

macrophage colony-stimulating factor regulates myeloid inflamma-

tion and T cell immunity in pancreatic cancer. Cancer Cell 2012;21:

822-835.

10. Xu Z. Pancreatic cancer and its stroma: A conspiracy theory. World J.

Gastroenterol 2014;20:11216.

11. Bunt SK, Yang L, Sinha P, et al. Reduced inflammation in the tumor

microenvironment delays the accumulation of myeloid-derived sup-

pressor cells and limits tumor progression. Cancer Res 2007;67:

10019-10026.

12. Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and

cancer. Cell 2010;140:883-899.

13. Farrow B, Sugiyama Y, Chen A, et al. Inflammatory mechanisms

contributing to pancreatic cancer development. Ann Surg 2004;239:

763-769; [discussion: 769-771].

14. Suzuki R, Takagi T, Hikichi T, et al. Derived neutrophil/lymphocyte

ratio predicts gemcitabine therapy outcome in unresectable pancreatic

cancer. Oncol Lett 2016;11:3441-3445.

15. Singel KL, Segal BH. Neutrophils in the tumor microenvironment:

Trying to heal the wound that cannot heal. Immunol Rev 2016;273:

329-343.

http://refhub.elsevier.com/S0360-3016(21)00126-7/sref1
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref1
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref2
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref2
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref3
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref3
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref3
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref3
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref4
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref4
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref4
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref4
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref5
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref5
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref5
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref5
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref5
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref6
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref6
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref6
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref6
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref7
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref7
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref7
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref8
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref8
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref8
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref9
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref9
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref9
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref9
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref10
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref10
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref11
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref11
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref11
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref11
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref12
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref12
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref13
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref13
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref13
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref14
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref14
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref14
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref15
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref15
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref15


Volume 110 � Number 4 � 2021 Neutrophilia in pancreatic carcinoma 1031
16. Vernerey D, Huguet F, Vienot A, et al. Prognostic nomogram and

score to predict overall survival in locally advanced untreated

pancreatic cancer (PROLAP). Br J Cancer 2016;115:281-2

89.

17. Qi Q, Geng Y, Sun M, et al. Clinical implications of systemic in-

flammatory response markers as independent prognostic factors for

advanced pancreatic cancer. Pancreatology 2015;15:145-1

50.

18. Holub K, Conill C. Unveiling the mechanisms of immune evasion in

pancreatic cancer: May it be a systemic inflammation responsible for

dismal survival? Clin Transl Oncol 2020;22:81-90.

19. Alagappan M, Pollom EL, von Eyben R, et al. Albumin and

neutrophil-lymphocyte ratio (NLR) predict survival in patients with

pancreatic adenocarcinoma treated with SBRT. Am J Clin Oncol 2018;

41:242-247.

20. Iacobuzio-Donahue CA, Fu B, Yachida S, et al. DPC4 gene status of

the primary carcinoma correlates with patterns of failure in patients

with pancreatic cancer. J Clin Oncol 2009;27:1806-1813.

21. Krantz SB, Shields MA, Dangi-Garimella S, et al. Contribution of

epithelial-to-mesenchymal transition and cancer stem cells to

pancreatic cancer progression. J Surg Res 2012;173:105-112.

22. Tascilar M, Skinner HG, Rosty C, et al. The SMAD4 protein and

prognosis of pancreatic ductal adenocarcinoma. Clin Cancer Res Off J

Am Assoc Cancer Res 2001;7:4115-4121.

23. Fridlender ZG, Sun J, Kim S, et al. Polarization of tumor-associated

neutrophil phenotype by TGF-b: “N1” versus “N2” TAN. Cancer

Cell 2009;16:183-194.

24. Takeshima T, Pop LM, Laine A, et al. Key role for neutrophils in

radiation-induced antitumor immune responses: Potentiation with G-

CSF. Proc Natl Acad Sci U S A 2016;113:11300-11305.

25. Nicolás FJ, Hill CS. Attenuation of the TGF-b-Smad signaling

pathway in pancreatic tumor cells confers resistance to TGF-b-
induced growth arrest. Oncogene 2003;22:3698-3711.

26. Wang W-Q, Liu L, Xu H-X, et al. Infiltrating immune cells and gene

mutations in pancreatic ductal adenocarcinoma: Tumour infiltrating

immune cells in pancreatic cancer. Br J Surg 2016;103:

1189-1199.

27. Aliper AM, Frieden-Korovkina VP, Buzdin A, et al. A role for G-CSF

and GM-CSF in nonmyeloid cancers. Cancer Med 2014;3:737-746.

28. Zhang L, Tao L, Guo L, et al. G-CSF associates with neurogenesis and

predicts prognosis and sensitivity to chemotherapy in pancreatic ductal

adenocarcinoma. Cancer Manag Res 2018;10:2767-2775.

