
Abstract. Aim: We investigated blood parameters in patients
with inoperable stage III non-small cell lung cancer (NSCLC)
to predict individual outcomes after definitive chemo -
radiotherapy (CRT). Patients and Methods: Blood
parameters of consecutive patients undergoing definitive CRT
between 2010 and 2016 for inoperable stage III NSCLC
before multimodal treatment and at first follow-up were
measured and analyzed. Results: Blood parameters from 99
patients were evaluated. Histologically, about 50% of patients
had an adenocarcinoma. All patients received platinum-based
sequential or concurrent CRT. The median total dose to the
primary tumor was 60 (range=48-70) Gy. On multivariate
analysis after adjustment for all co-founders, median overall
survival for pre-treatment cutoffs were: lactate dehydrogenase
(LDH) >250 U/l was 17 vs. 27 months [hazard ratio
(HR)=2.05, 95% confidence intervaI (CI)=1.15-3.66;
p=0.015], thrombocytosis >400×106/l: 11 vs. 23 months
(HR=2.75, 95% CI=1.1-6.88; p=0.03), hypoalbuminemia
<3.5 g/dl: 12 vs. 24 months (HR=2.42, 95% CI=1.21-4.84;
p=0.013) and post-treatment neutrophilia >7×106/l: 12 vs.
27 months (HR=2.5, 95% CI=1.21-5.17; p=0.013).
Conclusion: Pre-treatment elevated LDH, thrombocytosis,

hypoalbuminemia and post-treatment neutrophilia were
associated with significantly worse overall survival in
patients with inoperable stage III NSCLC treated with CRT.
Patients with both pre-therapeutic elevated LDH and
hypoalbuminemia demonstrated a dismal prognosis despite
completion of multimodal treatment.

Lung cancer is the most common cause of cancer-related
deaths worldwide (1). At diagnosis, about 25% of patients
with non-small cell lung cancer (NSCLC) present with
inoperable stage III disease. Historically, median overall
survival following chemoradiotherapy (CRT) has ranged
between 15 and 30 months (2). Currently, the best reported
survival rates including progression-free survival and overall
survival overall survival were achieved with tri-modality
treatment consisting of chemotherapy, radiotherapy and
immunotherapy (3). Several studies in locally advanced lung
cancer have already described blood parameters as
prognostic factors, such as neutrophilia (4), the neutrophil-
to-lymphocyte ratio (NLR) (5), thrombocytosis (6), lactate
dehydrogenase (LDH) (7) and serum albumin levels (8) in
patients with lung cancer. 

The aim of the present study was to find the prognostic
value of different blood parameters measured before and at
first follow-up after completion of platinum-based CRT in
patients with inoperable stage III NSCLC.

Patients and Methods

Study population. The medical charts of 99 consecutive patients
with locally advanced stage III NSCLC [according to the seventh
edition of the Union for International Cancer Control classification
(9)] that were treated with curative-intent mainly platinum-based
CRT to a median total dose of 60 Gy (range=45-70 Gy) at our
Department between 2010 and 2016 were assessed. Patient and
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treatment characteristics are summarized in Table I. The Institutional
Research Ethical Review Board approved the study (approval
number: 17-230).

Complete blood count analysis. We retrospectively assessed the
blood parameters of all patients and focused on the examination and
comparison of the lymphocyte count, neutrophil count, serum
hemoglobin, thrombocyte count, NLR, platelet-to-lymphocyte ratio
(PLR), systemic immune-inflammation index, and LDH and serum
albumin levels. 

For the analysis, we chose the latest blood values before
initiation of (up to 1 week before treatment start) and the earliest
upon completion of CRT (last day of treatment, up to 1 week after
treatment). As optimal cut-off values remain a controversial topic,
we chose cut-off points that have been recognized as standard
pathological definitions. We defined thrombocytosis and
neutrophilia as >400×106/l and >7×106/l respectively. To evaluate
anemia, we chose different cut-off values 10, 11 and 12 g/dl as
described in the literature (10). High LDH and hypoalbuminemia
were defined as >250 U/l and ≤3.5 g/dl, respectively. For indices,
we chose values in the literature; as the NLR cut-off we chose ≤3.5
vs. >3.5 (11) and for PLR ≤150 vs. >150 (12). 

