
cancers

Article

Preoperative Inflammatory Markers as a Predictor of Three-Year
Overall Survival in Older Cancer Patients Undergoing
Oncologic Surgery

Baukje Brattinga 1 , Abraham Rutgers 2 , Jacco J. De Haan 3, Anthony R. Absalom 4 ,
Hanneke van der Wal-Huisman 1, Geertruida H. de Bock 5 and Barbara L. van Leeuwen 1,*

����������
�������

Citation: Brattinga, B.; Rutgers, A.;

De Haan, J.J.; Absalom, A.R.; van der

Wal-Huisman, H.; de Bock, G.H.; van

Leeuwen, B.L. Preoperative

Inflammatory Markers as a Predictor

of Three-Year Overall Survival in

Older Cancer Patients Undergoing

Oncologic Surgery. Cancers 2021, 13,

1824. https://doi.org/10.3390/

cancers13081824

Academic Editor: Claire Pecqueur

Received: 22 February 2021

Accepted: 8 April 2021

Published: 11 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Surgery, University Medical Center Groningen, University of Groningen,
9700 RB Groningen, The Netherlands; b.brattinga@umcg.nl (B.B.);
h.van.der.wal-huisman@umcg.nl (H.v.d.W.-H.)

2 Department of Rheumatology and Clinical Immunology, University Medical Center Groningen,
University of Groningen, 9700 RB Groningen, The Netherlands; a.rutgers@umcg.nl

3 Department of Medical Oncology, University Medical Center Groningen, University of Groningen,
9700 RB Groningen, The Netherlands; j.j.de.haan@umcg.nl

4 Department of Anesthesiology, University Medical Center Groningen, University of Groningen,
9700 RB Groningen, The Netherlands; a.r.absalom@umcg.nl

5 Department of Epidemiology, University Medical Center Groningen, University of Groningen,
9700 RB Groningen, The Netherlands; g.h.de.bock@umcg.nl

* Correspondence: b.l.van.leeuwen@umcg.nl

Simple Summary: Older patients can have an increased expression of inflammatory cytokines due
to ageing of the immune system. It is likely that older cancer patients with a low-grade inflammatory
state are more at risk for an exaggerated inflammatory response to surgery and for poor outcome
after surgery. The aim of this study was to examine whether preoperative inflammatory markers
could be a predictor of overall survival in older patients undergoing oncologic surgery. In this
prospective cohort study, a plasma level of C-reactive protein (CRP) ≥ 10 mg/L was a predictor of
inferior three-year overall survival after oncologic surgery in older cancer patients, and also for the
specific group of older patients with a colorectal tumor. Measuring preoperative plasma level of CRP
might be useful in risk stratification for poor outcome after surgery in older cancer patients.

Abstract: Oncologic surgery results in substantially higher morbidity and mortality rates in older
patients compared to younger patients, yet little is known about the relation between the preoperative
inflammatory state and postoperative outcome in the specific group of older cancer patients. The aim
of this study was to examine whether preoperative inflammatory markers could be a predictor of
overall survival in older patients undergoing elective surgery for a solid malignant tumor. Patients
65 years and older undergoing surgery for a solid malignant tumor were included in a prospective
cohort study. Inflammatory markers C-reactive protein (CRP), interleukin-1 beta (IL-1β), IL-6, IL10,
IL-12 and tumor necrosis factor-alpha (TNF-α) were measured in plasma samples preoperatively. The
main outcome was overall survival three years after surgery. Between 2010 and 2016, 328 patients
with a median age of 71.5 years (range 65–89) were included. A significantly higher mortality rate
three years after surgery, was found in patients with high preoperative plasma levels of CRP and IL-6
(p = 0.013 and p = 0.046, respectively). In multivariate analysis, corrected for variables such as age,
disease stage, frailty, comorbidities, type of surgery and complications, a preoperative plasma level of
CRP ≥ 10 mg/L was an independent prognostic factor for inferior overall survival three years after
surgery (multivariate hazard ratio 1.50, 95% confidence interval 1.04–2.16, p = 0.031). Also, for the
specific group of patients with colorectal cancer, a preoperative plasma level of CRP ≥ 10 mg/L was
a prognostic factor for inferior survival three years after surgery (multivariate hazard ratio 2.40, 95%
confidence interval 1.20–4.81, p = 0.014). Preoperative elevated plasma level of CRP is an independent
unfavorable prognostic factor for overall survival three years after oncologic surgery. This gives more
insight into the relationship between inflammation and survival in older cancer patients, and might
contribute to risk stratification for poor outcome after surgery in older cancer patients.
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1. Introduction

