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BACKGROUND: Systemic inflammatory scores may aid prognostication and patient selection for trials. We compared five scores in
advanced pancreatic adenocarcinoma (PDAC).
METHODS: Unresectable/metastatic PDAC patients enrolled in the Comprehensive Molecular Characterisation of Advanced
Pancreatic Ductal Adenocarcinoma for Better Treatment Selection trial (NCT02750657) were included. Patients had pre-treatment
biopsies for whole genome and RNA sequencing. CD8 immunohistochemistry was available in a subset. The neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio, Prognostic Nutritional Index, Gustave Roussy Immune Score (GRIm-S), and
Memorial Sloan Kettering Prognostic Score (MPS) were calculated. Overall survival (OS) was estimated using Kaplan–Meier methods.
Associations between inflammatory scores, clinical/genomic characteristics, and OS were analysed.
RESULTS:We analysed 263 patients. High-risk NLR, GRIm-S and MPS were poorly prognostic. The GRIm-S had the highest predictive
ability: median OS 6.4 vs. 10 months for high risk vs. low-risk (P < 0.001); HR 2.26 (P < 0.001). ECOG ≥ 1, the basal-like subtype, and
low-HRDetect were additional poor prognostic factors (P < 0.01). Inflammatory scores did not associate with RNA-based classifiers or
homologous recombination repair deficiency genotypes. High-risk MPS (P= 0.04) and GRIm-S (P= 0.02) patients had lower median
CD8+ tumour-infiltrating lymphocytes.
CONCLUSIONS: Inflammatory scores incorporating NLR have prognostic value in advanced PDAC. Understanding
immunophenotypes of poor-risk patients and using these scores in trials will advance the field.
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INTRODUCTION
Despite the use of combination cytotoxic chemotherapy regimens,
median overall survival (OS) for patients with advanced pancreatic
adenocarcinoma (PDAC) is less than 1 year [1, 2]. Novel systemic and
biological therapies are needed to improve outcomes for this patient
population. While the option of clinical trial participation should be
considered for all patients with PDAC, it can be difficult for clinicians
to determine in a single consultation whether a patient will remain
well for long enough to derive benefit from clinical trial participation.
Strategies to improve patient selection for clinical trials are needed.
Several systemic inflammatory scores have been developed to

aid in prognostication and patient selection for clinical trials in
oncology [3–9]. These scores use a composite of variable
laboratory values to categorise patients into different prognostic

risk groups. There has been no study comprehensively comparing
the performance of these prognostic scores in patients with
advanced PDAC receiving contemporary systemic therapy.
The objectives of our study were to: (1) measure and compare

the ability of each prognostic score to predict overall survival in
patients with advanced PDAC and, (2) characterise associations
between clinical and genomic characteristics and prognostic risk
scores within a clinical trial setting.

METHODS
Patient cohort
We used data from the Comprehensive Molecular Characterisation of
Advanced Pancreatic Ductal Adenocarcinoma for Better Treatment
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Selection (COMPASS) trial (NCT02750657) for this study [10]. COMPASS was
a multicenter prospective cohort study of patients with advanced (defined
as locally advanced unresectable or metastatic) PDAC who had not yet
started first-line palliative-intent chemotherapy. Patients had to have an
ECOG performance status of 0–1 and be suitable to receive either modified
FOLFIRINOX (mFOLFIRINOX; 5-fluorouracil, leucovorin, irinotecan, and
oxaliplatin) or gemcitabine with nab-paclitaxel as per physicians choice.
Following local institutional research ethics board approval and informed
consent, patients were enrolled at five Canadian cancer centres between
December 2015 and August 2020. Patient demographics, treatment
details, and radiographic response to treatment according to the response
evaluation criteria in solid tumours (RECIST) version 1.1 were prospectively
collected using an electronic database [11]. For this present study, patients
from COMPASS with baseline pre-treatment laboratory results (within
14 days of enrolment) sufficient to calculate each of the systemic
inflammatory scores described below were included. Patients with missing
baseline bloodwork such that the scores could not all be calculated were
excluded from our study.

Genomic analyses
As part of the COMPASS trial, all patients underwent fresh tumour biopsy
prior to treatment initiation for whole genome and RNA sequencing
(Supplementary Appendix). The modified Moffitt classification based on
gene expression signatures was used to categorise tumours into a classical
versus basal-like subtype as previously described (Supplementary Fig. 1)
[10, 12, 13]. The HRDetect score represents a weighted algorithmic score
developed by Davies et al. incorporating whole genomic features of
homologous recombination repair deficiency (HRD). This includes signa-
ture 3, the burden of indels with microhomology, characteristic
rearrangement signatures and the genomic score used in the Myriad
MyChoice HRD assay. This score was applied to each sample [14]. Patients
with HRDetect >0.7 were classified as high, i.e., Homologous recombina-
tion repair deficient (HRD) in accordance with the previously published
threshold.

