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Chapter 1

Introduction

The immune system is one of the defence mechanisms that protects our body against
infectious diseases. It also has the ability to detect and eliminate tumor cells, and therefore
also plays a role in the protection against cancer. *

The human immune system consists of two parts, the innate and the adaptive part, that
work together meticulously. The innate immune system is the first line defence against
pathogenic bacterial and viral invasion. It is mainly composed of cells: granulocytes,
macrophages, natural killer cells and dendritic cells, which can recognize and kill pathogens.
! Additionally, they activate the adaptive immune system. The adaptive immune system
has a slower response, however, its cells: T-lymphocytes and B-lymphocytes have a specific
recognition and are able to selectively target pathogens or damaged cells for elimination. *

There is substantial evidence that later in life, the immune system impairs and that
as a result of ageing, the body is less able to regulate inflammatory processes. “* These
changes are referred to as immunosenescence and are thought to contribute to an increased
incidence of morbidity in the elderly population: not only for cancer, but also for other
types of disease.? It was long thought that the innate immune system was resistant to these
changes, but ageing occurs both in the innate and adaptive immune system. >*

In general, the total number of hematopoetic stem cells in the bone marrow is decreased
in the elderly, resulting in a decreased proliferation capacity of almost all blood cells. For
instance, T-lymphocytes not only decrease in number, they are also less diverse and have
a diminished signalling and regulatory capacity in the elderly. * Neutrophils are thought
to form an exception as both numbers of bone marrow precursors and peripheral blood
neutrophils do not change with age. In contrast, their phagocytic abilities and oxidative
bursts do decrease, possibly making them less effective. 2

Additionally, research among healthy individuals has shown that an advanced age
is associated with a hyper-inflammatory state, exemplified by an increased presence
of inflammatory markers, such as IL-6, TNF-alpha and acute phase proteins such as
C-reactive protein (CRP). %7 This is referred to as inflammaging. Many of these markers are
associated with morbidity and mortality. *'° However it is unclear whether these changes
of inflammatory mediators are the result of the normal ageing process and a decline of the
immune system or whether they are caused by pre-existing conditions and thus can be seen

as indicators of underlying or upcoming disease. '

With regard to cancer, the relationship with inflammation is well known, however only
partially understood as a result of its complex nature. '*'¢ One of the theories is that long
term inflammation increases the risk of cancer. For instance a Helicobacter Pylori infection
is associated with an increased risk of gastric cancer, inflammatory bowel disease with
colorectal cancer, and tobacco smoke, in addition to being carcinogenic, can induce chronic

inflammation that is associated with lung cancer. '”'® Another theory is that inflammation
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may be a secondary systemic inflammatory response to a yet-undetected tumor. ' Products
of inflammatory processes such as biomarkers measured in blood, can be used to study both
hypotheses, but are not able to distinguish them.

The role of the immune system in this setting has recently become of greater interest.
Neutrophils were traditionally considered as innocent bystanders in the cancer setting. 2
However it has been hypothesized, that neutrophils may be important in tumor initiation,
progression, and metastasis. ***' Lymphocytes, on the other hand, are thought to have an
anti-tumor effect through their ability to specifically target and then kill cancer cells. > A
deeper insight into the interaction between the immune system and cancer on a systemic

level, might help us with the development of new immunotherapeutic agents.

The aim of this thesis was therefore to gain a greater understanding of the role of the
immune system in patients with cancer in general and more specifically in those with
pancreatic cancer. In order to do so we studied inflammation-related markers in relation
to cancer and mortality both in the healthy, ageing population as well as in patients with
(pancreatic) cancer. The setting of the studies presented in this thesis is the Rotterdam
Study, a population-based prospective cohort study that has been running since 1989 in a

sub-urban area of Rotterdam, the Netherlands. 2>%

Outline of thesis

So far, no conclusive evidence has been found for a causal relation between CRP levels and
risk of cancer. ¥ Therefore, in chapter 2 we present an overview of previous studies on the
association between the well-known inflammatory marker CRP and the risk of incident
cancer in the general population.

Although CRP is probably the most frequently studied inflammatory maker, the white
blood cell (WBC) count has also been investigated often. The total WBC count encompasses
several cell types, such as granulocytes, lymphocytes and monocytes, which potentially all
play a different role in cancer. To simultaneously study the effect of multiple cell types,
the neutrophil-to-lymphocyte ratio (NLR) and the systemic immune-inflammation index
(SII) were developed. They are composite markers of absolute peripheral neutrophil (N),
lymphocyte (L) and in the case of the SII also platelet (P) counts. They are calculated as
followed, respectively: NLR = N/L and SII = N/L x P. %%

Since they are relatively novel, little is known about the added clinical value of these
markers, and even reference values in the general population are missing. Therefore, we
obtained reference values for the SII, NLR and PLR (platelet-to-lymphocyte ratio = P/L)
from the Rotterdam Study (chapter 3). Furthermore, we addressed whether these markers

change with age.
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Chapter 1

Next, in chapter 4, we studied the potential association between the NLR and overall
and cause-specific mortality. Furthermore, it is known that in the elderly, inflammatory
markers such as CRP and the erythrocyte sedimentation rate (ESR) are elevated. This is
considered part of the normal ageing process. ¢ As a result, it has been suggested that, in
elderly, moderately increased ESR values are not clinically meaningful and can therefore
be disregarded. ¥ In chapter 5 we therefore studied the association between the ESR and

mortality to verify whether this suggestion could be substantiated with evidence.

The relationship between inflammation and cancer is well-known, yet, it is unsure
whether it is the inflammation that leads to cancer, or whether inflammation is a result
of a cancer which is already present. One theory is that low-grade, chronic inflammation
increases the risk of cancer. Therefore, the objective of chapter 6 was to investigate
whether an increased SII is an indicator for developing cancer in healthy individuals. We
hypothesized that when inflammatory cells play a role in the etiology of cancer, individuals
with higher levels of inflammation over a longer period of time, as measured by the SII, are
at a higher risk to develop cancer.

Alternatively, inflammation may be considered as a consequence, rather than the cause,
of cancer. There is plenty evidence for interaction between tumors and the immune system.
" It is known that more aggressive cancers outmanoeuvre the immune system by evading
immune-surveillance or inhibiting activation of the immune system. '*** Immunotherapy
interfering with this process has shown to be an effective treatment in aggressive cancers
like melanoma and lung cancer. ** One of the most aggressive cancers is pancreatic cancer.
3132 Tn contrast to the progress made in the treatment of lung cancer and melanoma, little
improvement has been made in the treatment of pancreatic cancer. * Probably, one of the
reasons is that relatively little is known about the interaction between the immune system
and pancreatic cancer. Therefore, we were interested to explore the potential changes in the
immune system especially in patients with pancreatic cancer.

In the Netherlands, like in many other European countries, pancreatic cancer mortality
was found to be systematically higher than the incidence. ****This suggests that there is an
underestimation of the reported incidence of pancreatic cancer. Therefore, we first explored
the discrepancy between the national incidence and mortality rates in pancreatic cancer
in chapter 7. We used the Rotterdam Study to establish the incidence rate of pancreatic
cancer and its mortality rates. We then linked pancreatic cancer cases to the national cancer
registry to get insight into this potential discrepancy between incidence and mortality rates.

Then, in chapter 8 we studied the role of the SII prior to the diagnosis of pancreatic cancer.
It is well recognized that the immune system plays an important role in cancer surveillance
and the elimination of tumor cells. '>'*'> However it also known that pancreatic cancer is
capable of misleading the immune system in such a way that it no longer attacks tumor cells,

but rather forms a support structure for the cancer. ?*** Therefore, we investigated whether
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there is an impairment of the immune system already prior to the detection of cancer. For
the analyses presented in chapter 8, we used multiple measurements and evaluated the
change in SII levels in the years up to the diagnosis of pancreatic cancer.

In chapter 9 we aimed to identify new and validate previously found plasma metabolomic
biomarkers. It is well known that the development and progression of pancreatic cancer
are associated with alterations in the systemic metabolism such as glucose intolerance,
accompanied by anorexia and severe weight loss.”>* Circulating metabolites have been
proposed as a potentially useful screening tool in pancreatic cancer.” We set out to replicate
previously found metabolomic biomarkers in five large European population cohorts and

find additional biomarkers associated with pancreatic cancer.

In the last chapters of this thesis we present a general discussion, summary and
conclusion (chapters 10 and 11), in which we discuss whether we can provide an answer
to the question whether inflammation causes cancer or whether it is a result of the cancer.
Furthermore, we discuss several future perspectives of the studied biomarkers in screening

on potential cancer and evaluating response to cancer therapy.
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Chapter 2

Abstract

Background: C-reactive protein (CRP) is a sensitive but nonspecific biomarker of systemic
inflammation. CRP levels are (moderately) elevated in patients with cancer. Recently,
prospective studies have suggested that CRP is also associated with an increased risk of the
development of cancer in the general population. However, so far results on the association

between CRP and cancer have been inconclusive.

Methods: We performed a review and meta-analysis of prospective, population-based
studies that reported on the association between CRP and cancer incidence. Embase, Web
of science, Medline, Google Scholar and the Cochrane Library were searched. Summary

hazard ratios (HR) were calculated using inverse variance random-effects models.

Results: A total of 72 cohort studies were selected; 30 cohort and 42 case-control studies
which were nested in a cohort. There was a significant association between CRP levels and
risk of any cancer with an overall HR of 1.11 (95% confidence interval (CI): 1.06 - 1.16). In
sub-analyses, there was a significant association between CRP and risk of lung and breast
cancer (HRs 1.29 (95% CI: 1.12 - 1.49) and 1.08 (95% CI: 1.01 - 1.14), respectively), but not
for CRP and the risk of colorectal or prostate cancer (HRs 1.07 (95% CI: 0.99 - 1.17) and
1.00 (95% CI: 0.93 - 1.09), respectively).

Conclusion: This meta-analysis showed that CRP is a significantly associated with the
incidence of all cancers combined. Specifically for incident lung and breast cancer, but not
for colorectal and prostate cancer. Whether the relationship between CRP and cancer is

causal is still to be determined.
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Introduction

In 1863, Rudolf Virchow observed that leukocytes were present in neoplastic lesions and
hypothesized that cancer originates at a site of chronic inflammation. ' However, whether
it is the chronic inflammation that leads to the development of a cancer or whether
inflammation is the early consequence of a developing but yet undetected malignancy
remains a topic of debate. ? Both theories are probably not mutually exclusive and could
be further investigated by studying specific markers of systemic inflammation. C-reactive
protein (CRP) is a sensitive but nonspecific biomarker of systemic inflammation. * It
is an acute-phase protein that is synthesized in the liver as a response to infection, but
can also be increased in patients with chronic inflammatory conditions such as diabetes,
atherosclerosis, and cardiovascular disease. 3-°

It is well-known that CRP levels are (moderately) elevated in patients with cancer. ©
However, in these patients reverse causality could also explain the association between CRP
and cancer meaning that an elevated CRP is an inflammatory response to the cancer, and
thus a consequence rather than a cause. *” More recently, studies have suggested that CRP is
not solely a marker of the presence of disease, but that it is also associated with an increased
risk of incident cancers during follow-up in the general population. ”® Therefore, prospective
studies measuring levels of inflammation including CRP at study entry, long before the
diagnosis of cancer, might give a more comprehensive insight into the association between
CRP and cancer. Any found association could then be a surrogate marker for inflammation
that increases the risk of cancer. Although, several prospective studies have been published,
so far no conclusive evidence has been provided for a significant association between CRP
and cancer. ’

To elucidate the role of CRP as a risk factor for incident cancers, we performed a review
and meta-analysis of prospective cohort studies and nested case-control studies that
investigate the association between the inflammatory marker CRP and cancer incidence in

the general population.

Methods

Literature search

This systematic review was conducted following the guidelines of the PRISMA statement.
19 Tn December 2017 and March 2019, Embase, Medline Ovid, Web of Science, Cochrane
CENTRAL and Google scholar were searched for epidemiological studies investigating the
association between inflammation, as represented by circulating CRP and the subsequent

risk of any solid cancer (for search term see Supplementary Materials). !
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Chapter 2

Two independent reviewers (JF and RR) manually screened titles and abstracts, and
full articles if necessary, of all citations retrieved from the search and checked them for

eligibility. Any disagreement was resolved by consensus.
Eligibility criteria

Eligible studies were those that were observational studies with a prospective design
[cohort studies or case-control studies which were nested in a cohort], that assessed the
association between CRP and the subsequent risk of any solid cancer. We only included
epidemiological studies in adults. No randomized controlled trails were available for our
research question. We excluded studies that used CRP for adjustment, stratification or as
part of a score, without reporting the individual association with CRP. Meta-analyses were
not included, but bibliographies of included publications in the meta-analysis were checked
for studies that were potentially missed by our search. Finally, we limited inclusions to

publications written in English.
Data extraction

From each eligible study, we collected the following information: first author, year of
publication, design (nested case-control or cohort), number of cases and controls or
population participants, exposure and outcome measured and the maximally adjusted
reported effect estimates; odds ratios (OR) for nested cases-control studies and hazard ratios
(HR) for cohort studies. The methodological quality of the included studies was assessed
by means of the Newcastle-Ottawa scale for non-randomized studies. > According to this

scale, studies with a score of six out of nine points or above are considered as of high quality.
Statistical analysis

Analyses were performed with Comprehensive Meta-analysis® software version 2 (Biostat,
Englewood, New Jersey, USA) and RevMan 5.1 (http://ims.cochrane.org/revman/
download).

We pooled those studies that analyzed CRP continuously and that reported the
same outcome measure. We performed a meta-analysis for the outcome any cancer and
additionally for each of the four major solid cancers: lung, colorectal, breast and prostate
cancer.

Pooled effect estimates were reported as HR or OR with 95% confidence intervals.
Meta-analyses were conducted using inverse variance random-effects models. '* Between-
study heterogeneity was assessed by means of the I* value which measures the percentage

of variability in risk effect estimates that is due to between study heterogeneity rather than
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chance. * Publication bias was assessed from funnel plots in which the log HR for each
study was plotted against its standard error. Any symmetry in the plots might suggest a

form of publication bias.

Results

A total 5,417 publications were identified in our search in the Embase, Medline Ovid, Web
of Science, Cochrane CENTRAL and Google scholar databases (4,944 in the initial search
and an additional 473 in the updated search). We found 72 prospective studies that reported
on the association between CRP and cancer; 30 cohort studies and 42 nested case-control
studies (see Figure 1, Table 1 and Table 2, respectively).

All included studies scored at least six points on the Newcastle-Ottowa scale, for the
cohort studies, 19 scored nine out of nine points (63.3%, see Table 1 and Table 2).

There was variation in the primary outcome, most studies chose incidence of all cancers
as a main outcome and additionally assessed the four major cancers: lung, colorectal, breast

7816-65 However,

and prostate cancer or either one of these outcomes as a primary outcome.
several other malignancies were also studied: endometrial **%’, esophageal ¢, gastric %, liver
7071 ovarian *>7*77, pancreatic 7%, penile *, testicular * and thyroid cancer %% (see Table 1
and Table 2).

There also was a high variation in the reporting of the exposure measures. In some of the
studies no high sensitivity CRP measurement was available, only reporting of a CRP > 10.0
mg/L for an analysis. Furthermore, CRP was analyzed in different ways, e.g. continuously,
in tertiles, quartiles or quintiles or different cut-off points (see Table 1 and Table 2). As a
result there were too few nested case-control studies that reported the same exposure and

outcome measure to perform a meta-analysis (see Table 2).
Incidence of all cancers

There were nine cohort studies that reported on the incidence of all cancers combined
and analysed CRP continuously (In mg/L). They comprised a total of 38,254 individuals
of whom 4,997 developed an incident cancer. There was a significant association, with an
increased risk of 11% for each increase in logarithmic [In] mg/L CRP (HR 1.11; 95% CI:
1.06 - 1.16; see Figure 2).
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Chapter 2

Figure 1. PRISMA diagram showing selection of articles for review.
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Incidence of four major cancers

Figures 3-6 show the results of de meta-analyses for lung, colorectal, breast and prostate
cancer, respectively. The random effects model showed a significant association between
CRP and incident lung cancer (HR 1.29; 95% CI: 1.12 - 1.49) and between CRP and breast
cancer (HR 1.08; 95% CI: 1.01 - 1.14). No significant associations were found for colorectal
and prostate cancer (HR 1.07; 95% CI: 0.99 - 1.17 and HR 1.00; 95% CI: 0.93 - 1.09,

respectively).
Effect estimates

There was little to moderate heterogeneity amongst the studies that reported on incident
colorectal (I = 12%, P = 0.33), prostate (I’ = 13%, P = 0.33) or any cancer (I? = 39%,
P =0.11). Even though studies largely overlapped, those that reported on lung and breast
cancer had showed a high heterogeneity (lung cancer: I’ = 75%, P < 0.01 and breast cancer:
PP =73%, P <0.01).

Publication bias

In none of the meta-analyses did visual inspection of the funnel plots reveal asymmetry,

indicating there was no evidence of publication bias (Supplementary Figures 1-5).

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% Cl
dos Santos Silva 2010 (NPHS-I) 0019803 0.047423 12.6% 1.02[0.93, 1.12) —+
dos Santos Silva 2010 (NPHS-Il) 0.14842 0.052513  11.1% 1.16 [1.05, 1.29] —_—
dos Santos Silva 2010 (TPT) 0.113329 0.036505 16.6% 1.12 [1.04, 1.20] -
Heikkild 2009 (BWHHS) 0.058269 0.067141  8.0% 1.06 [0.93, 1.21] B
Heikkild 2009 (Caerphilly) 0019803 0.06474  8.4% 1.02[0.90, 1.16] b
Il'yasova 2005 0.223144 0069259  7.6% 1.25[1.09, 1.43] —_—
Prizment 2013 0.076961 0033115 18.0% 1.08 [1.01, 1.15] =
Siemes 2006 0.182322 0044571 13.5% 1.20 [1.10, 1.31] —
Yueng 2013 0.157004 0.099867  4.2% 1.17 [0.96, 1.42) I
Total (95% CI) 100.0%  1.11[1.06, 1.16] *
Heterogeneity: Tau? = 0.00; Chi* = 13.08, df = 8 (P = 0.11); I* = 39% o5 o7 s B

Test for overall effect: 2 = 4.82 (P < 0.00001) Risk cancer decreased  Risk cancer increased

Figure 2. Forrest plot for the association between CRP and any solid cancer.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Demb 2019 0.029559 0.056924 14.7% 1.03[0.92, 1.15] T
dos Santos Silva 2010 (NPHS-I) 0.0202 0.169428  8.6% 0.98 [0.70, 1.37] —
dos Santos Silva 2010 (NPHS-II) 0.398776 0.116663 11.4% 1.49[1.19, 1.87) —
dos Santos Silva 2010 (TPT) 0.463734 0.083121 13.3% 1.591.35, 1.87] —
Heikkila 2009 (BWHHS) 0029559  0.1925  7.6% 1.03[0.71, 1.50] e —
Heikkila 2009 (Caerphilly) 0.157004 0.127494 10.8% 1.17 [0.91, 1.50] —
Il'yasova 2005 0.494696 0.159223  9.1% 1.64 [1.20, 2.24]
Prizment 2013 0.254642 0.090516  12.9% 1.291.08, 1.54] —
Siemes 2006 041211 0112411 11.6% 1.51[1.21, 1.88] e —
Total (95% ClI) 100.0% 1.29[1.12, 1.49] -
Heterogeneity: Tau? = 0.03; Chi? = 31.41, df = 8 (P = 0.0001); I = 75% o

.7 15
Test for overall effect: Z = 3.52 (P = 0.0004) Risk cancer decreased ~ Risk cancer increased

Figure 3. Forrest plot for the association between CRP and lung cancer.
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% Cl IV, Random, 95% CI
dos Santos Silva 2010 (NPHS-I) -0.06188 0.118548 11.4% 0.94[0.75, 1.19] - 1
dos Santos Silva 2010 (NPHS-II) -0.03046 0.137786 8.8% 0.97 [0.74, 1.27] —
dos Santos Silva 2010 (TPT) 0.09531 0.094021 16.9% 1.10[0.91, 1.32] A
Heikkila 2009 (BWHHS) 0.157004 0.138215 8.7% 1.17[0.89, 1.53] ]
Heikkila 2009 (Caerphilly) 0215111 0.102592 14.7% 1.24[1.01, 1.52] —
Il'yasova 2005 0.039221 0.083338 20.5% 1.04[0.88, 1.22] i
Izano 2016 -0.03046 0.165649 6.2% 0.97[0.70, 1.34] - 1
Prizment 2013 -0.11653 0.156726 6.9% 0.89[0.65, 1.21] —
Siemes 2006 0.364643 0.171821 5.8% 1.44[1.03, 2.02]
Total (95% CI) 100.0% 1.07 [0.99, 1.17] o
Heterogeneity: Tau? = 0.00; Chi? = 9.10, df = 8 (P = 0.33); I = 12% o o7 5 +

Test for overall effect: Z = 1.66 (P = 0.10) Risk cancer decreased  Risk cancer increased

Figure 4. Forrest plot for the association between CRP and colorectal cancer.