As the world-wide population is ageing, the incidence of cancer in older patients
is increasing [1]. Surgery is the primary treatment for patients with a solid malignant
tumor. With the increasing population of older people with cancer, more patients are in
need of oncologic surgery. Surgery for a solid malignant tumor results in substantially
higher morbidity and mortality rates in older patients compared to younger patients [2].
In risk stratification, decision-making and in the allocation of resources to prevent and
manage complications, it would be helpful to have prognostic factors available to assist in
determining which older cancer patients are at an increased risk of a poor outcome.

Ageing-related remodeling of the immune system in older patients results in a low-
grade inflammatory state with increased expression of cytokines [3]. Increased cytokine
levels are linked to the development and clinical progression of cancer and other age-
related diseases [4]. Because of the primed immune system, older patients can have an
exaggerated inflammatory response to surgery [5]. It is likely that the combination of
preoperatively elevated inflammatory markers and an increased inflammatory response
to surgery makes older cancer patients more susceptible to poor outcome after surgery. It
is already known that preoperatively elevated cytokine levels in older patients lead to a
higher incidence of postoperative complications [6]. As complications increase mortality
rates [7], it is plausible that the inflammatory state prior to surgery will influence survival
after surgery in older cancer patients.

Biomarkers that might be useful as prognostic factors for survival are C-reactive
protein (CRP), interleukin-1β (IL-1β), IL-6, IL-10, IL-12 and tumor necrosis factor alpha
(TNF-α) [8]. TNF-α is an early mediator in the inflammatory response. IL-β, IL-6, IL-10
and IL-12 are pro- and anti-inflammatory cytokines that can suppress or up-regulate
the inflammatory response. CRP is an acute phase protein produced in response to the
presence of inflammatory cytokines and is a standard clinical inflammatory marker [8].
Some studies suggest that preoperative plasma levels of some of the inflammatory markers
are related to survival [9–11]. The Glasgow Prognostic score (GPS) is a validated tool for
predicting survival for several types of cancer using a combination of CRP and albumin
levels [12]. However, this tool does not use other inflammatory cytokines that might
predict survival as well. It would be interesting to know if other inflammatory markers
are also related to survival for a better understanding of the mechanism of inflammation
and the relation to survival in older patients. In older patients, it is particularly likely that
the inflammatory state will influence survival after surgery. The aim of this study was to
examine the relationship between preoperative inflammatory markers and overall survival
in older patients undergoing elective surgery for a solid malignant tumor.

2. Materials and Methods
2.1. The PICNIC and PICNIC-B-HAPPY Study

This follow-up study is a sub-study of the prospective observational cohort stud-
ies “PICNIC” (Postoperative Cognitive Dysfunction in Elderly Cancer Patients) and
“PICNIC-B-HAPPY” (Predicting Postoperative Outcome in Elderly Surgical Cancer Pa-
tients: Biomarkers and Handgrip Strength as Predictors of Postoperative Outcome in the
Elderly), conducted at the University Medical Center Groningen (UMCG), The Nether-
lands. The aim of these two cohort studies was to identify factors predicting postoperative
physical and cognitive outcome. These studies are registered in the Dutch Clinical Trial
Database at www.trialregister.nl: NL4219 (2010-07-22) and NL4441 (2014-06-01). Both co-
hort studies were approved by the Medical Ethical Committee of the UMCG. Clinical data
such as age, gender, disease stage, tumor type, comorbidities according to the Charlson
Comorbidity Index (CCI), frailty according to the Groningen Frailty Indicator (GFI) were
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prospectively collected. Data about the use of medication were collected but not taken into
account in analyses in this study. Duration of anesthesia and blood loss were measured
perioperatively. Complications following surgery were collected up to 30 days postoper-
atively, defined according to the Clavien Dindo Classification. Surgery was performed
between August 2010 and December 2016. Patients from the PICNIC cohort were earlier
described [5,6,13,14], as well as the patients from the PICNIC-B-HAPPY cohort [15,16].

2.2. Patients—Inclusion and Exclusion Criteria

In this follow-up study, patients aged 65 years and older undergoing surgery for a solid
malignant tumor were included from both cohort studies. Patients were excluded from the
subsequent analysis if histological examination of the tumor revealed a benign tumor, or in
the case of an incomplete set of inflammatory markers determined preoperatively.

