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Purpose: This study was designed to develop a nomogram for predicting neutropenia 
caused by chemotherapy in non-small cell lung cancer (NSCLC) patients.
Patients and Methods: Information was collected from 376 patients between 
November 2017 and November 2020. The endpoint was chemotherapy-induced neutropenia 
(absolute neutrophil count <2×109/L). Logistic regression was performed to appraise the 
prognostic value of each potential predictor. Risk predictors from the final predictive model 
were used to generate a nomogram. C-index and calibration curve as well as decision curve 
analysis (DCA) was applied to evaluate model performance.
Results: The multivariate regression model ultimately included three predictors: previous 
radiotherapy, the current cycle of chemotherapy and neutrophil counts before current che-
motherapy. A nomogram was developed and displayed better discrimination (with C-index of 
0.875 in the development group and 0.907 in the validation group). Favorable consistency 
was shown between predicted probability and observed probability in the calibration curves. 
DCA illustrated that when the threshold probability was 8%-90%, the predictive model 
provided a net benefit relative to the intervention-all or the intervention-none strategy, 
indicating that the nomogram had favorable potential clinical utility.
Conclusion: This nomogram will be an available tool to quantify the risk of neutropenia 
after chemotherapy in patients who suffer from NSCLC and deserves further external 
validation.
Keywords: chemotherapy, neutropenia, nomograms, non-small cell lung cancer

Introduction
Chemotherapy plays a significant part in methods to treat non-small cell lung cancer,1 

and neutropenia is a major adverse event following chemotherapy. A review reported that 
chemotherapy-induced neutropenia is correlated with the chemotherapy drug dose 
reductions as well as delays that can compromise therapeutic efficacy and severe 
infections.2 Furthermore, neutropenia-related complications often give rise to additional 
health care costs.3 To settle these problems, many studies endeavored to find measures 
for reducing the occurrence of chemotherapy-induced neutropenia. Relevant researches 
have concluded that the prophylactic utilization of colony-stimulating factor (CSF) can 
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reduce the occurrence rate of infection-related hospitalization, 
severity, risk and duration of neutropenia.4–7 However, 
because of the associated costs, CSF is recommended for high- 
risk patients with neutropenia-related complications.8,9 Hence, 
numerous studies have sought to determine risk factors that 
can identify high-risk patients, to maximize the benefits and 
decrease medical costs by using more economical and effec-
tive prevention strategies.

There have been a great number of prediction models of 
chemotherapy-induced neutropenia, but most of them are for 
solid tumors. Moreover, to enhance the cost-effectiveness of 
colony-stimulating factor, many models were constructed to 
predict severe (absolute neutrophil count <1×109/L) and febrile 
(temperature≥38°C) neutropenia.10–12 These models excluded 
other patients who also experienced chemotherapy-induced neu-
tropenia, like patients who had neutropenia-related infections 
while did not meet the standards mentioned above. Besides, to 
develop more useful prevention strategies, dose individualiza-
tion, prophylactic antibiotics and other measures are also being 
investigated besides prophylactic CSF.13–15 Therefore, these pre-
dictive models have some limitations in the application.

For constructing a model that was appropriate for other 
prevention measures and detected neutropenia in time, 
a clinical nomogram that can predict the risk of neutropenia 
after chemotherapy for patients who have non-small cell lung 
cancer was developed and subsequently validated internally. The 
outcome was defined as the neutrophil count is less than 2×109/L 
in this research, which was different from most extant models.

Patients and Methods
Participants and Data Collection
This study developed an NSCLC dataset and the data were 
collected between November 2017 and November 2020 at 
Fujian Provincial Hospital in China. Inclusion criteria were: 1) 
All participants were pathologically confirmed to suffer from 
NSCLC. 2) The patients who had to accomplish at least 1 cycle 
of chemotherapy. 3) PS (performance status) ≤2. 4) Blood routine 
was performed before chemotherapy. 5) Blood routine was 
performed at least once a week for three consecutive weeks 
after chemotherapy. Exclusion criteria were: 1) Neutropenia 
occurred in prior chemotherapy. 2) Colony-stimulating factor 
(CSF) was used before chemotherapy. 3) Patients with 
a history of primary hematological diseases. Potential predictive 
factors were filtrated based on the literature and clinical reason-
ing. So we collected demographic characteristics, clinical char-
acteristics and laboratory results included age, gender, body 
surface area, histological type, initial stage, bone metastases, 

number of drugs in the current chemotherapy, prior history of 
radiotherapy, previous history of surgery, the current cycle of 
chemotherapy, and neutrophil counts before current chemother-
apy. All data came from electronic medical records without 
missing data. The ethics committee of Fujian Provincial 
Hospital approved this retrospective cohort study (approval num-
ber: K2021-01-010) and approved the waiver of informed con-
sent due to the retrospective nature of the study. Furthermore, the 
ethics committee ensured all patient data confidentiality and its 
compliance with the Declaration of Helsinki.

