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Pemetrexed is an intravenously administered antifolate cytostatic agent targeting several folate-dependent enzymatic
pathways, widely used in the treatment of patients with advanced non-small cell lung cancer (NSCLC). It has been previ-
ously demonstrated that the superiority of pemetrexed is limited to patients with non-squamous histology. Aside from the
non-squamous histology, there is still no available molecular biomarker predicting treatment efficacy of pemetrexed-based
chemotherapy. The aim of our retrospective study was to evaluate the association of baseline serum levels of C-reactive pro-
tein (CRP) with outcomes in a large cohort of patients with non-squamous NSCLC treated with pemetrexed. Clinical data
of 325 patients were analysed. Serum samples were collected within one week before the initiation of treatment. The median
progression-free (PFS) and overall survival (OS) for patients with high CRP was 2.1 and 9.5 compared to 4.2 and 20.5 months
for those with normal CRP (p=0.002 and p<0.001, respectively). The multivariable Cox proportional hazards model revealed
that serum CRP (HR=1.46, p=0.002) was significantly associated with PFS and also with OS (HR=1.95, p<0.001). In con-
clusion, the study results suggest that pretreatment serum CRP is associated with poor outcome of non-squamous NSCLC

patients treated with pemetrexed.
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Lung cancer is one of the leading cancer-related causes
of morbidity and mortality in developed countries and its
incidence has been still increasing [1, 2]. Non-small cell lung
cancer (NSCLC) is the most common histological type consti-
tuting more than 80% of all lung carcinomas and more than
50% of them are initially diagnosed with metastatic stage [3].
However, the prognosis of advanced-stage NSCLC patients is
adverse, several new effective agents and therapeutic strategies
have been approved in recent years and their introduction
into the common clinical practice leads to the significant
increase of patient survival. Pemetrexed represents one of
these effective agents. It is an intravenously administered
antifolate cytostatic agent targeting several folate-dependent
enzymatic pathways. Randomized phase III clinical trials

as well as observational studies have provided evidence for
the efficacy and safety of pemetrexed in combination with
cisplatin in the first-line and also as a single-agent in the
second or third-line treatment for patients with advanced-
stage non-squamous NSCLC [4-6]. Recently, the phase III
clinical trial PARAMOUNT proved efficacy of pemetrexed in
the maintenance setting [7]. Using pemetrexed continuation
maintenance treatment significantly extended overall survival
(OS) of non-squamous lung cancer patients to more than
13 months [7]. However, pemetrexed is an effective agent,
there is approximately 20-25% of patients with primary re-
sistent disease assessed with progressive disease (PD) as the
overall response [4-7]. Thus, there is a need for prognostic
and predictive biomarkers, feasible for selection of otpimal
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treatment for individual patients. So far, no reliable molecular
or genetic biomarker predicting response to pemetrexed in the
subgroup with non-squamous NSCLC has been established.
The aim of our retrospective study was to evaluate the associa-
tion of baseline serum levels of C-reactive protein (CRP) with
outcomes in a large cohort of patients with non-squamous
NSCLC treated with pemetrexed.

Patients and methods

Patients and treatment. We retrospectively analysed
clinical data of 325 patients with cytologically or histologically
confirmed locally-advanced (IIIB) or metastatic stage (IV)
NSCLC treated with pemetrexed-based chemotherapy. Pa-
tients were treated between years 2008 and 2015. Pemetrexed
was administered intravenously at the standard approved doses
(500 mg/m?* every 3 weeks) in combination with platinum
derivative (i.e. cisplatin or carboplatin) as the first-line treat-
ment or in monotherapy as the second or third-line treatment.
Dose interruption or reduction was permitted in the event of
treatment-related toxicity.

