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Abstract

Objective: JCOG1106, a randomized phase II trial conducted to compare chemoradiotherapy

(S-1 concurrent radiotherapy) with (Arm B) or without (Arm A) induction chemotherapy using

gemcitabine in patients with locally advanced pancreatic cancer, showed a more favorable long-

term survival in Arm A. This study was aimed at exploring whether some subgroups classified by

the systemic inflammatory response might derive greater benefit from either treatment.

Methods: All subjects eligible for JCOG1106 were included in this analysis (n = 51/49 in Arm A/B).

This exploratory subgroup analysis was performed by Cox regression analysis to investigate the

impact of the systemic inflammatory response, as assessed based on the serum C-reactive protein,

serum albumin (albumin), Glasgow Prognostic Score and derived neutrophil–lymphocyte ratio,

at the baseline on overall survival. P values <0.1 for the interaction were regarded as denoting

significant association.

Results: Glasgow prognostic score showed significant treatment interactions for overall survival.

Hazard ratios of Arm B to Arm A were 1.35 (95% confidence interval, 0.82–2.23) in the Glasgow

Prognostic Score 0 (C-reactive protein ≤10 mg/L and albumin ≥35 g/L) (n = 44/34 in Arm A/B) and

0.59 (95% confidence interval, 0.24–1.50) in the Glasgow Prognostic Score 1/2 (C-reactive protein

>10 mg/L and/or albumin <35 g/L) (n = 7/15) (P-interaction = 0.06). C-reactive protein alone and

albumin alone also showed significant treatment interactions for overall survival.

Conclusions: Survival benefits of induction chemotherapy in chemoradiotherapy for locally

advanced pancreatic cancer were observed in patients with elevated Glasgow Prognostic Score,

high C-reactive protein and low albumin. These results suggest that systemic inflammatory

response might be considered to apply induction chemotherapy preceding chemoradiotherapy.

Key words: Glasgow prognostic score, treatment interaction, S-1 concurrent radiotherapy, gemcitabine

Introduction

Pancreatic cancer (PC) is one of the leading causes of cancer-related
death in the world. The prognosis of PC is extremely poor, with a 5-
year survival proportion of 10% (1). Despite surgical resection is the
only chance for cure, ∼80–85% of patients already are unresectable
status (1). Nearly one-third of patients are diagnosed at locally
advanced disease with vascular invasion, particularly of the superior
mesenteric artery or the celiac axis (2). Chemoradiotherapy (CRT) as
well as systemic chemotherapy are the treatment options for locally
advanced PC (LAPC). The recent phase II trial showed that median
overall survival (OS) of LAPC is 18.0–31.4 months (3–5).

JCOG1106 (UMIN000006811) was a randomized phase II trial
that was conducted to evaluate the efficacy and safety of CRT (S-1
concurrent radiotherapy) with or without induction chemotherapy
(iCT) using gemcitabine in patients with LAPC (6). Based on the
final analysis, the 1- and 2-year survival proportions were 66.7 and
36.9% in CRT without iCT and 69.3 and 18.9% in CRT with iCT.
The median survival time was 19.0 months in CRT without iCT and
17.2 months in CRT with iCT. The hazard ratio (HR) for death
of CRT with iCT to CRT without iCT was 1.26 [95% confidence

interval (CI), 0.82–1.93]. After the final analysis, CRT without iCT
was selected as the more promising regimen because of the more
favorable 2-year OS, despite the poorer 1-year OS and the survival
curves crossing at around 1 year (6).

Systemic inflammatory response (SIR), for instance, serum C-
reactive protein (CRP), serum albumin, Glasgow Prognostic Score
(GPS), neutrophil–lymphocyte ratio (NLR), lymphocyte–monocyte
ratio (LMR) and platelet–lymphocyte ratio (PLR), has been reported
as a predictive marker as well as a prognostic marker in patients
with advanced cancer, across tumor subtypes. Among components
of the SIR, the serum CRP, serum albumin, GPS and NLR have
consistently been validated across tumor types, based on objective
measures defined by the numerical values (7). The SIR has been
also suggested as prognostic factors in patients with pancreatic (8)
and other types of cancers (9–11) receiving CRT. Moreover, in the
various types of cancers, the SIR is recognized as a predictive factor
in patients receiving chemotherapy (12,13) or CRT (14).

