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Simple Summary: Elevation of the inflammatory biomarker, C-reactive protein (CRP), is related to
infection, inflammation, and malignancy. The aim of this registry study was to investigate whether
the level of pre-treatment CRP in patients with small cell lung cancer (SCLC) could predict overall
survival. From a dataset of 923 patients, we confirmed that a high level of CRP was associated with
inferior survival and that addition of the CRP level to the already existing prognostic markers in SCLC
increased the prognostic value. CRP can therefore be considered a useful tool in the prognostication
of SCLC patients and potentially improve survival.

Abstract: Improved prognostication of small cell lung cancer (SCLC) patients could strengthen the
treatment strategy and, thereby, potentially improve the overall survival (OS) of these patients. C-
reactive protein (CRP) has been proposed as a prognostic indicator of inferior survival, although so far,
only based on data from smaller studies. Data on SCLC patients diagnosed from January 2009 to June
2018 were extracted from the Danish Lung Cancer Registry and the clinical laboratory information
system. CRP measurements were divided at the clinical cut-off value of 8 mg/L or 75 nmol/L) and
stratified into quartiles. Cox proportional hazards model assessed the prognostic value of the CRP
level. C-statistics further evaluated the biomarker’s prognostic value. In total, 923 patients were
included. A pre-treatment CRP level above the clinical cut-off significantly correlated to inferior
OS (adjusted hazard ratio (HR) = 1.25 (95% confidence interval (CI): 1.08-1.46). When divided into
quartiles, a level-dependent correlation was observed with only the highest quartiles significantly
associated with OS (3rd quartile: adjusted HR = 1.26 (95% CI: 1.03-1.55) 4th quartile: adjusted
HR =1.44 (95% CI: 1.17-1.77)). Adding CRP level to already well-established prognostic factors
improved the prognostication of SCLC patients. In conclusion, high pre-treatment CRP level is an
independent prognostic factor in SCLC patients.

Keywords: CRP; small cell lung cancer; survival; prognosis; biomarker

1. Introduction

Lung cancer is the leading cause of cancer-related death worldwide, with 1.76 million
deaths in 2018 [1]. Small cell lung cancer (SCLC) is the most aggressive type of lung cancer
associated with a high mortality and accounts for 15% of patients with lung cancer. To
improve the overall survival (OS) of this patient subgroup, an optimised stratification
of patients’ mortality risk is needed to prepare a more personalised treatment for each
patient. Currently, stage and performance status (PS) are the two most validated prognostic
factors to consider. However, patients’” prognosis can vary considerably within the same
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stage of disease as well as PS. Thus, additional prognostic markers are wanted to optimize
prediction of SCLC patients’ prognosis.

Inflammation is known to be associated with cancer in general, as it is believed to be
involved in both initiation [2] and progression [3] of tumour growth. Monitoring inflammation
is done by measuring various inflammatory biomarkers, most commonly the C-reactive protein
(CRP). CRP is a non-specific acute-phase reactant synthesized in many different types of cells,
primarily hepatocytes [4]. The production increases rapidly if the inflammation is caused
by infection or other tissue injury, whereas chronic disease often leads to only a moderate
increase [5]. The prognostic impact of CRP has been widely explored in several cancer types,
including colorectal cancers [6,7], pancreatic cancer [8-10], and non-small cell lung cancer
(NSCLC) [4,11-17], and data have overall indicated a negative prognostic impact of high CRP
level. In patients with SCLC, the relation between CRP and survival has only been explored
in a limited number of studies with restricted sample sizes, revealing results bordering on
insignificant [18-23]. Furthermore, a thorough investigation of whether CRP actually adds
value to the already existing factors used to determine SCLC patients” prognosis has not been
possible due to the limited sample sizes in studies.

Thus, the aim of this study was to evaluate the association between the pre-treatment
CRP level and OS in a large Danish register-based cohort of SCLC patients. Furthermore,
we wanted to evaluate whether pre-treatment CRP adds value to the already existing
prognostic markers in this patient group.

