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INTRODUCTION
Approximately one-third of patients with non-small cell lung cancer (NSCLC) have locally advanced 
disease at the time of diagnosis. A meta-analysis of randomized trials have shown that appropriately 
selected patients with locally advanced NSCLC have a survival advantage when treated with concomi-
tant chemoradiotherapy (CRT), which is now a widely used type of treatment for such patients (1). The 
addition of induction or consolidation chemotherapy concomitant CRT results in increased toxicities 
but does not further improve survival compared with CRT alone in patients with stage III inoperable 
NSCLC (2, 3).

In the trials including meta-analysis, the reported grade 3 to 4 hematological toxicity rates were highly 
variable across trials, from fewer than 20% to more than 90%, as the type of chemotherapy and the 
timing of control blood counts were different among trials (1). Thus, patients who develop grade 3 or 4 
myelosuppression often cause treatment interruptions and increase the risks of infection or bleeding. 
Therefore, myelosuppression worsens the patient quality of life (QoL) and can cause prolonged hos-
pitalization. Unscheduled interruptions in radiotherapy have been associated with a reduced proba-
bility of local control of tumors in patients with lung cancer receiving potentially curative treatments 
(4). It would be crucial to identify the patients who are the highest risk of myelosuppression. Thus, 
high-risk patients could be monitored more closely for myelosuppression.
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Abstract

Objective: Concomitant chemoradiotherapy (CRT) is the standard treatment for patients with stage III non-small cell lung cancer (NSCLC). Mye-
losuppression can be a significant problem in concomitant CRT. The aim of this study was to assess the parameters obtained before concomitant 
CRT to define the risk factors for myelosuppression in patients with locally advanced NSCLC.

Methods: We retrospectively analyzed 81 patients with NSCLC who received concomitant platinum-based chemoradiotherapy between January 
2008 and December 2012. Seventy-eight patients (96.2%) received etoposide (50 mg/m2, intravenously on days 1–5, 29–33) plus cisplatin (50 mg/
m2, on days 1, 8, 29, and 36), and 3 patients (3.8%) received docetaxel (20 mg/m2/w, on weeks 1–8) plus cisplatin (20 mg/m2/w, on weeks 1–8) con-
currently with thoracic radiotherapy to a total dose of 40–66.6 Gy. The risk factors were examined for their association with myelosupression (grade 
3 or 4 leukopenia, neutropenia, thrombocytopenia, or anemia) by logistic regression analysis. 

Results: Grade 3 or higher neutropenia, leukopenia, thrombocytopenia, or anemia occurred in 51.8%, 53%, 8.6%, and 7.4% of the patients, respe-
ctively. Multivariate analysis revealed that the risk factors for neutropenia were performance status (p=0.032), white blood cell count (p=0.023), and 
pretreatment creatinine level (p=0.018). On multivariate analysis, white blood cell count (OR, 3.311; p=0.027; 95% CI, 1.148–9.545) was found as 
significant risk factor for CRT-induced leukopenia

Conclusion: Patients with a poor pretreatment performance status, low white blood cell count, and high creatinine level are at a risk of myelosup-
ression. These characteristics of the patients should be considered while making treatment decisions. 
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In a previous study, Jiang et al. (5) examined the association between 
patient characteristics and CRT-induced myelosuppression in ad-
vanced NSCLC. They reported some risk factors for myelosuppression; 
however, 35.5% of their patients received induction chemotherapy be-
fore CRT (5). Therefore, the results of their trial do not properly explain 
the risk factors of myelosuppression in patients treated with concomi-
tant CRT alone, which is now a widely used type of treatment.

To the best of our knowledge, there has been no study examining the 
risk factors for myelosuppression in patients with locally advanced 
NSCLC treated with concomitant CRT alone. The purpose of this 
study was to identify risk factors associated with grade 3–4 myelo-
suppression in these patients.

METHODS

Patients
A total of 81 patients with stage IIIA and B NSCLC, consecutively 
treated with concomitant chemoradiotherapy between January 
2008 and December 2012, were identified in our departmental data-
base. All patients comprised the study cohort.

Eligible patients had the following criteria: histological/cytological di-
agnosis of NSCLC, no prior radiotherapy (RT) or chemotherapy; ECOG 
performance status (PS) of 0 to 1 at baseline; unintended weight loss 
of <10% in the 6 months; and adequate pretreatment bone marrow 
(absolute neutrophil count ≥1,500/μL, platelets ≥100,000/μL, and 
hemoglobin ≥10 g/dL), renal (serum creatinine ≤1.3 mg/dL or cal-
culated creatinine clearance ≥50 mL/min), and hepatic function. Pa-
tients were excluded if they had malignant effusions (pleural or peri-
cardial) or significant cardiac disease (unstable angina, myocardial 
infarction in the previous year, congestive heart failure, uncontrolled 
hypertension, or ventricular arrhythmias requiring medication). The 
protocol was approved by institutional ethics review boards, and all 
patients provided written informed consent before the treatment.