Calculation of prognostic risk scores
Laboratory values collected within 14 days of enrolment were used to
calculate the following prognostic scores for each patient: neutrophil-to-
lymphocyte ratio (NLR; absolute neutrophil count divided by absolute
lymphocyte count. NLR > 5= high), platelet-to-lymphocyte ratio (PLR;
platelet count divided by absolute lymphocyte count. PLR > 150= high),
prognostic nutritional index (PNI= serum albumin+ 5 × lymphocyte count
[109 cells/L]. PNI < 45= high risk), Gustave Roussy Immune Score (GRIm-S;
comprised of the NLR, serum albumin, and serum lactate dehydrogenase
[LDH]. Values of NLR > 6 were assigned 1 point, albumin <35= 1 point,
LDH > upper limit of normal [ULN]= 1 point. The sum of points from these
three components represents the GRIm-S, where a score of ≥2= high risk),
Memorial Sloan Kettering Prognostic Score (MPS; NLR > 4 and albumin
<40= high risk) (Supplementary Table 1) [3, 7–9].

CD8+tumour-infiltrating lymphocyte (TIL) staining using
immunohistochemistry
Formalin-fixed, paraffin-embedded (FFPE) derived slides were available in
136 patients included. Immunohistochemical analysis of CD8+ tumour-
infiltrating lymphocytes was performed using the CD8-4B11-L-CE antibody.
Tumoural regions were reviewed and annotated by a pathologist and
digital image analysis (QuPath) enumerated the number of positive cells
per mm2. Samples were classified as CD8hi vs CD8lo using the median
number/mm2.

Statistical analyses
OS was estimated using the Kaplan–Meier method and compared between
risk groups for each prognostic score using the log-rank test. Cox
proportional hazards models were used to analyse the association
between each prognostic score and OS, adjusting for baseline clinical
and genomic factors. Harrell’s c-index was used to compare the predictive
discrimination for each prognostic score [15]. C-index values range
between 0.5 (no predictive discrimination) to 1 (perfect predictive ability).
Logistic regression models were used to analyse the association between
clinical/genomic characteristics and prognostic scores. The differences in
median CD8+ TIL according to score was calculated using the
Mann–Whitney test. Analyses were performed using R version 4.1.2 and
Prism version 9.4.1.

RESULTS
Clinical cohort
In total, 268 patients with advanced pancreatic ductal adenocar-
cinoma from the COMPASS study were screened, of whom 263
were included, with median follow-up of 32.9 months (95% CI
15.9–64.2). Baseline characteristics at enrolment are displayed in
Table 1. The median age of patients was 64 years (range 19–84),
60% (N= 157) were male, 86% (N= 226) had metastatic disease,
and 37% (N= 98) had an Eastern Cooperative Oncology Group
(ECOG) clinical performance status of 0 versus 62% (N= 165)
ECOG ≥ 1. The frequency of common driver mutations was as
follows: KRAS mutation 93%, TP53 84%, CDKN2A 85%, SMAD4 48%
(Fig. 1). The modified Moffitt tumour subtype was classical in 80%
(N= 198), and the HRDetect score was high (>0.7) in 13% (N= 31)
of patients. First-line chemotherapy was mFOLFIRINOX in 54%
(N= 143) and gemcitabine and nab-paclitaxel in 37% (N= 98).
The proportion of high-risk patients identified by each prognostic
score was: NLR 32% (N= 85), PLR 63% (N= 167), PNI 22% (N= 58),
GRIm-S 18% (N= 47), MPS 17% (N= 46) (Table 2). Of the patients
who clinically deteriorated and were unable to have chemother-
apy, half had high GRIm-S (N= 7/15; 47%).

Association of prognostic scores with OS
Median OS for in the intention-to-treat population was 9.3 months
(95% CI 8–10.2). Kaplan–Meier estimates of OS stratified by
prognostic risk category for each score are presented in Fig. 2.
Patients with high-risk NLR, GRIm-S and MPS had shorter OS
(Table 3). There was no difference in OS between high- and low-
risk patients using PLR and PNI. A number of associations were
found on univariable models (Supplementary Table 2). In multi-
variable analyses, the high-risk NLR, GRIm-S and MPS were
associated with poor prognosis (Table 4). PLR and PNI were not
prognostic. In all models, ECOG 0, the classical subtype and high
HRDetect score were significantly associated with improved OS
(Supplementary Tables 3–7). Predictive discrimination was similar
for all models (c-index range 0.608–0.629; Table 4).

