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Background: Early diagnosis of pancreatic ductal adenocarcinoma (PDAC) is associated with improved
outcomes. A biomarker with incremental change in the pre-diagnostic phase of the disease would be
valuable for early detection. In our clinical experience, we have observed elevated peripheral blood
monocyte (PBM) counts in PDAC patients at diagnosis. In this study, we aimed to compare PBM counts in
PDAC cases and healthy controls at diagnosis and in the 2-year pre-diagnostic period.

Methods: Using the Rochester Epidemiology Project database, we identified all patients diagnosed with
PDAC between 2000 and 2015 (n=219) and age-and gender-matched disease-free controls (n =438).
PBM counts and temporal trends were analyzed over a 24 month period before PDAC diagnosis. The
groups were compared using Fisher’s exact test and t-test.

Results: At diagnosis, compared to controls PDAC cases more often had monocytosis (23% vs 8%;
p<0.001) and higher mean PBM count (x10°/L) (0.73 vs 0.59; p <0.001). In the 2-year pre-diagnostic
period, mean PBM counts were significantly higher in PDAC cases in the interval from 6 months to
diagnosis (0.69 vs 0.61; p =0.03). PDAC cases with monocytosis at diagnosis had a significantly lower
median survival (1.9 months vs. 7.6 months; p =0.001).

Conclusion: Monocytosis is more prevalent in PDAC patients at diagnosis compared to controls and is
associated with lower median survival. In a subset of patients, PBM count elevation precedes PDAC
diagnosis by 6 months. This novel observation can possibly augment strategies for early diagnosis of
PDAC but needs further study.

© 2019 IAP and EPC. Published by Elsevier B.V. All rights reserved.

Introduction

to age- and gender-matched controls suggesting a 3-year window
of opportunity to detect early stage PDAC [4]. Identifying additional

Pancreatic ductal adenocarcinoma (PDAC) is currently the 3rd
leading cause of cancer mortality, with an overall 5-year survival of
less than 10% [1]. Majority (>90%) of PDAC is sporadic, and most
sporadic PDAC patients present at an advanced stage and rapidly
progress to death after diagnosis [1—3]. Efforts to detect PDAC at an
early stage have identified hyperglycemia as a metabolic derange-
ment that is present in about 40% of cases at diagnosis and often
precedes PDAC diagnosis and can hence be used as an early
detection tool. In a recent study, it was demonstrated that hyper-
glycemia precedes PDAC diagnosis starting at 36 months compared

Abbreviations: PDAC, pancreatic ductal adenocarcinoma; PBM, peripheral blood
monocyte; REP, Rochester epidemiology project; NOD, New-onset diabetes; TNM,
Tumor Nodes Metastases; LMR, lymphocyte-monocyte ratio.
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novel markers of early PDAC detection may provide enrichment
‘sieves’ critical for a viable population screening approach.
Recently, much research has focused on studying the immune
system and the inflammatory features it induces in individuals with
PDAC [5—7]. Of particular interest are monocytes, depending on
their subset, either M1 or M2, they have demonstrated a critical
role both in anticancer resistance and promotion of cancer growth
through inhibition of anticancer immunity, respectively [8]. Previ-
ously, studies have demonstrated that increased pre-operative
peripheral blood monocyte counts, in both hepatocellular carci-
noma and metastatic colorectal cancer, can impact survival [9,10].
In PDAC, an increased peripheral lymphocyte-to-monocyte ratio
has been linked to better outcomes [11,12]. Though some small
studies have commented on an overall increased peripheral blood
monocyte (PBM) counts in PDAC compared to healthy volunteers
[7], there has been no population-based epidemiologic study
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assessing PBM levels at or before PDAC diagnosis. Moreover the
impact of monocytosis on PDAC prognosis remains largely
unknown.

In our clinical experience, we have observed elevated PBM
counts in a significant subset of PDAC patients at diagnosis. Our
study aims to confirm this clinical observation, and to study the
utility of using elevated PBM counts as a potential pre-diagnostic
and prognostic marker of PDAC.

Patients and methods

This study was approved by both the Mayo Clinic Foundation
Institutional Review Board and Olmsted Medical Center Institu-
tional Review Board.

Population-based epidemiologic research can be conducted in
Olmsted County, Minnesota, with 2 major health care institutions
serving almost the entire population [13,14]. The system and
infrastructure that collect, collate, and index patient-level data are
composed in the Rochester Epidemiology Project (REP), which has
been supported since 1966 by the National Institute on Aging of the
National Institutes of Health. Because of this unique linkage system,
Olmsted County is one of the few areas in the United States where
accurate population-based studies can be conducted. In this study,
we used diagnostic index codes maintained by REP to identify all
PDAC cases in Olmsted County, between 2000 and 2015 (n =400).
After careful review of their medical charts, only those who had
either biopsy-proven PDAC (n=190) or a pancreatic mass suspi-
cious for adenocarcinoma with elevated CA19-9 or obstructive
jaundice (n=29) were included in the study as cases (total
n = 219). For each confirmed PDAC case, we randomly selected 2
disease free age- (same birth year) and gender-matched Olmsted
County residents as controls who were seen at the Mayo Clinic in
the same calendar month as the matched cases date of PDAC
diagnosis (index date) (n = 438).