In JCOG1106, crossing of the Kaplan–Meier curves for OS of the
two arms at 1 year suggested the possibility of inconsistent treatment
effect between the two treatment arms. Therefore, we hypothesized
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that the SIR may modify the effect of iCT, and this study was aimed at
exploring subgroups classified according to the SIR that might derive
greater benefit from either treatment.

Patients and methods

Patients in CRT without iCT underwent radiotherapy with concur-
rent S-1, and patients in CRT with iCT received induction gemc-
itabine for 12 weeks, and thereafter only patients with controlled dis-
ease underwent the same CRT as CRT without iCT. After CRT, gem-
citabine was continued until disease progression or unacceptable tox-
icity in both arms. The secondary use of data from JCOG1106 was
included in the written informed consent provided by all patients at
the enrollment in JCOG1106, and the study was protocol approved
from the institutional review board of each of the participating
institutions.

Among the subjects enrolled in the JCOG1106, all eligible cases
were included in this exploratory subgroup analysis, except for two
cases in which distant metastases were found prior to the start of
protocol treatment (n = 51 in CRT without iCT and n = 49 in CRT
with iCT) (6). The protocol stipulated that blood tests related to
the SIR should be allowed up to 7 days before randomization and
that treatment should be started within 15 days after randomization.
The GPS was determined according to the baseline serum CRP and
serum albumin levels. Patients with serum CRP ≤10 mg/L and serum
albumin ≥35 g/L were assigned a GPS of 0, those with serum CRP

>10 mg/L or serum albumin <35 g/L were assigned a GPS of 1
and those with serum CRP >10 mg/L and serum albumin <35 g/L
were assigned a GPS of 2 (15). The baseline value of the derived
NLR (dNLR) was calculated as the absolute neutrophil count (ANC)
divided by the white blood cell (WBC) minus the ANC (13).

dNLR = ANC/ (WBC-ANC)

This post hoc exploratory subgroup analysis was performed
by Cox regression analysis to investigate the impact of the SIR
at the baseline on OS, progression-free survival (PFS) and distant
metastasis-free survival (DMFS). P values < 0.1 for the interaction
were regarded as denoting significant association. Adverse events
were evaluated for each SIR for hematologic and non-hematologic
toxicity of G3 or greater according to the Common Terminology
Criteria for Adverse Events, ver. 4.0 throughout the entire protocol
period. All statistical analyses were carried out by using SAS version
9.2 or later version (SAS Institute, Cary, NC, USA).

Results

The GPS, serum CRP and serum albumin measured at the baseline
showed significant treatment interactions for OS (Fig. 1). The HRs
of CRT with iCT to CRT without iCT were as follows: 1.35 (95%
CI 0.82–2.23) in the GPS 0 group (n = 44 in CRT without iCT and
n = 34 in CRT with iCT) and 0.59 (95% CI, 0.24–1.50) in the GPS

Figure 1. Subgroup analysis for overall survival. dNLR, derived neutrophil–lymphocyte ratio; GPS, Glasgow Prognostic Score; CRP, C-reactive protein; Alb,

albumin; HR, hazard ratio; iCT, induction chemotherapy using gemcitabine; CRT, S-1 concurrent radiotherapy.
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Figure 2. Overall survival according to the GPS. GPS, Glasgow Prognostic Score; HR, hazard ratio; CRT without iCT, S-1 concurrent radiotherapy without induction

chemotherapy using gemcitabine; CRT with iCT, S-1 concurrent radiotherapy with induction chemotherapy using gemcitabine.

1/2 group (n = 7/15) (P-interaction = 0.06); 2.57 (95% CI, 1.36–4.86)
and 0.70 (95% CI, 0.37–1.32) in the low serum CRP (≤1.35 mg/L,
n = 25/25) and high serum CRP (>1.35 mg/L, n = 26/24) (P-
interaction = 0.01) groups, respectively; 1.62 (95% CI, 0.77–3.40),
2.70 (95% CI, 1.17–6.23) and 0.52 (95% CI, 0.24–1.13) in the first
(≤0.7 mg/L, n = 16/16), second (>0.7, ≤3.0 mg/L, n = 20/16) and
third (>3.0 mg/L, n = 15/17) (P-interaction = 0.01) tertiles of the
serum CRP, respectively; 2.29 (95% CI, 1.11–4.69) and 0.89 (95%
CI, 0.51–1.54) in the high serum albumin (>40 g/L, n = 23/17) and
low albumin (≤40 g/L, n = 28/32) (P-interaction = 0.04) groups,
respectively. For the serum CRP, especially strong interaction (P-
interaction = 0.02) was shown by the multivariable analysis with the
treatment arm, serum CRP (≤1.35 vs. > 1.35 mg/L), serum albumin
(>40 vs. ≤40 g/L), the GPS (0 vs. 1/2) and their treatment interaction
(Supplemental Table 1).