Hazard Ratio Hazard Ratio
Study or Subgrou log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Busch 2018 0 0.007616 29.5% 1.00 [0.99, 1.02]
Frydenberg 2016 0.058269 0.024084 25.4% 1.06 [1.01, 1.11] -
Heikkila 2009 (BWHHS) 0 0.138894 4.2% 1.00[0.76, 1.31] D S—
Il'yasova 2005 0.277632 0.191794 2.4% 1.32[0.91, 1.92] ]
Nelson 2017 0.04879 0.034064 21.9% 1.05[0.98, 1.12] ™
Prizment 2013 0.239017 0.08787  8.7% 1.27[1.07, 1.51] e
Siemes 2006 0.24686 0.092889  8.0% 1.28[1.07, 1.54] e
Total (95% Cl) 100.0% 1.08 [1.01, 1.14] &
Heterogeneity: Tau? = 0.00; Chi? = 22.28, df = 6 (P = 0.001); I? = 73% 0‘5 0‘7 1‘5 2

Test for overall effect: 2 = 2.36 (P = 0.02) Risk cancer decreased Risk cancer increased

Figure 5. Forrest plot for the association between CRP and breast cancer.

Hazard Ratio Hazard Ratio
Study or Subgrou log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Heikkilé 2009 (Caerphilly) 0.113329 0.167196  56% 1.12[0.81, 1.55]
I'yasova 2005 -0.06188 0.153963  6.5% 0.94[0.70, 1.27) —
Pierce 2009 0.019803 0.090087 17.5% 1.02[0.85, 1.22] —
Prizment 2013 -0.06188 0.048481 46.3% 0.94 [0.85, 1.03] —u
Siemes 2006 0.113329  0.0747 24.1% 1.12[0.97, 1.30] T
Total (95% CI) 100.0% 1.00 [0.93, 1.09] ?
Heterogeneity: Tau? = 0.00; Chi? = 4.59, df = 4 (P = 0.33); I = 13% ofs 0?7 T 1f5 2

Test for overall effect: 2= 0.11 (P = 0.91) Risk cancer decreased ~ Risk cancer increased

Figure 6. Forrest plot for the association between CRP and prostate cancer.

Discussion

This is the first meta-analysis of prospective, population-based cohort studies that
investigated the association between CRP levels and the risk of an incident cancer. It showed
that cancer free individuals with higher CRP levels have an increased risk of breast and lung
cancer of 8% and 29%, respectively. It further demonstrated a significantly increased risk
for any type of cancer of 11%. No significant associations were found for incident colorectal
or prostate cancer.

It is well-known that patients with cancer have increased levels of CRP compared to
individuals without cancer. ®° However, these results come from studies in which CRP levels
are measured when the cancer is already present. Then, increased CRP levels may well be
the result of an inflammatory response that is generated against the cancer. %° Therefore,
previous reviews of Heikkila et al. (2007) and Allin et al. (2011) stated that there was still
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too little evidence to answer the question whether inflammation as measured by CRP has
a causal role in malignancies, and that large prospective studies were needed to provide an
answer to this question. *°

In the past years, several others have published reviews and meta-analyses for subtypes
of cancer. Similar to our results, CRP levels were associated with an increased risk of breast
cancer with a relative risk (RR) of 1.07 (95% CI: 1.02 - 1.12) and lung cancer with a RR 0of 1.28
(95% CI: 1.17 - 1.41). 3% Although a statistically significant relation between CRP levels
and risk of colorectal cancer with a RR of 1.12 (95% CI, 1.01-1.25) has been described, we
could not confirm this * However, it is important to notice that all these studies combined
effect estimates of both nested case-control and cohort studies, even though mathematically
ORs and HRs should not be pooled.

In 2013 a meta-analysis of prospective studies studying CRP and incident cancer found
comparable results for total cancer incidence and incident lung cancer. ¥ They found no
association for colorectal and prostate cancer, but contrary to our results, also no statistically
significant association for risk of CRP and breast cancer. This could be explained by the fact
that in this study different exposure measures (e.g. CRP was measured continuously, in
quartiles or clinical cut-offs) were combined.

Overall, when we pool similar exposure measures (e.g. only continuously analysed CRP
levels) and similar effect estimates (e.g. only HR) we found a significant association between
CRP and any incident cancer and specifically lung and breast cancer. Whether this also
means that there is a causal relationship between CRP and cancer, remains to be answered.
Four of the studies included in this meta-analysis performed a sub-analysis in which they
excluded the first years of follow-up. #***¢* One study described significant results for risk
of any cancer after exclusion of three years of follow-up time. 2 However, in other studies
significance was lost or the results were attenuated. **® Regarding lung and breast cancer,
for which we found significant associations in this meta-analysis, associations remained
significant even when the first 5 years of follow-up were excluded from the analysis. 7 In
our opinion, from these studies no conclusions can be drawn as to whether these results can
not merely be explained by reverse causality.

Some of the included studies also assessed genetic determinants, in which the authors
investigated the association between genetic polymorphisms influencing CRP levels and the
risk of cancer. Genetic risk scores from multiple SNPs (single-nucleotide polymorphisms)
were found to be associated with colorectal cancer. 4** Furthermore, CRP SNPs have been

found to be associated with lung cancer as an independent risk indicator. ®
Strengths and Limitations
This is the first meta-analysis of prospective, population-based cohort studies that

investigated the association between CRP level and cancer incidence. All included studies

were of high quality with a sufficient amount of follow-up time. Previously, reviews and
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meta-analyses only included prevalence studies, too few prospective studies, or pooled
studies that were not comparable. Although previous meta-analyses of case-control studies
showed a significant association between CRP and cancer, the included studies in these
meta-analyses were of a retrospective design. Therefore, associations might be explained by
reverse causality or bias.

This study has some limitations that warrant mentioning. First, although a large number
of prospective studies were included, there was a high variety in the reported exposure and
outcome measures. As a result, only a small number of the selected studies could be pooled
in the meta-analysis. For greater comparability, we would like to urge future studies to
report continuously analyzed CRPs instead of cut-off categories.

Additionally, although this meta-analysis shows that there is a significant association
between CRP and cancer, it is still unclear what the nature of this association is. No
conclusions can yet be drawn on whether this relationship is causal (meaning CRP directly
plays a role in the etiology of cancer), is due to reverse causality or that CRP is a proxy
measure for inflammation leading to cancer.

In the future, both these limitations could be solved by performing a patient level meta-

analysis.

In conclusion, this meta-analysis of prospective, population-based cohort studies
suggests that there is a significant association between CRP level and cancer incidence,
specifically lung and breast cancer. A future patient-level-meta-analysis of large prospective
studies examining the association of CRP with cancer incidence, would be valuable to

determine the role of CRP in the etiology of cancer.

30



References

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

Balkwill E, Mantovani A. Inflammation and cancer: back to Virchow? Lancet 2001; 357(9255): 539-45.
Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature 2008; 454(7203): 436-
44,

Kushner I, Rzewnicki D, Samols D. What does minor elevation of C-reactive protein signify? Am J Med
2006; 119(2): 166 €17-28.

Iso H, Cui R, Date C, Kikuchi S, Tamakoshi A. C-reactive protein levels and risk of mortality from
cardiovascular disease in Japanese: The JACC Study. Atherosclerosis 2009; 207(1): 291-7.

Hu G, Jousilahti P, Tuomilehto J, Antikainen R, Sundvall J, Salomaa V. Association of serum C-reactive
protein level with sex-specific type 2 diabetes risk: A prospective finnish study. J Clin Endocrinol Metab
2009; 94(6): 2099-105.

Heikkila K, Ebrahim S, Lawlor DA. A systematic review of the association between circulating
concentrations of C reactive protein and cancer. ] Epidemiol Community Health 2007; 61(9): 824-33.
Allin KH, Bojesen SE, Nordestgaard BG. Baseline C-reactive protein is associated with incident cancer
and survival in patients with cancer. J Clin Oncol 2009; 27(13): 2217-24.

Siemes C, Visser LE, Coebergh JW, et al. C-reactive protein levels, variation in the C-reactive protein gene,
and cancer risk: the Rotterdam Study. J Clin Oncol 2006; 24(33): 5216-22.

Allin KH, Nordestgaard BG. Elevated C-reactive protein in the diagnosis, prognosis, and cause of cancer.
Crit Rev Clin Lab Sci 2011; 48(4): 155-70.

Moher D, Liberati A, Tetzlaff ], Altman DG, Group P. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. Ann Intern Med 2009; 151(4): 264-9, W64.

Bramer WM, Milic ], Mast . Reviewing retrieved references for inclusion in systematic reviews using
EndNote. ] Med Libr Assoc 2017; 105(1): 84-7.

Wells GA SB, O’Connell D, Peterson ], Welch V, Losos M, et al. . The Newcastle-Ottawa Scale (NOS) for
assessing the quality if nonrandomized studies in meta-analyses.

De Angelis R, Sant M, Coleman MP, et al. Cancer survival in Europe 1999-2007 by country and age: results
of EUROCARE--5-a population-based study. Lancet Oncol 2014; 15(1): 23-34.

Riley RD, Higgins JP, Deeks JJ. Interpretation of random effects meta-analyses. Bmj 2011; 342: d549.
Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. Bmj 2003;
327(7414): 557-60.

Agnoli C, Grioni S, Pala V, et al. Biomarkers of inflammation and breast cancer risk: a case-control study
nested in the EPIC-Varese cohort. Sci rep 2017; 7(1): 12708.

Aleksandrova K, Jenab M, Boeing H. C-reactive protein concentrations and risks of colon and rectal
cancer: a nested case-control study within the European Prospective Investigation into Cancer and ....
American journal of ... 2010.

Allin KH, Bojesen SE, Nordestgaard BG. Inflammatory biomarkers and risk of cancer in 84,000 individuals
from the general population. International Journal of Cancer 2016; 139(7): 1493-500.

Busch EL, Whitsel EA, Kroenke CH, Yang YC. Social relationships, inflammation markers, and breast
cancer incidence in the Women’s Health Initiative. Breast 2018; 39: 63-9.

Chan AT, Ogino S, Giovannucci EL, Fuchs CS. Inflammatory markers are associated with risk of colorectal
cancer and chemopreventive response to anti-inflammatory drugs. Gastroenterology 2011; 140(3): 799-
808, quiz e711.

Chaturvedi AK, Caporaso NE, Katki HA, et al. C-reactive protein and risk of lung cancer. J Clin Oncol
2010; 28(16): 2719-26.

Demb J, Wei EK, Izano M, et al. Chronic inflammation and risk of lung cancer in older adults in the health,
aging and body composition cohort study. 2018.

dos Santos Silva I, de Stavola BL, Pizzi C, Meade TW. Circulating levels of coagulation and inflammation
markers and cancer risks: Individual participant analysis of data from three long-term cohorts. Int ]
Epidemiol 2010; 39(3): 699-709.

31



Chapter 2

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

32

Dossus L, Jimenez-Corona A, Romieu I, et al. C-reactive protein and postmenopausal breast cancer risk:
Results from the E3N cohort study. Cancer Causes Control 2014; 25(4): 533-9.

Erlinger TP, Platz EA, Rifai N, Helzlsouer KJ. C-Reactive Protein and the Risk of Incident Colorectal
Cancer. ] Am Med Assoc 2004; 291(5): 585-90.

Frydenberg H, Thune I, Lofterod T, et al. Pre-diagnostic high-sensitive C-reactive protein and breast
cancer risk, recurrence, and survival. Breast Cancer Research and Treatment 2016; 155(2): 345-54.

Gaudet MM, Patel AV, Teras LR, et al. Obesity-related markers and breast cancer in CPS-II Nutrition
Cohort. Int ] Mol Epidemiol Genet 2013; 4(3): 156-66.

Ghuman S, Van Hemelrijck M, Garmo H, et al. Serum inflammatory markers and colorectal cancer risk
and survival. Br ] Cancer 2017; 116(10): 1358-65.

Gunter MJ, Stolzenberg-Solomon R, Cross AJ, et al. A prospective study of serum C-reactive protein and
colorectal cancer risk in men. Cancer Res 2006; 66(4): 2483-7.

Gunter MJ, Wang T, Cushman M, et al. Circulating Adipokines and Inflammatory Markers and
Postmenopausal Breast Cancer Risk. 2015.

Heikkild K, Harris R, Lowe G, et al. Associations of circulating C-reactive protein and interleukin-6 with
cancer risk: Findings from two prospective cohorts and a meta-analysis. Cancer Causes Control 2009;
20(1): 15-26.

II'yasova D, Colbert LH, Harris TB, et al. Circulating levels of inflammatory markers and cancer risk in the
health aging and body composition cohort. Cancer Epidemiol Biomarkers Prev 2005; 14(10): 2413-8.

Ito Y, Suzuki K, Tamakoshi K, Wakai K. Colorectal cancer and serum C-reactive protein levels: a case-
control study nested in the JACC Study. Journal of ... 2005.

Izano M, Wei EK, Tai C, et al. Chronic inflammation and risk of colorectal and other obesity-related
cancers: The health, aging and body composition study. Int ] Cancer 2016; 138(5): 1118-28.

Kim C, Zhang X, Chan AT, et al. Inflammatory biomarkers, aspirin, and risk of colorectal cancer: Findings
from the physicians health study. Cancer Epidemiol 2016; 44: 65-70.

Lee S, Choe JW, Kim HK, Sung J. High-sensitivity C-reactive protein and cancer. ] Epidemiol 2011; 21(3):
161-8.

Morrison L, Laukkanen JA, Ronkainen K, Kurl S, Kauhanen J, Toriola AT. Inflammatory biomarker score
and cancer: A population-based prospective cohort study. BMC Cancer 2016; 16(1).

Muller DC, Larose TL, Hodge A, et al. Circulating high sensitivity C reactive protein concentrations and
risk of lung cancer: Nested case-control study within Lung Cancer Cohort Consortium. BMJ (Online)
2019; 364.

Nelson SH, Brasky TM, Patterson RE, et al. The association of the c-reactive protein inflammatory
biomarker with breast cancer incidence and mortality in the women’s health initiative. Cancer Epidemiol
Biomarkers Prev 2017; 26(7): 1100-6.

Ollberding NJ, Kim Y, Shvetsov YB, et al. Prediagnostic leptin, adiponectin, C-reactive protein, and the
risk of postmenopausal breast cancer. Cancer Prev Res 2013; 6(3): 188-95.

Otani T, Iwasaki M, Sasazuki S, Inoue M, Tsugane S. Plasma C-reactive protein and risk of colorectal
cancer in a nested case-control study: Japan public health center-based prospective study. Cancer
Epidemiol Biomarkers Prev 2006; 15(4): 690-5.

Pierce BL, Biggs ML, Decambre M, et al. C-reactive protein, interleukin-6, and prostate cancer risk in men
aged 65 years and older. Cancer Causes Control 2009; 20(7): 1193-203.

Pine SR, Mechanic LE, Enewold L, et al. Increased levels of circulating interleukin 6, interleukin 8,
c-reactive protein, and risk of lung cancer. J Natl Cancer Inst 2011; 103(14): 1112-22.

Platz EA, De Marzo AM, Erlinger TP, et al. No association between pre-diagnostic plasma C-reactive
protein concentration and subsequent prostate cancer. Prostate 2004; 59(4): 393-400.

Prizment AE, Anderson KE, Visvanathan K, Folsom AR. Association of inflammatory markers with
colorectal cancer incidence in the atherosclerosis risk in communities study. Cancer Epidemiol Biomarkers
Prev 2011; 20(2): 297-307.



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.

68.

Prizment AE, Folsom AR, Dreyfus J, et al. Plasma C-reactive protein, genetic risk score, and risk of
common cancers in the Atherosclerosis Risk in Communities study. Cancer Causes Control 2013; 24(12):
2077-87.

Rifai N, Buring JE, Lee IM, Manson JE, Ridker PM. Is C-reactive protein specific for vascular disease in
women? Ann Intern Med 2002; 136(7): 529-33.

Shiels MS, Pfeiffer RM, Hildesheim A, et al. Circulating inflammation markers and prospective risk for
lung cancer. J Natl Cancer Inst 2013; 105(24): 1871-80.

Shiels MS, Shu XO, Chaturvedi AK, et al. A prospective study of immune and inflammation markers and
risk of lung cancer among female never smokers in Shanghai. Carcinogenesis 2017; 38(10): 1004-10.

Song M, Wu K, Ogino S, Fuchs CS, Giovannucci EL, Chan AT. A prospective study of plasma inflammatory
markers and risk of colorectal cancer in men. Br ] Cancer 2013; 108(9): 1891-8.

Stark JR, Li H, Kraft P, et al. Circulating prediagnostic interleukin-6 and C-reactive protein and prostate
cancer incidence and mortality. Int | Cancer 2009; 124(11): 2683-9.

Toriola AT, Cheng TYD, Neuhouser ML, et al. Biomarkers of inflammation are associated with colorectal
cancer risk in women but are not suitable as early detection markers. Int ] Cancer 2013; 132(11): 2648-58.
Toriola AT, Laukkanen JA, Kurl S, Nyyssonen K, Ronkainen K, Kauhanen J. Prediagnostic circulating
markers of inflammation and risk of prostate cancer. Int ] Cancer 2013; 133(12): 2961-7.

Touvier M, Fezeu L, Ahluwalia N, et al. Association between prediagnostic biomarkers of inflammation
and endothelial function and cancer risk: A nested case-control study. Am ] Epidemiol 2013; 177(1): 3-13.
Trabert B, Pinto L, Hartge P, et al. Pre-diagnostic serum levels of inflammation markers and risk of ovarian
cancer in the prostate, lung, colorectal and ovarian cancer (PLCO) screening trial. Gynecol Oncol 2014;
135(2): 297-304.

Trichopoulos D, Psaltopoulou T, Orfanos P, Trichopoulou A, Boffetta P. Plasma C-reactive protein and risk
of cancer: A prospective study from Greece. Cancer Epidemiol Biomarkers Prev 2006; 15(2): 381-4.

Van Hemelrijck M, Holmberg L, Garmo H, et al. Association between levels of C-reactive protein and
leukocytes and cancer: Three repeated measurements in the Swedish AMORIS study. Cancer Epidemiol
Biomarkers Prev 2011; 20(3): 428-37.

