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ORIGINAL ARTICLE

Readily available biomarkers predict poor survival in metastatic
pancreatic cancer
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Nadia Haj Mohammadd, Marjolein Y. Homse, Jeanin E. van Hooftf, Joanne Verheijg, Judith de Vos-Geelenh ,
Johanna W. Wilminki#, W. Ewout W. Steyerbergj#, Marc G. Besselinka�# , and Hanneke W. van Laarhoveni�# ;
for the Dutch Pancreatic Cancer Group
aDepartment of Surgery, Cancer Center Amsterdam, Amsterdam UMC, University of Amsterdam, Amsterdam, The Netherlands; bDepartment
of Research and Development, Netherlands Comprehensive Cancer Organization (IKNL), Utrecht, The Netherlands; cLaboratory for
Experimental Oncology and Radiobiology, Center for Experimental and Molecular Medicine, Cancer Center Amsterdam, Amsterdam UMC,
University of Amsterdam, Amsterdam, The Netherlands; dDepartment of Medical Oncology, University Medical Center, Utrecht University,
Utrecht, The Netherlands; eDepartment of Medical Oncology, Erasmus Medical Center, Rotterdam, The Netherlands; fDepartment of
Gastroenterology and Hepatology, Leiden University Medical Center, Leiden, The Netherlands; gDepartment of Pathology, Cancer Center
Amsterdam, Amsterdam UMC, University of Amsterdam, Amsterdam, The Netherlands; hDepartment of Internal Medicine, Division of
Medical Oncology, GROW – School for Oncology and Developmental Biology, Maastricht University Medical Center, Maastricht, The
Netherlands; iDepartment of Medical Oncology, Cancer Center Amsterdam, Amsterdam UMC, University of Amsterdam, Amsterdam, The
Netherlands; jDepartment of Biomedical Data Sciences, Leiden University Medical Center, Leiden, The Netherlands

ABSTRACT
Background: Identification of metastatic pancreatic cancer (mPC) patients with the worst prognosis
could help to tailor therapy. We evaluated readily available biomarkers for the prediction of 90-day
mortality in a nationwide cohort of mPC patients.
Methods: Patients with synchronous mPC were included from the Netherlands Cancer Registry
(2015–2017). Baseline CA19-9, albumin, CRP, LDH, CRP/albumin ratio, and (modified) Glasgow
Prognostic Score ((m)GPS composed of albumin and CRP) were evaluated. Multivariable logistic regres-
sion analyses were performed to identify predictors of 90-day mortality. Prognostic value per predictor
was quantified by Nagelkerke’s partial R2.
Results: Overall, 4248 patients were included. Median overall survival was 2.2months and 90-day mortality
was 59.4% (n¼ 1629). All biomarkers predicted 90-day mortality in univariable analysis, and remained stat-
istically significant after adjustment for clinically relevant factors and all other biomarkers (all p< 0.001).
The prognostic value of the biomarkers combined was similar to WHO performance status. Patients who
received chemotherapy had better outcomes than those who did not, regardless of biomarker levels.
Conclusions: In mPC patients, albumin, CA19-9, CRP, LDH, CRP/albumin ratio, and (m)GPS are prog-
nostic for poor survival. Biomarkers did not predict response to chemotherapy. These readily available
biomarkers can be used to better inform patients and to stratify in clinical trials.
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Background

Patients with metastatic pancreatic cancer (mPC) face a dis-
appointing outcome, with reported median overall survival
(OS) rates of merely 2–3months in population-based
research (Vincent et al. 2011, van der Geest et al. 2017).
FOLFIRINOX and Gemcitabine/nab-paclitaxel chemotherapy
have shown to be the most effective treatment regimens in
mPC (Conroy et al. 2011, Von Hoff et al. 2013, Ducreux et al.

2015). However, given the relatively high toxicity rates of
chemotherapy and possible deterioration in quality of life
(Conroy et al. 2011), it is crucial to select those patients who
are most likely to benefit from systemic treatment. A signifi-
cant proportion of patients with mPC has an extremely poor
prognosis (e.g. survival <3months) and might not benefit
from further treatment (van der Geest et al. 2017).
Identification of patients with such a poor prognosis could
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help to tailor treatment and supportive care options (e.g. to
refrain from palliative chemotherapy, and/or consider endo-
scopic or surgical interventions).