2. Materials and Methods
2.1. Patients

This cohort has previously been described [24]. To summarize, this study included
lung cancer patients registered in the Danish Lung Cancer registry (DLCR) [25] from
1 January 2009 to 26 June 2018. All Danish lung cancer patients are included in the DLCR
as participation is mandatory by law, and the inclusion of incident cases since 2003 is
estimated to be above 95%. Thus, the registry contains more than 55,000 cases of lung
cancer. The following information was extracted from DLCR at the time of diagnosis: sex,
age, Eastern Cooperative Oncology Group (ECOG) PS, TNM-stage, as well as smoking
status. Information on tumour characteristics was provided from The Pathology Data
Bank [26]. The clinical laboratory information system (LABKA) supplied data on pre-
treatment CRP levels [27]. Mortality data, including date of death, was retrieved from
the Danish Civil Registration System [28]. Combining of data between the registries was
possible owed to the CPR number. CPR is a ten-digit number assigned to every Danish
citizen allowing linkage of data at an individual level.

2.2. CRP Measurement

Pre-treatment plasma CRP level and date of sampling was extracted on each patient
from LABKA. A CRP measurement was considered relevant if there was 90 days or less
between CRP analysis and lung cancer diagnosis. If several results were available, only
the one closest to diagnosis was chosen. If no CRP measurement in the last 90 days before
diagnosis was available, the patient was excluded from analysis.

All plasma CRP levels were measured by a turbidimetric method using a fully au-
tomatic biochemical analyser system as part of the routine laboratory assessment. In
September 2009, there was a change of concentration units for CRP in Denmark, chang-
ing from nmol/L to mg/L. This means that our measurements from 1 January 2009 to
14 September 2009 are in the unit nmol/L and after this date our measurements of CRP
level are in mg/L. Thus, the clinical cut off, above which CRP was deemed elevated also
changed from >75 nmol/L to >8 mg/L This categorization was used for further analyses.

2.3. Ethics

The Danish Patient Safety Authority (no. 31-1521-400) and the Danish Data Protection
Agency (no. 1-16-02-909-17) approved this study. This study was registry-based and did
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therefore not include any human biological material. According to Danish legislation, this
means that patient consent and notification of the regional committees were unnecessary.
Thus, the participants were not contacted.

2.4. Statistical Analysis

Patient characteristics are presented as numbers with percentages or median values
with 5% and 95% percentiles. As part of the descriptive statistics, comparison of charac-
teristics between groups was calculated by either the Chi square test or the rank sum test
(age). OS and follow-up time were calculated from the time of diagnosis until the death
of any cause or to the last follow-up date (1 July 2020). Patients still alive on the last day
of follow-up were censored. All patients had a follow-up time of at least two years. OS
was the primary endpoint. Patients with an OS of no more than one day were excluded.
Estimates of median OS were calculated by the Kaplan-Meier method and compared by
the log-rank test. Crude and adjusted hazard ratios (HRs) were calculated by the Cox pro-
portional hazards model. Adjusted HR was estimated in two different models: either with
CRP categorized as below or above the clinical cut off or with CRP divided into quartiles.
A directed acyclic graph (DAG) was analysed for selection of confounders identified in
the literature (Figure S1) [29]. Confounders were categorized except for age (continuous).
Smoking status was not included in the analysis due to a very low number of non-smokers.
To estimate whether the inclusion of CRP level to the well-established prognostic markers
added additional prognostic value, C-statistic using the Harrell-s concordance index and
the Akaike’s information criteria (AIC) was performed on models with and without CRP
included. Values in the Harrell-s concordance index range between 0.5-1.0, and 1.0 was
defined as the perfect fit. For AIC, only a difference of 2 or more (arbitrary values) was
considered an actual difference, and the model with the minimum AIC had the most precise
prediction of OS. Likelihood-ratio tests were used to evaluate whether the added value was
significant. All p-values were two-sided, and a p-value < 0.05 was considered significant.
All statistical analyses were performed with Stata software version 16.1 (Stata Corporation,
College Station, TX, USA).

