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ABSTRACT
Objective: Inflammation has been validated as a host-related prognostic marker in cancer. The
Glasgow Prognostic score (GPS) and neutrophil-to-lymphocyte ratio (NLR) are suggested measures of
inflammation. However, the allocation of patients has been questioned. Hence, optimized inflamma-
tion-scores has been developed, such as the combined NLR and GPS (CNG) system, and the Aarhus
composite biomarker score (ACBS). So far, these optimized inflammation-scores have not been vali-
dated in lung cancer patients. We evaluated if the optimized inflammation-scores were prognostic
markers of inferior survival in lung cancer patients. Furthermore, we tested which of the optimized
inflammation-scores led to better patient-allocation.
Material and methods: The cohort of this prospective study composed of 275 non-small cell lung
cancer patients. We evaluated pre-diagnostic serum biomarkers for GPR, NLR, platelet-to-lymphocyte
ratio as well as the optimized inflammation-scores CNG and ABCS as predictors of overall survival (OS),
and we examined the patient-allocation derived from each inflammation-score.
Results: Each of the evaluated inflammation-scores could predict the overall survival even when
adjustments were made for comorbidity and clinicopathological characteristics. When comparing the
scores, the optimized inflammation-scores CNG and ACBS led to a better and more balanced patient-
allocation. In the early clinical stages I & II, the optimized scores could reveal a subgroup of patients
with poorer survival that is similar to stage III.
Conclusion: In this cohort of lung cancer patients, we demonstrate that inflammation-scores are prog-
nostic markers of inferior survival. Furthermore, we demonstrate that the optimized inflammation-
scores CNG and ACBS lead to better patient-allocation independently of the clinicopathological charac-
teristics and comorbidity.
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Background

Over the last decades, many prognostic markers have been
suggested in lung cancer, but only very few have proven to
be clinically relevant. This is disappointing since lung cancer
remains a leading cause of cancer-related death [1,2]. In
order to improve lung cancer survival, we need prognostic
markers that can identify patients who are at high risk of
inferior survival. By identifying these patients, we can facili-
tate stratification into optimal treatment regimens or follow-
up programs and hopefully improve survival for the lung
cancer patients. In general, prognostic markers can be classi-
fied as either tumor- or host-related. The most widely
accepted tumor-related prognostic marker is the tumor,
node and metastasis (TNM) staging system [3]. Based on the
TNM staging system, patients are classified in clinical or
pathological stages and stratified for treatment regimens.
But the prognosis within each stage can vary tremendously.
So far, the only recognized host-related prognostic marker is

the WHO performance status (PS), which categorizes patients
based on daily life activities [4].

Inflammation is now recognized as one of the hallmarks
of cancer [5] and therefore inflammation has been suggested
as another host-related prognostic marker [6]. General
inflammation markers like C-reactive protein (CRP), leuco-
cytes and lymphocytes have shown some perspectives as
prognostic markers of inferior survival in cancer [7,8].
However, using the markers individually as a measure of the
inflammation status is a simplistic approach to a complex
problem. Hence, inflammation scores that combines more
than one parameter such as the neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR) and Glasgow
Prognostic Score (GPS), which is based on albumin and CRP,
have been suggested as a more representative marker of the
inflammatory process. Indeed, when these scores were tested
they proved to be prognostic in several cancers [8–15]. In
lung cancer, the GPS is prognostic of inferior survival inde-
pendently of stage and histology but it is only able to
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identify a smaller proportion of the patients with a decreased
survival [11,16–18]. The unsettled ongoing discussions on
when a ratio is considered ‘elevated’ blurs the results
obtained from NLR and PLR, and make comparisons of the
studies challenging. Moreover, their binary outcome doesn’t
allow a nuanced stratification into various risk groups.

To optimize the inflammation scores as prognostic bio-
markers in cancer, combinations of the GPS and the NLR
have been suggested as a more comprehensive reflection of
the host inflammation. By combining the GPS and the NLR,
five pro-inflammatory biomarkers were used in one scoring
system (CNG) capturing various tumor-induced inflammatory
reactions. This is demonstrated in gastric cancers [19] and
sarcomas [20,21] with promising results. The ACBS is another
system that differs from the CNG in considering individual
parameters and not ratios and in including serum hemoglo-
bin level in the system. It is tested in both bone and soft tis-
sue sarcomas. Until now, neither CNG nor ACBS has been
evaluated in lung cancer patients.