Biomarkers could aid in the prediction of outcome and
treatment success. Currently, many research efforts focus on
the development of novel biomarkers. Unfortunately, many
of such attempts fail (Ioannidis 2010, de Graaf et al. 2018).
Thus far, Carbohydrate Antigen 19-9 (CA19-9) remains the
only FDA-approved biomarker for pancreatic cancer
(Ballehaninna and Chamberlain 2012). However, there is
some evidence suggesting that other readily available bio-
markers, such as C-reactive protein (CRP), albumin and lac-
tate dehydrogenase (LDH), or combinations of those, may
predict outcome in pancreatic cancer (McMillan 2013, Yu
et al. 2017, Hang et al. 2018). These markers are nowadays
not routinely used in clinical practice as current evidence is
of limited quality and no potentially clinically relevant out-
comes have been studied.

The aim of this study was to determine the prognostic
value of readily available biomarkers for poor prognosis
(defined as 90-day mortality) in a nationwide cohort of mPC
patients. We also explored predictive value for benefit of pal-
liative chemotherapy.

Clinical significance and impact

� Many resources are spent in the search for novel prog-
nostic biomarkers in metastatic pancreatic cancer.

� However, readily available and non-expensive biomarkers
could provide similar information.

� We used a large (n¼ 4248) nationwide database (with
many clinical variables available to adjust for) to evaluate
readily available biomarkers (CA19-9, CRP, albumin, LDH,
and combinations).

� This is the largest study to show that all biomarkers pre-
dicted 90-day mortality after adjustment.

� The prognostic value of the four biomarkers together is
similar to that of WHO performance status, one of the
most important clinical factors.

� We recommend to include these biomarkers in future
prognostic studies and clinical trials.

Materials and methods

Patient selection

This is a retrospective study for which data were derived
from the Netherlands Cancer Registry (NCR). The NCR is a
population-based registry, in which all newly diagnosed
malignancies in the Netherlands (approximately 17 million
inhabitants) using data extracted from patient’s medical
records. Patients are identified using the automated patho-
logical archive (PALGA) and the National Registry of Hospital
Discharge Diagnosis. NCR data are registered by trained data
administrators. These data administrators use the same
standardized instructions, including those for biomarkers.
Periodically, the NCR performs a quality check, after which
data collection is optimized. Besides, as many research

projects use NCR data, data quality is monitored continu-
ously. Before using the biomarker data logic cheques were
performed in order to search for outliers/illogical data
entries; no signals of systematic errors were found. This study
was reported according to the TRIPOD and REMARK guide-
lines where applicable (McShane et al. 2005, Collins et al.
2015, Sauerbrei et al. 2018).

All patients with synchronous mPC registered in the NCR
between 2015 and 2017 were selected: ICD-O-3 topography
C25 and morphology codes 8 010;8 012;8 020;8 140;8 141;8
260; 8 310;8 440;8 480;8 481;8 490;8 500;8 560, or a non-mi-
croscopic verified invasive neoplasm of the pancreas suspect
for adenocarcinoma (excluding C25.4). A subgroup analysis
was performed including only patients undergoing palliative
chemotherapy.