3. Results
3.1. Patients

A total of 9044 patients were identified via the DLCR. Yet, 7662 of these patients had
NSCLC, 66 patients did not have primary lung cancer and four patients had only one day
of follow up, why they all were excluded, leaving 1312 SCLC patients for evaluation. Of
these 1312 patients, 389 patients had no CRP measurement available in LABKA, leading to
a final number of 923 included patients (Figure 1). A similar distribution of age, stage, PS
and smoking status was observed among the included and excluded patients (Table S1),
while a few more males were observed among the excluded patients compared to the
included patients.

3.2. Patient Characteristics

The median age of all patients was 70 years (5-95% percentiles: 52-83) and 50% were
women (Supplementary Table S1). The majority of patients had stage IV disease (59%)
and was former or current smokers (89%). The patients were evenly distributed in the
different PS groups with most of the patients having a good PS of 0 or 1 (55%). The median
CRP level in all patients was 18 mg/L (5-95% percentiles: 1-201)/221 nmol/L (5-95%
percentiles: 14-2148).

An elevated CRP level above the clinical cut-off was found in 617 (67%) of all included
patients (Table 1). The median CRP level in these patients was 40 mg/L (5-95% percentiles:
9-254)/391 nmol/L (5-95% percentiles: 88-2375). In the 306 patients with a normal CRP
level, the median level was 3 mg/L (5-95% percentiles: 1-7)/23 nmol /L (5-95% percentiles:
7-75). Among patients with elevated CRP, there were a higher frequency of men than in
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patients with normal CRP level, just as a higher age, higher tumour stage and a higher PS
were also observed in this group.

9044 lung cancer patients from
DLCR

66 patients had lung metastasis
from another primary cancer

4 patients had <1 day of follow-
up

8974 patients with primary
lung cancer

[ 7662 patients had with NscLC

1312 SCLC patients enrolled |

389 patients had no data on CRP
level in the LABKA

923 patientsin the final cohort

Figure 1. Flow chart of the inclusion and exclusion of patients. DLCR, Danish Lung Cancer Registry;
LABKA, clinical laboratory information system; NSCLC, non-small cell lung cancer; SCLC, small cell
lung cancer.

Table 1. Patient Characteristics at Time of Diagnosis (1 = 923).

CRP Normal * CRP Elevated * p-Value 2
Total 306 (33%) 617 (67%)
Age, median years (95% 68 (52-82) 70 (53-84) 0.033
percentiles)
Sex
Female 177 — (57%) 288 — (47%)
Male 129 — (43%) 329 — (53%) 0.002
Stage
I 26 — (8%) 21 — (3%)
i 12 — (4%) 8 — (1%)
1 73 — (24%) 152 — (25%) 0.001
v 173 — (57%) 375 — (61%)
Unknown 22 — (7%) 61 — (10%)
Performance status, ECOG
0 85 — (28%) 128 — (21%)
1 103 — (34%) 188 — (30%)
2 46 — (15%) 103 — (17%) 0.003
3 39 — (13%) 132 — (21%)
Unknown 33 — (11%) 66 — (11%)
Smoking
Never 1 — (0%) 6 — (1%)
Former or current 272 — (89%) 545 — (88%) 0.287
Unknown 33 — (11%) 66 — (11%)

Median CRP (95% percentiles)

3mg/L (1-7) or
23 nmol/L (7-75)

40 mg/L (9-254) or
391 (88-2375) nmol/L

Abbreviations: CRP, c-reactive protein; ECOG, Eastern Cooperative Oncology Group. ?: p-value was calculated
by either the Chi square test or the rank sum (age). * the clinical cut off (>8 mg/L or >75 nmol/L) was applied to
define CRP as normal or elevated. The bold format indicates a new variabel with subcategories listed below.
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Overall survival

0.25

Number at risk

Low CRP 306
High CRP 617

0.75 1.00

0.50

0.00

Low CRP : 9.10 months (95% CI: 8.