This study was approved by the Ethics Committee of Dr. Suat Seren 
Chest Disease and Surgery Training and Research Hospital. Informed 
consent was obtained from all patients for procedures and the use of 
medical records.

Treatment Schedules
Eligible patients were intravenously (IV) treated with 50 mg/m2 cis-
platin on days 1, 8, 29, and 36 plus IV 50 mg/m2 etoposide on days 1–5 
and 29–33 or with weekly IV 20 mg/m2 docetaxel on weeks 1–8. Tho-
racic RT was administered as 1.8–2.0 Gy daily treatments for 5 days 
each week, starting within 1 hour of the first day of chemotherapy.  
The total doses of RT were 40–66.6 Gy.

Clinical Parameters Before Treatment
Data were collected on all patients for age, sex, amount of weight loss 
in six months before treatment, body mass index (BMI), body surface 
area (BSA), ECOG performance status (PS), clinical TNM staging, and 
radiation dose. Disease stages were classified as per the TNM classi-
fication of the International Union against Cancer 7th edition (6, 7).

Biological Parameters Before Treatment
Blood tests were performed before starting the treatment, and the 
following parameters were measured: white blood cell count (WBC), 
hemoglobin (Hb), platelet count (Plt), serum creatinine (Cr), lactate 
dehydrogenase (LDH), albumin (Alb), and calculated creatinine clear-
ance (CrCl). Creatinine clearance was determined as 140 − patient 
age × weight in kilograms/72 × serum creatinine × (0.85 for female 
patients).

Toxicity
The endpoint of this survey was the occurrence of grade 3–4 anemia, 
thrombocytopenia, leukopenia, and neutropenia. Myelosuppression 
was assessed on a weekly basis during CRT and graded 0–4 accord-
ing to the National Cancer Institute Common Toxicity Criteria (ver 
3.0). Grade 3–4 myelosuppressions were determined by analyzing 
the collected hematological data.

Statistical Analysis
The clinical and biological parameters were examined for their asso-
ciation with myelosuppression (grade 3 and 4 anemia, thrombocyto-
penia, leucopenia, and neutropenia) by univariate analysis with chi-
square or Fisher’s exact test. The moderately significant factors at the 
<0.25 level were considered for inclusion in a multivariate analysis. 
For multivariate analysis, logistic regression was used to identify in-
dependent risk factors for CRT-induced myelosuppression in patients 
with lung cancer. For each factor, the odds ratio and 95% confidence 
interval were calculated and p<0.05 was considered to be significant. 
Statistical analysis was performed using SPSS (Version 16.0. SPSS Inc, 
Chicago, IL, USA).

RESULTS

Patient Characteristics
From January 2008 to December 2012, 81 patients with a clinically 
staged IIIA and B of NSCLC were enrolled in this study. Seventy-eight 
patients were treated with cisplatin plus etoposide. Baseline histo-
pathological characteristics and demographical features of the pa-
tients are listed in Table 1. The median age at diagnosis was 57 years 
(range, 40–72), wherein males constituted a majority of the group 
(n=78, 92.6%). The most predominant histological type was squamous 
cell carcinoma (53; 65.4%), followed by adenocarcinoma (14; 17.3%) 
and NSCLC, unidentified for subtypes (14; 17.3%). Further, 52 patients 
(64.1 %) had a good PS (ECOG 0), and the other patients had PS 1.

In all included patients, grade 3–4 myelosuppressions were observed 
as follows: neutropenia in 42 (51.8%), leukopenia in 43 (53%), throm-
bocytopenia in 7 (8.6%), and anemia in 6 (7.4%).

Risk Factors for Neutropenia
On univariate analysis, CRT-induced neutropenia was associated with 
age, PS, BSA, WBC, Cr, and Crcl (p<0.25). On multivariate analysis, PS 
[odds ratio (OR), 3.196; p=0.032; 95% confidence interval (CI), 1.104–
9.524], WBC (OR, 3.250; p=0.023; 95% CI, 1.173–9.009) and Cr (OR, 
3.325; p=0.018; 95% CI, 1.228–8.999) were shown to be independent 
significant risk factors for neutropenia (p<0.05; Table 2).
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Risk Factors for Leukopenia
On univariate analysis, age, PS, BMI, BSA, WBC, Hb, and Ccrl were 
shown to be risk factors for leukopenia (p<0.25). On multivariate 
analysis, WBC (OR, 3,311; p=0.027; 95% CI, 1.148–9.545) was found as 
significant risk factor for CRT-induced leukopenia (p<0.05; Table 2).