Definitions

We considered CA19-9, albumin, CRP, and LDH. We studied
each biomarker separately, the CRP/albumin ratio, and the
(modified) Glasgow Prognostic Score (GPS and mGPS). In the
GPS, 1 point each for CRP >10mg/L or albumin <35 g/L is
allocated (Forrest et al. 2004, McMillan 2013). For the mGPS,
1 point is assigned for CRP >10mg/L, and 2 points for both
CRP >10mg/L and albumin <35 g/L (Supplementary Table
A1) (McMillan 2013). Collected values were the highest value
(for CA19-9, LDH and total bilirubin) or last value (for albu-
min and CRP) before start of treatment/decision to renounce
treatment (for rationale see Supplementary Table A1). All bio-
marker tests were performed by the clinical laboratories of
the individual hospitals as part of their standard clinical proc-
esses. Information on clinical outcome (survival) was there-
fore not available to the performers of the tests. Other
extracted data were: age, sex, socioeconomic status, WHO
performance score, comorbidity, tumour location, tumour
diameter, clinical tumour (cT) stage, clinical lymph node (cN)
stage, location/number of metastatic sites, pathology con-
firmation, treatment and OS. Socioeconomic status was
assessed using social deprivation scores based on income,
education and occupation per four-digit postal code area.
Registered cT stage in 2 017 were based on the UICC TNM8
edition. For patients diagnosed in 2015–2016 cT was
restaged according to the 8th edition using tumour size
(Sobin et al. 2009). cN status was defined as lymph node
negative (cN�), lymph node positive (cNþ) or unknown
(cNX). Number and sites of metastases were combined in
one variable, based on the prognostic value of the number/
location of sites as identified in previous work (one site lung/
lymph nodes; one site other; two sites; three sites) (Mackay
et al. 2019). Palliative chemotherapy was defined as adminis-
tration of at least one dose of any cytotoxic regimen.
Patients were treated according to standard clinical practice,
usually with FOLFIRINOX or gemcitabine-based therapy.
Primary outcome was 90-day mortality (any cause).
Secondary outcome was OS. Vital status was checked with
the civil municipal registry at 1 February 2019.
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Table 1. Characteristics and outcomes of 4248 patients diagnosed with metastatic pancreatic cancer (2015–2017) in the Netherlands.

Biomarkers Complete cases After multiple imputation

CA19-9, kU/L (n¼ 2490)a 1610 (152–9000) 1728 (160–9000)
LDH, U/L (n¼ 3719) 233 (186–316) 232 (186–316)
Albumin, g/L (n¼ 3244) 36 (31–41) 36 (31–41)
CRP, mg/L (n¼ 3482) 29 (9–81) 28 (9–78)
GPS (n¼ 2818)

0 625 (22.2) 965 (22.7)
1 1102 (39.1) 1748 (41.1)
2 1091 (38.7) 1536 (36.2)

mGPS (n¼ 2818)
0 736 (26.1) 1157 (27.2)
1 991 (35.2) 1556 (36.6)
2 1091 (38.7) 1536 (36.2)

CRP/albumin ratio (n¼ 2818) 0.83 (0.25–2.58) 0.78 (0.24–2.43)
Bilirubin, mmol/L (n¼ 3867) 15 (8–93) 14 (8–89)
Cholestasis, yes (bilirubin >20 mmol/L) (n¼ 3867) 1563 (40.4) 1693 (39.9)
Clinical characteristics
Age 70 (63–77) 70 (63–77)
Male sex 2239 (52.7) 2239 (52.7)
Socioeconomic Status

Low 1358 (32.0) 1358 (32.0)
Medium 1723 (40.6) 1723 (40.6)
High 1167 (27.5) 1167 (27.5)

Performance score (n¼ 2260)
WHO 0 727 (32.2) 1221 (28.7)
WHO 1 856 (37.9) 1543 (36.3)
WHO 2 397 (17.6) 817 (19.2)
WHO 3–4 280 (12.4) 667 (15.7)

Cardiovascular comorbidity, yes (n¼ 3885) 1320 (34.0) 1440 (33.9)
Pulmonary comorbidity, yes (n¼ 3885) 488 (12.6) 535 (12.6)
Diabetes Mellitus as comorbidity, yes (n¼ 3885) 1114 (28.7) 1217 (28.6)
Other malignancy in history, yes (n¼ 3885) 821 (19.3) 821 (19.3)
Tumour location

Head/body 2479 (58.4) 2479 (58.4)
Tail 1027 (24.2) 1027 (24.2)
Other/not otherwise specified/overlapping 742 (17.5) 742 (17.5)

Tumour diameter in mm (n¼ 3314) 40 (30–53) 40 (30–54)
Clinical T stage (TNM 8)

Tis/T0/T1/T2 1305 (30.7) 1305 (30.7)
T3/T4 1891 (44.5) 1891 (44.5)
TX 1052 (24.8) 1052 (24.8)

Clinical N stage
N� 1742 (41.0) 1742 (41.0)
Nþ 1626 (38.3) 1626 (38.3)
NX 880 (20.7) 880 (20.7)