Statistical analysis. Statistical analyses were performed using SPSS
statistics 25 (IBM, New York, United States) and R version 3.5.3.
Subgroups were compared using the log-rank test. All significant
variables in univariate analysis were included in a multivariate Cox
regression analysis. The proportional hazard assumption of the Cox
regression analysis was tested. Overall survival was defined as the
time between the diagnosis and death. Event-free survival was
defined as the time between diagnosis and the occurrence of either
disease recurrence or death. For all statistical analyses, a
significance level of α=0.05 was defined.

Results 

In the univariate analysis, elevated LDH (>250 U/l), high
NLR (>3.53), thrombocytosis (>400×106/I), neutrophilia
(>7×106/l) and hypoalbuminemia (≤3.5 g/dl) demonstrated a
significant negative impact on overall survival (Table II).

On multivariate analysis after adjustment for all co-
founders, elevated LDH [hazard ratio (HR)=2.05, 95%
confidence intervaI (CI)=1.15-3.66; p=0.015], thrombocytosis
(HR=2.75, 95% CI=1.1-6.88; p=0.03) and hypoalbuminemia
(HR=2.42, 95% CI=1.21-4.84; p=0.013) were associated with
significantly worse patient outcome (Table II).

In the univariate analysis, only neutrophilia and
hypoalbuminemia were associated with significantly worse
median overall survival. On multivariate analysis after
adjustment for all co-founders, only neutrophilia remained
significant (HR=2.5, 95% CI=1.21-5.17; p=0.013). 

Based on the analyzed data set, a most prominent overall
survival difference was found between patients with pre-
therapeutic elevated LDH (median=20.8 months, 95%
CI=12.6-29 months) and the combination of pre-therapeutic
elevated LDH and hypoalbuminemia (median=11.1 months,
95% CI=2-20 months) (p=0.001).

Discussion 

Upon diagnosis of locally advanced NSCLC, physicians tend
to base the patient’s prognosis primarily on the performance
status and age. In the present study, we revealed that several
blood parameters are also associated with patient outcome.
In our study, pre- and post-treatment elevated LDH (>250
U/l) was associated with a worse median overall survival on
univariate analysis. However, on multivariate analysis, only
elevated pre-treatment LDH remained significant. Forty-four
of our patients (44%) exhibited an elevated LDH level before
treatment start. Our finding was among others confirmed by
a large meta-analysis including over 4,000 patients (13).
Typical cancer-induced LDH elevation is caused by
increased anaerobic glycolytic metabolism, which typically
occurs in an intra-tumoral environment and therefore
indirectly reflects the extent of a tumor (7). Preclinical
attempts to lower LDH and thereby improve the outcome of
patients with NSCLC already exist (14). 

Thrombocytosis (>400×106/l) is a prognostic factor
associated with worse overall survival. Eleven of our patients
(11%) exhibited thrombocytosis before treatment start, with
this having a significant negative impact on survival in
multivariate analysis. Other studies have also confirmed
thrombocytosis as a paraneoplastic syndrome (15, 16).

Pre- and post-treatment hypoalbuminemia (<3.5 g/dl)
was associated with reduced overall survival on univariate
analysis, and on multivariate analysis, only a low pre-
treatment albumin level remained significant. In our study,
17% of patients showed hypoalbuminemia before treatment
start. A worse prognosis associated with hypoalbuminemia
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Table I. Patient characteristics.

Characteristic

Age, years                                 Median                                        68
                                                  Min.                                             43
                                                  Max.                                            88
Ever-smoker, n (%)                  Yes                                         90 (91%)
                                                  No                                            9 (9%)
Gender, n (%)                           Male                                       62 (63%)
                                                  Female                                   37 (27%)
cT stage, n (%)                         cT1                                         11 (11%)
                                                  cT2                                         17 (17%)
                                                  cT3                                         30 (30%)
                                                  cT4                                         41 (41%)
cN stage, n (%)                        cN0                                        11 (11%)
                                                  cN1                                          9 (9%)
                                                  cN2                                        36 (36%)
                                                  cN3                                        44 (44%)
Chemotherapy, n (%)               Platinum                                67 (68%)
                                                  Non-platinum                        28 (28%)
                                                  Missing                                    4 (4%)



seems logical as it is related to cancer cachexia and
malnutrition, and patients showing these symptoms are
clinically less fit to receive aggressive multimodal
treatment. Ikeda et al. also found that hypoalbuminemia
was associated with worse overall survival and early
termination of chemotherapy in elderly patients with
NSCLC and suggested that the decision between best-
supportive care and chemotherapy in patient group should
be based on the performance status and the serum albumin
level (17). 