We electronically retrieved all absolute monocyte values for
both cases and controls. Absolute monocyte counts were then
abstracted for both groups using values within a month of index
PDAC diagnosis date (value at —1 to +1). The database was then
searched to construct temporal profiles for both groups up to 24
months prior to index date with values grouped into 6-month time
periods (—1to —6, —6 to —12, —12 to —18 and —18 to —24 months).
Monocyte counts above 0.90 x 10°/L were considered as elevated

Table 1

PBM or monocytosis. New-onset diabetes (NOD) was defined as
diabetes diagnosed within 3 years of index date based on either
International Classification Diagnosis (ICD) code 9 and 10 or one
abnormal fasting blood glucose of >125 mg/dl and/or hemoglobin
Alc of >6.4% at index date.

Statistical analysis

Statistical analysis was carried out using commercial software
(JMP, version 10.0, SAS Institute Inc.). All the results are expressed
as mean (standard deviation [SD] or median interquartile range
[IQR]) as appropriate. The Fischer’s test was used to compare cat-
egorical variables and t-test for continuous variables. To assess the
observed mean monocyte values in each time interval between
cases and controls, we used polynomial regression analyses. Sur-
vival analysis was performed using Kaplan-Meier curves and the
log-rank test. A p value of less than 0.05 was defined as significant.

Results
Baseline characteristics

The baseline demographic and clinical profile of PDAC cases and
controls were comparable with no differences in the mean age
(72.4+£13.3 vs. 72.2 +13.1; p=0.97), gender (male, 51% vs. 51%;
p = 0.98), mean body mass index (29.2 kg/m? + 6.4 vs. 29.1 kg/m? +
5.8; p=0.97), race (white, 94% vs. 96%; p=0.17), and diabetes
status (13% vs. 12%; p = 0.82) at baseline (60 months prior to index
date).

Temporal profile of mean PBM

Comparing values between the groups 24 months prior to PDAC
diagnosis, mean PBM counts (10°/L) were similar between cases
and controls in the intervals from months 18—24 (0.61 vs. 0.62;
p=0.83),18 to 12 (0.62 vs. 0.62; p=0.91) and 12 to 6 (0.62 vs. 0.61;
p=0.86) (Table 1). The mean PBM counts were significantly
different between cases and controls in the interval from 6 months
to 1 month prior to diagnosis (0.69 vs. 0.61; p = 0.03) and continued
to rise until PDAC diagnosis (0.73 vs. 0.59; p <0.001) (Fig. 1).

Monocyte count in Olmsted County of pancreatic cancer cases and their corresponding age- and gender-matched controls.

Cases (N=219) Controls (N = 438) P-value
—1 to + 1 (months)
Total, N 195 390
Monocyte count, mean (SD) 0.73 (+0.36) 0.59 (+0.23) <.001
Monocytosis (>0.90 x 10°/L) (%) 44 (23%) 32 (8%) <.001
—6 to -1 (months)
Total, N 73 198
Monocyte count, mean (SD) 0.69 (+0.29) 0.61 (+0.26) 0.03
Monocytosis (>0.90 x 10°/L) (%) 13 (18%) 23 (12%) 0.18
—12 to -6 (months)
Total, N 75 177
Monocyte count, mean (SD) 0.62 (+0.26) 0.61 (+0.27) 0.86
Monocytosis (>0.90 x 10°/L) (%) 12 (16%) 19 (11%) 0.25
—18 to -12 (months)
Total, N 62 193
Monocyte count, mean (SD) 0.62 (+0.27) 0.62 (+0.32) 091
Monocytosis (>0.90 x 10%/L) (%) 6 (10%) 22 (11%) 0.70
—24 to -18 (months)
Total, N 62 184
Monocyte count, mean (SD) 0.61 (+0.20) 0.62 (+0.28) 0.83
Monocytosis (>0.90 x 10%/L) (%) 7 (11%) 18 (10%) 0.76

*Only a subset of the total subjects had data available at a given time point.
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Fig. 1. Temporal profile of absolute monocyte count prior to PDAC diagnosis in Olmsted County of PDAC cases compared to disease-free controls.