Location metastases (n¼ 4244)
1 site (lung/distant nodes) 313 (7.4) 313 (7.4)
1 site (liver/peritoneal/other) 2324 (54.8) 2324 (54.8)
2 sites (any) 1071 (25.2) 1071 (25.2)
3 or more sites (any) 536 (12.6) 536 (12.6)

Treatment characteristics
Pathology confirmation of diagnosis (yes) 3054 (71.9) –
Laparoscopy and/or explorative laparotomy 344 (8.1) –
Biliary drainage 966 (23.4) –
Palliative chemotherapy (any) 1218 (28.7) –

No palliative chemotherapy 3030 (71.3) –
FOLFIRINOX first line 749 (17.6) –
Gemcitabine monotherapy first line 257 (6.0) –
Gemcitabine/nab-paclitaxel first line 148 (3.5) –
Other chemotherapy first line 64 (1.5) –

Outcomes
30-day mortality after diagnosis 1048 (24.7) –
90-day mortality after diagnosis 2462 (58.0) –
90-day mortality after diagnosis for patients undergoing palliative chemotherapy 238 (19.5) –
OS total group in months (median, 95%CI) 2.3 (2.2 to 2.4) –

OS patients receiving FOLFIRNOX (n¼ 749) 8.3 (7.6 to 8.9) –
OS patients receiving gemcitabine/nab-paclitaxel (n¼ 148) 6.5 (5.1 to 8.0) –
OS patients receiving gemcitabine-monotherapy (n¼ 257) 4.2 (3.6 to 5.0) –
OS patients not receiving palliative chemotherapy (n¼ 3030) 1.5 (1.4 to 1.6) –

Categorical variables are presented as counts (%); continuous variables are presented as medians (IQR); OS¼Overall Survival in months; If the number of avail-
able cases is not specified in the left column, no missing data occurred; aValues >9000 kU/L were coded as 9000 in the Netherlands Cancer Registry.
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Statistical analysis

Missing data occurred frequently (Table 1) and were deemed
missing at random (possibly related to other parameters, but
unrelated to outcome) (Schafer and Graham 2002). Missing
data were estimated using 10-fold multiple imputation and
Predictive Mean Matching (Mackinnon 2010). As sensitivity
analyses complete case analyses were performed. Complete
case analyses included complete data for the variables under
study, except for the analyses comparing Nagelkerke’s partial
R2 which were performed in the database with fully com-
plete cases only to allow for adequate comparison.

The Box-Tidwell test was used to assess linearity
between the continuous predictors and the Logit, which
was violated in CRP. Hence, CRP was log-transformed
(LN[CRP]). Median OS with 95% confidence interval (CI) was
estimated using Kaplan–Meier analysis. First, the best clin-
ical model using multivariable logistic regression analysis
was constructed (backward selection; p> 0.10 for removal),
including known relevant predictors and factors with some
prognostic value (p< 0.10) in univariable analysis.
Subsequently, biomarkers were added to assess their inde-
pendent prognostic value. Multivariable analyses including
(m)GPS or CRP/albumin ratio were not adjusted for individ-
ual albumin and CRP levels, as these variables are probably
highly correlated to each other.

To illustrate the prognostic effect size for the continuous
predictors and biomarkers, the odds ratio (OR) was calculated
for comparison of the 75th versus the 25th percentile. This
was achieved by scaling of the biomarker values (division of
values by their interquartile range). The added prognostic
value of each predictor and biomarker was explored by cal-
culating Nagelkerke’s R2 for univariable analysis and after
adjustment. The partial Nagelkerke’s R2 for each variable is
the percentage of variability in the outcome which is
explained by the specific prognostic factor(s) in the model
(explained variance).

Predictive values (Ballman 2015) for the effect of pallia-
tive chemotherapy were explored. Biomarkers were catego-
rized based on administration of palliative chemotherapy
(yes/no) and biomarker levels (high vs. low using the
median as cut-off value; or predefined scores for GPS and
mGPS). To account for immortal-time bias in these analyses,
30-day mortality was excluded. Data were analysed using
IBM SPSS Statistics for Windows version 24.0 (IBM corp.,
Armonk, NY). A p value <0.05 was considered statistically
significant.