Lung cancer remains heavily associated with smoking and
it is therefore unsurprising that lung cancer patients com-
monly have other medical conditions (comorbidity). The
presence of comorbidity affects the overall survival and may
also be closely related to abnormal levels of several bio-
markers [22–24]. That is why, when evaluating inflammation
as a prognostic marker it is of obvious importance to make
adjustments for comorbidities to avoid erroneous conclu-
sions. Unfortunately, so far, comorbidity has not been
included in the evaluation of any of the inflammation-scores
previously evaluated in lung cancer patients.

The primary objective of this prognostic cohort study was
to evaluate the established inflammation-scores (NLR, PLR
and GPS) as well as to compare the optimized inflammation-
scores (CNG and ACBS) as prognostic markers in non-
selected lung cancer patients taking the comorbidity into
account. Furthermore, we hypothesized that the optimized

inflammation-scores would improve the allocation of lung
cancer patients.

Material and methods

Patients

In this cohort study, all patients referred to the Department
of Pulmonary Medicine, Aarhus University Hospital, Denmark
(n¼ 1.735) were included prospectively. The cohort has been
studied in other contexts for studies on the epidermal
growth factor system, exosome analyses and comorbidity
evaluations. [22,25–27] In short, patients suspected of having
lung cancer were included between April 2011 and
September 2014. Patients with a final diagnosis of non-small
cell lung cancer (n¼ 275) were used in this study. Patients
with other cancer types (including SCLC) or without cancer
were excluded, as were patients with no available pre-diag-
nostic blood sample. This results in a final cohort of lung
cancer patients of 272. For detailed information on the inclu-
sion and exclusion of the patients, see ref. [26].

Data sources
The clinicopathological information (age, sex, histology,
stage, PS, smoking and comorbidity) was acquired from the
patients’ medical record at the time of inclusion and has
been described in previous publications. [26] The National
Patient Registry (NPR) was used to obtain data on comorbid-
ities prior to the lung cancer diagnosis. The NPR collects
data on all admissions to Danish hospitals including dates of
admission and discharge as well as discharge diagnoses for
each patient. From the NPR, all discharge diagnoses between
1 January 1977 and the end of the study period (31
December 2016) were retrieved. The comorbidities were
reported as Colinet Simplified Comorbidity Score (SCS),
which includes renal insufficiency, other neoplastic disease,
alcoholism, respiratory disease, cardiovascular disease and
smoking [28]. The vital status and cause of death was regis-
tered through linkage to the Central Population Registry and
Cause of Death Registry.

Data on biomarkers was achieved from the clinical labora-
tory information system (LABKA) database. Test results were
reported according to the international nomenclature, prop-
erties, and Units (NPU) coding system. Serum Albumin, CRP,
hemoglobin (Hb), neutrophil count, lymphocytes count, and
thrombocyte count were included in this study. The bio-
markers were divided into normal or high/low, see Table 1.

Definition of inflammation-scores

GPS was computed on the basis of CRP and albumin.
Patients were given the score as follows: 0 if albumin was
high and CRP was low, 1 if either albumin was low or CRP
was high and 2 if both albumin level was low and CRP level
was high. A high neutrophil-to-lymphocyte ratio (NLR) was
defined as values >5.0. The platelet-to-lymphocyte ratio
(PLR) was defined as high if PLR >200. Two different opti-
mized inflammation-scores were evaluated. The CNG

Table 1. Inflammation markers.

n¼ 275
Marker (n) Concentration n (%)

Albumin Total 271(99)
High >36g/L 188 (68)
Low �36g/L 83 (30)

CRP Total 269 (98)
High �8mmol/L 144 (52)
Low <8mmol/L 125 (45)

Neutrophil count Total 270 (98)
High >7�109 /L 87 (32)
Low �7�109 /L 183 (67)

Lymphocyte count Total 270 (98)
High >1.3�109 /L 204 (74)
Low �1.3�109 /L 66 (24)

Thrombocyte count Total 272 (99)
High >350 212 (77)
Low �350 60 (22)

hemoglobin Total 272 (99)
High >7.3mmol/L/>8.3mmol/L� 199 (72)
Low <7.3mmol/L/<8.3mmol/L� 73 (27)

Legend:

Inflammation markers included in the inflammation-scores. Defition of cut-
points and distribution of patients.�High levels of hemoglobin was defined as >7.3mmol/L for women and
>8.3mmol/L for men.
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(combination of NLR and GPS) [19] was defined 0 if albumin
was high and CRP was low and NLR >2. Patients with one,
two or three abnormal test results were assigned a score of
0, 1, 2 or 3, respectively. The Aarhus composite biomarker
score (ACBS) [20] was defined as: 0 if albumin, CRP, neutro-
phils, lymphocytes, and hemoglobin were all within normal
range, 1 if neutrophils were high, or lymphocytes were low
or any other of the other mentioned biomarkers was abnor-
mal, 2 if two biomarkers were abnormal and 3 if more than
two biomarkers were abnormal.