Van Hemelrijck M, Jungner I, Walldius G, et al. Risk of prostate cancer is not associated with levels of
C-reactive protein and other commonly used markers of inflammation. Int ] Cancer 2011; 129(6): 1485-
92.

Wang G, Li N, Chang S, et al. A prospective follow-up study of the relationship between C-reactive protein
and human cancer risk in the Chinese kailuan female cohort. Cancer Epidemiol Biomarkers Prev 2015;
24(2): 459-65.

Wang J, Lee IM, Tworoger SS, et al. Plasma C-reactive protein and risk of breast cancer in two prospective
studies and a metaanalysis. Cancer Epidemiol Biomarkers Prev 2015; 24(8): 1199-206.

Wu J, Cai Q, Li H, et al. Circulating C-reactive protein and colorectal cancer risk: a report from the
Shanghai Men’s Health Study. Carcinogenesis 2013; 34(12): 2799-803.

Wulaningsih W, Holmberg L, Garmo H, et al. Prediagnostic serum inflammatory markers in relation to
breast cancer risk, severity at diagnosis and survival in breast cancer patients. Carcinogenesis 2015; 36(10):
1121-8.

Yeung CY, Tso AWK, Xu A, et al. Pro-Inflammatory Adipokines as Predictors of Incident Cancers in a
Chinese Cohort of Low Obesity Prevalence in Hong Kong. PLoS ONE 2013; 8(10).

Zhang SM, Buring JE, Lee IM, Cook NR, Ridker PM. C-reactive protein levels are not associated with
increased risk for colorectal cancer in women. Ann Intern Med 2005; 142(6): 425-32+1-79.

Zhang SM, Lin J, Cook NR, Lee IM. C-reactive protein and risk of breast cancer: academic.oup.com; 2007.
Dossus L, Rinaldi S, Becker S, et al. Obesity, inflammatory markers, and endometrial cancer risk: A
prospective case - control study. Endocr -Relat Cancer 2010; 17(4): 1007-19.

Wang T, Rohan TE, Gunter MJ, et al. A prospective study of inflammation markers and endometrial
cancer risk in postmenopausal hormone nonusers. Cancer Epidemiol Biomarkers Prev 2011; 20(5): 971-7.
Cook MB, Barnett MJ, Bock CH, et al. Prediagnostic circulating markers of inflammation and risk of

oesophageal adenocarcinoma: a study within the National Cancer Institute Cohort Consortium. 2018.

33



Chapter 2

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

34

Sasazuki JPHC-B, Prospective Plasma levels of C-reactive protein and serum amyloid A and gastric cancer
in a nested case—control study: Japan Public Health Center-based prospective study. ... 2010.
Aleksandrova K, Boeing H, N6thlings U, et al. Inflammatory and metabolic biomarkers and risk of liver
and biliary tract cancer. Hepatology 2014; 60(3): 858-71.

Chen W, Wang JB, Abnet CC, et al. Association between C-reactive protein, incident liver cancer, and
chronic liver disease mortality in the linxian nutrition intervention trials: A nested case-control study.
Cancer Epidemiol Biomarkers Prev 2015; 24(2): 386-92.

Lundin E, Dossus L, Clendenen T, et al. C-reactive protein and ovarian cancer: A prospective study nested
in three cohorts (Sweden, USA, Italy). Cancer Causes Control 2009; 20(7): 1151-9.

McSorley MA, Alberg AJ, Allen DS, et al. C-reactive protein concentrations and subsequent ovarian
cancer risk. Obstet Gynecol 2007; 109(4): 933-41.

Ose J, Schock H, Tjenneland A, et al. Inflammatory markers and risk of epithelial ovarian cancer by tumor
subtypes: The EPIC cohort. Cancer Epidemiol Biomarkers Prev 2015; 24(6): 951-61.

Poole EM, Lee IM, Ridker PM, Buring JE, Hankinson SE, Tworoger SS. A prospective study of circulating
C-reactive protein, interleukin-6, and tumor necrosis factor a receptor 2 levels and risk of ovarian cancer.
Am ] Epidemiol 2013; 178(8): 1256-64.

Toriola AT, Grankvist K, Agborsangaya CB, Lukanova A, Lehtinen M, Surcel HM. Changes in pre-
diagnostic serum C-reactive protein concentrations and ovarian cancer risk: A longitudinal study. Ann
Oncol 2011; 22(8): 1916-21.

Toriola AT, Surcel HM, Lundin E, et al. Insulin-like growth factor-I and C-reactive protein during
pregnancy and maternal risk of non-epithelial ovarian cancer: a nested case-control study. Cancer Causes
Control 2011; 22(11): 1607-11.

Bao Y, Giovannucci EL, Kraft P, et al. Inflammatory plasma markers and pancreatic cancer risk: A
prospective study of five U.S. cohorts. Cancer Epidemiol Biomarkers Prev 2013; 22(5): 855-61.

Douglas JB, Silverman DT, Weinstein SJ, et al. Serum C-reactive protein and risk of pancreatic cancer in
two nested, case-control studies. Cancer Epidemiol Biomarkers Prev 2011; 20(2): 359-69.

Grote VA, Kaaks R, Nieters A, et al. Inflammation marker and risk of pancreatic cancer: A nested case-
control study within the EPIC cohort. Br ] Cancer 2012; 106(11): 1866-74.

Ghoshal A, Garmo H, Arthur R, et al. Serum biomarkers to predict risk of testicular and penile cancer in
AMORIS. Ecancermedicalscience 2017; 11.

Dossus L, Franceschi S, Biessy C, et al. Adipokines and inflammation markers and risk of differentiated
thyroid carcinoma: The EPIC study. 2017.

Ghoshal A, Garmo H, Arthur R, et al. Thyroid cancer risk in the Swedish AMORIS study: The role of
inflammatory biomarkers in serum. Oncotarget 2018; 9(1): 774-82.

Chan DS, Bandera EV, Greenwood DC, Norat T. Circulating C-Reactive Protein and Breast Cancer
Risk-Systematic Literature Review and Meta-analysis of Prospective Cohort Studies. Cancer Epidemiol
Biomarkers Prev 2015; 24(10): 1439-49.

Zhou B, Liu J, Wang ZM, Xi T. C-reactive protein, interleukin 6 and lung cancer risk: a meta-analysis. PLoS
One 2012; 7(8): €43075.

Tsilidis KK, Branchini C, Guallar E, Helzlsouer K]J, Erlinger TP, Platz EA. C-reactive protein and colorectal
cancer risk: a systematic review of prospective studies. Int ] Cancer 2008; 123(5): 1133-40.

Guo YZ, Pan L, Du CJ, Ren DQ, Xie XM. Association between C-reactive protein and risk of cancer: a
meta-analysis of prospective cohort studies. Asian Pac ] Cancer Prev 2013; 14(1): 243-8.

Nimptsch K, Aleksandrova K, Boeing H, et al. Association of CRP genetic variants with blood
concentrations of C-reactive protein and colorectal cancer risk. Int ] Cancer 2015; 136(5): 1181-92.
Brasky TM, Kabat GC, Ho GYE, et al. C-reactive protein concentration and risk of selected obesity-related
cancers in the Women’s Health Initiative. Cancer Causes Control 2018; 29(9): 855-62.

Ohishi W, Cologne JB, Fujiwara S, et al. Serum interleukin-6 associated with hepatocellular carcinoma
risk: A nested case-control study. Int ] Cancer 2014; 134(1): 154-63.



0__SE(Iog[Hazard Ratio])

0.02+ |
o'
)
0.041 !
. O
(O
' (@]
0.061 !
On
(@) : o
0.081
01 ) ) . ) Hazard Ratio
' 05 0.7 1 15 2

Supplementary Figure 1. Funnel plot for the association between CRP & any solid cancer.
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Supplementary Figure 2. Funnel plot for the association between CRP & Lung cancer

35



Chapter 2

_ SE(log[Hazard Ratio])

0.05T1

o
©)

(e}
O
O
(@] (@]
0.15T
O
O
O
Hazard Ratio
0.2 t t + t t
0.5 0.7 1 1.5 2

Supplementary Figure 3. Funnel plot for the association between CRP & Colorectal cancer
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Supplementary Figure 4. Funnel plot for the association between CRP & Breast cancer
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Supplementary Figure 5. Funnel plot for the association between CRP & Prostate cancer
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((erythrocyte* OR blood) ADJ6 sedimentat*) OR esr OR ((leukocyte* OR white-blood-cell*
OR wbc* OR eosinophil* OR lymphocyte* OR neutrophil* OR granulocyte* OR platelet*
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primar* OR second* OR organ* OR colo* OR breast* OR prostate* OR lung OR pancrea*
OR gastric* OR stomach OR intestin* OR esophag* OR oesophag* OR renal OR kidney OR
hepat* OR liver OR nasopharyng* OR head OR neck OR thyroid* OR cervix OR Cervical
OR anal OR anus OR rectal OR rectum OR anorect* OR bladder OR urothel* OR soft-
tissue* OR digestive-system OR mamma* OR gonad* OR ovar* OR testes* OR urogenital*
OR endometr*)) OR malign* OR cancer* OR melanom* OR (solid NEAR/2 tumo*)))
AND ((“C reacti* protein*” OR crp OR ((erythrocyte* OR blood) NEAR/5 sedimentat*)
OR esr OR ((leukocyte* OR white-blood-cell* OR wbc* OR eosinophil* OR lymphocyte*
OR neutrophil* OR granulocyte* OR platelet* OR thrombocyt*) NEAR/2 (count*
OR differential* OR ratio* OR number*)) OR (systemic* NEAR/2 immune* NEAR/2
inflammat*))) AND ((prospectiv: OR (longitudinal* NOT retrospectiv*) OR (cohort*
AND “follow* up”))) NOT (((cancer NEAR/2 therap*) OR surg®* OR chemotherap* OR
postoperati* OR resect* OR pretreat* OR pre-treat*)) NOT ((juvenile* OR child* OR
infan* OR adolescen*) NOT adult*) NOT ((animal* OR rat OR rats OR mouse OR mice OR
murine OR dog OR dogs OR canine OR cat OR cats OR feline OR rabbit OR cow OR cows
OR bovine OR rodent* OR sheep OR ovine OR pig OR swine OR porcine OR veterinar*
OR chick* OR zebrafish* OR baboon* OR nonhuman* OR primate* OR cattle* OR goose
OR geese OR duck OR macaque* OR avian* OR bird*) NOT (human* OR patient*))) AND
DT=(article) AND LA=(english)

Cochrane CENTRAL 202

((((neoplas* OR carcino* OR adenocarcino* OR sarcom*) NEAR/6 (solid* OR primar* OR
second* OR organ* OR colo* OR breast* OR prostate* OR lung OR pancrea* OR gastric*
OR stomach OR intestin* OR esophag* OR oesophag* OR renal OR kidney OR hepat*
OR liver OR nasopharyng* OR head OR neck OR thyroid* OR cervix OR Cervical OR
anal OR anus OR rectal OR rectum OR anorect* OR bladder OR urothel* OR soft-tissue*
OR digestive-system OR mamma* OR gonad* OR ovar* OR testes* OR urogenital* OR
endometr*)) OR malign* OR cancer* OR melanom* OR (solid NEAR/3 tumo*)):ab,ti)
AND ((‘C reacti* protein*” OR crp OR ((erythrocyte* OR blood) NEAR/6 sedimentat*)
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inflammat*)):ab,ti) AND ((prospectiv* OR (longitudinal* NOT retrospectiv*) OR (cohort*
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Abstract

Background: Novel prognostic inflammatory markers of cancer survival and cardiovascular
disease are; the neutrophil-to-lymphocyte ratio (NLR), the platelet-to-lymphocyte ratio
(PLR) and the systemic immune-inflammation index (SII). As normal values for these

markers are unknown, our objective was to obtain reference values in the general population.

Methods: We obtained data from a population-based prospective cohort study of individuals
aged 45 years and over between 2002 and 2014. Absolute blood counts were used to calculate
the NLR, PLR and SII. All inflammatory indices followed a lognormal distribution. We
calculated the mean and 95% reference intervals in an unselected population. Furthermore

we studied whether the inflammatory markers differed between age categories and gender.

Results: In total 8,711 participants (57.1% female; mean age 65.9 years, standard deviation
10.5 years) were included. Mean values and corresponding 95% reference intervals for
the NLR were: 1.76 (0.83-3.92), for PLR: 120 (61-239) and for SII: 459 (189-1168). The
inflammatory markers increased with age. The PLR and SII were higher in females, whilst

the NLR was higher in males.
Conclusion: We provided reference values for new inflammatory markers. All increase

with age and vary with gender. This provides context that allows for proper interpretation

of their potential value in future clinical practice and research.
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Introduction

Low-grade inflammation is associated with important chronic diseases in the elderly
such as diabetes, cardiovascular disease and cancer. !7 For instance, several immune
mechanisms play a role in the formation and activation of atherosclerotic plaques that lead
up to cardiovascular disease and the over-expression of TNF-a is associated with insulin
resistance and subsequently type 2 diabetes. >’ Furthermore chronic inflammation is also
since long considered as one of the basic pathogenic processes in cancer development. **
Additionally, it is thought that, once the cancer has developed, the immune system plays an
important role in surveillance and elimination of cancer cells. *

This hasled to the examination of various inflammatory markers and indices as a potential
biomarker or prognostic factors.® Traditional measures, such as C-reactive protein (CRP)
and the erythrocyte sedimentation rate (ESR) have been extensively studied, previously. >**
Recently, several new white blood-cell-based inflammatory indices have been introduced as
prognostic markers: the neutrophil-to-lymphocyte ratio (NLR), the platelet-to-lymphocyte
ratio (PLR) and the systemic immune inflammation index (SII). >3

Both the NLR and PLR are ratios; of the peripheral neutrophil and lymphocyte counts
and the peripheral platelet and lymphocyte counts, respectively. The SII has integrated
peripheral lymphocyte, neutrophil and platelet counts into one indicator, with the aim to
better reflect the balance between the host’s inflammatory and immune status.’® The NLR,
PLR and SII can be easily calculated from low-cost and frequently used available measures
and are thought to be more specific than CRP or the ESR.

It is generally assumed that the levels of these inflammatory markers are elevated in
individuals with cardiovascular disease or cancer. However, normal ranges for the NLR,
PLR or SII are unknown and most researchers have estimated cut-off points within their
sample population, , resulting in a wide and inconsistent range of cut-off points used in
current literature.!*!'*. Reference values are therefore needed to put the results of previous
studies into a context that allows for proper interpretation of their potential clinical value.
The objective of this study was therefore, to obtain these reference values from the general

population in a large and longstanding population-based prospective cohort study.

Methods

Study setting

The analyses were performed in the Rotterdam Study, a long term population based
prospective cohort study in the Rotterdam area, the Netherlands. Its rationale and design

have been described extensively, previously. 1**¢ Briefly, inhabitants of the suburb Ommoord,

aged 55 years and older, were invited to participate in 1989. Of the 10,275 invited subjects,
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7,983 entered the study (78%). A second cohort of 3,011 persons (67% response), was
enrolled between 2000 and 2001. In 2006 a third cohort, with 3,932 persons of 45 years and
older, was enrolled (65% response). This resulted in an overall study population of 14,926
individuals, aged 45 years and older.

Participants were visited at home at baseline for a standardized interview on health
status. Subsequently, a physical examination followed during a visit at the study centre.
These interviews and visits were repeated approximately every four years (Supplementary
Figure 1 ). The Rotterdam Study has been approved by the institutional review board
(Medical Ethics Committee) of the Erasmus Medical Center and by the review board of The
Netherlands Ministry of Health, Welfare and Sports. Informed consent was obtained from
all participants. All methods were performed in accordance with the relevant guidelines

and regulations.
Definition of study population

White blood cell count, including leucocyte differentials, were only part of the protocol
from the fourth visit of the first cohort onwards (Supplementary Figure 1). Therefore,
for this study we used information from the fourth centre visit of the first cohort (RS-I-
4 (January 2002 - July 2004); n = 3,550), the second visit of the second cohort (RS-II-2
(July 2004 - December 2005); n = 2,468) and the baseline visit of the third cohort (RS-
III-1 (February 2006 - December 2008); n = 3,932) and onwards. Of the 9,950 eligible
participants; 8,912 (89.6%) donated blood. Participants for whom the NLR, PLR or SII
could not be calculated, due to missing values (n = 201), were excluded. This resulted in a
study cohort of 8,711 individuals (Figure 1).

Collection of the samples

Fasting blood samples were collected at the study centre and were stored at -80°C until full
blood count measurements. These measurements included absolute counts of granulocytes,
lymphocytes and platelets and were performed using the COULTER® Ac-T diff2™
Hematology Analyzer (Beckman Coulter, San Diego, California, USA). In an additional
analysis, the normal distribution of hemoglobin and CRP levels were assessed as well.
CRP levels were measured using a particle enhanced immunoturbidimetric assay (Roche
Diagnostics, Mannheim, Germany).

The neutrophil-to-lymphocyte ratio was calculated on the basis of absolute peripheral
granulocyte (as a proxy for the neutrophil count) (N; x10°/Liter) and lymphocyte (L; x10°/
Liter) blood counts, using the formula: NLR = N/L.°

The platelet-to-lymphocyte ratio was calculated on the basis of peripheral platelet(P;
x10°/Liter) and lymphocyte (L; x10°/Liter) blood counts, using the formula: PLR = P/L. *?
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14,926 Participants were part of the
original cohort.

4,976 Participants died before the fourth study centre visit, during which
leucocyte differentials measurements were introduced in the Rotterdam
Study.

\ 4

A 4

9,950 Participants

were eligible.
» 1,038 Participants refused to give blood.
> Participants with missing values, due
to logistic reasons, were excluded (N = 201).
A 4

8,711 Participants included in the main
analysis.

Figure 1. Flowchart of the study population

The systemic immune-inflammation index (SII) was calculated on the basis of peripheral
platelet (P; x10°Liter), granulocyte (N; x10°Liter) and lymphocyte (L; x10°Liter) blood
counts, using the following formula: SII = P * N/L. '* All the inflammatory markers are

either ratios or indices and as such do not have a unit.
Assessment of other variables

The following individual characteristics were determined at study entry interview or during
the visits at the study centre: age, sex, study entry body mass index (BMI; kg/m?), smoking
status (never/former/current), and socio-economic status, based on education level (SES;
high [university/higher vocational education] / intermediate [general secondary education/
intermediate vocational education]/ low [lower secondary education/primary education
with a higher, but not completed education/primary education]). Status on type 2 diabetes
was ascertained either at study entry or during follow-up by use of general practitioners’

records (including laboratory glucose measurements), hospital discharge letters, and serum
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glucose measurements from the centre visits. '” Diabetes was defined, in concordance with
the WHO guidelines, as a fasting glucose > 7.0 mmol/Liter or use of glucose - lowering

medication. 8
Statistical Analyses

The distribution of the data was visualized by means of histograms and Q-Q plots. Since
none of the inflammatory markers were normally distributed and all were slightly skewed
to the right (Figure 2), we log-transformed them prior to performing any of the analyses.
These values were then back-transformed to provide reference values for clinical practice.
¥ To present reference values of the inflammatory markers we calculated the 2.5% and
97.5% reference limits in our study population. The 2.5% and 97.5% reference limits reflect
the 2.5 and 97.5" percentiles, respectively. Subsequently, the differences between the
distribution of the inflammatory markers in females versus males and different age classes
[45-54; 55-64; 65-74; 75-84; > 85 years], were assessed using the Student’s t-test or ANOVA.