2.3. Blood Sampling and Biochemical Analysis

In plasma collected preoperatively, before anesthesia induction, levels of the follow-
ing inflammatory biomarkers were determined: CRP (Lower limit of detection (LLD):
0.001 µg/mL, Intra-assay coefficient of variation (CV-intra): 5.93%, Inter-assay coefficient
of variation (CV-inter): 6.92%), IL-1β (LLD: 1.27 pg/mL, CV-intra: 6.79%, CV-inter: 6.05%),
IL-6 (LLD: 0.00 pg/mL, CV-intra: 3.33%, CV-inter: 6.30%), IL-10 (LLD: 3.28 pg/mL, CV-
intra: 5.40%, CV-inter: 15.73%), IL-12 (LLD: 5.07 pg/mL, CV-intra: 3.41%, CV-inter: 13.32%),
and TNF-α (LLD: 6.49 pg/mL, CV-intra: 5.81%, CV-inter: 6.94%). Analyses of the plasma
samples were performed in batches by Haemoscan® (Groningen, The Netherlands) by
sandwich ELISA (Enzyme-Linked Immuno Sorbent Assay) for interleukins and TNF-α
(BioLegend, San Diego, CA, USA), and high-sensitivity CRP ELISA for CRP (Dakopatts,
Glostrup, Denmark). In the analysis of preoperative interleukins and TNF-α, the upper
quartile was chosen as a cutoff between patients with high and low plasma levels. This
cutoff was chosen based on earlier studies [17,18]. For CRP, a plasma level of 10 mg/L was
selected as a cutoff level, as higher levels indicate active inflammation [19,20].

2.4. Outcomes

The primary endpoint was overall survival at three years after surgery for older
patients with cancer. The secondary outcome was overall survival at three years after
surgery for the specific group of older patients with colorectal cancer. Three-year survival
was determined for all included patients. Survival data were collected by using electronic
health records and missing survival data were collected using the Key Register of Persons.

2.5. Data Analysis and Statistics

Normality of continuous data was visually inspected by conducting histograms.
Demographic data were described in percentages, medians and ranges. Survival was esti-
mated by Kaplan–Meier and survival curves. Univariate and multivariable Cox regression
analyses were performed and hazard ratios (HRs) and the corresponding 95% confidence
intervals (95% CIs) were estimated. The log-rank test was used to compare Kaplan–Meier
survival curves. p-values < 0.05 were considered to be statistically significant. Data analysis
was performed using IBM SPSS version 23 (IBM Corporation, Armonk, NY, USA).

3. Results

A total of 328 patients were included in the current analysis (Figure 1). The median
age was 71.5 years (range 65–89) and 178 (54%) patients were male (see Table 1). The most
prevalent type of cancer was colorectal cancer (31%), and the majority of all included
patients had a carcinoma (71%). A summary of the patient characteristics classified ac-
cording to whether or not they survived until 3 years after surgery is shown in Table 1.
A specification of the different tumor locations is included in the Appendix A (Table A1).
Patients who survived more than 3 years after surgery had higher mean plasma levels of
the inflammatory cytokines, except for IL-1β and CRP (Table 1). A wider range in plasma
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levels for patients in the alive group could explain the higher mean plasma levels measured
for the patients who survived more than 3 years after surgery.
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Table 1. Patient and tumor characteristics (n = 328).

Patient and Surgical Characteristics Overall (n = 328) Alive >3 Years after
Surgery (n = 209)

Deceased ≤3 Years after
Surgery (n = 119)

Age, mean (SEM), y 72.7 (0.3) 72.4 (0.4) 73.3 (0.5)
Gender, No. (%)

Female 150 (46) 97 (65) 53 (35)
Male 178 (54) 112 (63) 66 (37)

BMI a, No. (%) - - -
<30 kg/m2 262 (80) 167 (64) 95 (36)
≥30 kg/m2 66 (20) 42 (64) 24 (36)

Charlson comorbidity index (CCI), mean (SEM) * 4 (0.1) 4 (0.1) 4 (0.2)
Groningen Frailty Indicator (GFI), mean (SEM) 2 (0.1) 2 (0.1) 3 (0.2)

Tumor Location, No. (%)
Colorectal 101 (31) 68 (67) 33 (33)

Gastroesophageal 44 (13) 24 (55) 20 (45)
Gynecological 54 (16) 37 (69) 17 (31)
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Table 1. Cont.