Data source. The clinical registry TULUNG (http://tulung.
registry.cz/), in which Faculty Hospital Pilsen is participating
since its creation, is a non-interventional post-registration
database of epidemiological and clinical data of patients with
advanced-stage NSCLC treated with targeted therapies in the
Czech Republic. The registry contains anonymised individual
patient data including demographic parameters, initial stag-
ing and disease characteristics, baseline patient information
at the start of targeted therapy, as well as data on survival and
adverse events which is updated at least twice a year. Data on

Table 1. Baseline characteristics of patients

Characteristic Category n (%)
Gender Female 135 (41.5)
Male 190 (58.5)
Age <70 years 257 (79.1)
>70 years 68 (20.9)
Smoking Current smoker 168 (51.7)
Former smoker 94 (28.9)
Never-smoker 63 (19.4)
Histology Adenocarcinoma 290 (89.2)
Other 38 (10.8
Stage 111B 72 (22.2)
v 253 (77.8)
ECOGPS PSO 38 (11.7)
PS1 269 (82.8)
PS2 16 (4.9)
PS3 2(0.6)
Line of therapy Ist line 135 (41.5)
2nd line 140 (43.1)
3rd line 41 (12.6)
4th or higher line 9(2.8)

pretreatment serum levels of CRP were extracted from the
hospital information system and merged to the registry data.
The protocol was approved by the independent ethics com-
mittee of the University Hospital Pilsen and complied with
the International Ethical Guidelines for Biomedical Research
Involving Human Subjects, Good Clinical Practice guidelines,
the Declaration of Helsinki, and local laws.

Clinical monitoring. The treatment was prospectively
monitored and the clinical course of patients was continuously
assessed at specific time points. Clinical follow-up controls
including physical examination, plain chest X-ray and routine
laboratory tests was performed every 3-4 weeks; computed
tomography (CT) or positron emission tomography — (PET)-
CT was performed after two or three months of the treatment.
The objective tumour response was assessed by the attend-
ing physician using Response Evaluation Criteria in Solid
Tumours (RECIST) [8].

CRP measurement. Serum samples were collected and
the measurement was performed within one week before the
initiation of pemetrexed treatment. Serum CRP was measured
using immunoturbidimetric method on an AU 2700 or AU
5800 (since 2014) analysers from Beckman Coulter (Brea,
CA, USA). The measurements were performed in the central
biochemical laboratory at the Department of Clinical Bio-
chemistry, Medical School and Teaching Hospital in Pilsen,
using the cut-off value of 10 mg/l, which is the upper boundary
of generally accepted norm.

Statistics. Standard frequency tables and descriptive
statistics were used to characterize the sample. PFS and OS
were estimated using the Kaplan-Meier method and all point
estimates were accompanied by 95% confidence intervals.
Progression-free survival (PFS) was defined from the date
of the initiation of pemetrexed therapy until the date of first
documented progression or death. Overall survival (OS) was
defined from the date of the initiation of pemetrexed therapy
until the date of death, regardless of its cause. Patients who
had not progressed or had not died were censored at the date
of last follow-up with respect to their PFS or OS, respectively.
Statistical significance of the differences in Kaplan-Meier
estimates was assessed using the log-rank test. Multivariable
Cox proportional hazards model was used to evaluate the effect
of all potential prognostic factors on the survival indicators.
Statistical significance of hazard ratios was assessed by means
of the Wald test. All reported p-values are two-tailed and the
level of statistical significance was set at a=0.05. The statisti-
cal analysis was performed at the Biomedical Center, Faculty
of Medicine in Pilsen, Charles University in Prague using
STATISTICA (version 11Cz, StatSoft Inc., Tulsa, OK, USA).

Results

Baseline serum CRP levels. The study group consisted of
325 patients with histologically or cytologically confirmed
advanced-stage (stage IIIB and IV) NSCLC who were treated
at Department of Pneumology, Faculty of Medicine and Uni-
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Figure 1. Progression-free survival (PFS) according to baseline serum
C-reactive protein (CRP).

versity Hospital in Pilsen between 2008 and 2015. The median
age was 64 years (range=28-83 years). A total of 190 (58.5%)
patients were male, 262 (80.6%) patients had a positive smok-
ing history, 290 (89.2%) patients had adenocarcinoma, 253
(77.8%) patients had stage IV disease, 307 (94.5%) patients
had an Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) of 1 or 2 and 135 (41.5%) patients were
treated in the first line (with a combination of pemetrexed and
platinum derivative). The baseline patient characteristics are
summarized in Table 1. Before the treatment initiation, high
serum CRP (= 10 mg/1) was measured in 181 (55.7 %) patients
and normal levels of CRP (< 10 mg/]) were measured in 144
(44.3 %) patients.

Relation between baseline serum CRP and survival. The
median follow-up of the entire cohort was 10.2 months, with
198 deaths. The median PFS was 2.7 months (95% CI 2.1-3.2),
and the median OS was 15.1 months (95% CI 11.8-16.9).

