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Elevations in NLR at the first year 
of pirfenidone treatment may be associated 
with worse prognosis in patients with idiopathic 
pulmonary fibrosis
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Abstract 

Background The purpose of this study was to evaluate the hemogram parameters, namely NLR and PLR, at the end 
of the first year of antifibrotic treatment in IPF patients and evaluate the association of change in NLR and PLR levels 
and mortality in this study population. Patients diagnosed with IPF and started on antifibrotic therapy between 2016 
and 2022 were included. Study design was retrospective cohort study. Baseline NLR and PLR values were obtained 
at the time of diagnosis before any treatment was started. Follow-up levels of NLR and PLR were obtained at the com-
pletion of the first year of antifibrotic treatment.

Results A total of 125 patients were included in the study. Mean age was 67.9 ± 7.27 years. It was found that incre-
ment in NLR at first year was significant in non-survived group (p =  0.01). When patients were separated into four 
groups according to their survival status and antifibrotic medication, significant NLR and PLR elevations were 
only present in non-survived pirfenidone group (p =  0.02 and p =  0.01).

Conclusions Elevated levels of NLR at the first year of antifibrotic treatment may be a sign of worse prognosis in IPF 
patients, especially in patients treated with pirfenidone.
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Background
Idiopathic pulmonary fibrosis (IPF) is a chronic, progres-
sive disease of lungs typically occurring in smoking males 
over the age of 50. Despite the use of two antifibrotic 
medications, nintedanib and pirfenidone, disease has sig-
nificant impacts on quality of life and may progress caus-
ing respiratory failure with requirement of supplemental 

oxygen therapy and eventually necessitate lung trans-
plantation [1]. Patients should be considered for early 
referral for lung transplantation because of the progres-
sive nature of the disease. Therefore, it is essential to dis-
criminate patients at risk of disease progression.

Neutrophil-to-lymphocyte ratio (NLR) and platelet-
to-lymphocyte ratio (PLR) are simple and accessible 
parameters of inflammation and oxidative stress, and in 
numerous studies, their high levels were correlated with 
worse prognosis of disease, like rheumatoid arthritis, 
chronic obstructive pulmonary disease (COPD), cancers, 
and IPF [2–6]. These parameters are usually evaluated by 
their levels at the time of the diagnosis. However, it is not 
clear whether repeated measures of these parameters are 

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

The Egyptian Journal
of Bronchology

*Correspondence:
Özer Özdemir
ozer_ozdemir@yahoo.com
1 Department of Pulmonology, Dr. Suat Seren Chest Diseases and Surgery 
Education and Training Hospital, Health Sciences University, İzmir 35110, 
Türkiye
2 Department of Pulmonology, Dr. Ali Menekşe Hospital of Chest Diseases, 
Giresun, Türkiye

http://orcid.org/0000-0002-8884-0682
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43168-024-00280-3&domain=pdf


Page 2 of 7Özdemir et al. The Egyptian Journal of Bronchology           (2024) 18:28 

correlated with treatment response, disease severity, or 
mortality.

The purpose of this study was to evaluate the hemo-
gram parameters, namely NLR and PLR, at the end of 
the first year of antifibrotic treatment in IPF patients and 
evaluate the association of change in NLR and PLR lev-
els and mortality in this study population. Secondarily, it 
was aimed to investigate the change of these biomarkers 
according to the stage of disease.

Methods
This study was conducted in a tertiary level reference 
hospital, and local ethical committee approval was 
obtained (local ethical committee approval date and 
number: 01/06/2022 — (2022) 8–41). Informed consent 
of the patients was waived due to retrospective design 
of the study. Patients diagnosed with IPF and started 
on antifibrotic therapy between 2016 and 2022 were 
included in the study. IPF diagnosis was obtained accord-
ing to the 2018 ATS/ERS diagnostic criteria and 2011 
ATS/ERS diagnostic criteria for the patients diagnosed 
before 2018, either by lung biopsy or combined evalua-
tion of clinical and high-resolution computed tomogra-
phy characteristics [7, 8]. All patients were over the age of 
18. Study design was retrospective cohort study. Patients 
with inadequate data, with diagnosis of other fibrotic dis-
eases of lungs (like chronic hypersensitivity pneumonitis 
or connective tissue disease), and patients lost on follow-
up were excluded. Patients who discontinued antifibrotic 
therapy before 1 year of treatment were also excluded.