Post-treatment neutrophilia (>7×106/l) was associated with
reduced overall survival. Eleven percent of our patients
showed neutrophilia after treatment. After excluding obvious
causes for neutrophilic leukocytosis such as infection, injury,
inflammatory disorder  and  certain drugs, one may assume
that neutrophilia in patients with cancer is derived from
hematopoietic colony-stimulating factors and inflammatory
cytokines direct from solid tumors compromising
granulocyte colony-stimulating factor (4). Another point is a
potential role of neutrophils in the metastatic process. 

It was surprising that the hemoglobin count, an established
prognostic factor (10), did not show any prognostic value in
our study. This may partly be due to the relatively small
sample size in our study. Additionally, only one patient in
our study had a grade III anemia, which also plays a
significant role when discussing the results. 

Furthermore, NLR, an established prognostic marker had
no impact on our patients’ prognosis. Similarly as described
by Bernhardt et al. (18), there are no defined cutoff values
for NLR, making it difficult to compare different studies.

Even by using different cutoff values as suggested by
Bernhardt et al., the NLR failed to be a significant
prognostic marker for our cohort. As described by Contreras
et al., there are even additional co-founders for the absolute
neutrophil and lymphocyte counts. Specifically, these values
are influenced by the radiation treatment plan, especially by
the percentage of heart receiving ≥50 Gy (V50), thereby
further complicating the comparability of studies with
patients undergoing CRT (19). 

The present study has shown that using routinely
accessible laboratory values may further help physicians to
individualize available treatment options and predict patient
prognosis. Limitations of this study include the small number
of patients and the retrospective nature; further prospective
research will be necessary. One may consider correlating
blood values and their dynamic changes with tumor response
upon completion of CRT or after initiation of consolidation
treatment with immune check-point inhibitors. 

In summary, pre-treatment elevated LDH, thrombocytosis,
hypoalbuminemia and post-treatment neutrophilia were
associated with a significantly shorter median survival in
patients with inoperable stage III NSCLC undergoing
definitive CRT. This study emphasizes a role of blood
parameters and their dynamic changes to further infer patient
prognosis and individualize multimodal treatment. 
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Table II. Significant factors before and after treatment regarding overall survival (OS). Results of multivariate analysis include all significant
covariates of univariate analysis.

                                                                                                                                                            Univariate                                      Multivariate

                               Parameter                                                    Median OS                  HR (95% CI)          p-Value            HR (95%-CI)           p-Value
                                                                                              (95% CI), months

Before CRT            LDH                             ≤250 U/l                  27 (18-40)                  1 (Reference)            0.016              1 (Reference)             0.015
                                                                    >250 U/l                  17 (14-25)                 1.74 (1.11-2.74)                               2.05 (1.15-3.66)               
                               NLR                               ≤3.53                     29 (22-40)                   1 (Reference)            0.03                1 (Reference)             0.192
                                                                      >3.53                     17 (12-28)                  1.69 (1.02-2.8)                                1.52 (0.81-2.85)               
                               Platelet count            ≤400×106/l                23 (19-30)                   1 (Reference)          <0.001              1 (Reference)             0.031
                                                                  >400×106/l                11 (8-NA)                 3.32 (1.64-6.69)                               2.75 (1.10-6.88)               
                               NeutrophiIs                  ≤7×106/l                  27 (21-37)                   1 (Reference)            0.008              1 (Reference)             0.805
                                                                    >7×106/l                  12 (8-NA)                 2.31 (1.25-4.29)                               1.11 (0.49-2.53)               
                               Albumin                      >3.5 g/dl                  24 (19-31)                   1 (Reference)          <0.001              1 (Reference)             0.013
                                                                    ≤3.5 g/dl                  12 (6-22)                   2.85 (1.61-5.05)                               2.42 (1.21-4.84)               
After CRT              NeutrophiIs                 ≤7×106/l                  24 (18-31)                   1 (Reference)            0.003              1 (Reference)             0.013
                                                                    >7×106/l                  13 (10-NA)               2.89 (1.44-5.81)                               2.50 (1.21-5.17)               
                               Albumin                      >3.5 g/dl                  23 (19-37)                   1 (Reference)            0.019              1 (Reference)             0.267
                                                                    ≤3.5 g/dl                  12 (8-29)                    1.77 (1.1-2.84)                                1.38 (0.78-2.43)               

CI: Confidence interval; CRT: chemoradiotherapy; HR: hazard ratio; LDH: lactate dehydrogenase; NLR: neutrophil-to-lymphocyte ratio.