Patient and Surgical Characteristics Overall (n = 328) Alive >3 Years after
Surgery (n = 209)

Deceased ≤3 Years after
Surgery (n = 119)

Skin 42 (13) 28 (67) 14 (33)
Soft tissue 39 (12) 26 (67) 13 (33)

Other 48 (15) 26 (54) 22 (46)
Tumor type, No. (%)

Carcinoma 233 (71) 144 (62) 89 (38)
Sarcoma 34 (10) 24 (71) 10 (29)

Melanoma 35 (11) 24 (69) 11 (31)
Other malignancy 26 (8) 17 (65) 9 (35)

Disease stage, No. (%)
I 79 (24) 64 (81) 15 (19)
II 85 (26) 62 (73) 23 (27)
III 89 (27) 49 (55) 40 (45)
IV 75 (23) 34 (45) 41 (55)

Neo-adjuvant treatment, No. (%)
None 233 (71) 152 (65) 81 (35)

Chemotherapy 30 (9) 16 (53) 14 (47)
Radiation 20 (6) 16 (80) 4 (20)

Combination 45 (14) 25 (56) 20 (44)
Biomarkers T0, mean (SEM)

CRP b (mg/L) 12.7 (1.2) 11.4 (1.6) 14.9 (2.0)
IL c-1β (pg/mL) 14.5 (5.4) 14.0 (7.2) 15.4 (7.9)

IL-6 (pg/mL) 27.6 (8.5) 34.7 (13.1) 15.2 (4.4)
IL-10 (pg/ mL) 29.0 (7.1) 32.8 (10.8) 22.2 (5.2)
IL-12 (pg/mL) 13.1 (6.8) 18.5 (10.6) 3.8 (2.3)

TNF d-α (pg/mL) 46.1 (17.3) 54.8 (26.2) 30.8 (11.8)
Type of surgery, No. (%)

Intracavitary (thorax/abdomen) 229 (70) 136 (59) 93 (41)
Extremities/superficial 99 (30) 73 (74) 26 (26)

Type of anesthesia, No. (%)
Regional 10 (3) 8 (80) 2 (20)
General 153 (47) 99 (65) 54 (35)

Regional + general 165 (50) 102 (62) 63 (38)
Duration of anesthesia in minutes, mean (SEM) 262 (9) 250 (11) 283 (18)

Postoperative complications, No. (%)
Clavien Dindo ≥ 3 45 (14) 21 (47) 24 (53)
Clavien Dindo < 3 283 (86) 188 (66) 95 (34)

Variables are denoted as mean and standard error of mean (SEM) or as percentages. a Body mass index, b C-reactive protein, c Interleukin,
d Tumor necrosis factor. * A specification of all the different comorbidities is included in Table A2 in the Appendix A.

3.1. Survival

One-year overall survival was 85%, two-year overall survival was 74% and three-year
overall survival was 64%. Figure 2 shows the estimated overall survival probability after
surgery for all preoperative inflammatory markers. Patients with a higher preoperative
plasma level of CRP and IL-6 had a significantly higher mortality rate (p = 0.013 and
p = 0.046, respectively).
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Figure 2. Kaplan–Meier curves displaying survival rates at 3 years after surgery among patients dichotomized as having
high 1 or low 2 preoperative levels of the inflammatory markers: (a) CRP, (b) IL-1β, (c) IL-6, (d) IL-10, (e) IL-12 and (f) TNF-α.
1 High is defined as being in the highest 25% of plasma levels for interleukins and TNF-α, and ≥10 mg/L for CRP. 2 Low is
defined as being in the lowest 75% of plasma levels for interleukins and TNF-α, and <10 mg/L for CRP.
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3.2. Inflammatory Markers—All Included Patients

With Cox regression analyses, the relation between the preoperative inflammatory
biomarkers and overall survival was examined. The variables age, gender, comorbidities,
frailty, disease stage, tumor type, neo-adjuvant therapy, type of surgery, type and duration
of anesthesia and complications were used as possible confounders. Univariate analysis
showed that a high level of CRP (≥10 mg/L) was significantly associated with higher risk
of mortality (HR 1.58 (CI 1.10–2.28), p = 0.014). A high level of IL-6 was also related to an
increased risk of mortality (HR 1.48 (CI 1.00–2.18), p = 0.048) (Table 2).