To evaluate whether inflammatory markers indeed truly change with age we used a
second measurement in the same individual, which was on average 6.1 years later (range 3.0
- 10.9 years), from the blood draw at RS-I-5 (March 2009 - January 2011); n = 2,147; RS-
II-3 (February 2011 - February 2012); n = 1,893 and RS-IIII-2 (March 2012 - June 2014); n
= 3,122, respectively (see Supplementary Figure 1). Out of the 7,162 living participants, in
total 5,849 participants had two measurements available. Differences were assessed using a
Paired Samples t-test.

To see whether the distribution was influenced by any current infection, we further
assessed the associations in individuals for whom a CRP (mg/Liter) measurement was
available (RSIII-1: 3,462). We considered all individuals with a clinically elevated CRP level
(CRP > 10 mg/Liter) as having a potential infection and excluded them from the analysis.

All analyses were performed using SPSS software (Version 21.0). Statistical significance

of associations was accepted at a P-value < 0.05.
Data availability

Data can be obtained upon request. Requests should be directed towards the management
team of the Rotterdam Study (secretariat.epi@erasmusmc.nl), which has a protocol for
approving data requests. Because of restrictions based on privacy regulations and informed
consent of the participants, data cannot be made freely available in a public repository.
The Rotterdam Study has been approved by the Medical Ethics Committee of the Erasmus
MC and by the Ministry of Health, Welfare and Sport of the Netherlands , implementing
the “Wet Bevolkingsonderzoek: ERGO (Population Studies Act: Rotterdam Study)”. All
participants provided written informed consent to participate in the study and to obtain

information from their treating physicians.
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Figure 2. Distributions of the inflammatory markers in the general population. Panel A. NLR Panel B. PLR

Panel C. SII.
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Results
Main analysis

Intotal 8,711 participants were included in the analyses for the three inflammatory measures
(see Supplementary Figure 1). The cohort characteristics are presented in Table 1.

The mean NLR in the general population was, 1.76, with a 2.5% limit at 0.83 and 97.5%
limit at 3.92. The mean NLR was statistically significantly higher in males (mean of 1.88)
than in females (mean of 1.68), P-value < 0.001 (see Supplementary Figure 2). The mean
NLR was generally higher in the higher age categories, with the highest age category > 85
years of age having a mean NLR of 2.13 versus those in the youngest age category of 45-54
years of age of 1.63 (P-value < 0.001, Table 2). The shape of distribution of the NLR also
changed with age, being almost normal for the younger age categories whilst becoming
more asymmetrical with age (see Supplementary Figure 3). The Skewness statistic and
standard error (SE) are: 1.4 (SE: 0.06), 2.2 (SE: 0.05), 2.6 (SE: 0.05), 2.0 (SE: 0.06) and 3.2
(SE: 0.14) for the age categories: 45 — 54 years, 55 — 64 years, 65 — 74 years, 75 — 84 years and
> 85 years, respectively.

Similar to the NLR, both the PLR and SII were higher in the higher age categories
(P-value <0.001 for both). However the PLR and SII were higher in women than in men
(P-value <0.001 and 0.027, respectively) (see Table 2, Supplementary Figure 2 and 3).
These results were consistent within the three sub-cohorts separately (data not shown).

To evaluate whether inflammatory markers indeed increase over time, we assessed the
change of the inflammatory markers in 5,842 participants with two measurements. At the
second blood draw the mean NLR was 1.90 and the mean SII was 465, both significantly
higher (Paired Samples t-test: P-value <0.001 for both). The mean PLR at the second blood
draw was 119 and significantly lower compared to the first blood draw. The median within-
person change was for the NLR: 0.10 (IQR: -0.21 - 0.44), for the PLR: -3 (-20 - 14) and for
the SIT: 19 (-72 - 126).

Sensitivity analyses

To see whether the distribution was influenced by any current infection, we investigated the
effect of excluding individuals with an elevated CRP level. CRP measurements were only
performed for 3,462 individuals in RS-III-1, of whom in 133 individuals (3.8%) the CRP
level was > 10 mg/L and 3,322 (96.0%) individuals had a normal CRP level. Individuals
with an elevated CRP level had a significantly higher mean NLR (2.24), PLR (129) and
SII (691) compared to those with a normal CRP level; mean NLR (1.61), PLR (117) and
SIT (444) (Student’s t-test: P-value for all <0.001). However, removing individuals with an
elevated CRP from the population did not affect the mean of the overall population for any
of the inflammatory indices. It also only slightly affected the 97.5% limit. When individuals
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with a clinically elevated CRP were excluded from the population; the 97.5% limit changed
from 3.60 to 3.50 (for the NLR), from 225 to 221 (for the PLR) and from 1112 to 1061 (for
the SII), respectively. Individuals with an elevated CRP at the first measurement showed a
decrease in the median NLR levels (median -15.5%), whereas for individuals with a normal
CRP, the NLR increased with 6.3%.

Table 1. Cohort characteristics.

Characteristic Study Cohort
N %
Total 8,711 100
Sex Male 3,733 429
Female 4,978 57.1
Age (years) Mean (SD) 65.9 10.5
Age category (years) 45 -54 1,474 16.9
55 - 64 2,780 31.9
65 -74 2,573 29.5
75 - 84 1,583 18.2
> 85 302 35
SES High 1,651 19.2
Intermediate 3,597 41.9
Low 3,346 38.9
BMI (kg/m?) Mean (SD) 27.1 4.1
Smoking Current 1,734 20.2
Former 4,288 49.9
Never 2,570 29.9
Diabetes Status 952 10.9

SD; standard deviation, SES; socio-economic status, BMI; Body Mass Index
Unknown: SES (117), smoking (119) and BMI (167).
Sex, SES status and BMI at baseline. Age, smoking status and DM status at time of blood draw.

To assess differences between distribution of the inflammatory markers amongst the various covariates we used
the Students’ t-test or ANOVA (Analysis of Variance). All tests were statistically significant.
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Table 2. Reference values for the inflammatory markers.

NLR PLR SII

General Population mean 1.76 120 459

2.5% limit 0.83 61 189

97.5% limit 3.92 239 1168

Sex Male mean 1.88 112 453

2.5% limit 0.88 57 185

97.5% limit 4.14 230 1168

Female mean 1.68 126 463

2.5% limit 0.80 65 194

97.5% limit 3.80 246 1169

Age category 45-54 mean 1.63 118 456
(years)

2.5% limit 0.80 62 189

97.5% limit 3.44 211 1063

55-64 mean 1.61 116 436

2.5% limit 0.79 60 186

97.5% limit 3.53 226 1109

65-74 mean 1.82 119 455

2.5% limit 0.86 60 186

97.5% limit 3.92 239 1131

75-84 mean 2.02 127 500

2.5% limit 0.96 61 196

97.5% limit 4.53 268 1373

> 85 mean 2.13 131 522

2.5% limit 0.89 63 205

97.5% limit 5.86 282 1798

NLR = neutrophil-to-lymphocyte ratio = absolute peripheral granulocyte count (x10°/L) / absolute lymphocyte
count (x10°/L)

PLR = platelet-to-lymphocyte ratio = absolute peripheral platelets count (x10°/L) / absolute peripheral
lymphocyte count (x10°/L)

SII = systemic immune-inflammation index = absolute peripheral granulocyte count (x10°/L) / absolute
lymphocyte count (x10°/L) * absolute peripheral platelets count (x10°/L)
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Discussion

In the past few years, novel inflammatory markers for prognosis in patients with cancer
and cardiovascular disease have been described in the literature. The NLR, PLR and the
SII are all composites of blood cell counts, which are standard, low-cost measurements that
are already incorporated into daily clinical practice and can be calculated easily from these
widely available current measures.

However, the reference limits of these white blood —cell based inflammatory markers in
the general population are unknown. Therefore the cut-off values, used for risk assessment,
were generally estimated in a clinical sample population consisting of patients with solid
tumors. This has resulted in a wide and inconsistent range of cut-off points presented
throughout the present literature. To properly evaluate the clinical significance of these new
inflammatory markers we need to be able to interpret them in the context of the normal
ranges. Knowledge of their distribution and reference values within the general population
is therefore essential. This paper provides those reference values, obtained from a large
population-based cohort aged 45 years and older.

All inflammatory markers had a skewed (right) distribution. Even when outliers with a
clinically elevated CRP were excluded from the population, the distribution in the general
population remained asymmetrical. The distributions also did not change when stratified
for sex.

However, the distribution of the SII, NLR and PLR was different between age categories
(see Supplementary Figure 3). This is especially apparent for the distribution of the NLR.
The skewed distribution of inflammatory markers in the overall population can largely be
attributed to the distribution amongst the higher age categories, whereas the distribution
of the NLR amongst the lower age categories is almost normal. We showed that all
inflammatory markers increased with age. This resembles the distribution of CRP and the
ESR over different age categories. ***' Possibly the distribution skews with age, however it is
also possible, and perhaps more likely, that its non-symmetry can be attributed to diseases
that become more prevalent with age, such as diabetes, cardiovascular disease and cancer.
Future research should elucidate the relationship between these inflammatory markers and

morbidity in the general population.

Strengths of this study are its prospective nature, its size, and the fact that it is population
based. Therefore, we obtained a good estimate of the true normal range of the inflammatory
markers within the general population aged 45 years and older and additionally provided
insight into the variation of these inflammatory markers. We showed that they increase with
age (consistent for all three sub-cohorts) and that the reference values are different for men
and women, which is consistent with current literature on CRP and ESR. ***! Furthermore,

for the NLR and SII we showed that they increase over time.
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However, there are some limitations of this study that deserve mentioning. To be able
to calculate the inflammatory markers, we needed a differential white blood count. For the
absolute neutrophil count we had to take the total granulocyte count as a proxy. However,
any misclassification of granulocytes would probably be non-differential and therefore
would not have introduced any bias into the results. Another potential limitation is that
this measurement was only part of the protocol from the fourth study centre visit of the first
cohort onwards, meaning that we have no information on the one-third of the population
that had died before that time point. Some participants refused to give blood, meaning
that in total about 40% of the original population had to be excluded from this analysis.
However, we do not believe that the exclusion of this part of the study population has
introduced any bias into this study, as this reflects what happens in the general population.
Although the CRP measurements are available for only a part of the population, a sufficient
number remains to draw conclusions on the effect of an elevated CRP level on the
inflammatory markers.

Lastly the population we examined consisted predominantly of Caucasians (98%) and
raises the question whether these results are generalizable towards other ethnic groups.
It is known that there are hematologic differences between, for instance, Caucasians and
African-Americans.”*?* Although our results could be used as a bench-mark, we would
suggest similar studies amongst different ethnicities to further confirm these new reference

values.

In conclusion, this paper provides reference values for three novel prognostic systemic
inflammatory markers; the neutrophil-to-lymphocyte ratio, the platelet-to-lymphocyte
ratio and the systemic immune-inflammation. This is essential to further evaluate the

potential value for clinical practice of these new inflammatory markers.
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Supplementary Figure 2. Distributions of the inflammatory markers stratified for gender.

A. NLR

07
1

—— Female
---- Male

Density
04 05 086

02

0.1

0.0

0 5 10 15

NLR

®

PLR

— Female
---- Male

Density
0000 0.002 0004 0006 0008 0010 0012
1

0 200 400 600

PLR

58



Density

00005 00010 00015 0.0020

0.0000

SII

—— Female
---- Male

1000

2000

Sl

3000

4000

Supplementary Figure 3. Distributions of the inflammatory markers across age categories.
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Abstract

Background: Inflammation is a risk factor for morbidity and mortality in the elderly. The
neutrophil-to-lymphocyte ratio (NLR) is a marker of systemic inflammation that integrates
the information of the leukocyte differentials into one variable. We aimed to assess whether

the NLR is a risk indicator for overall and cause-specific mortality in the general population.

Methods: We analyzed data (2002-2014) from the Rotterdam Study, a long-standing,
population-based, prospective cohort study in a community-dwelling ageing population.
The association between the NLR and time to all-cause mortality was assessed with Cox
proportional hazard models. We additionally assessed cardiovascular, cancer and other
mortality. The multivariable analyses were adjusted for age, gender, socio-economic
status (SES), smoking status, body mass index, type 2 diabetes, and history of cancer and

cardiovascular disease (CVD).

Results: Data of 8,715 individuals were included. The mean age was 65.9 years (SD 10.5)
and the majority were women (57.1%). The NLR was higher in men, higher age categories,
smokers and among individuals with lower SES, prevalent diabetes, or a history of cancer
or CVD. During the 11.7 years follow-up period, 1,641 individuals died. Survival among
individuals in the 3™, 4" and 5" quintile of the NLR was significantly poorer than that
of those in the 1* quintile (P <0.001). In the multivariable analysis, NLR levels were
independently and significantly associated with an increased risk of all-cause mortality
(HR: 1.64; 95%CI: 1.44 - 1.86), cardiovascular mortality (HR 1.92; 95% CI: 1.49 - 2.48),
and other mortality (HR: 1.86; 95% CI: 1.54 - 2.24). No significant association was found
for cancer mortality (HR: 1.20; 95% CI: 0.95 - 1.51).

Conclusion: The NLR is a strong and independent risk indicator for mortality in the elderly

population. Its clinical value needs to be established in further studies.
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Introduction

Inflammation is considered an important risk factor for morbidity and mortality in
the elderly. It is still largely unclear whether we may speak of a causal relation between
inflammation and mortality, or whether the inflammation is a manifestation of an
underlying illness that causes early death. Moreover, the inflammatory markers are known
to increase with age, therefore an elevation of these markers may also be ‘part of the process
of ageing’. !

C-reactive protein (CRP) has been extensively studied as a marker of inflammation and
more specifically as a risk indicator for cardiovascular, cancer, and all-cause mortality. >°
Nevertheless, no conclusive evidence has been found on its potential causal role in mortality
of any cause and its clinical use for early identification of patients at risk of cardiovascular
disease. >*¢ Furthermore, CRP is likely to be just one of many different elements in the
inflammatory pathway.

In an attempt to gain more insight into the relationship between inflammation and
mortality, also the total leukocyte count has been studied. It has previously been shown
that it is related to cardiovascular, cancer, as well as all-cause mortality. ' However, the
total leukocyte count encompasses several cell types, such as granulocytes, lymphocytes
and monocytes, which potentially all play a different role. " Granulocytes, as a whole, or
more specifically neutrophils, are associated with a negative influence on survival, whereas
lymphocytes are considered to have protective effects on survival. "> While analyzing
them together would not appreciate the opposite roles they seem to have, analyzing them
apart would not account for the interaction between these subtypes in their association
with mortality.

The neutrophil-to-lymphocyte ratio (NLR) is a composite marker of absolute peripheral
neutrophil and lymphocyte counts, which can be used to study the effects of both
simultaneously. * It is a well-studied marker for survival in patients with cancer and in
patients with cardiovascular disease. '>* However, it is unknown whether it also is predictive
of cancer, cardiovascular, or all-cause mortality in the general population. To this end we
studied the NLR and its potential association with overall and cause-specific mortality
within the context of the Rotterdam Study; a long-standing, population-based, prospective
cohort study among a community-dwelling ageing population, with detailed information
on illness and risk factors for chronic disease. We hypothesized that an increased NLR is

independently associated with mortality in apparently healthy individuals.
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Methods
Study design and population

The rationale and design of the Rotterdam Study have previously been described. !¢ Briefly,
from 1989-1993, inhabitants of the suburb of Ommoord in the city of Rotterdam, aged 55
years and older, were invited to participate. Of 10,275 invited subjects, 7,983 participated
(78%). A second cohort of 3,011 persons, also aged 55 years and older, (response: 67%)
was enrolled in the years 2000 and 2001. In 2006, the study was again extended with
3,932 persons aged 45 years and older (response: 65%). This resulted in an overall study
population of 14,926 individuals aged 45 years and above.

Baseline NLR values were calculated at the earliest study center visit at which a leukocyte
differential count was available: the fourth visit of the first cohort (2002 - 2004; n = 3,550),
the second visit of the second cohort (2004 — 2005; n = 2,468) and the first visit of the third
cohort (2006 - 2008; n = 3,932).

Individuals who had not proved consent for blood draw (N = 1,038) were excluded as
well as individuals with missing granulocyte, lymphocyte or platelet counts (N = 197).

The Rotterdam Study has been approved by the institutional review board (Medical Ethics
Committee) of the Erasmus Medical Center and by the review board of The Netherlands
Ministry of Health, Welfare and Sports.

Assessment of the neutrophil-to-lymphocyte ratio

Fasting blood samples were collected at the study center and full blood count measurements
were performed immediately after blood draw. These measurements included absolute
counts of granulocytes and lymphocytes and were performed using the COULTER” Ac-T
diff2™ Hematology Analyzer (Beckman Coulter, San Diego, California, USA).

The neutrophil-to-lymphocyte ratio (NLR) was calculated on the basis of absolute
peripheral granulocyte (as a proxy for the absolute neutrophil count) (N; x10°/Liter) and
lymphocyte (L; x10°/Liter) blood counts, using the formula: NLR = N/L. *

The NLR was non-normally distributed and therefore log-transformed prior to

performing any of the analyses.
Assessment of other covariates

Data on the following known independent prognostic factors of mortality were collected
at baseline: age, gender, socio-economic status (SES; based on education level [high/
intermediate/low]), baseline body mass index (BMI; kg/m?), smoking status [never/former/
current], prevalent type 2 diabetes status (DM; based on a fasting plasma glucose level

of > 7.0 mmol/L (= 126 mg/dL) or non-fasting plasma glucose level of > 11 mmol/L (>
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200 mg/dL) or use of blood glucose medication), history of cancer (based on pathology),
and lastly, history of cardiovascular disease, including transient ischemic attacks (TIA),
stroke (CVA), myocardial infarction (MI), and coronary revascularization (percutaneous
transluminal coronary angioplasty or coronary artery bypass grafting). '7"* High-sensitivity
CRP measurements (mg/ml; using a particle enhanced immunoturbidimetric assay, Roche

Diagnostics, Mannheim, Germany) were available in a subgroup of the study.
Assessment of outcome

The main outcome of this study was time to all-cause mortality. Dates of death were obtained
through the mortality registry of the municipality and the causes of death were obtained
from general practitioners’ records or hospital discharge letters. The causes of death were

coded independently by two physicians according to the ICD- 10 and the ICPC-2. ***!
Statistical Analysis

For each participant, follow-up started at the day of inclusion and ended at the date of death
or end of the study period (1 of January 2014), whichever came first.

Participants were divided into five groups based on the level of the NLR calculated at
baseline. Differences between the five groups were assessed with ANOVAs for normally
distributed continuous variables and y’-tests for categorical variables. Kaplan — Meier plots
were calculated for quintiles and extreme quantiles of the NLR and compared with Log-
Rank tests.

Proportional hazard models were used to assess the association between the NLR levels
at baseline (continuously and in quartiles) and time to all-cause mortality. Subsequently we
assessed the association for cardiovascular and cancer mortality, respectively.

For most variables the proportional hazard assumption did not hold. Therefore, follow-
up time was divided into five strata ( < 2 years, 2-4 years, 4-6 years, 6-8 years and > 8 years).
For example: an individual with an event after 5.4 years follow-up, contributed follow-
up time to the first (2 years), second (2 years) and third stratum (1.4 years). The risk of
mortality in the last stratum is therefore conditional upon the survival up until that time. **
We also performed a traditional proportional hazard regression, the results of which can be
interpreted as the averaged risks over time.

For 5,421 individuals we had a second measurement available, which we included in a
multiple measurements analysis using a time-varying covariates in a Cox model.

All potential confounders, mentioned above, were assessed individually and were
included in the multivariable model when they changed the point estimate by more than
10% or were considered as clinically relevant. * The results are reported as hazard ratios

(HR) and 95% confidence intervals (CI). Effect modification was assessed for smoking by
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adding an interaction variable to the model and was considered statistically significant at a
P-value < 0.10. We tried to quantify the presence of any unknown and therefore unmeasured
confounding through calculating the E-Value.