Results

Cohort description

After exclusion of seven patients who were lost-to-follow-up
within 90 days, 4 248 patients with mPC were analysed.
Median age was 70 (interquartile range (IQR) 63–77) years
and 53% was male (n¼ 2 239; Table 1). The diagnosis of pan-
creatic cancer was pathologically confirmed in 3 054 patients
(72%), and metastases were pathologically confirmed in 2
293 (54%). Palliative chemotherapy was administered to 1
218 patients (29%). Ninety-day mortality was 58% (n¼ 2 462)
in the total cohort, and 20% (n¼ 238) in 1 218 patients
receiving palliative chemotherapy. Median OS of the total
cohort was 2.3months (95%CI 2.2 to 2.4). Median biomarker
levels are shown in Table 1. Of patients with a (m)GPS score
of 2, 1 175/1 536 (77%) died within 90 days compared to
33% (317/965) and 34% (394/1 157) with a GPS or mGPS
score of 0, respectively (Table 2).

Prognostic value of readily available biomarkers

In the total cohort, in univariable analysis, all biomarkers pre-
dicted 90-day mortality (all p< 0.001; Table 3). After adjust-
ment for age, WHO performance score, cardiovascular
disease, primary tumour location, cN status and location/
number of metastatic sites (best clinical model,
Supplementary Table A2) all individual biomarkers were still
prognostic (p< 0.001). After addition of also all other bio-
markers (highly correlated biomarkers/scores were not added
to the same model, see methods), all biomarkers predicted
90-day mortality. All biomarkers (individual and after adjust-
ments) also predicted the secondary outcome OS (all
p< 0.001; see Supplementary Table A3).

In the group of patients who received palliative chemo-
therapy (n¼ 1 218) all biomarkers predicted 90-day mortality
after adjustment for WHO performance score, primary
tumour location, cT stage, and location/number of metastatic
sites (Table 3, for best clinical model see Supplementary
Table A4). After including also all biomarkers, all biomarkers
except for albumin, were strong prognostic factors.

The size of the prognostic value of each predictor in the
total cohort is illustrated in Figure 1. For example, patients
with CA19-9 levels >9 000 ku/L rather than 160 kU/L had a
two times higher odds of 90-day mortality (OR 1.95, 95%CI
1.59 to 2.39). Of all clinical factors, the Nagelkerke’s partial R2

was highest for WHO performance status (12% after adjust-
ment for clinical factors, 7% after adjustment for also all

Table 2. Ninety-day mortality for each (modified) Glasgow Prognostic Score category in metastatic pancreatic cancer.

Total group (n¼ 4248) Without cholestasis (n¼ 2555) Palliative chemotherapy (n¼ 1218)

Score 90-day mortality, yes/total (%) p Value 90-day mortality, yes/total (%) p Value 90-day mortality, yes/total (%) p Value

GPS 0 317/965 (32.8%) <0.001 221/680 (32.5%) <0.001 44/417 (10.6%) <0.001
1 971/1748 (55.5%) 621/1103 (56.3%) 109/546 (20.0%)
2 1175/1536 (76.5%) 600/772 (77.7%) 85/255 (33.3%)

mGPS 0 394/1157 (34.1%) <0.001 265/771 (34.4%) <0.001 48/481 (10.0%) <0.001
1 894/1556 (57.5%) 577/1012 (55.0%) 106/482 (22.0%)
2 1175/1536 (76.5%) 600/772 (77.7%) 85/255 (33.3%)
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biomarkers; Figure 2). LDH, albumin and LN[CRP] had a par-
tial R2 similar to or higher than that of age and number/loca-
tion of metastatic sites. In the full model, the four
biomarkers together had a partial Nagelkerke’s R2 higher
than that of WHO performance status (10% vs 7%, respect-
ively). In other words, the prognostic value of CA19-9, LDH,
LN[CRP] and albumin combined was higher than that of
WHO. When comparing GPS, mGPS, CRP/albumin ratio, and
LN[CRP] plus albumin as continuous parameters, (m)GPS and
the two continuous parameters had the highest
explained variance.