Risk Factors of Anemia and Thrombocytopenia
On univariate analysis, BSA, stage, RT dose and WBC were proved to 
be risk factors for anemia. CRT-induced thrombocytopenia was asso-
ciated with age, PS, radiation dose, LDH, albumin, and Ccrl (p<0.25). 
On multivariate analysis, no significant association was found be-
tween patient characteristics and anemia or thrombocytopenia 
(p>0.05, Table 2).

DISCUSSION
The aim of the present study was to identify risk factors that may 
affect myelosuppression in patients with locally advanced NSCLC 
treated with concomitant CRT. Severe neutropenia induced by che-
moradiotherapy is associated with the potential risk of toxic death 
because of infection and may interrupt in radiotherapy or chemo-
therapy. It would be useful to identify risk factors for severe neu-
tropenia during chemoradiotherapy. This audit has provided some 
insight into the risk of neutropenic complications. From the multivar-
iate analysis, PS, pretreatment WBC and creatinine level identified as 
significant risk factors that independently contributed for neutrope-
nia; pretreatment WBC was identified for leukopenia.

The treatment of this patient population remains controversial be-
cause of the heterogeneity of the patients with locally advanced 
NSCLC. Surgery alone is not recommended as the standard therapy. 
Further, primary surgery has been shown to have poor outcomes in 
certain subgroups of patients with this disease. The most common 
treatment modalities are concomitant CRT or in some patients tri-
modality therapy, which involves CRT followed by surgery. The aims 
of the concomitant chemoradiotherapy are the improvement of 
local control and eradication of distant metastasis, while avoiding 
excessive toxicities. The delivery of full-dose chemotherapy may be 
required for reducing distant failure; however, this may be problem-
atic because of toxicities, such as esophagitis, pneumonitis, or myelo-
suppression. Chemotherapy and radiotherapy cause different types 
of bone marrow injury. Chemotherapy causes injures all of the bone 
marrow. In contrast, bone marrow injury occurs only within the irra-
diated volume during radiotherapy (8).
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Table 1.  Patient characteristics

Age (years)

 <60

 ≥60

Sex

 Male

 Female

ECOG

 0

 1

Body mass index (kg/m2)

 ≤18.5

 >18.5

Body surface area (m2)

 <2

 ≥2

Weight loss

 Yes

 No

TNM stage

 IIIA

 IIIB

Radiotherapy dose 

 >60 Gy

 ≤60 Gy

White blood cell count (×103 /μL)

 <10000

 ≥10000

Hemoglobin (g/dL)

 >11

 ≤11

Platelet (×104/μL)

 <300000

 ≥300000

LDH (IU/L)

 <250

 ≥250

Albumine (g/dL)

 <3

 ≥3

Creatinine (mg/dL)                            

 <1

 ≥1

Creatinine clearance (mL/min)

 <70

 ≥70

53

28

78

3

52

29

5

76

68

13

24

57

39

42

68

13

50

31

75

6

26

55

70

11

4

77

43

38

72

9

65.5

34.5

96.2

3.8

64.2

35.8

6.2

93.8

83.9

16.1

29.6

70.4

48.2

51.8

83.9

16.1

61.7

38.3

92.5

7.5

32

68

86.4

13.6

5

95

53

47

88.8

11.2

55.6±7.8

24.5±4.3

1.8±0.1

60.8±6.1

10.9±12.8

13.1±1.4

35.9±13

199.0±78

3.9±0.4

0.9±0.1

  90.0±16.9

40

14.8

1.5

40

5.9

9.1

11.8

93

2.7

0.5

47.3

ECOG: Eastern Cooperative Oncology Group

  n % Mean±SD Min Max

Myelosuppression  Risk factors OR 95%  CI p

Neutropenia ECOG 0 (vs 1) 3.196 1.104–9.524 0.03*

 WBC ≥10000 (vs <10000) 3.250 1.173–9.009 0.02*

 Cr (mg/dL) <1 (vs ≥1) 3.325 1.228–8.999 0.01*

Leukopenia WBC ≥10000 (vs <10000) 3.311 1.148–9.545   0.02*

p < 0.05
CI: Confidence interval; Cr: creatinine; ECOG: Eastern Cooperative Oncology 
Group; OR: odds ratio; WBC: white blood cell count  