All statistical analyses were performed using SPSS software (Version 21.0) and R (Version

3.1.3); significance was accepted for two-sided P-values at < 0.05.

Results
Population characteristics

Data of 8,715 participants were included in the analyses (see Supplementary Figure 1). The
mean age was 65.9 years; the majority were women (4,980; 57.1 %, see Table 1). During an
average follow-up period of 7.7 years (maximum follow-up period was 11.7 years), a total of
1,641 (18.2%) participants died, of whom 496 from the consequences of cancer (30.2%) and
401 from cardiovascular disease (24.4%). The remaining 45.4% died from another cause
such as: chronic obstructive pulmonary disease (COPD), a pneumonia, as a consequence
of an accidental fall or multi-comorbidity including Parkinson’s Disease and Alzheimer’s
Disease.

Baseline characteristics for the total population and for each quintile of the NLR can be
found in Table 1. In summary, the male gender, a higher age, a lower SES, smoking habit,
prevalent diabetes, prior cancer diagnosis, and a history of cardiovascular disease were all
associated with a higher NLR.

Main outcome

The overall survival was poorer for participants in the higher quintiles of the NLR than
for those in the lowest one (Logrank test: P-value <0.001, see Figure 1A). Survival of
participants in the 2 quintile was not significantly different from that of participants in the
1* quintile (reference), but for other quintiles it did differ significantly. In a further analysis
which was restricted to the highest quintile, survival for the 1% with the highest NLR levels
was worst (Logrank test: P-value <0.001, see Figure 1B).

Multivariable analysis showed that the NLR was independently associated with all-cause
mortality, after adjusting for age, gender, SES, BMI, smoking, DM, and history of CVD
and cancer. The effect of the NLR was not modified by smoking. On average the risk was
increased by 64% (HR 1.64; 95% CI: 1.44 - 1.86). The E-values for this analysis were 2.17
for the point estimate and 1.89 for the confidence intervals, respectively. The observed HR
of 1.64 could be reduced to 1.00 if there was an unmeasured confounder with a risk of 2.17

or above.
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Figure 1. A. Kaplan - Meier curves for all-cause mortality for each quintile of the NLR (P-value < 0.001. B.
Kaplan - Meier curves for all-cause mortality for the highest quintile of the NLR (P-value < 0.001)

Table 2. Cox proportional hazard regression for the association of the NLR and all-cause mortality.

Events/cohort NLR HR Lower 95% CI Upper 95% CI
1,551/8,352 Logtransformed  1.64 1.44 1.86

226/2,107 Q1 reference - -

274/2,073 Q2 1.05 0.88 1.25

374/2,082 Q3 1.13 0.96 1.33

677/2,090 Q4 1.59 1.37 1.86

Adjusted for: gender, age in years, SES (socio-economics status: high/intermediate/low), smoking status
(current/former/never), BMI (body mass index: kg/m*), DM (type 2 diabetes mellitus status), history of cancer
and history of cardiovascular disease.
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In a sensitivity analysis in which we allowed the NLR the change over time for individuals
with a second measurement, the averaged risk for all-cause mortality was increased with
68% (HR: 1.68; 95% CI; 1.48 - 1.90) in the fully adjusted model.

The hazard ratio was highest within the first two years after baseline, in which individuals
with a higher NLR level at baseline had a more than twofold risk to die of any cause (HR
2.07, 95% CI: 1.47 - 2.90). The hazard ratio gradually decreased over time, but the NLR
remained. associated with an increased risk, albeit non-significantly, of 31% for those with
a follow-up time of > 8 years (HR 1.31, 95% CI: 0.99 - 1.73) (see Figure 2).

Subsequently, we assessed whether the association between baseline inflammatory
markers and mortality was attenuated by CRP. A CRP measurement was available for 3,457
individuals from RS-III. CRP levels were independently associated with all-cause mortality,
but the association was no longer significant when the NLR was also added to the
multivariable model. The point estimate of the NLR was not attenuated by adding CRP to
the model (see Table 3).
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Figure 2. Risk of NLR-related all-cause mortality over time.

Adjusted for: sub-cohort, gender, age (in years), socio-economic status (high/intermediate/low), smoking
status (current/former/never), BMI (body mass index, kg/m?), prevalent type 2 diabetes mellitus, history of
cardiovascular disease and history of cancer. Risk for each time stratum were for: baseline - 2 years (HR 2.07,
95% CI: 1.47 - 2.90), 2 — 4 years (HR 1.72, 95% CI: 1.30 - 2.28), 4 - 6 years (HR 1.53, 95% CI: 1.18 - 2.00), 6 - 8
years (HR 1.84, 95% CI: 1.40 - 2.42) and > 8 years (HR 1.31, 95% CI: 0.99 - 1.73).
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Sub-analyses

Additionally, we addressed cause-specific mortality, assessing possible associations between
the NLR at baseline and risk of cardiovascular-, cancer- and, other mortality. The risk for
cardiovascular mortality was significantly increased and relatively constant over time, with
an average HR of 1.92 (95% CI: 1.49 - 2.48) (Supplementary Figure 2.A.). In contrast, no
significantly increased risk was observed for cancer related mortality, with an average HR
of 1.20 (95% CI: 0.95 - 1.51) (Supplementary Figure 2.B.). For other mortality the average
risk was significantly increased by 86% (HR: 1.86; 95% CI: 1.54 - 2.24). It was highest in
the first 2 years with a HR of 4.28 (95% CI; 2.44 - 7.51) and decreased over time to a 31%
higher, albeit statistically non-significant, risk for individuals with a follow-up time > 8
years (HR: 1.31, 95% CI: 0.90 - 1.91) (Supplementary Figure 2.C.).

Discussion

Previous studies have shown that the NLR is a prognostic marker for mortality in patients
with cardiovascular disease and cancer. '>'* We hypothesized that the NLR was independently
associated with mortality in apparently healthy individuals. To our knowledge, this is the
first study confirming this hypothesis of an independent relationship between the NLR and
early mortality in the general population.

Multiple studies have investigated the association between the WBC count or the
leukocyte differentials and all-cause mortality, but none studied individual cell types in
relationship to each other. The NLR integrates the information obtained from the leukocyte
differentials and provides the opportunity to simultaneously study the association between
neutrophils and all-cause mortality and that between lymphocytes and mortality.

Our results are largely in agreement with the results previously found for the association
between the WBC count and overall mortality. The WBC count has been consistently
associated with both total and cardiovascular mortality. In our study, the association of
the NLR with cancer mortality was much weaker and non-significant. Although this might
seem counterintuitive because of the prognostic role of the NLR in people with cancer, it
is not unexpected as cancer mortality largely depends on available therapeutic options and
cancer type. Again this is consistent with literature on the WBC count and cancer mortality
in the general population. 2%

The effects are controlled for important confounders such as smoking and a higher BMI
or comorbidities, such as a history of cardiovascular disease, diabetes or a history of cancer.
It is known that the leukocyte and neutrophil counts are also higher in smokers. 7** We
indeed found that smoking is an important confounder. The association remains robust,
however, after adjustment for this factor, which implies that only part of the association

between the NLR and mortality is explained by smoking. Moreover, there was no effect
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modification of smoking, meaning that the magnitude of the association was not different
in smokers compared to non-smokers. Furthermore, the NLR proved the strongest risk
indicator when both CRP and the NLR were included in the model. This means that the
association was independent from the relationship between CRP and mortality, which
suggests that a potential inflammatory pathway that is explained by CRP, is different from
the pathway than the one represented by the NLR.

We tried to quantify the presence of any unknown and therefore unmeasured
confounding through calculating the E-Value. * Although any residual confounding
cannot be completely ruled out, we found that any unknown confounder would have to
have a risk of 2.17 or above to explain the observed effect. Considering the large number of
confounders we have adjusted for, we believe it is unlikely that the effects in this study can
be explained by such strong residual confounding.

Overall, our findings seem to confirm that there is an independent relationship between
inflammation and mortality. What the nature of this association is, remains uncertain.
Although the relationship might be etiological, it may also be that the NLR is a proxy
measure of the ageing process or rather a manifestation of an underlying disease.

Consistent with this latter hypothesis, we found that the NLR-related risk of mortality
was highest for the first two years of follow-up and decreased over time. This is explained
by the effects seen for other mortality (see Supplementary Figure 2.C.) and may be a result
of a depletion of individuals with an underlying illness or poor health status. However we
controlled for history of cancer and cardiovascular disease and even when the first 8 years
of follow-up are excluded, the association still persists, making underlying disease a less
likely explanation.

Another explanation may be that of a causal association. For instance, it is known that
neutrophils infiltrate atherosclerotic plaques and may play a role in the rupture, resulting
in a cardiovascular incident.”” However, this would mean there is an intermediate between
the NLR and mortality and that neutrophils play no role in the actual process of dying.

The last explanation would be that the immune system gets damaged as part of the

ageing process and that the NLR is a proxy marker for this biological phenomenon.
Strengths and limitations

A large population-based and prospective cohort study such as the Rotterdam Study, with
a long follow-up period and detailed information on prevalent disease and important
risk factors, is the design of choice for studying associations between blood levels of
inflammatory markers and all-cause mortality.

The NLR is derived from the leukocyte differentials, which is a stable, well-standardized
and inexpensive measurement that reflects systemic inflammation. Still, cut-off values
to stratify patients into currently unidentified risk groups are still lacking. These cut-off

values are necessary to evaluate the clinical utility of the NLR.
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Another limitation of this study is the fact that the total granulocyte count served as a
proxy for the total neutrophil count. We assume, however, that this has had little impact on
the results as neutrophils are by far the most abundant type of granulocytes. * Any resulting
misclassification could have led to an overestimation, but it has been conclusively shown
that the associations for granulocytes and neutrophils have the same direction and the same
effect size. '> We believe the obtained effect measures are a fair representation of the true

effect.
In conclusion, we have demonstrated that the NLR is independently associated with all-

cause mortality in the elderly population, after adjustment for traditional risk factors. Its

potential value in clinical practice needs to be established in further studies.
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Chapter 4

Supplementary Figure 1. Flowchart of the study population.

14,926 Participants were part of the
original cohort.

4,976 Participants died before the fourth study centre visit, during which

P leucocyte differentials measurements were introduced in the Rotterdam
Study.
Y
9,950 Participants
were eligible.
> 1,038 Participants refused to give blood.
> Participants with missing values, due
to logistic reasons, were excluded (N = 197).
Y

8,715 Participants included in the main
analysis.
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Supplementary Figure 2 A. Risk of NLR-related cardiovascular mortality

Adjusted for: sub-cohort, sex, age (in years), socio-economic status (high/intermediate/low), smoking status
(current/former/never), BMI (body mass index, kg/m?), prevalent type 2 diabetes mellitus and history of
cardiovascular disease. Risk for each time stratum were for: baseline - 2 years (HR 1.96, 95% CI: 1.02 - 3.77),
2 — 4 years (HR 2.12, 95% CI: 1.18 - 3.80), 4 - 6 years (HR 2.08, 95% CI: 1.20 - 3.61), 6 — 8 years (HR 2.54, 95%
CI: 1.47 - 4.39) and > 8 years (HR 1.27, 95% CI: 0.75 - 2.17).

Supplementary Figure 2 B. Risk of NLR-related cancer mortality
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Adjusted for: sub-cohort, sex, age (in years), socio-economic status (high/intermediate/low), smoking status
(current/former/never), BMI (body mass index, kg/m?), prevalent type 2 diabetes mellitus and history of cancer.
Risk for each time stratum were for: baseline - 2 years (HR 1.17, 95% CI: 0.70 - 1.96), 2 — 4 years (HR 1.27, 95%
CI: 0.80 - 2.02), 4 - 6 years (HR 1.02, 95% CI: 0.64 - 1.62), 6 — 8 years (HR 1.32, 95% CI: 0.77 - 2.24) and > 8
years (HR 1.33, 95% CI: 0.70 - 2.53).
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Supplementary Figure 2 C. Risk of NLR-related other mortality

Adjusted for: sub-cohort, sex, age (in years), socio-economic status (high/intermediate/low), smoking
status (current/former/never), BMI (body mass index, kg/m?), prevalent type 2 diabetes mellitus, history of
cardiovascular disease and history of cancer. Risk for each time stratum were for: baseline - 2 years (HR 4.28,
95% CI: 2.44 - 7.51), 2 — 4 years (HR 2.02, 95% CI: 1.30 - 3.13), 4 - 6 years (HR 1.72, 95% CI: 1.17 - 2.53),6 - 8
years (HR 1.85, 95% CI: 1.26 - 2.71) and > 8 years (HR 1.31, 95% CI: 0.90 - 1.91).

Supplementary Figure 3. E-value for the average hazard ratio for all-cause mortality.

E-value:
(2.17,2.17)

2 4 6
Risk ratio for exposure-confounder relationship
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Abstract

Background: A very high erythrocyte sedimentation rate (ESR) is usually an indication of
underlying pathology. Additionally, a moderately elevated ESR may also be attributable to
biological ageing itself. Whether the ESR is a prognostic factor for mortality, regardless of
age, has been scarcely investigated. Therefore the objective was to analyze the association
between elevated ESR levels and the risk of mortality in a prospective cohort of the general

population.

Methods: We studied data from the Rotterdam Study (1990-2014). ESR levels were measured
at baseline and individuals were followed until death or end of study. Associations between
moderately (20-50mm/hour) and markedly (>50mm/h) elevated ESR levels and all-cause

mortality, were assessed using multivariate Cox proportional hazard models.

Results: In total 5,226 participants were included, the mean age was 70.3 years. During a
median follow-up time of 14.9 years 3,598 participants died (69%). After adjustment, both
a moderately elevated ESR and a markedly elevated ESR were associated with a significantly
higher risk of overall mortality (hazard ratio (HR) 1.23, 95% confidence interval (CI)
1.12-1.35 and HR 1.82, 95%CI 1.36-2.42, respectively). Although the ESR becomes higher
with age , in a group aged above 75 years, without any comorbidities, an ESR>20mm/hour
remained associated with a significantly increased risk of mortality (HR 1.29, 95%CI 1.01-
1.64).

Conclusion: An elevated ESR is an independent prognostic factor for mortality. Despite the

fact that ESR increases with age, it remains associated with an increased risk of mortality

and warrants close follow-up.
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Introduction

The erythrocyte sedimentation rate (ESR) measurement is a standardized, accurate, widely
available, and inexpensive method to measure inflammation.' ? The ESR is used globally,
both by specialists in hospitals as well as by family doctors in primary care, as a routine test
to screen for the presence of hidden inflammation, and to help in the diagnosis and follow-
up of chronic diseases, such as rheumatoid arthritis, polymyalgia rheumatica, multiple
myeloma, but also cardiovascular disease, and cancers. **

The ESR measures the aggregation of red blood cells. In the presence of increased levels
of proteins like fibrinogen or globulins, erythrocytes aggregate easier, forming a rouleaux
which settles at the lower end of the tube. When the red blood cell shape is taken into
account, and by taking into account the level of hematocrit and hemoglobin, the ESR
reflects the concentration of acute phase proteins and can be interpreted as a compound
measure of inflammation.

Although a very high ESR is usually indicative of the presence of an underlying illness *7,
the ESR is also subject to influences that are unrelated to disease. For instance, women tend
to have higher ESR values than men; and increased body mass index (BMI) has also been
associated with higher ESR values.®’

Moreover, the ESR generally increases with age. This makes it difficult to interpret
whether an increase of the ESR is due to hidden disease or ‘part of the process of ageing’. It
has been suggested that moderately elevated ESR levels can be attributed to biological ageing
and can therefore be disregarded when this comes up during routine testing. '° Yet, there is
little evidence in literature to substantiate that interpretation. In contrast to the abundance
of literature on C-reactive protein, there is only a limited number of studies that showed
that the ESR is a risk factor for cancer and cardiovascular morbidity and mortality. >* "
Indeed, the general clinical experience is that an increased ESR at an older age is associated
with an increased risk of mortality. But to this date there is only one study reporting on the
independent association of ESR with an increased risk of mortality in older adults."

Therefore, we set out to study the independent association of ESR levels and the risk of
overall mortality in a population-based cohort. Our hypothesis was that even though ESR
levels increase with age, they remain associated with an increased risk of mortality and

therefore should not be disregarded.
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Methods
Setting and study population

The objectives and design of the Rotterdam study have been extensively described earlier.!>!*
In brief, of the 10,275 persons aged 55 years and over, that were invited in 1989 7,983 (78%)
participated and were followed ever since.

Detailed information was obtained at start of the study from all participants. They were
interviewed at home by trained interviewers and had two subsequent visits at the research
center where they underwent a physical examination, laboratory assessments, and imaging
procedures. Follow-up examinations took place approximately every 3-4 years.

The Rotterdam Study has been approved by the Medical Ethics Committee of the
Erasmus MC (registration number MEC 02.1015) and by the Dutch Ministry of Health,
Welfare and Sport (Population Screening Act WBO, license number 1071272-159521-PG).
The Rotterdam Study has been entered into the Netherlands National Trial Register (NTR;
www.trialregister.nl) and into the WHO International Clinical Trials Registry Platform
(ICTRP; www.who.int/ictrp/network/primary/en/) under shared catalogue number
NTR6831. All participants provided written informed consent to participate in the study

and to have their information obtained from treating physicians.
Assessment of ESR and other covariables

At baseline, blood was drawn directly into tubes (Vacutainer; BD Biosciences, Franklin
Lakes, NJ), and the ESR was read after 60 minutes. The ESR was non-normally distributed
and therefore log-transformed when analyzed as a continuous variable. We also categorized
ESR into three groups: <20 mm/hour (reference), 20 - 50 mm/hour (moderately elevated)
and >50 mm/hour (markedly elevated).

The following covariables were assessed as potential confounders: age, sex, socio-
economic status (SES; according to education level; high/intermediate/low), smoking
status (current/former/never), Body Mass Index (BMI in kg/m?), prevalent type 2 Diabetes
Mellitus (DM), history of cancer (based on pathology), history of cardiovascular disease
including transient ischemic attacks (TTA), stroke (CVA), myocardial infarction (MI),
coronary revascularization (percutaneous transluminal coronary angioplasty or coronary
artery bypass grafting) and other cardiovascular disease (CVD), high-sensitivity C-reactive
protein (CRP; Beckman Coulter, Fullerton, CA), hematocrit (I/1) and lastly presence of
anaemia. DM was based on a fasting plasma glucose level of > 7.0 mmol/L (= 126 mg/
dL) or non-fasting plasma glucose level of > 11 mmol/L (= 200 mg/dL) or use of blood
glucose medication.”” Anaemia was assessed as a haemoglobin concentration of less than

7.5 mmol/l for women or less than 8.5 mmol/l for men.'®
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Assessment of outcome

The main outcome of interest was all-cause mortality. The vital status of the participants
was obtained regularly from the municipal population registry. Causes of death were
assessed by reviewing information from the general practitioners’ records or, in case of
hospitalization, by discharge reports from the medical specialists. Causes of death were

coded independently by two physicians using the ICD-10 and the ICPC-2. '8
Statistical Analysis

Participants were followed from the day of inclusion in the study until the date of death or
end of the study period (31st December 2013), whichever came first.

Difference in survival between individuals with a normal versus a moderately increased
and markedly increased ESR were assessed by Kaplan — Meier curves and Log-rank tests.
The associations between ESR and risk of overall mortality was analyzed with Cox
proportional hazard models, using follow-up time as an underlying time scale. Proportional
hazard assumptions were assessed visually. The results were reported as hazard ratios (HR)
and 95% confidence intervals (CI).

All potential confounders, mentioned above, were assessed individually and were
included in the multivariable model when they changed the point estimate by more than
10% or were considered clinically relevant (see Supplementary Table 1).