Table 2. Baseline variables related to overall survival until three years after surgery (univariate and
multivariate Cox regression analysis; n = 328).

Covariates Univariate Model
HR a (95% CI) b

Multivariate Model
(Overall) HR a (95% CI) b

Biomarkers c T0
CRP <10 mg/L Ref. Ref.

- ≥10 mg/L 1.58 (1.10–2.28) * 1.50 (1.04–2.16) *
IL-1β <0.9 pg/mL Ref. -

- ≥0.9 pg/mL 1.10 (0.73–1.65) -
IL-6 <4.2 pg/mL Ref. -

- ≥4.2 pg/mL 1.48 (1.00–2.18) * -
IL-10 <19.8 pg/mL Ref. -

- ≥19.8 pg/mL 1.16 (0.78–1.73) -
IL-12 <1.2 pg/mL Ref. -

- ≥1.2 pg/mL 1.17 (0.79–1.75) -
TNF-α <0.9 pg/mL Ref. -

- ≥0.9 pg/mL 0.93 (0.61–1.42) -
Age (years) 1.02 (0.99–1.05) -

Gender
Female Ref. -
Male 1.11 (0.77–1.59) -
CCI

Low (<3) Ref. -
High (≥3) 1.44 (0.99–2.08) -

GFI
Low (<4) Ref. -
High (≥4) 1.50 (0.99–2.26) -

Tumor Type
Carcinoma 1.28 (0.85–1.94) -

Other malignancy Ref. -
Disease Stage

I Ref. *** Ref. ***
II 1.51 (0.79–2.90) 1.50 (0.78–2.88)
III 2.77 (1.53–5.02) 2.63 (1.45–4.77)
IV 3.77 (2.08–6.81) 3.79 (2.10–6.85)

Neo-adjuvant Treatment
None Ref. -

Radiation 1.44 (0.82–2.53) -
Chemotherapy 0.54 (0.20–1.46) -
Combination 1.42 (0.87–2.32) -

Type of surgery
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Table 2. Cont.

Covariates Univariate Model
HR a (95% CI) b

Multivariate Model
(Overall) HR a (95% CI) b

Intra-abdominal/thoracic 1.69 (1.10–2.61) ** -
Extremities/superficial Ref. -

Type of anesthesia
Regional Ref. -
General 1.99 (0.48–8.15) -

Regional + general 2.30 (0.56–9.40) -
Duration anesthesia (min)

≤180 min Ref. -
>180 min 1.04 (0.72–1.50) -

Postoperative complications
Clavien Dindo <3 Ref. Ref.
Clavien Dindo ≥3 1.96 (1.25–3.06) ** 1.81 (1.15–2.84) *

* p < 0.05, ** p < 0.01, *** p < 0.001 (bold values are considered significant). a Hazard Ratio, b 95% confidence
interval, c the groups with higher plasma levels contain the highest 25% of plasma levels for interleukins and
TNF-α, and ≥10 mg/L for CRP. The groups with lower plasma levels contain the lowest 75% of plasma levels for
interleukins and TNF-α and <10 mg/L for CRP.

A multivariate Cox regression model showed that disease stage (HR 3.79 (CI 2.10–6.85),
p < 0.001), postoperative complications (HR 1.81 (CI 1.15–2.84), p = 0.010) and CRP (HR
1.50 (CI 1.04–2.16), p = 0.031) are independent predictors of overall survival three years
after surgery (Table 2). Compared with patients with a low CRP (<10 mg/L), patients with
a high CRP (≥10 mg/L) had a 50% higher risk of mortality. No significant hazard ratios
were observed for the other inflammatory markers. An overview of mean CRP levels for
patients within the same disease stage is added in the Appendix A (Table A3).

3.3. Inflammatory Markers—Patients with Colorectal Cancer

For the subgroup of patients with colorectal cancer, a Cox regression analysis was
made to examine the relation between preoperative inflammatory markers and overall
survival for this specific tumor type. The variables age, gender, comorbidities, frailty,
disease stage, neo-adjuvant therapy, duration of anesthesia and complications were used
as possible confounders. In univariate analysis, high preoperative plasma levels of CRP
(HR 2.01 (CI 1.01–3.98), p = 0.047), IL-6 (HR 2.05 (CI 1.02–4.13), p = 0.044) and IL-12 (HR
2.21 (CI 1.11–4.39), p = 0.023) were related to inferior overall survival three years after
surgery (Table 3). Multivariate analysis showed that CRP (HR 2.40 (CI 1.20–4.81), p = 0.014),
disease stage (HR 3.94 (CI 1.89–8.22), p < 0.001) and postoperative complications (HR 3.54
(CI 1.64–7.64), p = 0.001) are independent significant predictors of overall survival three
years after surgery (Table 3).