The median PFS and OS for patients with high serum CRP
was 2.1 and 9.5 months compared to 4.2 and 20.5 months for
those with normal serum CRP (p=0.002 and p<0.001, respec-
tively). The 6-month PFS was reached in 37.1 % (28.9-45.2) for
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Figure 2. Overall survival (OS) according to baseline serum C-reactive
protein (CRP).

patients with high serum CRP compared to 19.3 % (13.5-25.1)
for those with normal serum CRP and the The 12-month OS
71.4 % (63.5-79.4) for patients with high serum CRP compared
to 41.0 % (33.2-48.9) for those with normal serum CRP. The
PES and OS data are summarized in Table 2 and survival curves
are shown in Figure 1. Baseline clinical parameters were as-
sessed together with serum CRP in multivariable model. The
multivariable Cox proportional hazards model revealed that
serum CRP (HR=1.46, p=0.002) was significantly associated
with PFS and also with OS (HR=1.95, p<0.001) (Table 3).

Discussion

Pemetrexed represents one of novel effective agents
which have been approved for the treatment of patients with
advanced-stage NSCLC in recent years. It has been previously
demonstrated that the superiority of pemetrexed is limited to
patients with non-squamous histology [4, 5]. Aside from the
non-squamous histology, there is still no available molecular
biomarker predicting treatment efficacy of pemetrexed-based
chemotherapy. Several candidate predictive biomarkers

Table 2. Progression-free (PFS) and overall survival (OS) according to C-reactive protein level

C-reactive protein level

Log-rank test

<10 mg/l (n=144) >10 mg/l (n=181) p value
Median PFS (95 % CI) 4.2 months (2.9-5.1) 2.1 months (1.7-2.7)
3-month PFS (95 % CI) 55.6 % (47.3-63.8) 37.4 % (30.4-44.5) 0.002
6-month PFS (95 % CI) 37.1 % (28.9-45.2) 19.3 % (13.5-25.1)
Median OS (95 % CI) 20.5 months (16.8-25.3) 9.5 months (6.7-11.3)
6-month OS (95 % CI) 89.1 % (83.9-94.4) 61.4 % (53.9-68.8) <0.001

12-month OS (95 % CI) 71.4 % (63.5-79.4)

41.0 % (33.2-48.9)
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Table 3. Multivariable Cox-proportional hazards model for progression-free and overall survival

Progression-free survival

Overall survival

Parameter Category
HR (95 % CI) p value HR (95 % CI) p value

CRP <10 mg/l 1.00 1,00

>10 mg/1 1.46 (1.15-1.84) 0.002 1.95 (1.45-2.61) <0.001
Gender Female 1.00 1.00

Male 0.96 (0.74-1.24) 0.730 1.28 (0.94-1.74) 0.115
Age <70 years 1.00 1,00

>70 years 0.91 (0.68-1.21) 0.501 0.88 (0.62-1.26) 0.489
Smoking Never-smoker 1.00 1,00

Current and former smoker 1.19 (0.87-1.64) 0.287 1.14 (0.78-1.68) 0.489
Histology Adenocarcinoma 1.00 1,00

Other 1.28 (0.90-1.82) 0.174 1.14 (0.75-1.74) 0.544
Stage 111B 1.00 1,00

v 1.27 (0.96-1.70) 0.098 1.23(0.87-1.74) 0.249
ECOGPS PSOand PS 1 1.00 1,00

PS2and PS3 1.39 (0.83-2.31) 0.207 1.80 (0.99-3.28) 0.055
Line of therapy Ist line 1,00 1,00

2nd or higher line 1.20 (0.94-1.53) 0.148 1.15 (0.85-1.55) 0.378

including expression of thymidylate synthase, miR-25, miR-
145, miR-210 and serum leptin have been studied but not
sufficiently validated for the routine clinical use [9-12]. We
focused on the association of baseline serum levels of CRP
with outcomes in a large cohort of non-squamous NSCLC
patients treated with pemetrexed. Serum CRP is a sensitive
marker of acute-phase of systemic inflammatory response
(SIR), mainly produced by hepatocytes in response to elevated
cytokine levels after inflammatory stimulus [13, 14]. Previously
published studies suggested that serum CRP is associated with
survival in patients with various malignancies such as gastric
[15], colorectal [16], pancreatic [17], ovarian cancer [18] and
renal cancer [19] and also NSCLC [20-26].