Predictive value of readily available biomarkers

None of the biomarkers was predictive of treatment out-
come; patients who underwent chemotherapy had lower
rates of 90-day mortality and a more favourable OS com-
pared to those who did not, regardless of biomarker levels.
This was illustrated for GPS and CA19-9 in Figure 3; for the

subgroup of patients with low CA19-9 both 90-day mortality
and OS was better when receiving palliative chemotherapy
compared to not receiving chemotherapy (p< 0.001 for both
analyses). This was also found for the subgroup of patients
with high CA19-9, GPS score 0, GSP 1 and GPS 2 (all
p< 0.001 for both 90-day mortality and OS). Very similar
results we found for the other biomarkers. Also, when includ-
ing only patients with WHO performance status 0–1 and age
<80 (as surrogate definition for the eligibility to receive
chemotherapy), there was no predictive value of any bio-
marker under study.

Sensitivity analysis

Upon sensitivity analysis, comparing the outcomes before
and after multiple imputation, similar results were found. The
main differences were that in complete-case analysis albumin
was not a statically significant prognostic factor after adjust-
ment for all clinical factors/biomarkers in the total cohort,

Table 3. Prognostic factors for 90-day mortality after diagnosis in patients with metastatic pancreatic cancer.

Univariable
Multivariable, adjusted for

clinical factors only�
Multivariable, adjusted for clinical
factors� and other biomarkers

Biomarker OR (95%CI) p Value OR (95%CI) p Value OR (95%CI) p Value

Total group (n¼ 4248)
CA19-9 (per 1000 U/

L increase)
1.09 (1.07 to 1.11) <0.001 1.08 (1.05 to 1.10) <0.001 1.08 (1.05 to 1.10) <0.001

LDH (per 100 U/
L increase)

1.30 (1.22 to 1.38) <0.001 1.28 (1.20 to 1.36) <0.001 1.18 (1.11 to 1.25) <0.001

Albumin (per
unit increase)

0.92 (0.91 to 0.93) <0.001 0.94 (0.93 to 0.95) <0.001 0.97 (0.95 to 0.98) <0.001

LN[CRP] 1.68 (1.58 to 1.78) <0.001 1.52 (1.42 to 1.62) <0.001 1.36 (1.26 to 1.47) <0.001
GPS <0.001 <0.001 <0.001#

0
1 2.56 (2.09 to 3.13) 2.16 (1.76 to 2.65) 1.95 (1.59 to 2.40)
2 6.67 (5.46 to 8.15) 4.28 (3.40 to 5.39) 3.71 (2.93 to 4.68)

mGPS <0.001 <0.001 <0.001#

0
1 2.62 (2.17 to 3.16) 2.27 (1.86 to 2.77) 2.04 (1.67 to 2.49)
2 6.31 (5.26 to 7.58) 4.17 (3.37 to 5.15) 3.63 (2.92 to 4.52)

CRP/albumin ratio
(per
unit increase)

1.33 (1.28 to 1.38) <0.001 1.20 (1.15 to 1.25) <0.001 1.20 (1.15 to 1.25) <0.001#

Chemotherapy group (n¼ 1218)
CA19-9 (per 1000 U/

L increase)
1.10 (1.06 to 1.15) <0.001 1.08 (1.03 to 1.13) 0.001 1.08 (1.03 to 1.13) 0.001

LDH (per 100 U/
L increase)

1.18 (1.08 to 1.29) <0.001 1.17 (1.06 to 1.28) 0.001 1.10 (1.01 to 1.20) 0.03

Albumin (per
unit increase)

0.94 (0.92 to 0.97) <0.001 0.95 (0.93 to 0.98) <0.001 0.97 (0.94 to 1.00) 0.07

LN[CRP] 1.52 (1.35 to 1.72) <0.001 1.39 (1.22 to 1.59) <0.001 1.29 (1.10 to 1.49) 0.001
GPS <0.001 <0.001 <0.001#

0
1 2.14 (1.38 to 3.33) 1.76 (1.11 to 2.78) 1.60 (1.01 to 2.55)
2 4.27 (2.67 to 6.79) 3.28 (2.00 to 5.36) 2.99 (1.81 to 4.95)

mGPS <0.001 <0.001 <0.001#

0
1 2.56 (1.70 to 3.85) 2.08 (1.34 to 3.22) 1.89 (1.21 to 2.96)
2 4.54 (2.94 to 7.02) 3.52 (2.20 to 5.61) 3.24 (2.01 to 5.23)