Table 3. Baseline variables related to overall survival until three years after surgery for patients with
a colorectal tumor (univariate and multivariate Cox regression analysis; n = 101).

Covariates Univariate Model
HR a (95% CI) b

Multivariate Model
(Overall) HR a (95% CI) b

Biomarkers c T0 - -
CRP <10 mg/L Ref. Ref.

- ≥10 mg/L 2.01 (1.01–3.98) * 2.40 (1.20–4.81) *
IL-1β <0.9 pg/mL Ref. -

- ≥0.9 pg/mL 1.68 (0.81–3.46) -
IL-6 <4.2 pg/mL Ref. -

- ≥4.2 pg/mL 2.05 (1.02–4.13) * -
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Table 3. Cont.

Covariates Univariate Model
HR a (95% CI) b

Multivariate Model
(Overall) HR a (95% CI) b

IL-10 <19.8 pg/mL Ref. -
- ≥19.8 pg/mL 0.90 (0.42–1.94) -

IL-12 <1.2 pg/mL Ref. -
- ≥1.2 pg/mL 2.21 (1.11–4.39) * -

TNF-α <0.9 pg/mL Ref. -
- ≥0.9 pg/mL 1.54 (0.76–3.14) -

Age (years) 1.01 (0.95–1.08) -
Gender
Female Ref. -
Male 1.12 (0.54–2.36) -
CCI

Low (<3) Ref. -
High (≥3) 1.60 (0.74–3.45) -

GFI
Low (<4) Ref. -
High (≥4) 0.37 (0.09–1.53) -

Disease Stage
I + II Ref. Ref.

III + IV 3.05 (1.50–6.21) ** 3.94 (1.89–8.22) ***
Neo-adjuvant Treatment

None Ref. -
Chemotherapy or radiation 0.95 (0.36–2.53) -

Combination 1.18 (0.52–2.67) -
Duration anesthesia (min)

≤180 min Ref. -
>180 min 0.54 (0.27–1.10) -

Postoperative complications
Clavien Dindo <3 Ref. Ref.
Clavien Dindo ≥3 2.83 (1.34–5.97) ** 3.54 (1.64–7.64) **

* p < 0.05, ** p < 0.01, *** p < 0.001 (bold values are considered significant). a Hazard Ratio, b 95% confidence
interval, c The groups with higher plasma levels contain the highest 25% of plasma levels for interleukins and
TNF-α, and ≥10 mg/L for CRP. The groups with lower plasma levels contain the lowest 75% of plasma levels for
interleukins and TNF-α, and <10 mg/L for CRP.

4. Discussion

In this follow-up study, the relationship between preoperative plasma levels of inflam-
matory markers and survival in older cancer patients was examined. The data show that
the preoperative plasma level of CRP was an independent significant prognostic factor
for overall survival up to three years after surgery in older patients with cancer. For the
specific group of older patients with colorectal cancer, one of the most common cancers
diagnosed, the preoperative plasma level of CRP was also an independent prognostic factor
for overall survival up to three years after surgery.

Several other studies already identified a preoperatively elevated plasma level of CRP
as a prognostic factor for survival after surgery in cancer patients for different types of
cancer. In a study with 525 patients with colon cancer with a median follow-up time of
4.5 years, Kersten et al. found that a preoperative CRP of >30 mg/L was associated with
inferior disease specific survival (HR 2.1 95% CI (1.39–3.10)). Although the median age
in that study was 73, the included patients were not specifically old (range 31–97) [11].
Hrab et al. investigated 89 patients with renal cell carcinoma (mean age 60 years (range
30–81)), and found that elevated preoperative plasma level of CRP was also correlated
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with impaired overall survival and disease-specific survival within 6 years after surgery.
However, multivariate Cox regression analyses were not performed to adjust for possible
confounders [21]. Lopez-Pastorini et al. found that in a large study of 1349 patients with
lung cancer (mean age < 65 years), a preoperative CRP >40 mg/L was an independent
significant indicator for inferior survival within 30 days after surgery [22]. Our current
study shows that, for the specific group of older cancer patients in need of oncologic
surgery, an elevated plasma level of preoperative CRP of only ≥10 mg/L is an unfavorable
independent prognostic factor for overall survival after surgery. The plasma level of CRP
that is associated with inferior survival in the current study is lower compared to the
studies mentioned above. The current study only included older cancer patients, a distinct
patient group when it comes to challenges for optimal treatment choice.