Demographic, clinical, laboratory, and radiological 
characteristics were obtained from the hospital records. 
Age, sex, comorbidities, smoking status, and body mass 
index (BMI) data were collected. Survival status of the 
patients was obtained. Any treatment change or side 
effects during study period were noted. All patients had 
basal spirometry for measurement of forced expiratory 
volume in 1  s  (FEV1) and forced vital capacity (FVC), 
with diffusion capacity of lungs for carbon monoxide 
 (DLCO) and 6-min walk test (6MWT) for estimating 
functional capacity. Spirometry was performed according 
to the ATS/ERS statement guidelines. Diffusion capac-
ity of the lungs was measured by single breath carbon 
monoxide uptake method. GAP (gender-age-physiology) 
index for individual patient was calculated according to 
the method suggested by Ley et al. [9].

Baseline NLR and PLR values were obtained at the time 
of diagnosis before any treatment was started. Follow-up 
levels of NLR and PLR were obtained at the completion 
of the first year of antifibrotic treatment. Antifibrotic 
choice, as either nintedanib or pirfenidone, was decided 
by the attending physician and multidisciplinary council. 

Mortality data was obtained at the follow-up period from 
the date of diagnosis to the start of the study. 

Statistical analysis
SPSS (Statistical Package for Social Sciences) version 22 
(SPSS Inc., Chicago, IL, USA) was used for statistical 
analysis. Normal distribution of the variables was evalu-
ated by Kolmogorov-Smirnov test and Shapiro-Wilk test. 
According to the distribution of data, values were given 
as mean and standard deviation or median and inter-
quartile range. Comparison of the independent variables 
was achieved by independent samples t-test or Mann-
Whitney U-test. Evaluation of repeated measures of NLR 
and PLR was accomplished by Wilcoxon signed-rank 
test. For multivariate analysis, patients were categorized 
according to the presence of NLR and PLR increments 
in their first-year evaluation. Backwards Wald method 
was used for multivariate analysis. p <  0.05 was taken as 
the level of significance, and type-1 error coefficient was 
determined as alpha 0.05.

Results
One-hundred thirty-seven IPF patients were screened 
for the study. A total of 125 patients with the diagno-
sis of idiopathic pulmonary fibrosis (IPF) were included 
in the study. Flow chart of the study population may be 
seen in Fig.  1. Mean age of the study population was 
67.9 ± 7.27  years, with 80% males (n =  100). Diagnosis 
of IPF was achieved by histopathological confirmation 
either with lung cryobiopsy or video-associated lung 
surgical biopsy in 24% of the patients (n = 30). In the 
remaining 95 patients, diagnosis was obtained by clinical 
and tomographic features. Most of the patients had defi-
nite usual interstitial pneumonia (UIP) pattern on high-
resolution computed tomography (HRCT) scans (n =  
92, 73.6%). Nineteen patients (15.2%) had concomitant 
emphysema. GAP stage of the study population was stage 
I in 40% (n =  50), stage 2 in 48% (n =  60), and stage 3 in 
15 patients (12%).

All patients were given antifibrotic treatment, 57 
patients (45.6%) were given nintedanib, while remaining 
68 patients (54.4%) were on pirfenidone. In 10 patients 
(8%), progressive disease was evident. In 16 patients, 
treatment change was made either due to unrespon-
siveness or side effects, in 37 patients either dose was 
reduced, or treatment was stopped due to side effects.

Demographic, clinical, and laboratory characteristics of 
the study population are demonstrated in Table 1.

There were 72 deaths during the study period. 
Mean follow-up time for the whole population 
was 37.8 ± 19.02  months. Mean survival time was 
28.0 ± 15.47 months. Percentage of males were similar in 
survived and non-survived groups (p =  1.00). Although 
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the presence of at least one comorbidity was simi-
lar across groups (p =  0.21), all patients with lung can-
cer were in non-survived group (0 vs 6 (%8.3), p = 0.04). 
Clubbing of digits was significantly seen more in non-
survived group, but difference was nonsignificant (p =  
0.26). Body mass index of the groups was similar (p =  
0.33); however, basal FVC and diffusion capacity of lungs 
were significantly lower in non-survived group (respec-
tively p =  0.02 and p <  0.001). Among laboratory param-
eters, C-reactive protein (CRP) was significantly higher 
in non-survived group (p =  0.004).

NLR and PLR levels at the time of diagnosis and at the 
first year of the antifibrotic therapy were similar between 
survived and non-survived groups (for basal NLR and 
PLR, respectively, p =  0.70 and 0.87; for NLR and PLR at 
first year, respectively, p =  0.13 and p =  0.16).