Data analysis and statistics

Clinicopathological information, information from LABKA and
NPR was linked on an individual level using the 10 digit civil
personal registrations (CPR) number, which since 1968 has

been assigned to all citizens in Denmark. The primary end-
points were overall survival. Using the Cox proportional haz-
ard model crude and adjusted analyses were estimated. The
following variables were included in the adjusted analysis:
age (continuous variable), comorbidity (yes vs. no), histo-
logical type (squamous and non-squamous), stage (I/II/IIIa vs
IIIb/IV), and performance status (PS0/1 vs PS2/3). Cumulative
incidences were used to visualize the impact of each bio-
marker scoring system, these analyses were adjusted for age
and comorbidity. Survival analysis on the effect of each bio-
marker scoring system according to stage was performed
using the Kaplan–Meier method. To evaluate whether or not
the inflammation-scores would add prognostic value to the
well-established TNM and PS, the models were compared by
the Akaike’s information criteria (AIC) and by Harrell’s con-
cordance index (C-index). For AIC the values are arbitrary
and the model with the minimum AIC is the model with the
optimal fit of data. Only a difference of 2 or more is consid-
ered a true difference. For the C-index, values range between
0.5–1.0 where 1.0 is the perfect fit. All statistical tests were
performed by Stata version 14. A two-sided p value less than
.05 was regarded significant.

Ethics

Before inclusion, all patients gave informed written consent.
The study was approved by the Central Denmark Region
Committees on Biomedical Research Ethics (M-20100246) and
the Danish Agency of Data Protection (1-16-02-346-14).

Results

Patient characteristics

The median age at diagnosis was 68 years (range 39–89).
Comorbidity was present in 61% of the patients.
Clinicopathological characteristics are described in Table 2.
At the time of follow-up 202 of the 275 patients had died.
The median follow-up time was 1.4 years, and for patients
still alive the median follow-up time was 3.4 years.

Biomarkers

Each biomarker was investigated separately. Low albumin
was present in 83 (31%) of the patients, high CRP in 125
(46%), low hemoglobin in 73 (27%), high neutrophil counts
in 87 (32%) of the patients, low lymphocytes in 66 (24%),
and high platelets in 60 (22%) of the patients. Each bio-
marker is described in Table 1.

The crude survival analyses are seen in Supplementary
Table 1. Based on the crude analysis, all the biomarkers were
potential prognostic biomarkers for overall survival.

Inflammation-scores

Based on the individual biomarkers, the GPS, NLR, PLR CNG
and ACBS were composed.

Table 2. Patient characteristics.

n¼ 275
Age at diagnosis (years) 68(39–89)

Sex
Female 128
Male 147

PS
0 87
1 125
>¼2 59

Smoking
Never 14
Former 162
corrent 95

Comorbidity
No 108
Yes 167

Stage
I 66
II 24
III 73
IV 110

PS: WHO Performance status.

Table 3. Survival analysis - inflammation-scores.

No Events
Crude Adjusted�

HR�� p-value HR�� p-value

NLR
Normal 208 143 1 1
High 61 53 1.9(1.4–2.6) <.001 1.6(1.1–2.2) .007

PLR
Normal 175 116 1 1
High 95 81 1.8(1.4–2.5) <.001 1.7(1.3–2.3) .001

GPS
0 126 77 1 1
1 79 62 1.9(1.3–2.6) <.001 1.6(1.1–2.2) .009
2 63 56 3.1(2.2–4.4) <.001 2.7(1.9–3.8) <.001

CNG
0 37 17 1 1
1 100 67 1.8(1.0–3.0) .04 1.5(0.9–2.7) .11
2 69 55 2.9(1.7–4.9) <.001 2.3(1.3–4.0) .003
3 61 55 4.8(2.8–8.3) <.001 3.7(2.1–6.5) <.001