Table 2. Multivariate analysis of risk factors for myelosuppression
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Cisplatin plus etoposide is most frequently used in combination with 
concomitant radiotherapy in patients with lung cancer. Grade 3 and 
4 hematological toxicities associated with concomitant CRT with cis-
platin plus etoposide were as follows in the study by Hanna et al. (2). 
In patients receiving CRT alone, 32% experienced grade 3–4 neutro-
penia, 5.9% had grade 3–4 anemia, and 10.8% experienced throm-
bocytopenia. In other trial, grade 3–4 anemia was observed in 28% of 
patients. Grade 4 neutropenia occurred in 32% of patients (9). In our 
study, grades 3–4 neutropenia and leukopenia were most frequently 
detected, and thrombocytopenia and anemia occurred in 42 (51.8%), 
43 (53.0%), 7 (8.6%), and 6 (7.4%) patients, respectively. Grade 3–4 
neutropenia was more frequent in the present study than in the stud-
ies by Hanna et al. (2) and Albain et al. (9).

The performance status is a general measure of the patient function-
al status. Moreover, there is a correlation between a poor PS and tol-
erability of treatment for patients with lung cancer. Patients with PS 
2 were at a higher risk of severe toxicity than those with PS 0/1 (5, 10).  
However, in trials comprising patients with lung cancer treated with 
concurrent CRT, patient eligibility criteria comprises an ECOG per-
formance status of 0 or 1 at baseline. It was a widely postulated 
opinion that patients with PS 0 or 1 were at the same risk of severe 
toxicity. From our investigation, we found that patients with PS 1 
had a 3.196-times higher risk of neutropenia than those with PS 0 
(p=0.03).

Creatinine clearance has been a commonly used tool for determining 
the renal function of cancer patients. Reduced creatinine clearance is 
associated with toxicities. Further, creatinine clearance is known to 
be a predictor of hematological toxicity in non-platinum chemother-
apy regimen in a study by Lheureux (11). Our study did not reveal any 
association between neutropenia and creatinine clearance. However, 
our study revealed that baseline creatinine level was associated with 
severe neutropenia after CRT for lung cancer. We found that patients 
with baseline creatinine level ≥1 mg/dL had a 3.325-times higher 
risk of neutropenia than those with <1 mg/dL (p=0.01) but for not 
leukopenia. Furthermore, Jiang N et al. (5) found that creatinine >0.9 
mg/dL was associated with a 3.478-fold greater incidence of grade 
3–4 leukopenia. Previous studies have also shown that patients with 
a pretreatment creatinine level >1.0 mg/dL had a higher risk of leu-
kopenia (12, 13).

It has also been reported that pretreatment WBC counts are predic-
tive of severe neutropenia in patients with early-stage breast cancer 
(14, 15). In our study, patients with lower pretreatment WBC are more 
likely to experience grade 3–4 neutropenia and leukopenia with 
higher risk of 3,250 and 3,311, respectively. Low WBC may probably 
indicate bone marrow insufficiency.

The patients in the highest risk group for severe neutropenia 
defined as pretreatment creatinine level ≥1 mg/dL, pretreatment 
WBC counts <10.000, and ECOG PS of 1 in our cohort, none of our 
variables were found to be independently associated with thrombo-
cytopenia and anemia. The most important risk factors for treatment 
interruption with thrombocytopenia based on multivariate analysis 

were concurrent chemoradiotherapy in analysis by Mac Manus et 
al. (16). Anemia is a not an uncommon complication in patients re-
ceiving chemotherapy and radiotherapy. A decrease in Hb count 
can lead to several symptoms, such as fatigue, asthenia, and the 
deterioration of life quality. The incidence of grade 3–4 anemia and 
thrombocytopenia (7.4% and 9.6%, respectively) were low rate in 
our study. Therefore, we could not detect any risk factor for anemia 
and thrombocytopenia.

This study has the following disadvantages: 1) A single center with a 
relatively small number of patients and 2) The incidence of grade 3–4 
anemia and thrombocytopenia were low rate. They also had the fol-
lowing disadvantages: 1) Almost all analyzed patients were treated 
with cisplatin and etoposide regimen (96.2%) and 2) All patients were 
treated with concomitant CRT alone. As a result, the patients consti-
tuted the homogenous group.

Although the present study was a small-scale review of actual clinical 
practice, this information on grade 3-4 neutropenia and leukopenia 
is considered to markedly contribute to the safe and effective use of 
concurrent chemoradiotherapy for the treatment of locally advanced 
NSCLC.

CONCLUSION
Patients with a poor pre-treatment performance status, low white 
blood cell count, and high creatinine level are at a risk of myelosupp- 
ression. These patient characteristics should be considered while 
making treatment decisions.
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