Authors’ Contributions
M.H., D.R., L.K., J.T., C.E., O.R., M.K., C.B. and F.M. contributed
to the design and implementation of the research, M.H. and D.R. to
the analysis of the results and M.H., D.R. L.K., C.E. and F.M. to
the writing of the article.

References

1 Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo
M, Parkin DM, Forman D and Bray F: Cancer incidence and
mortality worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer 136: E359-386, 2015. PMID:
25220842. DOI: 10.1002/ijc.29210

2 Bradley JD, Paulus R, Komaki R, Masters G, Blumenschein G,
Schild S, Bogart J, Hu C, Forster K and Magliocco A: Standard-
dose versus high-dose conformal radiotherapy with concurrent
and consolidation carboplatin plus paclitaxel with or without
cetuximab for patients with stage IIIA or IIIB non-small-cell
lung cancer (RTOG 0617): A randomised, two-by-two factorial
p. Lancet Oncol 16: 187-199, 2015. PMID: 25601342. DOI:
10.1016/S1470-2045(14)71207-0

3 Gray JE, Villegas AE, Daniel DB, Vicente D, Murakami S, Hui
R, Kurata T, Chiappori A, Lee KH, Cho BC, Planchard D, Paz-
Ares LG, Faivre-Finn C, Vansteenkiste JF, Spigel DR, Wadsworth
C, Taboada M, Dennis PA, Ozguroglu M and Antonia SJ: Three-
year overall survival update from the PACIFIC trial. J Clin Oncol
37: 8526, 2019. DOI: 10.1200/JCO.2019.37.15_suppl.8526

4 Schernberg A, Mezquita L, Boros A, Botticella A, Caramella C,
Besse B, Escande A, Planchard D, Le Pechoux C and Deutsch
E: Neutrophilia as prognostic biomarker in locally advanced
stage III lung cancer. PLoS One 13: e0204490, 2018. PMID:
30304046. DOI: 10.1371/journal.pone.0204490

5 Song X, Chen D, Yuan M, Wang H and Wang Z: Total
lymphocyte count, neutrophil-lymphocyte ratio, and platelet-
lymphocyte ratio as prognostic factors in advanced non-small
cell lung cancer with chemoradiotherapy. Cancer Manag Res 10:
6677-6683, 2018. PMID: 30584362. DOI: 10.2147/CMAR.
S188578

6 Holgersson G, Sandelin M, Hoye E, Bergstrom S, Henriksson
R, Ekman S, Nyman J, Helsing M, Friesland S, Holgersson M,
Lundstrom KL, Janson C, Birath E, Morth C, Blystad T, Ewers
S-B, Loden B and Bergqvist M: Swedish lung cancer radiation
study group: The prognostic value of anaemia, thrombocytosis
and leukocytosis at time of diagnosis in patients with non-small
cell lung cancer. Med Oncol 29: 3176-3182, 2012. PMID:
22565809. DOI: 10.1007/s12032-012-0247-3

7 Lee DS, Park KR, Kim SJ, Chung MJ, Lee YH, Chang JH, Kang
JH, Hong SH, Kim MS and Kim YS: Serum lactate
dehydrogenase levels at presentation in stage IV non-small cell
lung cancer: Predictive value of metastases and relation to
survival outcomes. Tumour Biol 37: 619-625, 2016. PMID:
26240025. DOI: 10.1007/s13277-015-3776-5

8 Tolia M, Tsoukalas N, Kyrgias G, Mosa E, Maras A, Kokakis I,
Liakouli Z, Kouvaris JR, Liaskonis K, Charalampakis N,
Pistevou-Gombaki K, Kelekis N and Kouloulias V: Prognostic
significance of serum inflammatory response markers in newly
diagnosed non-small cell lung cancer before chemoirradiation.
Biomed Res Int 2015: 485732, 2015. PMID: 26339617. DOI:
10.1155/2015/485732