Table 1. Baseline clinical and genomic characteristics of advanced
PDAC patients.

Variable All (N= 263)

Age, median (range) 64 (19–84)

Sex

Male 157 (60%)

Female 106 (40%)

ECOG

0 98 (37%)

≥1 165 (63%)

Stage

Locally advanced 37 (14%)

Metastatic 226 (86%)

Chemotherapy

FOLFIRINOX 143 (54%)

Gemcitabine and nab-paclitaxel 98 (37%)

Other 7 (3%)

None 15 (6%)

Moffitt subtype

Classical 198 (80%)

Basal-like 49 (20%)

HRDetect

>0.7 31 (13%)
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Association of clinical/genomic and immune features with
prognostic scores
Univariable analyses found a number of associations between
with high GRIm-S (Supplementary Table 8); however, only male
sex remained significantly associated with high GRIm-S on
multivariable analysis (HR 5.52, 95% CI 1.94–15.71, P= 0.0014)
(Table 5). There was no significant association between GRIm-S
and age, ECOG status, baseline tumour burden (RECIST sum of
diameters), or RNA or DNA-based classifiers on multivariable
analysis (Table 5). There was no association between the MPS and
male sex (HR 1.55, 95% CI 0.68–3.55, P= 0.3) or any other clinical
or genomic features (Supplementary Tables 9 and 10). The median
number of CD8+ TIL in the cohort was 136/mm2. There were no
differences in median CD8 stratifying by the NLR, PNI and PLR
scores. However, we saw higher median CD8+ TILs in patients
with low MPS scores (N= 13, 152/mm2) vs high MPS (N= 118,
63.2/mm2), P= 0.04. In the high GRIm-S cohort (n= 16), the
median CD8 was 59/mm2 compared to 152/ mm2 in low GRIm-S
(n= 115), P= 0.02.

DISCUSSION
In this large prospective cohort study of patients with advanced
PDAC receiving first-line systemic therapy, we found that systemic
inflammatory scores incorporating NLR were highly prognostic.
These are tools that could be easily used in the clinical setting, and
may help in patient selection for clinical trials.
Despite extensive efforts to improve clinical outcomes for

patients with advanced PDAC, treatment resistance remains a
challenge and novel strategies in systemic and other therapies are
urgently needed. Although studies to date of single or dual
immune checkpoint inhibition have not been successful in PDAC,
ongoing trials of combination strategies targeting immune
checkpoints and other components of the tumour microenviron-
ment are being conducted [16–18]. While clinical trial participation
should be considered for all patients, the aggressive behaviour of
PDAC can make it difficult to predict which patients will survive
long enough to derive benefit from a clinical trial, especially after

failure of first-line therapy. It would be helpful to clinicians to have
a readily available prognostic tool to complement clinical
judgement.
Since chronic inflammation is known to contribute to cancer

development and progression, several clinical scoring systems
have incorporated laboratory markers associated with inflamma-
tory response as variables in prognostic risk calculation [19]. The
Glasgow Prognostic Score (GPS) and the subsequent modified GPS
(mGPS) use serum albumin and C-reactive protein (CRP) to risk-
stratify patients [20]. Imaoka et al. showed that the mGPS was
prognostic in patients with PDAC [21]. However, CRP is not usually
measured in routine clinical practice, including within our
COMPASS trial, which may decrease the practicality of this tool.
The NLR is another measure of inflammation that has been

associated with survival in solid tumours, and can be calculated
from a complete blood count which is measured in all patients
undergoing systemic therapy [7, 22]. Other scores have built upon
the NLR by taking into consideration other clinical or biochemical
variables, such as the GRIm-S, which was developed as a tool to
aid in patient selection for Phase I immune checkpoint therapy
trials [4]. In the initial discovery and validation cohorts, patients
with a high GRIm-Score had significantly shorter overall survival.
However, these patients predominantly had solid tumours where
immune checkpoint inhibitors are more commonly used, and
PDAC patients were underrepresented. The applicability of this
score in PDAC was unknown prior to our study. More recently,
Lebenthal et al. found that the Memorial Sloan Kettering
Prognostic Score (MPS), a composite of albumin and NLR, was
prognostic in PDAC [9]. Notably, the NLR cut-off used, whether
alone or as part of a composite score, has varied.
Despite the existence of these different systemic inflammatory