CRP/albumin ratio
(per
unit increase)

1.20 (1.12 to 1.28) <0.001 1.15 (1.07 to 1.23) <0.001 1.13 (1.06 to 1.22) 0.001#

LN[CRP] ¼ logarithmic transformation of CRP.�Total group: Adjusted for age, WHO performance status, cardiovascular disease, primary tumour location, cN status, location/number of metastatic sites (best
clinical model, see Supplementary Table A1). In complete case analysis, the best clinical model was the exact same model as after multiple imputation;.
Chemotherapy group: Adjusted for WHO performance score, primary tumour location, cT stage (TNM8), location/number of metastatic sites (best clinical model,
see Supplementary Table A2). In complete case analysis, the best clinical model was the exact same model as after multiple imputation.
#Not adjusted for albumin and CRP as mGPS, GPS and CPR/albumin ratio are composed of these.
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while it was after multiple imputation (Table 3 versus
Supplementary Table A5). In the chemotherapy group, LDH,
albumin and CRP/albumin ratio were not statically significant
prognostic in part of the models. Although the (size of the)
prognostic value was lower for LN[CRP], albumin, and
(m)GPS in complete case analysis than with multiple imput-
ation, the prognostic value of the four biomarkers together
was still similar to that of WHO performance status (6.5% vs
7.6%, respectively; Figures 1 and 2 versus A1 and A2).
Imputation of all predictors except for the biomarker
under study (hence creating separate datasets for each bio-
marker) showed results very similar to imputation of all varia-
bles in one database (Table 3 versus Supplementary
Table A6).

Discussion

This population-based study showed that CA19-9, albumin,
CRP, LDH, (m)GPS, and CRP/albumin ratio predict 90-day
mortality independent of other clinical parameters including
WHO performance status in 4 248 patients with mPC. The
prognostic value of the four individual biomarkers combined
was at least similar to that of WHO performance status.
There was no predictive value in interaction with chemother-
apy; regardless of biomarker levels, patients undergoing pal-
liative chemotherapy had better outcomes than those who
received best supportive care.

To the best of our knowledge, this is the largest study
reporting on CA19-9, GPS or any of the other biomarkers

under study in mPC. As no previous studies assessed the
prognostic value of these biomarkers for 90-day mortality,
outcomes are difficult to compare. However, the strong prog-
nostic value of CA19-9 for OS is well-known (Haas et al.
2013, Goldstein et al. 2015). GPS is composed of the positive
acute phase protein CRP, and albumin which is a negative
acute phase protein but also reflects nutritional status. Since
the first report on its prognostic value in non-small cell lung
cancer, the GPS has shown strong prognostic value in vari-
ous types of cancer (Forrest et al. 2004, McMillan 2013).
However, in mPC, only a limited number of relatively small
series [n¼ 81–174 (Inoue et al. 2015, Liu et al. 2017, Piciucchi
et al. 2017); n¼ 439 (Imaoka et al. 2016)] studied GPS, most
of them show prognostic value similar to our findings. LDH
is released in the bloodstream in the case of cell damage
and has been associated with poor prognosis in several can-
cer types, including mPC [n¼ 196–272 (Tas et al. 2014, Yu
et al. 2017)].

In our analyses, we did not find predictive value of the
biomarkers for the effectiveness of chemotherapy. As
revealed by a recent review, to date there are no other
established predictive biomarkers to guide treatment deci-
sions in pancreatic cancer (van der Sijde et al. 2019). A recent
exploratory study (n¼ 54) has suggested that repeated KRAS
circulating tumour DNA measurements could be useful in
early response prediction in advanced pancreatic cancer
(Kruger et al. 2018). However, future, larger studies are
needed to evaluate possible implementation of circulating
tumour DNA in clinical practice (Creemers et al. 2017, Strijker
et al. 2019).