ACBS
0 74 44 1 1
1 68 41 1.2(0.8–1.8) .5 1.0(0.7–1.6) .87
2 57 48 2.2(1.4–3.3) <.001 1.7(1.1–2.5) .02
3 68 61 3.4(2.3–5.0) <.001 2.8(1.9–4.3) <.001

Uni- and multivariate survival analysis for the inflammation-scores in NSCLC
patients (n¼ 275).�Adjustment was made for comorbidity (SCS), age, PS, and stage.��HR: Hazard ratio.
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The crude and adjusted survival analysis for the GPS, NLR,
PLR, CNG and ACBS are shown in Table 3, and survival-curves
depicted as cumulative incidence are shown in Figure 1. For
all inflammation-scores, a higher score was associated with
worse prognosis. When adjusting for confounders of the asso-
ciation between each scoring system and overall survival, each
inflammation-score remained significant as an independent
prognostic factor of inferior survival. However, as is demon-
strated in Table 4, only when using the optimized inflamma-
tion-scores CNG and ABCS is the distribution of patients
between risk groups became even-numbered. To compare the
inflammation-scores, AIC and C-index was calculated for each
individual inflammation-score (Table 4). Based on these find-
ings, the optimized inflammation-scores CNG and ACBS are
the models best predicting the survival. To evaluate if the
inflammation-scores add value to the most important and

well-established prognostic markers in oncology TNM and PS,
AIC and C-index were calculated with or without these inflam-
mation-scores (Table 4). This demonstrates that each inflam-
mation-score adds value to the TNM and PS, though; the
inflammation-score with the best improvement is the ACBS.

Inflammation-scores by stage

The inflammation-scores were then evaluated within stages
and overall mortality curves were made (Figure 2 and
Supplementary Figure 1). For the low stages I and II, all
scores except PLR were able to identify patients with a poor
prognosis (Figure 2 and Supplementary Figure 1). For the
advanced stage IV separation of patients into high-risk and
low-risk patients was not as pronounced as for stage I and II.
For the stage III patients, none of the inflammation-scores
were able to identify patients with inferior survival.

Discussion

In this prospective cohort study of 275 NSCLC patients, we
found that high levels of inflammation-scores are prognostic
markers of inferior survival. Furthermore, we demonstrated
that the allocation of patients is greatly improved when
using the optimized inflammation-scores – CNG and ACBS.
With smoking being the leading cause of lung cancer,
comorbidity and inflammation are commonly present. Due
to the high quality of the Danish public registers [29,30], as
the first, we were able to evaluate and compare inflamma-
tion-scores in lung cancer patients taking comorbidity into
account. The inflammation-scores retained their prognostic
ability even after correction for comorbidities. These results
suggest that these inflammation-scores reflect a cancer

Figure 1. Survival-curves for each inflammation-score demonstrated by the cumulative incidence in (a) ACBS, (b) CNG (c) GPS, (d) NLR, and (e) PLR. For each
inflammation-score, a higher score is associated with worse prognosis. The distribution of patients into the subgroups is optimized in the ACBS and CNG compared
to the NLR, PLR and GPS. ACBS: Aarhus composite biomarker score; NLR: Netrophile-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; GPS: Glasgow prognostic
score; CNG: Combination of NLR and GPS.

Table 4. Predictive accuracies of the prognostic models.

Model AIC� C-index��
NLR 1905 0.5599
PLR 1902 0.5747
GPS 1882 0.6387
CNG 1877 0.6498
ACBS 1878 0.6538
TNM 1823 0.6680
PS 1870 0.6336
TNMþ PS 1778 0.7340
NLRþ TNMþ PS 1771 0.7433
PLRþ TNMþ PS 1773 0.7490
GPSþ TNMþ PS 1768 0.7560
CNGþ TNMþ PS 1767 0.7573
ACBSþ TNMþ PS 1762 0.7662
�AIC: Akaikes information criterion. AIC estimates the quality of each model
relative to the other models. The values are arbitrary. The model with the
minimum AIC is the model with the optimal fit of data.��c-index: Harrell’s concordance index. C-index gives a measure of goodness
of fit for the model. Values range between 0.5–1.0, 1.0 is the perfect fit.
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related mechanisms and they may merit being integrated
into lung cancer treatment algorithms. In the study, we
included patients independently of stage and histological
subtypes as a reflection of the inhomogeneous lung cancer
population. By doing so, we could test the true value of this
potential prognostic marker in an everyday clinical setting.