Temporal profile of monocytosis

Comparing proportion between the groups 24 months prior to
PDAC diagnosis, prevalence of monocytosis (>0.9 x 10°/L) was
similar between cases and controls in the intervals from months
18—24 (11% vs.10%; p=0.76),18 to 12 (10% vs.11%; p=0.70),12 to 6
(16% vs. 11%; p=0.25) and 6 to 1 (18% vs. 12%; p = 0.18) (Table 1). A
higher proportion of PDAC patients manifested monocytosis at
diagnosis compared to controls (23% vs. 8%; p <0.001) (Fig. 2).

Temporal profile of mean PBM by new-onset diabetes status

Atotal of 44 (21%) and 52 (12%) patients had new-onset diabetes
mellitus (NOD) in the cases and control groups, respectively.
Comparing values between the groups 24 months prior to PDAC
diagnosis, mean PBM counts (10°/L) were similar between cases
with NOD and controls with NOD in the intervals from months
18—24(0.55 vs. 0.64; p = 0.29),18 to 12 (0.59 vs. 0.61; p = 0.85) and
12t06(0.59 vs. 0.59; p = 0.92). The mean PBM counts trended to be
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different in the interval from 6 months to 1 month prior to diag-
nosis (0.62 vs. 0.56; p = 0.48) and was significantly higher in cases
compared to controls at PDAC diagnosis (0.72 vs. 0.57; p =0.04).
The analysis of monocytosis and NOD was limited by the fact that a
very small subset of patients, 10 with PDAC and 20 controls, had
both NOD and monocytosis.

Survival comparison in PDAC patients stratified by monocytosis

Tumor Nodes Metastases (TNM) stage information was available
at diagnosis in 83% (n=182) and PBM count at diagnosis was
available in 89% (n = 195). Both stage and monocyte level at PDAC
diagnosis was available in 76% (n=166) cases. Of the 195 PDAC
patients with a PBM count available at the time of diagnosis, pa-
tients with monocytosis at diagnosis had a significantly lower
median survival compared to those without monocytosis (1.9
months vs. 7.6 months; p=0.001). PDAC cases without mono-
cytosis at diagnosis demonstrated better 1 and 3 year survival (1-
year: 39% vs. 18%; p =0.01, 3-year: 19% vs. 7%; p = 0.04). Overall,

m Cases mControls
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Fig. 2. Proportion of PDAC patients with monocytosis (>0.90 x 10°/L) at each time interval compared to age- and gender-matched controls.
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in the 195 PDAC cases with PBM counts available at diagnosis those
with monocytosis had significantly worse survival (p=0.005)
(Fig. 3). The percentage prevalence of monocytosis was not signif-
icantly different across the 166 subjects in whom TNM stage was
available (p = 0.64) (Table 2). Survival of PDAC patients distributed
by grouping early stage (I/II), late stage (III/IV), and all stages at
diagnosis demonstrated overall better survival without mono-
cytosis vs. with, but was only statistically significant when
combining all cases irrespective of stage Fig. 3.

Discussion

Our study demonstrated that mean PBM counts are significantly
higher in PDAC cases at diagnosis and in the 6 month period pre-
ceding diagnosis when compared to age and gender-matched
normal controls without PDAC. Also, compared to controls, a
larger proportion of patients with PDAC manifested peripheral
blood monocytosis; this subgroup of PDAC patients with mono-
cytosis had significantly lower median and overall survival inde-
pendent of PDAC staging. These novel population-based findings
can potentially have significant impact on diagnosis and early
detection strategies in PDAC in addition to also acting as a helpful
adjunct in our clinical assessment of prognosis and treatment
planning.

This population-based study corroborates what previous animal
and sera level studies have noted about monocytes and their

— PDAC with monocytosis
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Table 2
Stage based distribution of monocytosis in PDAC cases with both monocyte count
and staging data available at diagnosis (n = 166).

Stage Monocytosis (>0.90 x 10°/L) P-value
Yes (n=35) No (n=131)

I(n=12) 3(25%) 9 (75%) 0.64

I (n=42) 8 (19%) 34 (81%)

Il (n=24) 3(13%) 21 (87%)

IV (n=88) 21 (24%) 67 (76%)

immunologic/inflammatory role in PDAC [6,7,15,16]. Monocytes
have been implicated in malignancy through various mechanisms:
angiogenesis, host immune suppression, and metastasis
[6,7,15—17]. Previous work in PDAC tissue and matched sera from a
limited number of samples describe microenvironments rich in
particular monocyte populations that function as an immunosup-
pressive, allowing unchecked tumor growth [5,7]. Based on im-
mune profiling of peripheral blood leukocytes in PDAC it has been
proposed that tumor-derived exosomes signaling with circulating
monocytes may allow ongoing cancer proliferation [7]. Other che-
mokines such as interleukin 35 and monocyte chemoattractant
protein-1 have also been connected in recruitment of monocytes in
PDAG, likely promoting PDAC neovascularization [6,18].