Figure 2 presents the Kaplan–Meier curves for OS in the two
treatment arms classified according to the GPS into the GPS 0 and
GPS 1/2 groups. In the group with GPS 0, as shown in Fig. 2A,
the survival curves of both arms crossed at 1 year as in the final
analysis, and CRT without iCT exceeded CRT with iCT after 1 year.
On the other hand, the survival curves in the group with GPS 1/2,
shown in Fig. 2B, indicate that the survival in CRT without iCT was
consistently lower than that in CRT with iCT.

We also investigated the treatment effect of each of dNLR using
several cutoff values, GPS (0, 1 and 2, 0/1 and 2) and serum albumin
[first (≤38 g/L), second (>38,≤41 g/L) and third tertile (>41 g/L)] for
OS. No significant differences in the treatment effect were observed
across the subgroups.

Furthermore, the GPS at the baseline also showed significant
treatment interactions for PFS (Fig. 3). The HRs of CRT with iCT
to CRT without iCT were 1.18 (95% CI, 0.74–1.88) in the GPS
0 group (n = 44 in CRT without iCT, and 34 in CRT with iCT)
and 0.53 (95% CI, 0.21–1.37) in the GPS 1/2 (n = 7/15) (P-
interaction = 0.07). The serum CRP (≤1.35 mg/L/>1.35 mg/L) and
dNLR [first (≤1.42)/second (>1.42, ≤2.02)/third (>2.02) tertile]
also showed significant treatment interactions for PFS. For the serum
CRP, especially strong interaction (P-interaction = 0.05) was shown
by the multivariable analysis with the treatment arm, serum CRP
(≤1.35 vs. > 1.35 mg/L), serum albumin (>40 vs. ≤40 g/L), the GPS
(0 vs. 1/2) and their treatment interaction (Supplemental Table 2).

Figure 4 presents the Kaplan–Meier curves of PFS for the two
treatment arms according to the GPS (0 and 1/2). In Fig. 4A, showing

the results for the GPS 0 group, the survival curves in both treatment
arms almost overlapped. On the other hand, in Fig. 4B, showing the
results for the GPS 1/2 group, the survival curve of CRT without iCT
was consistently lower than the survival curve of CRT with iCT.

The GPS at the baseline also showed significant treatment interac-
tions for DMFS (Fig. 5). The HRs of CRT with iCT to CRT without
iCT were 1.43 (95% CI, 0.88–2.32) in the GPS 0 group (n = 44
in CRT without iCT, and 34 in CRT with iCT) and 0.49 (95%
CI, 0.19–1.29) in the GPS 1/2 (n = 7/15) (P-interaction = 0.04).
The dNLR [first (≤1.42)/second (>1.42, ≤2.02)/third (>2.02) ter-
tile] also showed significant treatment interactions for DMFS. No
significant differences in the treatment effect were observed in the
other subgroups for DMFS. No strong interaction was shown by the
multivariable analysis with the treatment arm, serum CRP (≤1.35 vs.
> 1.35 mg/L), serum albumin (>40 vs. ≤40 g/L), the GPS (0 vs. 1/2)
and their treatment interaction (Supplemental Table 3).

Figure 6 presents the Kaplan–Meier curves of DMFS according
to the GPS (0 and 1/2). In Fig. 6A, showing the results for the GPS 0
group, the DMFS of CRT with iCT tended to be shorter than that of
CRT without iCT. On the other hand, in Fig. 6B, showing the results
for the GPS 1/2 group, the DMFS of CRT with iCT tended to be
longer than that of CRT without iCT. Furthermore, more cases with
early distant metastasis were observed in GPS 1/2 when comparing
GPS 0 and GPS 1/2 regardless of iCT (Fig. 6C).

The incidence of grade 3 or higher hematologic toxicities was not
different between the two groups, and the incidence of grade 3 or
higher non-hematologic toxicities was generally similar between the
two groups (Supplemental Tables 4 and 5).