For new prognostic markers to be accepted, they have to
be accessible, reproducible, and give extra information to the
clinician. The inflammation-scores are built on combinations of
CRP, albumin, neutrophil counts, lymphocytes, platelets or
hemoglobin, which are all part of routine diagnostic work-up.
This gives the inflammation-scores great potential for being
applied. Furthermore, in low-income countries, where lung
cancer incidence is still rising, this could be a simple, inexpen-
sive additional tool in managing lung cancer patients.

Comparisons of the studies on GPS, NLR and PLR is chal-
lenging since cut-points defining elevated levels is an ongoing
discussion. Nevertheless, meta-analyses have been made, dem-
onstrating that high levels of NLR and PLR are prognostic
markers of inferior survival [31]. As opposed to most studies
on NLR and PLR, we applied a predefined cut-point of NLR
�5 and PLR >200, which is a conservative approach.

In studies on NLR, PLR and GPS, patients are dived into
two or three groups. By optimizing the allocation of patients,
the clinician can differentiate the management of the patient
at the individual level. Therefore, the new optimized inflam-
mation-scores CNG and ACBS were developed to optimize the
allocation of patients. This has previously been demonstrated
in gastric cancer [19] and in sarcomas [20,21] In this study, we
demonstrate that the CNG and ACBS are able to allocate
patients into even-numbered risk groups. The CNG and ACBS
are very similar; however, there are minor differences. Firstly,
the ACBS includes hemoglobin. Secondly, the ACBS evaluates
each marker individually and do not include any ratios. When
using a ratio, an inborn error is accepted since the ratio can
be of equal number independently of the actual level of the

given marker. Still, the CNG was not inferior to the ACBS in
this study, though, when combining the inflammation-scores
with the TNM and PS, the ACBS is the inflammation-score that
adds most value to the existing prognostic markers.

An important point to consider when contemplating a new
prognostic marker is what extra information it gives to the clin-
ician. In the impressive study by Yotsukura et al. [18], GPS was
evaluated in 1048 patients with stage I or II NSCLC. They dem-
onstrate that in the group of patients with the best prognosis
based on the TNM, the GPS is able to identify patients with an
inferior survival. This is important information that may have
direct implication on decision-making. In this study, we dem-
onstrate in the early stage patients, that all the evaluated
inflammation-scores, except PLR, were able to identify patients
with an inferior survival. These findings need to be validated in
a larger study. Still, the perspectives are interesting, could the
inflammation-scores be a tool for deciding how close – or
aggressive – we should monitor and treat the patients?

There has not yet been any comprehensive hypothesis
about the biological mechanisms that these various inflam-
mation-scores reflect that could explain why and how these
biological mechanisms are associated with inferior survival.
In Rheumatic disease, high interleukin-1b levels are observed
along with anemia, neutrophilia, lymphopenia, low albumin
and elevated CRP. [32] From animal models, interleukin-1b is
known to be associated with cancer invasiveness, growth,
and metastasis. [33] Recently, Ridker et al. demonstrated that
inhibition of interleukin-1b is associated with lower lung can-
cer incidence as well as mortality compared to placebo in
patients with atherosclerosis. [34] Our results may suggest
that elevated IL-1b is the driving mechanism behind the
abnormal serum biomarkers. The prognostic value of these
serum biomarkers in various cancer types points to a univer-
sal cancer-driven inflammatory mechanism that may involve
interleukin-1b, giving this observation a far reaching clinical
implication. In a future prospective study, we plan to

Figure 2. Survival-curves for the optimized inflammation-curves demonstrated by cumulative incidence in ACBS and CNG. For each inflammation-score, the
patients have been split based on stage. Identification of patients with the worst survival is clear especially in stage I and II patients. No separation is observed in
stage III patients. (a) ACBS in stage I and II, (b) ACBS in stage III, (c) ACBS in stage IV, (d) CNG in stage I and II, (e) CNG in stage III and (f) CNG in stage IV. ACBS:
Aarhus composite biomarker score; CNG: Combination of neutrophil-to-lymphocyte ratio and Glasgow prognostic score.
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evaluate the interleukin-1b level as well as inhibition of inter-
leukin-1b in various cancer types.

In conclusion, in a prospective cohort study we have dem-
onstrated that inflammation-scores are prognostic markers of
inferior survival in unselected lung cancer patients even when
comorbidity was taken into account. Furthermore, we demon-
strated that the optimized inflammation-scores improved the
allocation of patients regardless of the clinicopathological
characteristics and could detect a subgroup of patients in the
early stages that harbor a worse prognosis than expected.
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