Our study demonstrates that at a population-level monocytosis
is more prevalent in PDAC cases at diagnosis compared to controls,

-=== PDAC without monocytosis
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Fig. 3. Survival analysis comparing PDAC cases with and without monocytosis at diagnosis for respective TMN stages. A) TMN Stage [ & II (n = 54) B) TMN Stage Il & IV (n=112) C)
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and future translational work aimed at understanding the immune-
related mechanisms that lead to this phenomenon may provide
further insight into early diagnosis as well as uncover novel
immunologic treatment strategies. To date, only limited strategies
are present for early detection of PDAC. Due to the low prevalence
of pancreatic cancer, population-level screening of average-risk
individuals is not feasible with currently available tools [1]. But in
certain high-risk subsets, such as those with genetic predisposition,
chronic pancreatitis, and elderly patients with NOD, having a
manifold higher risk of PDAC compared to general population,
screening could be effective [19,20]. In these high risk populations,
increasing PBM counts and/or monocytosis could be incorporated
as an additional filter to facilitate both early detection and diagnosis
of PDAC.

As demonstrated in this study, monocytosis in PDAC is a pre-
dictor of poor outcomes. The difference in survival was significant
when combining all PDAC cases irrespective of stage. When
restricting the survival analysis to early and late stages separately
there was a trend indicating lower survival in the monocytosis
group, but this failed to reach statistical significance likely due to
the limited sample size. Two previous studies by Sasaki et al.,
involving hepatocellular carcinoma and colorectal cancer that has
metastasized to the liver, have also demonstrated decreased sur-
vival with subjects with an increased PBM [9,10]. Several non-PDAC
cancers, including T-cell lymphoma [21], metastatic melanoma
[22], head and neck cancer [23], and metastatic renal cell carcinoma
[24] have established peripheral monocytosis as an immunologic
marker for poor prognosis and decreased survival. Possible mech-
anisms for the monocytosis leading to worse outcomes in these
cancers have been described as the monocytes being a surrogate
marker of inflammation seen in metastasis [22] and increase in
subpopulations of immunosuppressive monocytes allowing
ongoing tumor growth [21]. Moreover, in colorectal cancer circu-
lating monocytes have been shown to harbor tumor-specific ge-
netic signatures that are independent of tumor stage, reversible
upon cancer-directed treatment and may have future applications
as a treatment response biomarker [25]. In PDAC, PBM counts and
clinical outcomes have mostly been studied in the context of
lymphocyte-monocyte ratio (LMR), and increased ratio has been
associated with improved overall mortality [11,12]. A meta-analysis
of 8 studies including 1795 patients with pancreatic cancer further
confirmed this association of favorable survival and elevated LMR
[26]. Though the exact mechanism of why elevated peripheral
monocytes in PDAC is linked to poor outcomes remains unclear, it
has been hypothesized that this elevation of PBM is an extension of
the tumor immune microenvironment, specifically tumor associ-
ated macrophages [16,17,27]. Due to the fact these cells promote
tumor progression and metastasis, it is not surprising that worse
outcomes have been cited within the literature previously in
various other non-pancreatic malignancies.

We would like to highlight some limitations within our study
that could possibly influence the results. Similar to other retro-
spective studies, its inherent limitations apply to allowing only
association, not causation, to be inferred. Though some peripheral
monocyte counts could potentially be missing during our data
collection, the use of the REP database in this population study
makes this much less likely. Since this study took place in Olmstead
County, a particularly homogenous white population, this data may
also not apply to a more heterogenous group of patients and further
validation in a more diverse cohort of patients will be required.
Additionally, we were only able to demonstrate that although the
mean PBM count was different 6 months prior to the clinical
diagnosis, the actual prevalence of monocytosis was not different,
potentially due to inadequate sample size. It is also important to
note when evaluating monocytosis, it can be present for other

reasons such as: infection, inflammatory/autoimmune conditions,
and separate hematologic malignancies which can potentially give
rise to false positives. Despite these limitations, we believe that the
results of this study provides much needed epidemiologic insight
into the relationship between PDAC and circulating PBMs both at
diagnosis and in the pre-diagnostic time window.

In summary, our population-based study shows that nearly 1 in
4 individuals with PDAC have peripheral blood monocytosis at
diagnosis, a proportion that is significantly higher than controls
without PDAC. In addition, peripheral blood monocytosis in our
cohort appears to be a predictor of poor outcomes independent of
tumor stage. We also demonstrated that PBM counts start
increasing up to 6 months before PDAC diagnosis. This simple and
easily accessible laboratory test, may serve as a potential ‘sieve’ for
early detection of PDAC, although larger prospective studies will be
required for further assessments of the role of elevated PBM values
and monocytosis as a complement to other early detection models
of PDAC; and as a tool for screening high-risk cohorts.
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