We additionally performed several sub-analyses. There is reason to believe different cut-
off values should be used for males and females at different ages. Miller et al. suggested the
following formulae for calculating the maximum normal erythrocyte sedimentation rate at
a given age for men: (age in years / 2) and for women: (age in years + 10) / 2." We assessed
the risk of overall mortality using a cut-off following Millers’ formula, in a multivariable
Cox model. Additionally, we compared the risk classification according to Miller to the
categories we created, using a two-by-two table.

Lastly, we assessed the risk of ESR in a highly selected group of healthy individuals older
than 75 years of age, with a BMI of 18.5 - 29.9 kg/m?, who were either former or never
smokers and were free from diabetes, cardiovascular disease or cancer at baseline. Again,
we used multivariable Cox regression.

Analyses were performed using IBM SPSS Statistics software (version 21) and R Version

3.3.2. All P-values were two-sided and were considered significant if P < 0.05.
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Results
Population characteristics

Erythrocyte sedimentation rates were measured for 5,226 participants in the Rotterdam
Study (65.5%). The mean age was 70.3 years and the majority were women (n = 3,232;
61.8%). The mean BMI was 26.3 kg/m2, 10.8% was diagnosed with type 2 Diabetes Mellitus;
1,187 participants were current smokers (22.7%), 2,069 former smokers (36.9%) and 34.1%
had never smoked at baseline. Further cohort characteristics are presented in Table 1.
The median follow-up time was 14.9 years (SE 0.2), during which 3,599 participants died
(68.9%).

Participants with a missing ESR value were significantly older, had higher socioeconomic
status and were more likely to have diabetes. Participants with missing values of the ESR
were less frequent smokers and were less likely to have a history of cardiovascular disease.
No differences were found for sex, BMI, WHR, history of cancer and presence of anaemia

(see Supplementary Table 2).
Erythrocyte sedimentation rate

The median ESR at baseline was 10 mm/hour (interquartile range (IQR): 6-18). The
majority (n=3733; 71.4%) had an ESR less than 20 mm/hour, 27.0% had an ESR between
20-50 mm/h, and 95 individuals (1.6%) had an ESR of more than 50 mm/hour. Only two
participants had an ESR higher than 100 mm/hour at baseline.
The median ESR for females was 12 mm/hour and significantly higher than the median
ESR of 8 mm/hour for males (IQR respectively 8-19 mm/hour and 4-14 mm/hour; Mann-
Whitney U Test: P-value <0.001). The median ESR was significantly higher for each age
category: 8 mm/hour for 55-65 years, 10 mm/hour for 65-75 years and 14 mm/hour for >75
years (IQR respectively 5-14 mm/hour; 6-17 mm/hour and 8-23 mm/hour; Kruskal-Wallis
Test: P-value <0.001).

The ESR was not significantly correlated with hemoglobin levels (P-value = 0.094) or
hematocrit levels (P-value = 0.145), but was significantly correlated with CRP (R*= 0.17;
P-value <0.001).

Main outcome
The overall survival was poorer for participants with a moderately elevated ESR (20-50
mm/hour) and markedly elevated ESR (>50 mm/hour), with a median survival of 10.3 and

7.0 years, respectively, compared to a median survival of 17.0 years for individuals with an
ESR< 20 mm/hour (Logrank test: P-value <0.001, see Figure 1).
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Table 1. Cohort characteristics at baseline.

Clinical Variable N (%)
Total 5226 (100)
Sex Female 3232 (61.8)
Male 1994 (38.2)
Age (years, (SD)) 70.3(9.2)
55— 64 1735 (33.2)
65— 75 1919 (36.7)
>75 1572 (30.1)
Socio-economic status High 324 (6.2)
Intermediate 1245 (23.8)
Low 3457 (66.2)
Smoking status Current 1187 (22.7)
Former 2069 (36.9)
Never 1783 (34.1)
Diabetes Mellitus (prevalent) 565 (10.8)
Body mass index (kg/m?, (SD)) 26.3 (3.8)
<185 57 (1.1)
18.5-24.9 1882 (36.0)
25-29.9 2341 (44.8)
=30 770 (14.7)
Waist-to-hip ratio (meters, (SD)) 0.90 (0.09)
Alcohol use (grams per day, (SD)) 10.4 (15.4)
Anaemia* 1080 (20.7)
Hematocrit (1/1, (SD)) 0.41 (0.04)
History of Cardiovascular Disease 430 (8.2)
History of Cancer 22 (0.4)
CRP (mg/mL, (SD)) 3.3(6.0)
ESR (mm/hour, (Median, IQR)) 10 (6 - 18)
ESR (mm/hour) <20 3733 (71.4)
20 - 50 1410 (27.0)
>50 83 (1.6)

Data are presented in numbers with percentages in brackets unless stated otherwise. Numbers do not add up
to 100% due to missing values. CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, SD: standard
deviation.

* Anaemia was assessed as a haemoglobin concentration of less than 7.5 mmol/l for women or less than 8.5
mmol/l for men.
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Figure 1. Kaplan-Meier Curves for each category of the erythrocyte sedimentation rate (ESR).

In the crude analysis, both an ESR of 20-50 mm/hour and an ESR > 50 mm/hour were
associated with a significantly increased risk of mortality with a HR of 1.91 (95%CI: 1.78 -
2.05) and a HR of 3.23 (95%CI: 2.57 - 4.06), respectively (see Table 2). After adjustment for
age, sex, SES, BMI, WHR, smoking status, prevalent DM, hematocrit level, history of CVD,
and history of cancer the association remained, with a statistically significantly increased
risk of 23% for individuals with a moderately elevated ESR and 82% for individuals with
a markedly increased ESR (HR 1.23, 95% CI 1.04-1.45 and HR 2.02, 95% CI 1.18-3.45,
respectively; see Table 2) compared with a ESR below 20 mm/hour. Also, after additional
adjustment for CRP the associations remained robust (see Table 2).

To assess whether the found effects were in fact caused by any sub-clinically present
disease, we excluded all individuals with a follow-up of less than 2 and 5 years and repeated

the analysis. The association remained (see Supplementary Table 3).
Sub-analyses

When the ESR normal value according to Millers formula was used, individuals with an
increased ESR (n= 186, 3.6%) had a poorer survival (Logrank test: P-value <0.001) of 8.4
years of survival versus 15.3 years of survival. After adjustment for the above mentioned
variables, an increased ESR according to Millers’ formula was an independent marker of
mortality with an increased risk of 62% (HR 1.62, 95% CI: 1.32 - 1.98). We compared the
classification according to Millers’ formula with the classification when using the following
categories for ESR: <20mm/h, 20-50mm/h and >50mm/h (see Supplementary Table 4).

All individuals with an ESR>50mm/h were classified as having an increased ESR according
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Millers’ formula and thus as having an increased risk. However for individuals with an ESR
20-50mm/h the majority (93%) was not classified as having an increased ESR in agreement
with Millers” formula.

Lastly, we explored whether for healthy individuals with an age above 75 years, ESR
remained an independent predictor of mortality. We selected a group of elderly with a BMI
between 18.5 — 30 km/m?, who were former or never smokers, had no prevalent DM, and
were free from cardiovascular disease or cancer diagnosis at baseline. In this highly selected
healthy group of elderly, an ESR >20mm/hour was significantly associated with increased
risk of mortality (see Table 3). Healthy individuals with an ESR above 20 mm/hour (n=139,
21.8%) had a poorer survival of 7.5 years versus 8.8 for those with a ESR < 20 mm/hour
(Logrank test: P-value = 0.064). After adjustment for the above mentioned variables, an
ESR > 20 mm/hour was an independent predictor of mortality with an increased risk of 29%
(HR 1.29, 95% CI: 1.01-1.64) versus an ESR < 20 mm/hour.

Table 3. ESR as a risk factor for all-cause mortality, also in the healthy elderly.

HR* Lower 95% CI Upper 95% CI
> 75 with ESR, oo 1.33 1.16 1.52
comorbidities
ESRCmgmcal <20 mm/h  reference
>20 mm/h 1.59 1.28 1.98
>75yearsand  ESR o 1.13 0.98 1.31
healthyt
ESR_ corica <20 mm/h  reference
>20 mm/h 1.29 1.01 1.64

* Adjusted for: sex, age in years, SES (socio-economics status: high/intermediate/low), smoking status (current/
former/never), BMI (body mass index: <18.5 kg/m? 18.5-24.9 kg/m?, 25.0 - 29.9 kg/m?, 230.0 kg/m?), WHR
(waist-to-hip-ratio), Type-2 diabetes, history of cancer, history of cardiovascular disease and hematocrit.

t Healthy elderly was defined as those with a body mass index of 18.5-29.9 kg/m?, never or former smoker, no
Type-2 diabetes and no prevalent cardiovascular disease or cancer at baseline.

ESR: erythrocyte sedimentation rate, HR: hazard ratio, 95% CI: 95% confidence interval.

Discussion

In this study we showed that both a moderately increased, as well as a markedly increased
ESR, are associated with a significantly higher risk of overall mortality. These results
follow from a large population-based prospective cohort of community dwelling elderly
with a follow-up period of almost 25 years. We found that the associations were most
attenuated by sex and age and to a smaller extent by smoking and comorbidities such as
diabetes, cardiovascular disease or cancer. However the relationship remained robust after

adjustment for these and other confounders, such as hematocrit and CRP. We additionally
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presented that, although ESR levels are influenced by age, even in a highly selected group
of individuals aged >75 years without comorbidities, a moderately elevated ESR remains a
risk factor for mortality.

As discussed previously, the ESR can be used as a compound measure for systemic
inflammation. Despite this fact, the ESR has been scarcely studied both with respect to
morbidity ** # and mortality>? 2> %, especially in a population-based setting'?. An increased
risk of cardiovascular mortality was demonstrated earlier in patients with cardiovascular
disease.” ** More recently, the risk for incident colorectal cancer and the risk for overall
mortality in the general population were studied, and ESR was found to be an independent
risk factor for both.>'? For the latter however this study was limited in size and in its analysis
as mortality was not the main outcome.

In addition to continuous analyses, we explored clinically relevant cut-off points. In
the crude analysis, we found that individuals with a moderately and markedly elevated
have a 2-fold and 3-fold higher risk for mortality, respectively. After adjustment for sex
and age an ESR >50mm/hour remained associated with a 2-fold increased risk. This is a
specifically important finding for general practitioners, for whom additional diagnostic
tools are usually limited to blood tests, because it is an easy to use measurement to identify
those patients who may be at highest risk of dying.

It has been suggested that using sex- and age specific cut-off values, with higher cut-off
values for women and a higher age, would be more appropriate.”” In this cohort indeed
the median ESR level was significantly higher in women than in men and significantly
higher for the higher age categories, but there was no statistical interaction with sex nor
with age. We explored the risk of overall mortality using cut-off values following Millers’
formula. Results remained comparable, but importantly we found that misclassification was
present. Whereas all individuals with an ESR > 50 mm/hour were also classified as having
an increased ESR using Millers’ formula, the majority of individuals with an ESR between
the 20 and 50 mm/hour were misclassified as having an age-appropriate and thus ‘normal
ESR. But in our analyses also those with an ESR between 20-50 mm/hour are at an increased
risk of mortality.

These findings are in line with previous research on the cut-off levels for hemoglobin in
the elderly. »* Although anaemia is more prevalent in oldest old patients, it is still associated
with an increased risk of mortality, justifying the use of the same cut-off levels in young and
old patients.

Additionally, our results also challenge the thought that a moderately increased ESR in
elderly, that cannot be attributed to comorbidities, can be safely discarded. We showed that
a moderately increased ESR in group of elderly with a normal BMI, who are not currently
smoking and are free of diabetes, cardiovascular disease and cancer still have an increased
risk of dying, compared to those with an ESR <20 mm/hour. These patients should therefore

receive follow-up.
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Strengths and limitations

This is the first study to date, that prospectively examines the association between an
increased ESR and risk of mortality in the elderly. Additionally, we collected detailed
information on illness and risk factors for chronic diseases, that allowed for proper
adjustment of the relationship between ESR and mortality. We showed that, although the
association is attenuated by several confounders, it remains a robust prognostic marker.
There are a few limitations that warrant mentioning. The first one is that an ESR level
was measured for only 65.5% of the original cohort. The major reason for these missings,
was that since 1993, the ESR measurement was not performed any longer for logistic
reasons. Therefore the missing values are completely at random. Additionally, a missing
ESR measurement was not associated with mortality, therefore we do not believe that if we
would have had these random-missing measurements the outcomes of the study would be
different. Second, we only measured ESR once. Therefore, we cannot verify whether some
of the increased ESR levels are in fact limited to a short period due to a transient illness.
However, this specific type of misclassification would have resulted in an underestimation
of the risk of mortality because the group of individuals who have persistently increased
ESR levels is diluted by those with a transient ESR elevation with little or no increased risk.
In conclusion the ESR is a robust marker for overall mortality, even when it is only
moderately increased and regardless of age. Therefore, it is justified to use the same cut-
off values for young and old patients and an increased ESR at an older age should not be

disregarded but instead warrants further follow-up.
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Chapter 5

Supplementary Table 1. Univariable Cox proportional hazard regression for overall mortality.

Variable Univariable analysis
HR Lower 95% CI Upper 95% CI

Female 0.79 0.74 0.84
Age 1.12 1.115 1.124
SES High reference

Intermediate 1.15 0.99 1.34

Low 1.37 1.18 1.58
Smoking Current ref

Former 0.82 0.75 0.89

Never 0.85 0.78 0.93
DM 1.19 1.13 1.25
BMI 0.99 0.98 1.00
BMI <18.5 2.24 1.69 2.96

18.5-25.0 reference

25.0 - 30.0 0.97 0.91 1.05

> 30.0 1.00 0.91 1.11
WHR 12.09 8.47 17.26
Alcohol use 1.002 1.000 1.005
Anaemia 0.93 0.85 1.00
Haemotocrit 0.64 0.30 1.38
History CVD 2.04 1.83 2.27
History of Cancer 1.66 1.03 2.68
CRP, s 1.31 1.27 1.36
ESR, . omed 1.36 1.30 1.42
ESRca‘egmcal <20 mm/h reference

20 - 50 mm/h 1.91 1.78 2.05

>50 mm/h 3.23 2.57 4.06

Age in years, BMI (Body Mass Index in kg/m?*), WHR (Waist Hip Ratio in meters), Alcohol in average intake
per day in grams, Anaemia (for males Hb< 8.5 mmol/l and females Hb<7.5 mmol/l), DM (Diabetes Mellitus),
CVD (cardiovascular disease), CRP (C-reactive protein), ESR (Erythrocyte Sedimentation Rate in mm/hour),
HR (hazard ratio), CI (confidence interval)
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Supplementary Table 2. Population characteristics for participants with and without an ESR measurement.

Clinical Variable ESR available ESR not available  P-value
N (%) N (%)

Total 5226 (100) 2757 (100)

Sex Female 3232 (61.8) 1646 (59.7) 0.062
Male 1994 (38.2) 1111 (40.3)

Age (years, (SD)) 70.3 (9.2) 71.2 (10.8) <0.001
55 - 64 1735 (33.2) 981 (35.6) <0.001
65-75 1919 (36.7) 788 (28.6)
>75 1572 (30.1) 988 (35.8)

Socio-economic status High 324 (6.2) 294 (10.7) <0.001
Intermediate 1245 (23.8) 688 (25.0)
Low 3457 (66.2) 1561 (56.6)

Smoking status Current 1187 (22.7) 538 (19.5) 0.002
Former 2069 (36.9) 1038 (37.6)
Never 1783 (34.1) 1011 (36.7)

Diabetes Mellitus 565 (10.8) 318 (11.5) 0.038

BMI (kg/m?, (SD)) 26.3 (3.8) 26.2 (3.6) 0.551
<185 57 (1.1) 20 (0.7) 0.173

18.5-249 1882 (36.0) 679 (24.6)
25-29.9 2341 (44.8) 910 (33.0)

> 30 770 (14.7) 251 (9.1)
WHR (m, (SD)) 0.90 (0.09) 0.91 (0.09) 0.121
Alcohol use (gr/day, (SD)) 10.4 (15.4) 10.3 (14.5) 0912
Anaemia* 1080 (20.7) 603 (21.9) 0.330
Hematocrit (1/1, (SD)) 0.41 (0.04) 0.41 (0.04) 0.288
History of CVD 430 (8.2) 178 (6.5) 0.015
History of Cancer 22(0.4) 16 (0.6) 0.325

Differences between individuals with and without an ESR measurement were tested using Students’ T-tests for
normally distributed continuous variables and x>-tests for categorical variables.

ESR = erythrocyte sedimentation rate, BMI = Body Mass Index, WHR = waist-to-hip ratio, CVD = cardiovascular
disease, SD = standard deviation.
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Supplementary Table 3. Multivariable Cox regression for all-cause mortality for individuals with more than 2
and 5 years of follow-up.

Follow-up HR* Lower 95% CI Upper 95% CI
>2years  ESR .o 113 1.06 1.19
ESRCalegnrical <20 mm/h reference
20 - 50 mm/h 1.22 1.11 1.34
> 50 mm/h 1.76 1.24 2.49
> 5 years ESRIoglransformed 1.11 1.04 1.18
ESRmcguml <20 mm/h reference
20 - 50 mm/h 1.20 1.09 1.33
> 50 mm/h 1.83 1.24 2.70

*Adjusted for: sex, age in years, SES (socio-economics status: high/intermediate/low), smoking status (current/
former/never), BMI (body mass index: <18.5 kg/m?, 18.5-24.9 kg/m?, 25.0 - 29.9 kg/m?, 230.0 kg/m?), WHR
(waist-to-hip-ratio in meters), type-2 diabetes, history of cancer, history of cardiovascular disease and hematocrit.

Supplementary Table 4. Two-by-two-table for the comparison of classification of an increased ESR according
to our categories versus Millers’ Formula.

ESR increased according to Millers’ Formula  Total

No Yes
ESR category  <20mm/h 3733 0 3733
20-50mm/h 1307 103 1410
>50mm/h 0 83 83
Total 5040 186 5226

98



99



100



Chapter 6

The systemic immune-inflammation
index is associated with an increased
risk of incident cancer - results from
the Rotterdam Study.

]. Fest

R. Ruiter

M. Mulder

B. Groot Koerkamp
M.A. Ikram

B.H. Stricker
C.H.J. van Eijck

International Journal of Cancer, 2019

101



Chapter 6

Abstract

Background: Several studies found that the systemic immune-inflammation index (SII)
is a prognostic factor for mortality in patients with solid tumors. It is unknown whether
an increased SII in generally healthy individuals reflects a risk for developing cancer.
Our objective was to investigate the association between the SII and incident cancers in a

prospective cohort study.

Methods: Data were obtained from the Rotterdam Study; a population-based study of
individuals aged >45 years, between 2002 and 2013. The SII at baseline was calculated from
absolute blood counts. The association between the SII and the risk of any solid incident
cancer during follow-up was assessed using Cox proportional hazard models. Individuals

with a prior cancer diagnosis were excluded.

Results: Data of 8,024 individuals were included in the analyses. The mean age at baseline
was 65.6 years (SD 10.5 years) and the majority were women. During a maximum follow-up
period of 10.7 years, 733 individuals were diagnosed with cancer. A higher SII at baseline
was associated with a 30% higher risk of developing a solid cancer (HR of 1.30 (95% CI;
1.11 - 1.53)), after adjustment for age, sex, socio-economic status, smoking, BMI and type
2 diabetes. The absolute cumulative 10-year cancer risk increased from 9.7% in the lowest
quartile of SII to 14.7% in the highest quartile (P-value = 0.009). The risk of developing

cancer was persistent over time and increased for individuals with longest follow-up.