prognostic scores, none are currently used widely. To our
knowledge, no previous study comprehensively compared the
performance of these scores in advanced PDAC patients. Of the
prognostic scores we studied, the ones that included NLR were all
prognostic, which may reflect the inflammatory drive promoting
progression in PDAC. The GRIm-S was superior to NLR alone, as it
incorporates other measures of aggressive biology such as LDH
which may predict for higher disease burden, and albumin which
may reflect worse nutritional or clinical performance status.
In our study, genomic classifiers such as the classical Moffitt

tumour RNA subtype and a high HRDetect DNA score were
significant predictors of more favourable OS, consistent with
previous work [13, 23]. While we anticipate that molecular
prognostic risk stratification will become increasingly relevant in
clinical practice, these tests may not always be accessible in a
timely manner outside of an academic cancer centre. The systemic
inflammatory scores we studied are comprised of laboratory
values routinely measured in patients undergoing systemic
therapy, and could be used in settings where genomic analyses
are not readily available. These scores did not associate with RNA-
based classifiers or HRD scores and can therefore provide
additional prognostic information and highlight heterogeneity
within the subtypes.
The objectivity and simplicity of these tools makes them an

attractive option for use in the clinical setting. In our study, 6% of
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Table 2. Categorisation of advanced PDAC patients into risk groups
using systemic inflammatory scores.

Score Risk category N= 263 (%)

Neutrophil-to-lymphocyte
ratio (NLR)

Low 178 (68%)

High 85 (32%)

Platelet-to-lymphocyte
ratio (PLR)

Low 96 (37%)

High 167 (63%)

Prognostic Nutritional
Index (PNI)

Low 205 (78%)

High 58 (22%)

Gustave Roussy Immune
(GRIm-S)

Low 216 (82%)

High 47 (18%)

Memorial Sloan Kettering
Prognostic Score (MPS)

Not high 217 (83%)

High 46 (17%)
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patients deteriorated and died without receiving chemotherapy
despite having an ECOG performance status of 0 or 1 at
enrolment. Of these patients, half had a high GRIm-S. With
ongoing trials exploring different immune strategies in PDAC, this
score can be helpful in guiding patient selection for clinical trials,
and should be considered for integration into clinical trial design.
Recently, one prospective clinical trial for patients with metastatic
PDAC has made use of the GRIm-S as part of its eligibility criteria,
highlighting the direct clinical applicability of this score
(NCT04999969). In addition, we hypothesise that patients with a
high GRIm-S or MPS have immune-excluded tumours and
therefore may represent those unlikely to derive benefit from
immune checkpoint inhibitors. These scores may also help
clinicians frame discussions about prognosis and therapeutic
decision-making with patients and family members.
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Table 3. Median overall survival for risk groups according to
prognostic scores.

Prognostic score Median overall survival
(months)

Log-rank
P value

High risk Not
high risk

NLR 7.6 10.0 0.029

PLR 9.2 9.6 0.393

PNI 7.0 10.0 0.098

GRIm-S 6.4 10.0 <0.001

MPS 6.3 10.0 0.002

Bold values denote statistically significant P values.

L.X. Ma et al.

1919

British Journal of Cancer (2023) 128:1916 – 1921



We acknowledge the limitations of our study. This was a
retrospective analysis of the COMPASS trial data, so our findings
require prospective validation. The patients included in our study
all had performance status of ECOG 0 or 1, so the generalisability
to patients with worse clinical status is unknown. Notwithstanding
these limitations, our study demonstrates that systemic inflam-
matory scores such as the GRIm-S can be used as simple
prognostic tools to aid treatment decisions and patient selection
for clinical trials.

CONCLUSION
Systemic inflammatory scores incorporating NLR have prognostic
value in previously untreated ECOG 0–1 patients with advanced

PDAC and can easily be used in the clinical setting. The GRIm-S
had the highest predictive ability for OS and those with high
scores appear particularly immune-excluded. Future clinical trials
should consider these scores for use as a prognostic factor in
patient selection.

DATA AVAILABILITY
All RNA sequencing data have been deposited in the European Genome-Phenome
Archive (EGA) at EGAD00001009409.
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Male 5.52 (1.94,
15.71)

ECOG 0.28

0 Reference

1–2 1.62
(0.67–3.92)

Moffitt subtype 0.8

Basal-like Reference

Classical 1.14
(0.40–3.26)

HRDetect 0.23

Low Reference

High 1.91
(0.66–5.53)

Response 0.17

PR/CR Reference

PD 0.69
(0.21, 2.29)

0.54

SD 0.48
(0.17, 1.34)

0.16

NE 1.79
(0.55, 5.80)

0.33

Baseline tumour burden 1.01
(1.00, 1.01)

0.12

Bold values denote statistically significant P values.
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