However, for the total study population, change in NLR 
at first year was significantly higher from the basal NLR 
level (p =  0.03). Basal PLR levels and 1st year PLR levels 
were similar (p =  0.30). When survived and non-survived 
population were separately evaluated, it was found that 
increment in NLR at first year was significant in non-sur-
vived group (p =  0.01), whereas NLR levels were similar 
in survived patients (p =  0.82). The same situation was 
evident for PLR levels, but PLR increments at first year 
were at the edge of significance for non-survived popula-
tion (p =  0.07). Changes of NLR and PLR levels at first 
year of antifibrotic therapy in survived and non-survived 
populations are presented in Table 2.

There was not any statistically significant difference of 
repeated measures of NLR and PLR in all GAP stages (for 
NLR, p = 0.41 in GAP stage I, p = 0.12 in GAP stage II, 
p = 0.6 in GAP stage III; for PLR, p = 0.63 in GAP stage 
I, p = 0.33 in GAP stage II, p = 0.18 in GAP stage III). 
However, NLR levels at diagnosis, NLR levels at first year, 

and PLR levels at first year were significantly elevated in 
GAP stage III patients (respectively, median 3.55 (inter-
quartile range (IQR): 3.38) vs. median 2.3 (IQR 1.22), p =  
0.02; median 5.44 (IQR: 4,73) vs. median 2.44 (IQR: 1.4) 
p =  0.01; and median 184.5 (IQR: 185.8) vs. median 124.8 
(IQR: 58.9), p =  0.05).

Patients were evaluated according to the antifibrotic 
medication used, and in patients treated with pirfeni-
done, elevations in NLR and PLR levels at first year were 
significant, whereas it was nonsignificant in nintedanib 
group (in pirfenidone group, p =  0.004 for NLR and 
p = 0.007 for PLR; in nintedanib group, p = 0.97 for NLR 
and p =  0.16 for PLR). Data are presented in Table 3.

When patients were separated into four groups accord-
ing to their survival status and antifibrotic medication, it 
was seen that significant NLR and PLR elevations were 
only present in non-survived pirfenidone group (respec-
tively, p =  0.02 and p =  0.01). NLR and PLR change in 
these four groups is seen in Table 4.

Regarding the whole study population, multivariate 
analysis of possible predictive factors of mortality was 
carried out considering BMI, GAP index, the presence of 
comorbidities, smoking status, and the presence of NLR 
and PLR increments. GAP index was the only predictive 
factor remained in the equation of multivariate analysis 
(HR: 3.11, 95% CI: 1.44–6.71, p = 0.004).

Discussion
In this study, our results show a marked increase in NLR 
and PLR levels in non-survived patient population at 
the first year of antifibrotic treatment. This increment 
is prominent and significant in NLR levels and was not 
detected in survived group. Although NLR and PLR lev-
els at first year were similar between survived and non-
survived population, change of these levels according to 

Fig. 1 Flow diagram of study population
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pretreatment levels may give information about progno-
sis of IPF. This increment is mostly prominent in non-
survived pirfenidone-treated subgroup.

NLR and PLR are simple, easily obtained biomarkers 
of oxidative stress and inflammation, first analyzed in 

critically ill patients with sepsis and systemic infection 
[2]. Beside acute illnesses and cancers, prognostic role 
of these simple markers was also evaluated in chronic 
conditions, like chronic obstructive pulmonary dis-
ease, chronic ischemic heart disease, and IPF [10–12]. 

Table 1 Demographic, clinical, radiological, and laboratory characteristics of the study population and comparison of the survived 
and dead patients

SD standard deviation, IPF idiopathic pulmonary fibrosis, COPD chronic obstructive pulmonary disease, FVC forced vital capacity, DLCO diffusion capacity of lungs, IQR 
interquartile range, CRP C-reactive protein, NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio, HRCT  high-resolution computed tomography, UIP 
usual interstitial pneumonia, GAP gender-age-physiology

Characteristics Total study population 
(n =  125)