Conclusion: A high SII is a strong and independent risk indicator for developing a solid

cancer.
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Introduction

In 1863, Virchow observed the presence of leukocytes in neoplastic tissues and hypothesized
an association between inflammation and cancer. ' Since then, various theories regarding this
presumed association have been proposed. >* One theory suggests that low-grade, chronic
inflammation increases the risk of cancer. * For example, a Helicobacter Pylori infection
is associated with gastric cancer, inflammatory bowel disease with colorectal cancer, and
tobacco smoke, in addition to being carcinogenetic, can induce chronic inflammation and
is associated with lung cancer. *¢ Alternatively, inflammation is considered a consequence,
rather than the cause, of cancer. !

Inflammatory markers in blood can be used as biomarkers to study these hypotheses.
Well-known inflammatory markers include C-reactive protein, erythrocyte sedimentation
rate and white blood cell count. 7" A relatively novel inflammatory marker in this respect
is the systemic immune-inflammation index (SII). '

It is an index that incorporates the absolute blood counts of neutrophils, lymphocytes as
well as platelets, by multiplying the platelet count by the ratio of neutrophil and lymphocyte
counts. Several studies found that the SII is a prognostic factor in patients with solid
cancers, such as hepatocellular carcinoma, colorectal, and pancreatic cancer. '*'* So far,
it is unknown whether an increased SII also is a marker for developing incident cancer in
healthy individuals.

We hypothesized that when inflammatory cells play a role in the etiology of cancer,
individuals with higher levels of inflammation, as measured by the SII, over a longer period
of time are at a higher risk to develop cancer. Therefore the objective of this study was to
assess the relationship between SII levels at baseline and the subsequent risk of developing

a solid cancer in a prospective, population-based cohort.

Methods
Study Setting

The study was embedded in the Rotterdam Study, an ongoing prospective cohort study
in community-dwelling elderly in the Ommoord suburb of the city of Rotterdam in the
Netherlands. The rationale and design have been previously been described. '* Briefly, in
1989, inhabitants aged 55 years and older were invited to participate. The original cohort
was enrolled between 1989 and 1993 of whom 7,983 participated (78%). A second cohort
of 3,011 persons (67% participation) was enrolled between 2000 and 2001. In 2006, a third
cohort with 3,932 persons of 45 years and older were enrolled (65% participated). This

resulted in an overall study population of 14,926 individuals aged 45 years and above.
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Study Population

Baseline values of the SII were measured at the earliest study center visit at which a leukocyte
differential count was available: the fourth visit of the first cohort (January 2002 - July 2004;
n = 3,550), the second visit of the second cohort (July 2004 - December 2005; n = 2,468),
and the first visit of the third cohort (February 2006 — December 2008; n = 3,932) (see
Supplementary Figure 1, '). Data of individuals with missing granulocyte, lymphocyte
or platelet counts or of individuals with a diagnosis of cancer (except non-melanoma skin

cancer) prior to the initial blood count at baseline were excluded (n=687, see Figure 1).
Assessment of the systemic immune-inflammation index (SII)

Fasting blood samples were collected at the study center and full blood count measurements
were performed immediately after blood draw. These measurements included absolute
counts of granulocytes, lymphocytes, and platelets and were performed using the COULTER®
Ac-T diff2™ Hematology Analyzer (Beckman Coulter, San Diego, California, USA).

The systemic immune-inflammation index (SII) was calculated from the platelet (P;
x10°/Liter), granulocyte, as a proxy for neutrophils, (N; x10°/Liter), and lymphocyte (L;
x10°/Liter) blood counts, using the following formula: SII = P x N/L. '? Both the neutrophil-
to-lymphocyte-ratio (NLR = N/L) and the platelet-to-lymphocyte ratio (PLR = P/L) were

also calculated.
Collection of other variables

The following variables were considered as potential confounding factors: age, sex, socio-
economic status (high/intermediate/low), smoking status (current/former/never), and
body mass index (BMI; kg/m?). Individual characteristics were determined at baseline
by interview or at the study center. Status on prevalent type 2 diabetes was ascertained
from general practitioners’ records (including laboratory glucose measurements), hospital
discharge letters, and serum glucose measurements at the study center. Diabetes was
defined, according to the WHO guidelines, as a fasting glucose > 7.0 mmol/Liter or use of

glucose - lowering medication. 7
Assessment of outcome

The outcome of interest was the incident diagnosis of cancer. Cancer cases were
identified from general practitioners’ medical records (including hospital discharge
letters), the Dutch Hospital Data registry and regional histopathology and cytopathology
registries. Cases were coded independently by two physicians and classified according

to the International Statistical Classification of Diseases, 10th revision (ICD-10) and the
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International Classification of Primary Care, 2nd edition (ICPC-2). '®' Information on

cancer was available up till 1 January 2013. Only pathologically verified cases were used in

the analyses. Incident solid cancers were defined as any primary malignant tumor, except

non-melanoma skin cancers or hematological malignancies.

Dates of death were obtained through the Netherlands Personal Records Database (BRP)

and the causes of death were obtained from of general practitioners’ records or hospital

discharge letters and coded similarly as morbidity. '*"°

Figure 1. Flowchart of the study population inclusion.

14,926 Participants were
part of the original cohort.

Participants who were no longer part of the
Rotterdam Study (died or loss-to-follow-up) at

A\ 4

\ 4

9,950 Participants.

earliest measurement of leucocyte
differentials could not be included (N = 4,976).

‘l Participants who refused to give blood were

\ 4

8,024 Participants
included in the present
analyses.

| excluded (N = 1,038).
Participants with missing granulocyte,
»{ lymphocyte or platelet counts, were excluded
(N =201).
N Participants with a history of cancer at
d baseline were excluded (N = 687).
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Statistical Analysis

We explored all three biomarkers (NLR, PLR and SII) and compared models including the
three biomarkers using the Akaike Information Criterion (see Supplementary Table 1).%
We found that the SII performed the best, therefore only the results comprising the SII were
reported. Participants were divided into quartiles based on the SII established at baseline.
Differences between the quartiles were assessed with ANOVAs for normally distributed
continuous variables and with -tests for categorical variables. We estimated the absolute
risk of being diagnosed with a solid cancer for each quartile of the SII using the cumulative
incidence. Differences across the strata were tested using Gray’s tests. >

The relationship between the SII level at baseline and the risk of any solid cancer during
follow-up was assessed using Cox proportional hazard models (separate analyses were
performed for breast, prostate, colorectal, lung, and bladder cancer). For each individual,
follow-up was defined in years, from the baseline date as described above, until the date of
cancer diagnosis, death or end of study period (1* of January 2013), whichever came first.

The results are reported as hazard ratios (HR) and 95% confidence intervals (CI). The
SIT was log-transformed prior to being entered in any of the analyses. The proportional
hazard assumption was assessed for all variables, using the Kaplan-Meier estimates for the
categorical variables and the Schoenfeld’s residuals for the continuous variables. **

All analyses were adjusted for previously mentioned cancer risk factors, i.e. age, sex, SES,
smoking status, BMI and diabetes. Variables were added to the crude model in a stepwise
approach when: a variable changed the effect estimate by more than 10% or when a variable
was considered clinically relevant. > Effect modification was assessed for smoking and BMI
by adding an interaction variable to the model and was considered statistically significant
at a P-value < 0.10.

First we analyzed the SII as a continuous variable. Then, to assess whether there was a
quartile-effect relationship, we stratified the SII into quartiles, in which the lowest one was
taken as a reference category.

To explore whether the SIT could be a marker of yet undetected disease we repeated the
analysis only assessing the risk of cancer in the first 6 months of follow-up. To investigate
whether the overall effect was not solely due to an inflammatory response to undetected
cancers, and in fact a case of reverse causality, we additionally performed an analysis in
which data of individuals with a follow-up of less than 6 months, 2 years, 5 and 8 years,
respectively, were subsequently excluded.

Statistical significance of associations was accepted at a P-value < 0.05. All analyses were
performed using SPSS software (Version 21.0) and SAS (Version 9.4). %
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Results
General characteristics of the study population

Data of 8,024 individuals were included in the analyses (see Figure 1). The mean age
at baseline was 65.6 years (standard deviation (SD) 10.5 years) and 57.3% were women
(n=4,597). The mean BMI was 27.1 kg/m*> (SD 4.1), 20.4% was a current smoker
(N =1,632), 48.6% a former smoker (3,897) and 10.9% had diabetes at baseline (N = 872).
The median SII was 455 (IQR: 339 - 618). Population characteristics for each quartile of the
SII can be found in Table 1.

The total follow-up was 53,582 person years with a maximum of 10.7 years per person;
for more than three quarters of the participants the follow-up period was at least 5 years.

Completeness of follow-up at the 1* of January 2013 was 98.7%.

Table 1. General cohort characteristics at baseline for each quartile of the SII.

Characteristic Systemic immune-inflammation index
Q1 Q2 Q3 Q4 P-value
<339 339 - 455 456 - 618 > 618
Total N (%) N (%) N (%) N (%)
2,006 2,006 2,006 2,006
Sex Male 915 (45.6) 854 (42.6) 837 (41.7) 821 (40.9) <0.001
Female 1,091 (54.4) 1,152(57.4) 1,169 (58.3) 1,185 (59.1)

Age (inyears)  Mean (SD) 65.0(9.9) 64.9(10.2) 655(10.6) 67.2(11.0)  <0.001

Smoking * Current 346 (17.2)  388(19.3)  440(21.9) 458 (22.8)  <0.001
Former 987 (49.2) 1,001 (49.9) 937 (46.7) 972 (48.5)
Never 649 (32.4)  595(29.7) 600 (29.9) 547 (27.3)

SES * High 392(19.5)  413(20.6)  387(19.3)  339(16.9)  0.009
Intermediate 830 (41.4) 854 (42.6) 830 (41.4) 805 (40.1)
Low 758 (37.8) 718 (35.8)  764(38.1) 827 (41.2)

BMI (in kg/m?) * Mean (SD) 27.0 (3.7) 27.2 (4.1) 27.2 (4.2) 27.1 (4.5) 0.133

DM status Yes 187 (9.3) 208 (10.4) 220 (11.0) 257 (12.8) 0.004
No 1,819 (90.7) 1,798 (89.6) 1,786 (89.0) 1,749 (87.2)

*Unknown: SES (N = 107, 1.3%), Smoking (N = 104, 1.3%), BMI (N = 146, 1.8%) SES: socio-economic status,
BMI: body mass index, DM: Diabetes Mellitus
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Development of a solid cancer

In total, 733 individuals (9.1%) developed a solid cancer during follow-up. The most
frequent cancers were: colorectal (N = 123, 16.8%), prostate (N = 112, 15.3%), breast (N =
99, 13.5%), lung (N = 95, 13.0%), and bladder cancer (N = 83, 11.3%). Other solid cancers
included: esophagus, kidney, pancreas, melanoma, and gastric cancer.

A higher SII at baseline was associated with a 43% increased risk of a solid cancer in the
univariable analysis (HR: 1.43; 95%CI 1.22 - 1.67) and a 30% increased risk when adjusted for
cancer risk factors mentioned above (HR 1.30; 95% CI: 1.11 - 1.53) (see Tables 2 and 3). The
effect of the SIT was not modified by either smoking or BMI.

In the stratified analysis, the risk was higher in each subsequent quartile, with a significantly
higher risk in the fourth quartile in comparison to the lowest quartile (HR: 1.39, 95% CI; 1.12
- 1.72), with a significant trend over the quartiles (P-value = 0.002, see Table 3).

The absolute 5- and 10- year risk of being diagnosed with a solid cancer were 5.4% and
9.7% in the lowest quartile compared to 7.2% and 14.7% in the highest quartile, respectively
(see Figure 2).

Table 2. Univariate Cox Proportional Hazard regression for the association between baseline characteristics and
diagnosis of a solid cancer.

Clinical Variable Univariable analysis
HR Lower 95% CI Upper 95% CI

Cohort RS-I reference

RS-II 0.92 0.78 1.09

RS-1IIT 0.43 0.35 0.53
Female 0.58 0.50 0.67
Age (in years) 1.03 1.03 1.04
SES High reference

Intermediate 1.07 0.86 1.32

Low 1.15 0.93 1.42
Smoking Never reference

Former 1.52 1.27 1.83

Current 1.71 1.38 2.13
DM 1.62 1.33 1.98
BMI (in kg/m?) 1.01 0.99 1.03
SII Logarithm 1.43 1.22 1.67

SES: socio-economic status, DM: type II diabetes status, BMI: body mass index, SII: systemic immune-
inflammation index, HR: hazard ratio, CI: confidence intervals
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The risk of developing a solid cancer after a high baseline SII was significantly higher
within the first 6 months after baseline, with a HR of 2.00 (95% CI; 1.09 - 3.67). The risk
was persistent over time and increased for individuals with longer follow-up times (see
Table 3).

Next, we assessed the effects for the five major cancers in this population (colorectal,
prostate, breast,lung, and bladder cancer). These effects were similar for colorectal, prostate
lung, and bladder cancer, but we found null results for breast cancer (see Supplementary

Figure 2).
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Figure 2. Absolute risk of being diagnosed with a solid cancer for each quartile of the SII.

Discussion

The association between inflammation and cancer is well known, and only partly understood
as a result of its complex nature. >* On the one hand, inflammation is thought to induce
cancer, but on the other hand it may also be secondary to a systemic inflammatory response
to yet-undetected tumor and accumulated DNA-damage. In both occasions, the products of
inflammatory processes can be considered as potential biomarkers. >>° These markers have
a prognostic and potentially also a predictive value in solid cancers.

To our best knowledge, this is the first study on the etiological association between the
SIT and incident cancers in the general population. The SII is a relatively new composite

measure of the neutrophil, lymphocyte, and platelet counts in the peripheral blood. '
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Neutrophils were traditionally considered innocent bystanders in the cancer setting.
More recently it has been assumed, however, that neutrophils may be important in tumor
initiation, progression, and metastasis. **° Pro-metastatic effects of platelets are attributed
to the adhesion of platelets to tumor cells, thereby providing a shield protecting against cell
death, but also to platelet-derived factors that enable cells to migrate from the blood stream
into visceral organs. ** Lymphocytes, on the other hand, are thought to have an anti-tumor
effect through their ability to specifically target and then kill cancer cells. **** From this it
would logically follow that individuals with increased levels of neutrophils and platelets
and/or decreased levels of lymphocytes are at a higher risk of developing cancer.

The results of the present analyses indicate that individuals from the general population
who have higher levels of the SII at baseline are more likely to be diagnosed with a solid
cancer during follow-up. We showed an increased risk for each subsequent quartile. When
exploring the association between the SII and risk of cancer over time, it appeared that the
risk increased within the first 6 months of follow-up. This effect could reflect a systemic
immune response to a cancer that is already present, however yet undetected. Whether
the SII could function as a biomarker for early detection, should be further explored.
Studies exploring the effect of changes in the SII over time would be especially insightful.
Although we would be cautious in using this marker as a screening tool, since it is a general
inflammatory marker and is therefore non-specific.

Despite the fact that the risk is increased in the first 6 months of follow-up, the overall
effect cannot merely be explained by reverse causality. The risk persisted after exclusion of
data individuals with a follow-up of 6 months or less, and increased when we subsequently
evaluated the risk for individuals with a follow-up period of more than 2, 5 or even 8 years
of follow-up. This phenomenon supports the hypothesis that chronic inflammation is a risk
factor for cancer development. Interestingly, both the innate and adaptive immune system
seem to be involved. In which the innate immune system seems to be activated, whereas the
adaptive immune system seems to be downregulated. However, whether the inflammatory
cells contained in the SII play a causal role in the initiation or the further development of
solid tumors, remains to be elucidated. Furthermore, chronic inflammation can be induced
by environmental factors. Both smoking and a high BMI are associated with this type of
inflammation. Yet we found no effect modification by either of these factors. *

To see whether the found effect could be attributed to any specific cancer, we performed
a secondary analysis in which alternately the five major solid tumors (colorectal, prostate,
breast lung, and bladder cancer) in this population were taken as an endpoint. The effect
was present for colorectal, bladder and lung cancer, but was only statistically significant for
prostate cancer. We found no effect for breast cancer which may have been due to lack of

power, or to differences in tumor biology.
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Strengths and Limitations

We showed a relationship between the SIT and the diagnosis of a solid cancer in a prospective,
population-based cohort, with a long term follow-up of a large number of people. This
setting is the design of choice for assessing a relationship between blood levels and the risk
of cancer. The association remained robust after adjustment for potential confounders, of
which we collected detailed information, and was substantiated by the significant dose-
effect relationship as well as an increase of the risk over time.

Ideally, we should have related the SII to the different disease stages. We would
hypothesize that individuals with a higher level at baseline were more likely to be diagnosed
with metastasized disease and those with relatively lower levels with local disease.
Unfortunately, information on stage at diagnosis was not available.

Another limitation was that we had only a single measurement. Multiple measurements
over a longer time-period would allow for a more precise measurement and a better
understanding of the association. One would be able to better assess whether the SII
increases in time up to the diagnosis and could also be used as a marker for early detection.

Lastly, the design of this study did not allow for the assessment of a potential prognostic
potential of the SII, although from literature it is known the SII also has prognostic value.
1213 Recently some studies have also shown that related inflammatory markers, such as the
neutrophil-to-lymphocyte ratio may have a predictive value. **** In the future markers such

as the SII could help guide therapeutic choices in patients, especially in immunotherapy. **’
In conclusion, the SII is an independent risk indicator for a future diagnosis of a solid

cancer on the shorter and longer term. Future studies should further explore and validate

this association.
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Supplementary Figure 1. Diagram of examination cycles of the Rotterdam Study. 7
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Figure from: The Rotterdam Study: 2010 objectives and design update. Diagram of examination cycles of the
Rotterdam Study (RS). RS-I-1 refers to the baseline examination of the original cohort (pilot phase 07/1989-
12/1989; cohort recruitment 01/1990-09/1993). RS-I-2, RS-1-3 and RS-I-4 refer to re-examination of the original
cohort members. RS-II-1 refers to the extension of the cohort with persons in the study district that became
55 years since the start of the study or those of 55 years or over that migrated to the study district. RS-II-2 refers to
the re-examination of the extension cohort. RS-III-1 refers to the baseline examination of all persons aged 45 years
and over living in the study district that had not been examined (i.e., mainly comprising those aged 45-55 years).

Supplementary Figure 2. Multivariable Cox Proportional Hazard regression for the association between
baseline levels of the SII with development of one of the five major solid tumors in this population.
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Adjusted for: sub-cohort, sex, age (years), socio-economic status (high/middle/low), smoking status (current/
former/never), BMI (body mass index, kg/m?) and Type II diabetes status. All solid tumors: HR 1.30 (95% CI:
1.11 - 1.53); prostate cancer (men only): HR 1.74 (95% CI: 1.17 - 2.58), bladder cancer: HR 1.45 (0.89 - 2.35)
lung cancer: HR 1.43 (0.91 - 2.23), colorectal cancer: HR 1.28 (0.87 — 1.49) and breast cancer (women only):
0.96 (95% CI: 0.61 - 1.49).
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Abstract

Background: In the Netherlands, like in many other European countries, pancreatic cancer
mortality was found to be systematically higher than the incidence. This suggests that there
is an underestimation of the reported incidence of pancreatic cancer.

Aim: We aimed to study the incidence of pancreatic cancer in the Rotterdam area and to

compare this to the national level.

Methods: This study is embedded in the Rotterdam Study, an ongoing population-based
prospective cohort study of people aged 45 years and over, enrolled between 1989 till 2006.
Details on incident pancreatic cancer cases were available until 2013. Age specific incidence

rates were calculated and compared to data available in the Netherlands Cancer Registry.