Discussion

Current analysis revealed that the GPS, serum CRP level and serum
albumin level showed significant treatment interactions for OS in
the JCOG1106 cohort. Patients with a high GPS, high serum CRP
level and/or a low serum albumin level showed less survival benefit
of upfront S-1 concurrent radiotherapy (S-1/RT) as compared with
induction systemic chemotherapy with gemcitabine followed by S-
1/RT. Thus, although the JCOG1106 failed to show the efficacy of
iCT, our results of this study suggest that patients with elevated serum
CRP levels (>1.35 mg/L) and patients with a GPS of 1/2 may derive
benefit from iCT with gemcitabine prior to S-1/RT as compared with
upfront S-1/RT.

https://academic.oup.com/jjco/article-lookup/doi/10.1093/jjco/hyad044#supplementary-data
https://academic.oup.com/jjco/article-lookup/doi/10.1093/jjco/hyad044#supplementary-data
https://academic.oup.com/jjco/article-lookup/doi/10.1093/jjco/hyad044#supplementary-data
https://academic.oup.com/jjco/article-lookup/doi/10.1093/jjco/hyad044#supplementary-data
https://academic.oup.com/jjco/article-lookup/doi/10.1093/jjco/hyad044#supplementary-data
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Figure 3. Subgroup analysis for progression-free survival. PFS, progression-free survival; dNLR, derived neutrophil–lymphocyte ratio; GPS, Glasgow Prognostic

Score; CRP, C-reactive protein; Alb, albumin; HR, hazard ratio; iCT, induction chemotherapy using gemcitabine; CRT, S-1 concurrent radiotherapy.

Figure 4. Progression-free survival according to the GPS. GPS, Glasgow Prognostic Score; HR, hazard ratio; CRT without iCT, S-1 concurrent radiotherapy without

induction chemotherapy using gemcitabine; CRT with iCT, S-1 concurrent radiotherapy with induction chemotherapy using gemcitabine.

SIR has been recognized as a prognostic factor in many tumor
types, including PC (12,16–18). To the best of our knowledge, there
are no studies to date that have examined the SIR as a potential
predictor of the efficacy of iCT in patients with PC receiving CRT.

An explanation of SIR as a predictor is the possible presence of
occult metastases at the baseline. Higher GPS can be associated with a
more advanced tumor stage in patients with head and neck cancer (9).
Approximately 30% of patients with LAPC have occult metastases
(19) that progress rapidly within a few months, resulting in unsuit-
able for CRT. One concept of the JCOG1106 was to screen patients

for occult metastases during iCT so as to spare those with rapidly
progressive disease from the potentially ineffective and unsuitable
for upfront CRT. The GPS and serum CRP also showed treatment
interactions for PFS, and among patients with a higher GPS, PFS
tended to be shorter in CRT without iCT. The GPS also showed
treatment interactions for DMFS, and among patients with a higher
GPS, DMFS tended to be shorter in CRT without iCT. Furthermore,
more cases with early distant metastasis were observed in patients
with a higher GPS regardless of iCT. These findings suggest that
patients with a high GPS and elevated serum CRP in the JCOG1106
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Figure 5. Subgroup analysis for distant metastasis-free survival. dNLR, derived neutrophil–lymphocyte ratio; GPS, Glasgow Prognostic Score; CRP, C-reactive

protein; Alb, albumin; HR, hazard ratio; iCT, induction chemotherapy using gemcitabine; CRT, S-1 concurrent radiotherapy.

cohort might have had occult metastases at the baseline. Although
systemic chemotherapy would be appropriate for those patients with
high GPS and elevated serum CRP, iCT with gemcitabine may not be
effective to control these patients.

Serum CRP, serum albumin and the peripheral blood neutrophil
count, and scores calculated from these parameters, such as the
GPS/modified GPS and NLR, have all been well validated. However,
the role of SIR in predicting the treatment effect in different treatment
modalities was not understood. This study showed that SIR may
not only serve as a prognostic factor, but also aid in selection of
the appropriate treatment across the different modalities. Other SIRs
include LMR and PLR. However, the lymphocyte and/or monocyte
counts are necessary for LMR and PLR calculations, but these were
not collected in JCOG1106.

The GPS is known to reflect the degree of tumor-associated
inflammation and cachexia (7). Patients with PC often have latent
cachexia at diagnosis, and alterations in metabolic parameters such
as lipids, body weight and blood glucose are observed (20). Ele-
vated GPS is reported as a poor prognostic factor in patients with
esophageal cancer receiving CRT. In the supplementary analysis of a
phase II trial conducted to evaluate the safety and efficacy of concur-
rent CRT with S-1 plus cisplatin in patients with unresectable locally
advanced head and neck squamous cell carcinoma (JCOG0706), the
presence of cachexia prior to the start of CRT was identified as a
poor prognostic factor in patients with head and neck cancer (21).