The underlying mechanism that explains the link between elevated preoperative
plasma level of CRP and impaired overall survival in older patients is still not fully
understood. Remodeling of the immune system in older patients is a possible explanation
for increased inflammatory markers. The continuous attrition of the immune system
through lifelong antigenic stress by antigens, oxidative stress, clinical and subclinical
infections leads to chronic activation and remodeling of the immune system. This age-
related process of senescence of the immune system is characterized by the production and
accumulation of less effective memory and effector T cells. These changes in the immune
system cause a decline in reliability and efficiency of the immune response to antigens,
leading to chronic increased plasma levels of inflammatory cytokines [23,24]. Chronic
inflammatory activity can eventually lead to tissue degeneration because of an increased
release of reactive oxygen species (ROS) [25]. In patients with cancer, tumor itself and
neo-adjuvant treatment like chemotherapy can also be a source of chronic inflammatory
activity. This fact makes it more likely that patients with a severe disease stage have higher
inflammatory markers [26]. Chronic inflammation is associated with the development and
clinical progression of age-related diseases like cancer, and degenerative processes causing
physical and cognitive decline. In this way, chronic inflammation contributes to accelerated
ageing, and is associated with high all-cause morbidity and mortality rates [27].

Ageing can have dual effects on the immunological responses of elderly people. Older
cancer patients may be less able to respond to new antigens (such as pathogens), but they
can also have an exaggerated inflammatory response to surgery-induced injury to their own
tissues [5], both contributing to more frequent and severe postoperative complications [2,6].
It seems likely that older cancer patients who are in a chronic inflammatory state, apparent
from elevated levels of preoperative inflammatory markers, are at an increased risk for
an exaggerated inflammatory response to surgery, postoperative complications, and the
associated inferior outcome.

Although preoperative CRP was found to be a predictor for overall survival, no sig-
nificant relation was found between preoperative levels of the inflammatory cytokines
IL-1β, IL-6, IL-10, IL-12 and TNF-α and survival. The cytokines that were examined have
different roles in the inflammatory response. IL-1β, IL-6 and TNF-α are pro-inflammatory
cytokines that are involved in the acute and chronic inflammatory response. TNF-α regu-
lates the release of pro- and anti-inflammatory cytokines. An imbalance between pro- and
anti-inflammatory cytokines can be the driving force of ageing of the immune system [28].
IL-12 has an antitumor and an immune modulatory role and is suppressed by IL-10, an
anti-inflammatory cytokine [29]. In the current literature, there is limited evidence for
an association between preoperative elevated levels of interleukins and overall survival.
One study discovered that high preoperative levels of IL-12 were a prognostic factor for
superior overall survival rate in patients with colorectal cancer [30]. Other studies found
an association between IL-6 and overall survival in patients with T2 gallbladder cancer
and esophageal cancer [10,31]. IL-6 has also been found to be a predictor for the onset of
negative health-related events in older nondisabled patients [32]. Because CRP is produced
in response to especially IL-6, a relation between increased IL-6 and survival was also
expected in the current study. This lacking correlation could be caused by the fact that CRP
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production in the liver is also stimulated by IL-1 and TNF [19]. CRP has many different
functions including promotion of phagocytosis, apoptosis, the production of cytokines and
the recruitment of circulating leukocytes to areas of inflammation. Also, smooth muscle
cells, macrophages and adipocytes can produce CRP [33]. It is known that IL-6 and CRP
have a half-life time of more than 10 h, and TNF-α has a half-life time of 5–10 min. Some of
the cytokines are more locally active and are more difficult to measure in plasma samples.
These differences in etiology, function and plasma half-life may lead to differences in
preoperative plasma levels of CRP and other inflammatory markers [34–36].