29. Pickup MW, Owens P, Gorska AE, et al. Development of aggressive

pancreatic ductal adenocarcinomas depends on granulocyte colony
stimulating factor secretion in carcinoma cells. Cancer Immunol Res

2017;5:718-729.

30. Conroy T, Desseigne F, Ychou M, et al. FOLFIRINOX versus gem-

citabine for metastatic pancreatic cancer. N Engl J Med 2011;364:

1817-1825.

31. Von Hoff DD, Ervin T, Arena FP, et al. Increased survival in pancreatic

cancer with nab-paclitaxel plus gemcitabine. N Engl J Med 2013;369:

1691-1703.

32. Suker M, Beumer BR, Sadot E, et al. FOLFIRINOX for locally

advanced pancreatic cancer: A systematic review and patient-level

meta-analysis. Lancet Oncol 2016;17:801-810.

33. Ducreux MP, Desgrippes R, Texier M, et al. PRODIGE 29-UCGI

26(NEOPAN): A randomised trial of chemotherapy with folfirinox

or gemcitabine in locally advanced pancreatic carcinoma (PC). Ann

Oncol 2018;29:viii266-viii267.

34. Philip PA, Lacy J, Portales F, et al. Nab-paclitaxel plus gemcitabine in

patients with locally advanced pancreatic cancer (LAPACT): A mul-

ticentre, open-label phase 2 study. Lancet Gastroenterol Hepatol 2020;

5:285-294.

35. Goldstein D, El-Maraghi RH, Hammel P, et al. nab-Paclitaxel plus

gemcitabine for metastatic pancreatic cancer: Long-term survival from

a phase III trial. JNCI J Natl Cancer Inst 2015;107. dju413-dju

413.

36. Farrow B, Evers BM. Inflammation and the development of pancreatic

cancer. Surg Oncol 2002;10:153-169.

37. Li D. Diabetes and pancreatic cancer. Mol Carcinog 2012;51:64-74.

38. Malka D. Risk of pancreatic adenocarcinoma in chronic pancreatitis.

Gut 2002;51:849-852.

39. Cassani L, Lee JH. Management of malignant distal biliary obstruc-

tion. Gastrointest Interv 2015;4:15-20.

40. Coffelt SB, Wellenstein MD, de Visser KE. Neutrophils in cancer:

Neutral no more. Nat Rev Cancer 2016;16:431-446.

41. Powell DR, Huttenlocher A. Neutrophils in the tumor microenviron-

ment. Trends Immunol 2016;37:41-52.

42. Rennard SI, Dale DC, Donohue JF, et al. CXCR2 antagonist MK-

7123. A phase 2 proof-of-concept trial for chronic obstructive pul-

monary disease. Am J Respir Crit Care Med 2015;191:1001-1011.

43. Nywening TM, Wang-Gillam A, Sanford DE, et al. Targeting tumour-

associated macrophages with CCR2 inhibition in combination with

FOLFIRINOX in patients with borderline resectable and locally

advanced pancreatic cancer: A single-centre, open-label, dose-finding,

non-randomised, phase 1b trial. Lancet Oncol 2016;17:651-662.

44. Bailey P, Chang DK, Nones K, et al. Genomic analyses identify mo-

lecular subtypes of pancreatic cancer. Nature 2016;531:47-52.

http://refhub.elsevier.com/S0360-3016(21)00126-7/sref16
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref16
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref16
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref16
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref17
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref17
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref17
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref17
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref18
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref18
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref18
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref19
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref19
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref19
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref19
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref20
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref20
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref20
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref21
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref21
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref21
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref22
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref22
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref22
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref23
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref23
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref23
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref24
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref24
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref24
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref25
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref25
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref25
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref26
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref26
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref26
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref26
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref27
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref27
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref28
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref28
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref28
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref29
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref29
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref29
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref29
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref30
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref30
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref30
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref31
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref31
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref31
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref32
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref32
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref32
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref33
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref33
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref33
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref33
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref34
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref34
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref34
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref34
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref35
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref35
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref35
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref35
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref36
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref36
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref37
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref38
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref38
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref39
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref39
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref40
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref40
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref41
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref41
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref42
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref42
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref42
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref43
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref43
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref43
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref43
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref43
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref44
http://refhub.elsevier.com/S0360-3016(21)00126-7/sref44

	Predictive Value of Neutrophils Count for Local Tumor Control After Chemoradiotherapy in Patients With Locally Advanced Pan ...
	Introduction
	Methods and Materials
	Patients and tumors
	Complete blood count analysis
	Relationship between neutrophil counts and endpoints
	Follow-up
	Statistical analysis

	Results
	Patients and outcome
	Prognostic value of blood count disorders for OS, PFS, LC, and DMC
	Baseline neutrophilia
	IANC and baseline neutrophilia


	Discussion
	Conclusion
	References