4
High CRP: 5.86 months (95% CI: 5.0 - 6.74)
p<0.001

3.3. Survival Outcome and Level of CRP

The median OS for all patients was 7.1 months (95% confidence interval (CI): 6.4-7.9).
During follow-up, 866 patients (94%) died. The median follow-up time for the 82 (9%)
patients still alive at last follow-up date was 5.4 months (95% CI: 2.3-10.0).

As illustrated in Figure 2a, an elevated CRP was significantly correlated with an infe-
rior median OS (median OS: 5.86 months (95% CI: 5.1-7.0) vs. 9.1 months (95% CI: 8.4-10.4);
p < 0.001). Furthermore, when dividing patients in quartiles based on their CPR level, a
trend towards a level-dependent correlation to survival was observed with decreasing OS
following increasing CRP levels (Figure 2b). In the univariate analysis, an elevated CRP
level above 8 mg/L/75 nmol/L together with stage IIl and IV disease, increasing age, male
sex and high PS were found to significantly correlate with an inferior survival (Table 2).
After adjusting for potential confounders, an elevated CRP level remained a significant
predictor of inferior survival (adjusted HR = 1.25 (95% CI: 1.08-1.46)). However, when
dividing the CRP levels into quartiles, this association was only observed in patients with
CPR level in the 3rd and 4th quartiles. (3rd quartile: 18-59 mg/L/221-560 nmol/L and
4th quartile: above 59 mg/L/560 nmol/L), resulting in an adjusted HR of 1.26 (95% CI:
1.03-1.55) for the 3rd quartile and a HR of 1.44 (95% CI: 1.17-1.77) for the 4th quartile.

b

0 -10.43)

Overall survival
000 025 050 075 1.00

0

M 5 Number at risk

2 3 :
. = st rtile 252 102 62 34 23 20
Time e diapnonky; (vaar) o dieme 215 68 a9 26 21 17
3rd quartile 223 56 22 1 8 7
72 40 27 23 !
75 42 21 26 4th quartile 229 50 24 " 6 5
- 1st quartile 2nd quartile
EowCRE High CRE | 3rd quartile 4th quartile

Figure 2. Kaplan-Meier curves of overall survival (OS) according to CRP level at time of diagnosis for patients with small
cell lung cancer. (a) OS according to CRP level divided by the clinical cut-offs > 8 mg/L or >75 nmol/L. (b) OS according
to CRP level divided by quartiles: 1st quartile: <5 mg/L or <88 nmol/L, 2nd quartile: 5-18 mg/L or 88-221 nmol/L, 3rd
quartile: 18-59 mg/L/221-560 nmol/L, 4th quartile: >59 mg/L/>560 nmol/L. Difference between groups were estimated

by the log-rank test.

Table 2. Univariate and Multivariate Analysis of the Predictive Value of CRP for Overall Survival
(n =923).

HR Adjusted HR ?
(95% CI) (95% CI)
CRP level
Normal 1.00 1.00
Elevated 1.42 (1.23-1.64) 1.25 (1.08-1.46)
CRP level 2
1st quartile 1.00 1.00
2nd quartile 1.22 (1.01-1.48) 1.06 (0.86-1.31)
3rd quartile 1.58 (1.31-1.90) 1.26 (1.03-1.55)
4th quartile 1.75 (1.45-2.11) 1.44 (1.17-1.77)
Stage
I 1.00
1I 1.16 (0.57-2.34)
11T 3.52 (2.28-5.21)
v 7.15 (4.69-10.58)
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Table 2. Cont.