Results: At baseline 14,922 participants were at risk of developing pancreatic cancer.
Median follow-up time was 16.4 person years per person. In total 113 participants
developed pancreatic cancer. Rates increased with age with an incidence rate of 109.9 (95%
CI; 85.7-138.8) per 100,000 person years for people older than 75. This is higher than the
currently reported 55.9 - 89.2 per 100,000 person year. Of the 113 cases identified in the
Rotterdam Study, only 67.3% were reported as pancreatic cancer in the Netherlands Cancer
Registry. Cases that were not registered, were significantly older and had a significantly

poorer survival.

Conclusion: The incidence of pancreatic cancer, as registered by the Netherlands Cancer
Registry, is an underestimation. Patients, not registered by the cancer registry, have a
significantly poorer survival. Consequently, we probably overestimate the already poor

survival of pancreatic cancer.
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Introduction

Pancreatic cancer is currently one of the most lethal types of cancer in Europe and has a
5-year survival of around 5%. [1] Due to aging of populations, the incidence of pancreatic
cancer has increased over the past few decades in Europe. [1, 2] In the past decade some
improvement in survival has been reported, but still [3] it is expected to become the second
deadliest cancer by the end of 2020. [2,4]

In line with this European trend, the incidence rate of pancreatic cancer has increased in the
Netherlands as well. The estimated incidence rate varies from 0.5-3.6 per 100,000 person
years for persons younger than 50 years to 55.9 - 89.2 per 100,000 person years for persons
older than 75 years. [5]

In the Netherlands, cancer incidence is registered nationwide by the Netherlands
Comprehensive Cancer Registration (IKNL). Cause of death, however, is registered by a
different body: Statistics Netherlands. They collect death certificates from the Municipal
Personal Records Database (BRP), with date and cause of death as assigned by treating
physicians.

Between 2010 and 2014, the number of new cases diagnosed ranged from 2,198 to 2,326.
[6] Interestingly, in those same years, fewer patients were diagnosed with pancreatic cancer
than died of this cancer (2,481-2,682). [7] In fact, the rate of pancreatic cancer mortality has
been systematically higher than the incidence rate, since the start of the Netherlands Cancer
Registration (NKR) in 1989. [6]Above numbers suggest an underestimation of the true
incidence of pancreatic cancer or an overestimation of pancreatic cancer mortality, which
could be important for several reasons. Firstly, because these numbers are supposed to
inform clinicians and their patients. Secondly because incidence and mortality rates largely
influence the way we prioritize our focus in studying different diseases and lastly, because
these numbers are used to advise health care and insurance company policy makers.

The objectives of this study were to establish the incidence rate of pancreatic cancer and
its mortality in a large and longstanding population-based prospective cohort study, and
to extrapolate this number to a national level to get insight into this discrepancy in figures

from national registries.

Patients and Methods

Study Population

The study was embedded in the Rotterdam Study, an ongoing population-based prospective
cohort study in the Netherlands. The rationale and design have been described extensively

previously. [8,9] Briefly, in 1989 inhabitants of the suburb Ommoord, aged 55 years and

older, were invited to participate. The original cohort was enrolled between 1989 and 1993.
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0Of 10,275 invited subjects, 7,983 entered the study (78%). A second cohort of 3,011 persons
(67% response), was enrolled between 2000 and 2001. In 2006 a third cohort with 3,932
persons of 45 years and older were enrolled (65% response). This resulted in an overall
study population of 14,926 individuals, aged 45 years and older.

The Rotterdam Study has been approved by the institutional review board (Medical Ethics
Committee) of the Erasmus Medical Center and by the review board of The Netherlands
Ministry of Health, Welfare and Sports.

Assessment of Cancer Cases

Rotterdam Study

In this study, cases of pancreatic cancer were identified through follow-up of medical
records of the general practitioners, by hospital discharge letters, and furthermore through
linkage with the Dutch Hospital Data (Landelijke Basisregistratie Ziekenhuiszorg, previously
Landelijke Medische Registratie) and registries of histo- and cytopathology. Cases were
classified according to the International Statistical Classification of Diseases, 10" revision
(ICD-10) and the International Classification of Primary Care, 2nd edition (ICPC-2). [10, 11]

All potential cases of pancreatic cancer and level of certainty thereof, were independently
adjudicated by two physicians (JE, RR). In case of disagreement, consensus was sought
through consultation of an experienced pancreatic surgeon (CvE).

Level of certainty of diagnosis was established as: certain (pathology confirmed),
probable (clinical diagnosis based on a mass in the pancreas and/or liver metastases on
CT-scan, ultrasound or endoscopic ultrasonography and/or increased levels of CA19.9) or
possible (e.g. an uncircumscribed mass by physical examination or a clinical presentation
with painless jaundice and weight loss).

Date of death was obtained through the mortality registry of the Municipal Personal
Records Database (Basisregistratie Personen, previously Gemeentelijke Basisadministatie)
and cause of death was obtained through follow-up of records of general practitioners
or hospital discharge letters. Cause of mortality was coded similarly as morbidity,
independently by two physicians according to the ICD-10 and the ICPC-2. [10, 11] All
potential cases of pancreatic cancer were provided to the Netherlands Cancer Registry for

matching.

Netherlands Cancer Registry

The Netherlands Cancer Registry started registering cancer incidence in 1989. Newly
diagnosed malignancies are notified to the Netherlands Cancer Registry by the automated
pathological archive (PALGA), supplemented with data from the Dutch Hospital Data.
Unlike many other cancer registries, the Netherlands Cancer Registry has no access to
notification by death certificates. Information on vital status is regularly obtained from the

Municipal Personal Records Database by using a data linkage procedure.
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Trained registrars verify all notifications and routinely collect data on patient
characteristics, tumor type and primary treatment from medical records in all Dutch
hospitals. Tumor location and histology are registered according to the International
Classification of Diseases for Oncology (ICD-O-3). [12]

Covariables

The following covariables were considered as potential confounding factors: age, sex,
socioeconomic status (high/middle/low), smoking status (current/former/never), alcohol
use (heavy [3 or more glasses a day]), moderately [more than once a week, but less than
3 glasses a day], and minor [less than one glass a week]), body mass index (BMI; kg/m?)
and incident diabetes mellitus (fasting glucose > 7.0 mmol/L or use of glucose-lowering
medication). [13] Patient characteristics were determined at baseline by interview or during

visits at the examination centre.
Statistical Analysis

For each participant, follow-up started at the day of inclusion in the study, until date of
cancer diagnosis, death or end of study period (1% of January 2013), whichever came first.
To assess differences between cases and the remaining cohort and subsequently between
registered and unregistered cases, we used Mann-Whitney tests for continuous variables
and y’ tests for categorical data.

Incidence and mortality rates with 95% confidence intervals were calculated, both overall
and per age category, as described by Rothman et al. [14] Differences in survival between
cases from the Rotterdam Study and the Netherlands Cancer Registry, were assessed by
Kaplan Meier curves and tested with a Log Rank test and a Wilcoxon test. Significance
of associations was accepted at a P-value < 0.05. All analyses were performed using SPSS

software (Version 21.0).

Results

General Characteristics Cohort

We used data from all participants of the Rotterdam Study, with the exception of 4
participants who had a history of pancreatic cancer at baseline. At the start of the study

14,922 participants were at risk of developing pancreatic cancer, of whom 6,101 men
(40.9%) and 8,821 women (59.1%), with a mean age of 66.0 years (SD 10.5) at baseline.
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Total follow-up time was 160,071 person years, with a median follow-up time of 16.4 person
years (SE 0.2 person years) per person. Completeness of follow-up until 1% of January 2013
was 98.5%.

Risk of pancreatic cancer

In total 113 participants developed pancreatic cancer: 38.9% male, 61.1% female. Almost all
cases were diagnosed above the age of 65 (92.0%), with a mean age at diagnosis of 77.3 years
(SD 8.8). In only 44.2% of the cases, diagnosis was confirmed through pathology. Further
baseline characteristics can be found in Table 1.

At the end of the study period, all patients with pancreatic cancer had died; 94.7%
attributable to pancreatic cancer. The median survival was 71.0 days (SE 11.6), with 1-year
survival of 11.4% and no patient survived more than 5 years. Most patients (86.8%) did not
receive any form of treatment for their pancreatic cancer. Out of the 18 patients undergoing
surgery, only 8 had a complete resection of the cancer (7.1%).

The incidence rate and mortality rate for pancreatic cancer in this study population, aged
45 years and older, were calculated at 70.6 and 66.8 per 100,000 person years, respectively.
Incidence and mortality rates were also calculated per age category separately (Table 2 and

3), the rates increased with age.
Analyses of matching

Of the 113 cases provided to the Netherlands Cancer Registry for matching, 76 cases were
registered as cases of pancreatic cancer (67.3%). Seventeen other cases were also registered,
however with an unknown primary tumor (n=6, 5.3%) or for a different cancer (n=11,
9.7%). For the latter, most cases were confirmed as patients with double or multiple tumors
in the Rotterdam Study. These cancers were non-melanoma skin cancers (n=4), prostate
(n=2), breast (n=1), lung (n=1) or colon cancer (n=1). The remaining twenty cases were
unknown to the Netherlands Cancer Registry (17.7%).

Patients who were not registered by the Netherlands Cancer Registry were significantly
older at time of cancer diagnosis (Mann-Whitney: p = 0.005) and were significantly less
likely to have had their diagnosis confirmed by pathology (x*: p < 0.001). Cases from the
Rotterdam Study had a significantly poorer overall survival than the cases in the general
population as registered by the Netherlands Cancer Registry (Log-Rank: 0.013; Wilcoxon:
p = 0.017), Figure 1. Within the Rotterdam Study, cases that were not registered by the
Netherlands Cancer Registry had a significantly lower cancer specific survival than those

that were registered (Log-Rank: p = 0.018; Wilcoxon: p = 0.009), Supplementary Figure 1.
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Table 2. Incidence rates of pancreatic cancer per age category

Age category Cases Percentof  Follow-up Incidence Rate 95% Confidence
cases (Person Years) (per 100,000 Person Years) Intervals (Poisson)
45-54 1 0.9 5,767 17.3 0.4-96.6
55-64 8 7.1 35,060 22.8 9.9-45.0
65-74 34 30.1 55,537 61.2 42.4-85.5
75-84 49 43.4 45,305 108.2 80.0-143.0
>85 21 18.6 18,405 114.1 70.6-174.4
Overall 113 100 160,074 70.6 58.2-84.9
Table 3. Mortality rates of pancreatic cancer per age category
Age category PDAC Follow-up Mortality Rate 95% Confidence
specific (Person Years) (per 100,000 Person Years) Intervals (Poisson)
mortality
45-54 1 5,769 17.3 0.4-96.6
55-64 8 35,067 22.8 9.8-45.0
65-74 30 55,549 54.0 36.4-77.1
75-84 47 45,327 103.7 76.2-137.9
>85 21 18,409 114.1 70.6-174.4
Overall 107 160,121 66.8 54.8-80.8
100-
pP=0017 — RS
53
= 604
©
2
>
5 40+
»n
20
0 T T T 1
0 1 2 3 4
Time (years)
Number at Risk
RS 113 13 4 2 0
NKR 38,535 5,843 2,194 1,331 871

Figure 1. Overall survival curves from cases in the Rotterdam Study (RS) versus cases in the general population
as registered by the Netherlands Cancer Registration (NKR)
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Discussion

In the Rotterdam Study, of the approximately 15,000 individuals aged 45 years and older
who were followed during 160,071 person years, 113 patients developed pancreatic cancer.
We calculated the overall incidence rate at 70.6 per 100,000 person years for this specific
population and showed that the rate increased with age. They parallel the age specific
incidence rates as reported by Coupland et al., but are higher. [15] We expect that in the
Netherlands, around 3,000-3,750 people develop pancreatic cancer annually. This is far
more than the approximately 2,500 that are currently registered. [6]

We showed that of the 113 patients who developed pancreatic cancer, only 67.3% was
registered by the Netherlands Cancer Registry as pancreatic cancer. This confirms our
assumption that there is an underestimation of the incidence rate as registered by the
Netherlands Cancer Registry. This does not only hold true for the Netherlands. In multiple
other European countries, amongst which Belgium, Iceland and Sweden, the reported
incidence rate is lower than the mortality rate of pancreatic cancer. [16]

Another part of the discrepancy between the national incidence and mortality, might
be explained by misclassification of cause of mortality. Compared to the European mean,
the mortality of pancreatic cancer is higher in the Netherlands, while the mortality of
cholangiocarcinoma is lower. [6] However this is no explanation for the grove under
registration we showed in this study.

Most cases that were not registered by the cancer registry, did not have pathological
confirmation of the cancer, suggesting that the cancer registry relies heavily on pathological
verification. [17] This might be particularly problematic for pancreatic cancer. Pathological
confirmation for all cases in this cohort was 44.2%, compared to 54.9% when only analyzing
cases registered by the Netherlands Cancer Registry. This last number is more in line
with earlier reported verification rates of 57.0% and 62.7%. [18, 19]. Histopathological
confirmation rates have significantly risen over the past years, so the relatively low rate
in this study can be partly explained by the long follow-up period of this study. [19] Even
though pancreatic cancer has one of the lowest verification rates of all cancers, our data
suggest that potential inflation of these percentages occurred. [17-19] Patients who had
had their diagnosis confirmed by pathology were significantly younger (data not shown).
It is plausible that in elderly patients, in the light of a poor prognosis or a poor clinical
condition, prohibiting any palliative treatment, patients and their treating physicians
consider additional invasive diagnostics too burdensome.

Indeed, we showed that pancreatic cancer is a disease of the elderly, with the highest
incidence and mortality figures in the age category of 85 years and above.

Lastly, we showed that cases that were not registered had a significantly poorer survival
than those that were. This means we do not only underestimate the incidence of pancreatic
cancer, but also overestimate the survival. The overall survival in this cohort is dramatic:

the 1-year survival was only 11.4% and no patient survived more than 5 years. In 94.7%
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death was attributable to pancreatic cancer. This can partly be explained by the stage of
disease at presentation, as stage of disease heavily influences survival. [20]. Only 7.1% was
able to undergo successful surgery. All surgeries were performed after 2000. Most patients
were treated by oncologists from one local hospital and were unlikely to be referred to a
tertiary center, once the disease was locally advanced or metastasized, to undergo any form
of palliative treatment. Almost 25% of the patients died within a month after diagnosis
and were unlikely to be candidates for palliative chemotherapy such as Gemcitabine or
FOLFIRINOX (folinic acid, fluoracil, irinotecan, oxaliplatin). Furthermore, FOLFIRINOX
was only introduced at the very end of the study period and, although it might improve

survival, it is unlikely that it had much impact on survival in this study. [21, 22]
Strengths and limitations

Strengths of this study are the prospective design, the duration and completeness of
follow-up and , most importantly, the completeness of the registration of cancer cases.
What sets apart cancer registration in the Rotterdam Study, is the additional information
that is obtained from follow-up of medical records of general practitioners. For pancreatic
cancer, there is a considerable group of patients for whom diagnosis is not pathologically
confirmed or who are not admitted to hospital. These patients are therefore missed by the
currently available notification sources of the Netherlands Cancer Registry. Completeness
of the Netherlands Cancer Registry could be enhanced by information on cause of death,
as collected by Statistics Netherlands. However if patients die from another cause, either
truly or as documented, while diagnosed with pancreatic cancer, chances are that these
patients will still be missed by the Netherlands Cancer Registry. Therefore investment in
the gathering of more detailed information on cancer morbidity is probably most effective
in ensuring better coverage.

The Rotterdam Study consists of individuals of 45 years and older, the age groups in which
pancreatic cancers occurs most frequently. However, as a consequence we were not able to
calculate an age standardized incidence rate. Another limitation is that a long follow-up
period automatically means that part of the data is old, therefore not always reflecting the
effects of new insights, diagnostics and therapies. This holds for pathological verification of
disease, but also for treatment of pancreatic cancer with palliative chemotherapy. However,
our data were compared to national data from the same time period. The observed

differences therefore cannot be explained by these limitations.

In conclusion, the incidence of pancreatic cancer, as registered by the Netherlands Cancer
Registry, is an underestimation. Patients that are not registered by the cancer registry are
significantly less likely to have had their diagnosis confirmed by pathology, are significantly
older and have a poorer survival. Consequently, besides underestimation of the incidence,

we are also likely to overestimate the already poor survival of pancreatic cancer.
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Supplementary Figure 1. Kaplan Meier Curves for pancreatic cancer cases in the Rotterdam Study; stratified for
registration by the Netherlands Cancer Registry
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Chapter 8

Abstract

Background: The systemic immune-inflammation index (SII) is an inflammatory marker
that reflects the inflammatory status. It is a prognostic factor in patients with resectable
pancreatic cancer. Pancreatic cancer is capable of misleading the immune system in such a
way that it enables the cancer to progress. We used the SII to assess if there were changes in

the immune system in the time prior to detection of the cancer.

Methods: Data were obtained from a population-based prospective cohort study of
individuals aged > 45 years. Absolute blood counts were used to calculate the SII: P*N/L.
We used prospectively collected measurements from the Rotterdam Study in addition to
measurements collected from hospital files. We used a mixed linear model to assess whether
the SII measurements changed over time. Analyses were adjusted for age, sex, smoking,

socio-economic status, diabetes and body mass index.

Results: During a median follow-up time of 16.9 years, 122 out of 14,922 participants
developed pancreatic cancer. Mean age at diagnosis was 77.7 years (SD 8.9). At diagnosis of
pancreatic cancer, SII levels were higher; with a median of 1440 (IQR: 726-3033) compared
to the median SII in the overall population (455; IQR: 339- 618). For 49 cases diagnosed
with pancreatic cancer, we had SII measurements in the two years prior to diagnosis.
There was a significant increase of the SII during that time (P-value = 0.0183), also after

adjustment for potential confounders (P-value = 0.0085).
Conclusion: These results show that the immune system is affected by the presence of

pancreatic cancer even prior to diagnosis. Further research should investigate whether the

SII could be used for the early detection of pancreatic cancer or therapeutic response.
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Introduction

Pancreatic cancer is predicted to be the second deadliest cancer by 2030. (1) Only 15-20%
of the patients can be operated with curative intent. However, even in these patients and
despite intensive adjuvant treatment, there is recurrence of disease, leaving the 5 year overall
survival at around 4-7%. (2, 3) Recent developments in chemotherapeutic treatments have
certainly helped improving survival, however only for a limited group of patients who are
fit enough to undergo these regimens. (4) Immunotherapy has proved to be a successful
treatment in aggressive cancers such as melanoma and lung cancer and might also be
of benefit in pancreatic cancer. (5, 6) Therefore, recently more effort has been put into
understanding the role of the immune system in pancreatic cancer.

Itis well recognized that the immune system plays an important role in cancer surveillance
and the elimination of tumor cells. (7-9) However, it is also known that pancreatic cancer is
capable of misleading the immune system in such a way that it no longer attacks tumor cells,
but rather forms a supportive structure for the cancer. (10, 11) Furthermore, pancreatic
cancer has a local immunosuppressive environment that is ideal for tumor growth. (12)

To gain insight into the biology of pancreatic cancer and for the development of
potential immunotherapeutic agents, examination of the role of inflammatory markers in
these tumors has become more pressing. One of these markers is the systemic immune-
inflammation index (SII). (13, 14) The SII is a relatively newly recognized inflammatory
marker, comprising the peripheral neutrophil, lymphocyte and platelet counts. (13) A high
SII results from either an increase in neutrophils and platelets or a decrease in lymphocyte
counts, and reflects an imbalance of the host inflammatory status. It has been established
to be a strong prognostic factor for survival in patients with hepatocellular carcinoma as
well as in patients with resectable pancreatic cancer. (13, 14) Furthermore we recently
demonstrated that healthy individuals with relatively high le