The complete response and proportion of completion of treatment
were also reported to be poorer in these patients (21). However, in
the JCOG1106 subjects, there was no significant difference in both
hematologic and non-hematologic toxicity between the two groups
in terms of SIR strength. Therefore, we suppose that the effect of
toxicity on the difference in survival in the two groups due to the
strength of SIR was limited.

The strength of this study is that we identified simple
inflammation-based scores/parameters, such as the GPS, serum
albumin level and serum CRP measured at the baseline as showing
treatment interactions prior to CRT in patients with LAPC. High
serum CRP, low serum albumin, high GPS and high dNLR were
defined as ‘strong SIR’ in this study, indicating a highly inflammatory
state. Conversely, low serum CRP, high serum albumin, low GPS
and low dNLR were defined as weak SIR. Potentially ineffective
upfront CRT can be avoided in patients showing a strong SIR at
the baseline. Among GPS, CRP and albumin, GPS is a well-validated
and robust categorical variable compared with continuous variables
CRP, and albumin is easy to use in clinical practice. In multivariable
analyses, CRP was a significant factor for OS and PFS. On the other
hand, the cutoffs for serum CRP and serum albumin were set as
median values, which may not be replicated in other studies or other
cohorts.

JCOG1106 used gemcitabine, a less toxic drug, as iCT, which
may have contributed to these results. FOLFIRINOX (22) and
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Figure 6. Distant metastasis-free survival according to GPS. GPS, Glasgow Prognostic Score; HR, hazard ratio; CRT without iCT, S-1 concurrent radiotherapy

without induction chemotherapy using gemcitabine; CRT with iCT, S-1 concurrent radiotherapy with induction chemotherapy using gemcitabine.

gemcitabine/nab-paclitaxel (23) have been demonstrated to show
superior efficacy to gemcitabine monotherapy in patients with
metastatic disease; therefore, these regimens may also show superior
efficacy in patients with locally advanced disease. We conducted
another randomized phase II trial, JCOG1407, comparing modified
FOLFIRINOX and gemcitabine/nab-paclitaxel and reported that
both regimens are promising for LAPC (4). Although not commonly
used, these strong regimens may be promising as iCT. In cases
with strong SIR, control of potential distant metastases may
provide the effect of CRT, but tolerability to FOLFIRINOX and
gemcitabine/nab-paclitaxel is a concern. On the other hand, from
the results of this study, even for weak SIR cases in which iCT with
gemcitabine was ineffective, iCT with these strong regimens may be
effective. Some clinical studies are in progress to assess the efficacy of
FOLFIRINOX or gemcitabine/nab-paclitaxel as iCT for LAPC prior
to CRT (NCT01921751, NCT01827553, NCT02024009). Despite
various factors, SIR is an important factor in the treatment strategy
for CRT for LAPC.

Based on the results of final analysis of JCOG1106, we selected
radiotherapy with concurrent S-1 without iCT as a test regimen for
a future phase III trial. The phase III trial will compare radiotherapy
with concurrent S-1 without iCT with the gemcitabine/nab-paclitaxel
selected in JCOG 1407. However, this exploratory subgroup analysis
suggests that patients with high GPS, high CRP and low albumin
may be unsuitable for CRT without iCT. Therefore, we will con-
sider excluding high GPS, high CRP and low albumin as exclusion

criteria in the phase III trial, and also consider the need for a
clinical trial specifically for LAPC with high GPS, high CRP and
low albumin.

There are several limitations to this exploratory analysis. First,
this is a post hoc subgroup analysis of a randomized phase II
trial with a small number of cases and no prior statistical settings.
Therefore, it is difficult to draw a concrete conclusion from the
results of the analysis of this study alone. Second, gemcitabine,
the standard of care for unresectable PC at the time of designing
the JCOG1106, was used as iCT, which may not have been suf-
ficient. Third, cachexia was not evaluated in the JCOG1106, and
the relevance of cachexia to the results of this analysis is only
speculative.

In conclusion, survival benefits of iCT in CRT for LAPC were
observed in patients with elevated GPS, high CRP and low albumin.
These results suggest that SIR might be considered to apply iCT
preceding CRT. Therefore, SIR might be considered as an inclusion
criterion in future phase III trials.
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