Overall survival after oncologic surgery is influenced by many patient- and tumor-
related factors that are known preoperatively, like age, frailty, comorbidities and disease
stage [6,37]. In contrast to the literature, no relation was found between frailty and overall
survival, nor between comorbidities and overall survival in older oncologic patients [38].
In this study, only 68 patients were classified as frail based on their GFI score. The lack
of association might be because the frailest patients with higher comorbidity levels were
more likely to be unfit for surgical treatment or to drop out of the study before surgery [39].

4.1. Evaluation of the Study

This is the first study that describes the relationship between plasma levels of different
preoperative inflammatory biomarkers and survival for a large group of older cancer
patients with different types of cancer. Most of the inflammatory cytokines have not been
studied previously in older cancer patients in a preoperative setting. Even in a heteroge-
neous group of older cancer patients with different types of cancer and different disease
stages, CRP is still a significant prognostic factor of overall survival. However, this study
also has some limitations. In this study, it was not known if the included patients had an
active infection at the time of determining plasma levels. For a better understanding of
the inflammatory response, it would be interesting to know if patients with preoperatively
elevated plasma levels of CRP had a clinical infection prior to surgery, and if the cause of
death is related to inflammatory complications. Further evaluation of the perioperative
inflammatory response is necessary for a better understanding of the underlying mech-
anism. Other inflammatory markers with a pro-inflammatory function like the enzyme
cyclooxygenase-2 (COX-2) can also be potential markers in the inflammatory response fol-
lowing surgery. Further research is necessary for a better understanding of the role of other
inflammatory markers in relation to survival after surgery. The effect of the presence of
comorbidities leading to an overactive immune system, and the use of immune suppressive
medication, were not analyzed in this study but might be interesting for further evaluation.

4.2. Further Perspectives and Clinical Implementations

CRP is already a frequently used marker in clinical practice and an easy and relatively
cheap measurement. This offers possibilities in implementing plasma level of CRP as a
preoperative measurement in a risk stratification algorithm. Besides age, frailty and disease
stage, a preoperative elevated plasma level of CRP might help in detecting older cancer
patients who are at risk for poor outcome after surgery. For implementing preoperative
plasma level of CRP in a risk stratification model, further research is necessary to calculate
positive and negative predictive values from all possible risk factors for poor survival.
Further research of the perioperative inflammatory response is needed to determine if
anti-inflammatory drugs could be beneficial in preoperative treatment of older cancer
patients in need of oncologic surgery.

5. Conclusions

Our data have revealed an association between preoperative plasma level of CRP and
overall survival. Preoperative plasma level of CRP could be considered for implementation
in a risk stratification model for poor outcome after oncologic surgery. Further research
of the inflammatory response perioperatively is necessary to understand the underlying
process of inflammation, and also further prospective research for the implementation
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of preoperative plasma level of CRP in a risk stratification model is needed to validate
our findings.
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Appendix A

Table A1. Specification of the different tumor locations of the included patients (n = 328).

Tumor Localization n (%)

Colorectal tumor 101 (30.8)
Gastric tumor 20 (6.1)

Esophageal tumor 24 (7.3)
Small bowel tumor 9 (2.7)

Bile duct or gallbladder tumor 8 (2.4)
Pancreatic tumor 14 (4.3)

Breast tumor 2 (0.6)
Thyroid tumor 15 (4.6)
Vulvar tumor 19 (5.8)
Womb tumor 15 (4.6)

Ovarian tumor 20 (6.1)
Skin tumor 42 (12.8)
Soft tissue 39 (11.9)

Table A2. Specification of the different comorbidities of the included patients (n = 328).

Comorbidities n (%)

Myocardial infarction 16 (4.9%)
Congestive heart failure 33 (10.1%)

Peripheral vascular disease 76 (23.2%)
CVA or TIA 19 (5.8%)
Dementia 1 (0.3%)

COPD 23 (7.0%)
Connective tissue disease 5 (1.5%)

Peptic ulcer disease 3 (0.9%)
Mild liver disease 1 (0.3%)

Moderate/severe liver disease 1 (0.3%)
Diabetes mellitus 45 (13.7%)

Hemiplegia 1 (0.3%)
Chronic kidney disease 6 (1.8%)

AIDS 1 (0.3%)

www.trialregister.nl
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Table A3. CRP levels in patients within the same disease stage (n = 328).

Disease Stage, (n) Mean CRP Level in mg/L (SE)

Stage I, (79) 8.9 (1.6)
Stage II, (85) 13.3 (2.7)
Stage III, (89) 14.2 (2.8)
Stage IV, (75) 14.0 (2.3)
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