HR Adjusted HR ©
(95% CI) (95% CI)
Age, continuous variable 1.03 (1.03-1.04)
Sex

Female 1.00

Male 1.17 (1.02-1.34)

Performance status, ECOG

0 1.00

1 1.47 (1.22-1.77)

2 2.86 (2.13-3.57)

3+4 4.54 (3.67-5.63)

Abbreviations: CI, confidence interval; CRP, c-reactive protein; ECOG, Eastern Cooperative Oncology Group; HR,
hazard ratio. ®: 1st quartile: <5 mg/L or <88 nmol/L, 2nd quartile: 5-18 mg/L or 88221 nmol/L, 3rd quartile:
18-59 mg/L/221-560 nmol/L, 4th quartile: >59 mg/L/ >560 nmol/L. b Adjusted HR was estimated in two
different models with either CRP categorized as normal or elevated or CRP divided in quartiles. The bold format
indicates a new variabel with subcategories listed below.

As a further evaluation of the impact of CRP, AIC and C-index were performed to
establish whether inclusion of the CRP level added prognostic value to a model consisting
of already recognized prognostic factors (Table 3). Here, an improvement of the model was
seen after inclusion of the CRP level; though, only when the CRP level were evaluated by
quartiles (p = 0.002).

Table 3. Prognostic Value Evaluation of Addition of CRP in quartiles to Established Prognostic Model.

Model AIC C-Index
(1) Stage + age + sex + PS 8219 0.7322
(2) CRP + stage + age + sex + PS 8210 0.7355

Abbreviations: AIC, Akaike’s information criteria; CRP, c-reactive protein; PS, performance status.

4. Discussion

In this register-based study of 923 SCLC patients, we investigated the prognostic value
of an elevated pre-treatment CRP level and found that a CRP level above the clinical cut-off
value was correlated with an inferior survival, independent of other well-known factors
such as stage and PS. Yet, when exploring the different levels of CRP, we found that the
association was only significant for the two highest quartiles. Interestingly, we observed
that adding CRP level divided in quartiles to the well-known prognostic factors actually
increased the prognostication of survival in this patient group.

The association between an elevated level of CRP and poor survival has been demon-
strated previously in several types of cancer [4,6-17]. Though, in SCLC patients, only a
limited number of studies has explored this association [18-23]. As these studies are of
small sample sizes ranging from 97 to 359 patients have used different CRP level cut-offs
and shown results bordering on significance, it has not been possible to draw any firm
conclusions based on them. Thus, a confirmation of these findings in a large validation
cohort has been needed.

In this study, we present data on a SCLC cohort of 923 patients leaving it the largest
sample size in the existing literature, which strengthens our results. Moreover, we ex-
plore the CRP level based on two stratifications: firstly, based on the clinical cut-off of
8 mg/L/75 nmol/L that defines the normal range in Denmark and is applied in all Dan-
ish laboratories, and secondly in quartiles, which enables us to investigate a potential
level-dependent correlation. In previous studies, the CRP cut-offs used were primar-
ily low, between 5 and 10 mg/L [19,21,22], and thus close to the clinical cut-off value
used in this study. Similar to the result of this study, these studies observed a signifi-
cant association between elevated CRP and inferior survival, presenting adjusted HRs of
1.8 (95% CI 1.13-2.88) [19], 2.13 (95% CI 1.02-2.58) [22] and 2.75 (95% CI 1.25-6.06) [21].
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A higher cut-off value of 50 mg/L was used by Bernhardt et al. [18]. They included
350 patients with limited disease and presented a correlation between CRP level and over-
all survival in line with ours (adjusted HR =1.43 (95% CI 1.00-2.04). None of the mentioned
studies did further stratification of the CRP levels. Yet, Minami et al. [20] explored a level-
dependent correlation between CRP and overall survival in 97 patients as they evaluated
CRP level as a continuous variable and found a significant correlation (unadjusted HR
1.05 (95% CI 1.01-1.09)). This result suggests that there also exists a significant association
between lower levels of CRP and overall survival. Here, we validated the findings by
Minami et al. by showing increasing HR with increasing CRP levels. However, for the
lowest levels of CRP, we could not confirm a significant association when confounders
were taken into account.