Figure 1. Prognostic factors for 90-day mortality after diagnosis in patients with metastatic pancreatic cancer. The odds ratios for the continuous variables (age
and all biomarkers) are presented as an increase from the lower quartile (25th percentile) to the upper quartile (75th percentile). Other reference categories are the
following: aWHO 0; bprimary tumour location head/body/overlapping/not otherwise specified; ccN� status; d1 metastatic site (lung/lymph nodes) eGPS 0; fmGPS 0.
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In our study we adjusted for an elaborate set of clinical
prognostic factors (‘the best clinical model’). This included 10
of the 12 mandatory prognostic variables as recommended
by a recently published consensus statement (included: age,
albumin, bilirubin, CA19-9, CRP, disease status, LDH, liver
metastasis, number of metastatic sites and performance sta-
tus; not available were neutrophil-to-lymphocyte ratio and
pain at baseline), and three from the recommended set (sex,
primary tumour location, pulmonary metastasis) (Ter Veer
et al. 2018). Most earlier studies adjusted only for a limited

set of clinical factors, often not including for instance WHO
performance status (Haas et al. 2013).

The results of the present study must be interpreted in
the light of some limitations. First, the missing data. We per-
formed extensive sensitivity analyses with imputation, and
did not find any important differences in the results. The
small differences we found (some markers were not statistic-
ally significant after adjustment in complete case analysis),
are attributable to the inefficiency of complete case analysis,
which ignores information on patients even if a single

Figure 2. Prognostic value of predictors for 90-day mortality in metastatic pancreatic cancer, expressed as Nagelkerke’s partial R2 values. (A) Clinical predictors. (B)
Biomarkers. The figure shows a) the prognostic value each individual biomarker (CA19-9, LDH, CRP, Albumin); unadjusted, adjusted for clinical factors, and after
addition of also the biomarkers; b) the prognostic value of four combinations of CRP and albumin (GPS, mGPS, CRP/albumin ratio, and LN[CRP] and albumin as con-
tinuous variables), unadjusted, adjusted for clinical factors, and after addition of the remaining biomarkers (i.e. CA19-9 and LDH); c) all four biomarkers combined;
unadjusted and adjusted for clinical factors (as there are no remaining biomarkers to add to the model, the bars with ascending stripes and descending stripes
show the same results).
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predictor is missing from the set of required predictors for a
statistical model. Indeed, Table 1 shows very similar predictor
and biomarker values among complete and completed cases.
It seems unlikely that the currently studied relation between
the biomarkers and outcomes would differ in the patients
with missing data. Second, the exact dates of biomarker
measurements were unknown. However, by NCR definitions,
all biomarkers were highest (CA19-9, LDH and bilirubin) or
last values (albumin and CRP) before start of cancer treat-
ment/decision to renounce treatment. If current results are
translated into clinical practice or new studies, the same defi-
nitions should be applied. Third, CA19-9 higher than 9 000
kU/L was registered as 9 000 kU/L, which could have led to
attenuated prognostic effects in this study. The most import-
ant strength of this study is the large number of patients
diagnosed with mPC over a recent period of only three years
and adequate follow-up. This, combined with a population-
based design and availability of many other prognostic fac-
tors allowing for adequate adjustment, makes the results
generalizable to many different settings.

We recommend to include CA19-9, albumin, CRP and LDH
measurements in future studies on mPC. These markers are
readily available and non-expensive, but have a combined
prognostic value at least similar to that of WHO performance
status. When considering CRP and albumin, and its related

scores, it seems that GPS, mGPS and the combination of
LN[CRP] and albumin as continuous variables have the high-
est prognostic strength. We note that mGPS and GPS (which
seem to perform equally) might be easier to interpret in clin-
ical practice than the combination of (log-transformed) con-
tinuous variables. These biomarkers could be used to better
inform patients about their prognosis and hence aid end-of-
life decision-making, for instance to initiate palliative treat-
ment. In addition, these biomarkers could be used to stratify
in clinical trials in order to ensure well-balanced treatment-
arms. In the future, the biomarkers could also be used to
select patients eligible for specific treatment strategies, e.g.
patients with a very poor prognosis of <90 days for best sup-
portive care rather than palliative chemotherapy. A validated
prediction model including for example WHO performance
status, age, location/number of metastases, and biomarkers
could be a next step. Moreover, the value of novel (often
expensive) prognostic markers should be compared to these
readily available biomarkers.
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