Survived(n =  53) Non-survived(n =  72) p

Age, mean ± SD 67.9 ± 7.27 67.5 ± 7.27 68.2 ± 7.31 0.55

Sex, male, n (%) 100 (80) 42 (79.2) 58 (80.6) 1.00

Smoking, n (%) 84 (67.2) 32 (61.5) 52 (72.2) 0.25

Smoking packet-years, mean ± SD 39.8 ± 35.0 34.6 ± 21.7 42.9 ± 40.8 0.32

Family history of IPF, n(%) 8 (6.4) 2 (3.8) 6 (8.3) 0.47

Comorbidities, n(%) 70 (56) 26 (49.1) 44 (61.1) 0.21

Diabetes mellitus, n(%) 27 (21.6) 8 (15.1) 19 (26.4) 0.19

Hypertension, n(%) 28 (22.4) 12 (22.2) 16 (22.6) 1.00

Cardiovascular disease, n(%) 39 (31.2) 14 (26.4) 25 (34.7) 0.34

COPD, n(%) 15 (12) 4 (7.5) 11 (15.3) 0.27

Lung cancer, n(%) 6 (4.8) 0 6 (8.3) 0.04
Clubbing, n (%) 26 (20.8) 8 (15.4) 18 (25) 0.26

IPF exacerbation history 8 (6.4) 0 8 (11.1) 0.02
Body mass index, kg/m2, mean ± SD 27.9 ± 3.98 28.3 (3.32) 27.6 (4.40) 0.33

FVC, lt, mean ± SD 2.35 ± 0.69 2.51 ± 0.75 2.23 ± 0.61 0.02
DLCO, mmol/kPa/min, mean ± SD 3.96 ± 1.60 4.43 (2.67) 3.11 (1.49)  < 0.001
Laboratory

 Hemoglobin, g/dl, mean ± SD 13.94 ± 1.43 13.8 ± 1.17 14.02 ± 1.6 0.48

 Leucocytes, /mm3, median (IQR) 8300 (2600) 7950 (2975) 8700 (2450) 0.20

 Neutrophils, /mm3, median (IQR) 5250 (2050) 4900 (1950) 5550 (1950) 0.21

 Lymphocytes, /mm3, median (IQR) 2100 (1000) 2100 (775) 2150 (1200) 0.54

 Platelets, /mm3, median (IQR) 257,000 (92,500) 237,000 (95,250) 260,000 (95,500) 0.17

 CRP, mg/dl, median (IQR) 0.47 (0.62) 0.31 (0.70) 0.58 (0.53) 0.004
 NLR, median (IQR) 2.3 (1.7) 2.32 (1.30) 2.43 (1.89) 0.70

 PLR, median (IQR) 119.4 (64.3) 121.1 (58.2) 118.2 (75.5) 0.87

 NLR, 1st year, median (IQR) 2.5 (1.8) 2.39 (1.4) 2.75 (1.88) 0.13

 PLR, 1st year, median (IQR) 130 (70.5) 113.3 (54.0) 136.7 (82.1) 0.16

 Biopsy proven disease, n(%) 30 (24) 18 (34) 12 (16.7) 0.03
 HRCT, definite UIP pattern, n(%) 92 (73.6) 33 (62.3) 59 (81.9) 0.02
 Honeycombing, n(%) 93(74.4) 34 (64.2) 59 (81.9) 0.04
 Traction bronchiectasis, n(%) 71 (56.8) 22 (41.5) 49 (68.1) 0.004
 Emphysema, n(%) 19 (15.2) 9 (17) 10 (13.9) 0.80

 Home oxygen treatment, n(%) 23 (18.4) 1 (1.9) 22(30.6)  < 0.001
Antifibrotic treatment

 Pirfenidon, n(%) 68 (54.4) 26 (49.1) 42 (58.3) 0.37

 Nintedanib, n(%) 57 (45.6) 27 (50.9) 30 (41.7) 0.37

 Clinical progression, n(%) 10 (8) 3 (6.3) 7 (10.1) 0.52

 Treatment cessation, n(%) 24 (19.2) 7 (14.6) 18 (26.1) 0.17

 GAP stages II or III, n(%) 75 (60) 23 (43.4) 52 (72.2) 0.002



Page 5 of 7Özdemir et al. The Egyptian Journal of Bronchology           (2024) 18:28  

However, change of these parameters during follow-up of 
IPF patients was investigated in a few studies.

Chen et  al. found a significant association between 
baseline NLR levels and IPF mortality; higher NLR lev-
els on admission were correlated with shorter survival 
time [13]. Also, NLR and PLR levels were negatively cor-
related with  PaO2/FiO2 levels. In non-survived subgroup 
of their study population, they compared NLR, PLR, and 
MHR levels before death and in their last admission and 
found that NLR levels were significantly elevated com-
pared with the baseline levels. However, this subgroup of 
patients had acute exacerbation of IPF causing inhospital 
mortality, and elevated NLR levels were associated with 
acute exacerbation-related deaths. In our patient popu-
lation, eight patients had at least one acute exacerbation 
history, all of which were in non-survived group. How-
ever, NLR and PLR levels at first year were obtained dur-
ing routine follow-up visit of patients.