When discovering and developing new prognostic markers for use in the clinic, it is
crucial to examine the value it actually adds to the already existing factors used for deter-
mining the prognosis. By employing c-statistics, we demonstrated the pre-treatment CRP
level adds value in establishing the prognosis of the patient. Thus, our findings indicate
that the CRP level could be a useful marker to incorporate in the general prognostication
of patients in order to define a subset of patients with inferior prognosis requiring a more
intensive treatment.

In addition, we found that a high CRP level was significantly linked to a more ad-
vanced stage of cancer and a worse PS. Among the previous literature on SCLC patients,
only Hong et al. [19] and Shao et al. [22] analysed the association between CRP level
and stage with similar findings. The found association between CRP level and cancer
stage can be explained by the current understanding of chronic inflammation and cancer
development. As suggested by Coussens et al. [3], inflammation can enhance tumour
progression in already established cancer. It is therefore plausible that a higher degree of
inflammation, as indicated by a higher CRP, is often followed by a higher cancer stage due
to this progression. Furthermore, systemic inflammation affects many bodily functions,
such as cognition, joints and bowel function, all factors that can worsen the PS of a patient.
Yet, even though PS and stage is also associated with overall survival of cancer patients,
this does not diminish our result of CRP as a prognostic factor as we found the association
independent of PS and stage.

A great strength of this study is its magnitude. As registration in the Danish reg-
istries is mandatory by law and as the Danish Lung Cancer Registry has a very high
completeness [25], a representative patient group is ensured reflecting the Danish popu-
lation independently of economic or social differences. This improves the possibility to
generalise the results to other populations. Patients were selected from a well-defined
geographical area, reducing the risk of selection bias. The excluded patients are very
alike the included patients, further reducing any bias of selection. Another advantage
of this study is our extensive analysis of the data, including selecting confounders with
DAG-based method and analysing the prognostication of CRP with AIC and C-statistics,
which firmly establishes the value of our findings. These advantages of the study do
naturally not exclude the presence of limitations. Firstly, we only included one CRP mea-
surement, excluding the possibility of observing an effect of any fluctuations in CRP level.
Secondly, a very low number of non-smokers was found in the cohort, therefore we did
not include smoking as a confounder. However, as a strong association between CRP and
smoking is well known, we could not rule out that the number of patients with missing
data on smoking could lead to a bias in our results. Hence, sensitivity analyses were
performed by comparing groups and performing c-statistics. As only seven non-smokers
were included in this article, non-smokers and patients with missing data on smoking were
grouped and compared to smokers. We did not find any difference in these two groups
when comparing the clinical characteristics age, sex, stage of disease and performance
status, and more importantly the CRP level. Further, by performing c-statistics smoking
did not ad prognostic value to a model including age, sex, stage of disease, performance
status, and CRP level. Thirdly, we did not have data on the different treatment modalities
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and patients” comorbidity and could therefore not look for association between this and
overall survival and thus assess the need to adjust for these potential confounders in the
multivariate analysis.

5. Conclusions

In conclusion, our study showed an association between a high CRP level and inferior
survival in patients with SCLC. The association was found to be level-dependent and only
significant for the highest CRP levels. Furthermore, we presented an improved prognostic
model for SCLC by adding high CRP level to the already well-established prognostic
factors, establishing CRP as a relevant prognostic factor to consider in SCLC patients.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/0nc01020010/s1, Figure S1: Visualization of the directed acyclic graph (DAG) identifying
confounders of CRPs effect on overall survival, Table S1: Patient Characteristics of included and
excluded patients.
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