9 Goldstraw P, Crowley J, Chansky K, Giroux DJ, Groome PA,
Rami-Porta R, Postmus PE, Rusch V, Sobin L, International
Association for the Study of Lung Cancer International Staging
Committee, Participating Institutions. The IASLC Lung Cancer
Staging Project: proposals for the revision of the TNM stage
groupings in the forthcoming (seventh) edition of the TNM
Classification of malignant tumours. J Thorac Oncol 2: 706-714,
2007. PMID: 17762336. DOI: 10.1097/JTO.0b013e31812f3c1a

10 Huang Y, Wei S, Jiang N, Zhang L, Wang S, Cao X, Zhao Y and
Wang P: The prognostic impact of decreased pretreatment
haemoglobin level on the survival of  patients with lung cancer:
A systematic review and meta-analysis. BMC Cancer 18: 1235,
2018. PMID: 30526532. DOI: 10.1186/s12885-018-5136-5

11 Forget P, Khalifa C, Defour J-P, Latinne D, Van Pel M-C and De
Kock M: What is the normal value of the neutrophil-to-
lymphocyte ratio? BMC Res Notes 10: 12, 2017. PMID:
28057051. DOI: 10.1186/s13104-016-2335-5

12 Zhang H, Gao L, Zhang B, Zhang L and Wang C: Prognostic
value of platelet to lymphocyte ratio in non-small cell lung
cancer: A systematic review and meta-analysis. Sci Rep 6:
22618, 2016. PMID: 26939789. DOI: 10.1038/srep22618

13 Deng T, Zhang J, Meng Y, Zhou Y and Li W: Higher pretreatment
lactate dehydrogenase concentration predicts worse overall
survival in patients with lung cancer. Medicine 97: e12524, 2018.
PMID: 30235773. DOI: 10.1097/MD.0000000000012524

14 Yang Y, Su D, Zhao L, Zhang D, Xu J, Wan J, Fan S and Chen
M: Different effects of LDH-A inhibition by oxamate in non-
small cell lung cancer cells. Oncotarget 5: 11886-11896, 2014.
PMID: 25361010. DOI: 10.18632/oncotarget.2620

15 Dutcher JP: Hematologic abnormalities in patients with
nonhematologic malignancies. Hematol Oncol Clin North Am 1:
281-299, 1987. PMID: 3308824.

16 Edwards RL, Rickles FR, Moritz TE, Henderson WG, Zacharski
LR, Forman WB, Cornell CJ, Forcier RJ, O’Donnell JF and
Headley E: Abnormalities of blood coagulation tests in patients
with cancer. Am J Clin Pathol 88: 596-602, 1987. PMID:
3673941. DOI: 10.1093/ajcp/88.5.596

17 Ikeda S, Yoshioka H, Ikeo S, Morita M, Sone N, Niwa T,
Nishiyama A, Yokoyama T, Sekine A, Ogura T and Ishida T:
Serum albumin level as a potential marker for deciding
chemotherapy or best  supportive care in elderly, advanced non-
small cell lung cancer patients with poor performance status.
BMC Cancer 17: 797, 2017. PMID: 29183294. DOI:
10.1186/s12885-017-3814-3

18 Bernhardt D, Aufderstrasse S, Koenig L, Adeberg S,
Bozorgmehr F, Christopoulos P, El Shafie RA, Hoerner-Rieber
J, Kappes J and Thomas M: Impact of inflammatory markers on
survival in patients with limited disease small-cell lung cancer
undergoing chemoradiotherapy. Cancer Manag Res 10: 6563,
2018. PMID: 30555261. DOI: 10.2147/CMAR.S180990

19 Contreras JA, Lin AJ, Weiner A, Speirs C, Samson P, Mullen D,
Campian J, Bradley J, Roach M and Robinson C: Cardiac dose is
associated with immunosuppression and poor survival in locally
advanced non-small cell lung cancer. Radiother Oncol 128: 498-
504, 2018. PMID: 29859754. DOI: 10.1016/j.radonc.2018.05.017

Received February 8, 2020
Revised February 25, 2020

Accepted February 27, 2020

ANTICANCER RESEARCH 40: 2319-2322 (2020)

2322