In the present study including 325 advanced-stage NSCLC
patients with non-squamous histology treated with pem-
etrexed, we observed significantly shorter PES (2.1 vs. 4.2
months, p=0.002) and also OS (9.5 vs. 20.5 months, p<0.001)
for patients with high pretreatment serum CRP compared
to those with normal levels. The multivariable Cox propor-
tional hazards model confirmed that high pretreatment CRP
was independently associated with shorter PFS (HR=1.46;
p=0.002) and OS (HR=1.95; p<0.001). Our results are in
agreement with data previously reported by Koch et al. and
Scott et al., who have shown that high pretreatment serum
CRP predict poor survival in advanced-stage NSCLC patients
treated with palliative chemotherapy and that CRP was an
independent prognostic factor [21, 22]. Moreover, Wilop et
al. observed that a change in serum CRP before and after two
cycles of chemotherapy was in correlation with outcome and
that normalization of CRP was associated with a low risk for
progression [23]. Aside from chemotherapy, in our previous
work, we observed that high CRP levels also predict poor
outcome of advanced-stage NSCLC patients treated with

erlotinib, an epidermal growth factor receptor tyrosine kinase
inhibitor (EGFR-TKI) [26].

The relationship between inflammation and cancer has
been previously demonstrated. Tumour growth can cause tis-
sue inflammation and hence an increase in serum CRP. Cancer
cells are known to produce various cytokines including IL-6
and some cancer cells have been shown to express CRP. It has
been reported that IL-6 was the only inflammatory cytokine
independently associated with serum CRP concentrations
in patients with advanced-stage NSCLC [27]. The data sug-
gest serum CRP as a useful surrogate marker of IL-6 activity
in patients with NSCLC. IL-6 is a multifunctional cytokine
which plays an important role in a wide range of biologic
activities in different types of cell including tumor cells. IL-6
is involved in the host immune defense mechanism as well
as the modulation of growth and differentiation in various
malignancies. It has been reported that IL-6 widely contributes
to the cancer growth and progression via IL6R-JAK-STAT3
signalling pathway [28, 29]. STAT proteins are a family of
transcription factors that play a key role in various tyrosine
kinase signaling pathways [30]. Persistent STAT3 activation
is oncogenic and regulates cell-cycle progression, tumour
invasion, apoptosis, metastic spread and angiogenesis. It is
constitutively activated in a variety of human cancers [29,
30]. Activation of STAT-3 has also been linked with resist-
ance of cancer cells to chemotherapy. Bharti et al. reported
that constitutive activation of STAT-3 mediates chemoresist-
ance through the upregulation of various antiapoptotic gene
products in metastatic breast cancer cells [31]. The increasing
knowledge regarding the molecular biology mechanisms of
IL-6 and its interrelations to human cancer has been leading
to the development of novel antibody-based therapies. During
the last decade, several monoclonal antibodies targeting IL-6
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pathway have been developed, with promising results both in
NSCLC [32, 33]. Based on these data, the results of the present
study and also several previously mentioned studies focused
on the prognostic role of CRP, we suggest that measurement
of serum CRP can identify patients with low response to
chemotherapy and also EGFR-TKIs. On the other hand it
seems that the measurement of CRP and/or IL-6 serum levels
could be a candidate predictive factor for the treatment with
new agents targeting the IL-6 pathway.

The principal limitations of the present study are its ret-
rospective design and relative heterogeneity of the sample
including patients treated with combination of pemeterexed
with platinum derivative in the first line and those treated
with pemetrexed monotherapy in the second or third line.
The fact is that it is not always possible to find out whether
a CRP elevation is due to intercurrent infection or cancer. On
the other hand, we measured CRP in blood samples obtained
one day before the start of the treatment and at that time no
clinical signs of an infectious disease were present.

In conclusion, the results of the conducted retrospec-
tive study suggest that the pretreatment serum CRP is
independently associated with PFS and also with OS for
advanced-stage NSCLC patients with non-squamous histol-
ogy treated with pemetrexed-based chemotherapy and that
serum CRP provides additional information to the established
prognostic factors such as the stage of disease and perfor-
mance status.
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