In the post hoc analysis of double-blind trials of pir-
fenidone, Nathan et  al. found that greatest change in 
NLR levels at 12  months, rather that PLR levels, was 
associated with worse outcome parameters, includ-
ing mortality [14]. In contrast to our study, they found 
this association to be more prominent in placebo 
group, and the authors concluded that these biomarker 

changes may be less suitable for IPF patients given anti-
fibrotic therapy. Our study population does not include 
treatment naive patients, and our results show more 
significant elevations of these markers in pirfenidone-
treated subgroup. Studies shown immune modulatory 
effects of pirfenidone, while anti-inflammatory effects 
of nintedanib are less prominent [15–18]. The dif-
ference between pirfenidone and nintedanib groups 
may be related to these immunomodulatory effects of 
pirfenidone.

In the study of Zinellu et  al., NLR and PLR levels, 
together with other blood indexes, were found to be ele-
vated in IPF patients, and NLR levels were also correlated 
with FVC and  DLCOlevels [19]. We also found that NLR 
levels at first year and at diagnosis and PLR levels at first 
year were significantly higher in GAP stage III patients as 
expected. However, we failed to show any significant dif-
ference between NLR and PLR levels at first year and at 
diagnosis according to disease stage.

One of the remarkable results of our study was that 
all patients with IPF and lung cancer were in the non-
survived group. Previous studies have reported worse 
prognosis in IPF patients with lung cancer [20, 21]. In 
the study of Mohamed S. et  al., lung cancer was one of 
the most significant predictors of survival in IPF patients 

Table 2 Changes in NLR and PLR levels at first year of antifibrotic therapy in survived and non-survived populations

Data are presented as median (interquartile range), NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio

NLR levels at 
diagnosis

NLR levels at 1st year p-values PLR levels at diagnosis PLR levels at first year p-values

Survived 2.32 (1.27) 2.35 (1.4) 0.82 121.1 (53.7) 112 (52.5) 0.50

Non-survived 2.33 (1.87) 2.75 (1.88) 0.01 119.3 (81) 136.7 (82.1) 0.07

Total population 2.33 (1.52) 2.52 (1.48) 0.03 119.4 (63.8) 127.5 (62.4) 0.31

Table 3 Changes in NLR and PLR levels at first year of antifibrotic therapy in patients according to antifibrotic medication

Data are presented as median (interquartile range), NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio

NLR levels at 
diagnosis

NLR levels at 1st year p-values PLR levels at diagnosis PLR levels at first year p-values

Nintedanib 2.3 (1.62) 2.26 (1.46) 0.97 123.2 (68.7) 123.6 (58.5) 0.16

Pirfenidone 2.33 (1.66) 2.78 (1.66) 0.004 111.3 (66.9) 130.9 (78.8) 0.007

Table 4 Changes in NLR and PLR levels at first year of antifibrotic therapy in patients according to antifibrotic medication and survival

Data are presented as median (interquartile range), NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio

NLR levels at 
diagnosis

NLR levels at 1st year p-values PLR levels at diagnosis PLR levels at first year p-values

Non-survived (pirfenidone) 2.22 (1.78) 2.55 (1.89) 0.02 105.7 (69.9) 134.2 (93.2) 0.01
Survived (pirfenidone) 2.55 (1.45) 2.80 (1.38) 0.41 117.8 (59.8) 128.7 (59.5) 0.3

Non-survived (nintedanib) 2.56 (2.08) 2.82 (2.0) 0.57 136.6 (74.6) 137.1 (64.5) 0.88

Survived (nintedanib) 2.11 (1.27) 2.11 (0.89) 0.53 121.1 (46.8) 105.9 (36.8) 0.04
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with a hazard ratio of 5.43 [21]. Our results are in accord-
ance with these findings.

There are some limitations of our study. Data are ret-
rospectively collected, and study population is from a 
single center and limited for obtaining robust evidence. 
We were not able to perform multivariate analysis in 
subgroup of patients, due to limited number of patients.
However, we found our results important as it represents 
data of IPF patients in antifibrotic era.

Conclusions
Beside from baseline levels, elevated levels of NLR at the 
first year of antifibrotic treatment may be a sign of worse 
prognosis in IPF patients, especially in patients treated 
with pirfenidone. Future studies are needed to elucidate 
the prognostic role changes of these simple parameters, 
NLR and PLR, and their association with treatment 
response or future acute exacerbation risk.
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