Development and Internal Validation 
Population
A total of 376 patients were enrolled in total and were 
separated randomly into development (n=264) and valida-
tion (n=112) population using a 70% versus 30% split by 
R software version 4.0.3.

Assessment of Neutropenia
Blood routine examination data, including neutrophil count 
(cells×109/L), were collected after chemotherapy and at least 
once per week for three weeks. Neutropenia (neutrophil count 
< 2×109/L) has been used as an indicator for evaluating toxic 
effects of chemotherapy in many studies16–20 according to WHO 
HANDBOOK FOR REPORTING RESULTS OF CANCER 
TREATMENT. Following the WHO criteria21 for myelosup-
pression, neutropenia signified the neutrophil count is less than 
2×109/L. For patients with multiple episodes of neutropenia, the 
data from the first occurrence of neutropenia were collected. For 
patients who had never experienced neutropenia during che-
motherapy, the date from the most recent chemotherapy was 
collected.

Statistical Analysis
Continuous variables were presented as median (interquar-
tile range), and Mann–Whitney U-test was applied in the 
inter-group comparisons. In addition, categorical variables 
were expressed as frequency and proportion, and Fisher’s 
exact test or chi-squared test was performed in the inter- 
group comparisons. Univariate logistic regression analysis 
was performed to analyze the relationship between neu-
tropenia as a dependent variable and each of potential 
predictors as an independent variable for selecting diag-
nostic factors in the development cohort. Potential predic-
tors with P-value <0.1 were chosen for multivariate 
analysis which was performed with forward stepwise 
logistic regression on, to construct multivariate diagnostic 
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model. The statistical analysis mentioned above was per-
formed by using IBM SPSS Statistics version 20.0.A 
nomogram was constructed to predict the probability of 
neutropenia caused by chemotherapy in patients with 
NSCLC by risk predictors in the final multivariate logistic 
regression model, and ROC curve was plotted to estimate 
the ability of the predictive model. C-index, calibration 
curve as well as decision curve analysis was applied to 
estimate discrimination, as well as calibration and clinical 
utility. R software version 4.0.3 was used for statistical 
analysis in this section.

Results
Participant Characteristics
This study included data from 376 patients. The development 
group consisted of 264 patients. The median age was 61.5 years 
(range,25 to 80), 72.7% were male and 41.7% had stage 4 lung 
cancer. The internal validation group consists of 112 patients. 
The median age was 61 years (range,27 to 78), 72.3% were 
male and 47.3% had stage 4 lung cancer. A total of 125 
episodes of neutropenia were observed in total in the develop-
ment group and 55 episodes in the validation group throughout 
the research period. Characteristics are depicted in Table 1, all 

Table 1 Characteristics in Development Group and Validation Group

Factors Development Group (n=264) Validation Group (n=112) Z/χ 2 P value

Age 61.5 (13) 61 (13) −0.012 0.990

Gender (%) 0.007 0.936
Male 192 (72.7) 81 (72.3)

Female 72 (27.3) 31 (27.7)

Body surface area 1.65 (0.21) 1.7 (0.2) −1.601 0.109

Histological type (%) 0.178 1
Adenocarcinoma 177 (67.0) 76 (67.9)

Squamous carcinoma 80 (30.3) 34 (30.4)

Large cell carcinoma 7 (2.7) 2 (1.8)

Initial stage (%) 2.151 0.542

I 33 (12.5) 10 (8.9)
II 37 (14) 12 (10.7)

III 84 (31.8) 37 (33.0)

IV 110 (41.7) 53 (47.3)

Bone metastases (%) 0.261 0.609

Yes 46 (17.4) 22 (19.6)
No 218 (82.6) 90 (80.4)

Previous radiotherapy (%) 0.082 0.775
Yes 31 (11.7) 12 (10.7)

No 233 (88.3) 100 (89.3)

Previous surgery (%) 0.889 0.346

Yes 120 (45.5) 45 (40.2)

No 144 (54.5) 67 (59.8)

Number of drugs (%) 0.135 0.713

1 49 (18.6) 19 (17.0)
2 215 (81.4) 93 (83.0)

Current cycle of chemotherapy (%) 2.201 0.532
1 47 24

2 47 15

3 38 20
≥4 132 53

Neutrophil counts (×109/L)a 3.7 (2.3) 4.2 (2.5) −1.446 0.148

Notes: aNeutrophil counts before current chemotherapy.
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characteristics were no statistically significant differences 
between development group and validation group (all 
P>0.05). There was no missing data during the data collection.

Construction of Diagnostic Model in the 
Development Group
The factors with p<0.10 were gender, previous radiother-
apy, number of drugs in the current chemotherapy, the 

current cycle of chemotherapy, and neutrophil counts 
before current chemotherapy in the univariate analysis. 
These variables were entered into a multivariate logistic 
regression analysis. After stepwise forward elimination, 
the diagnostic model ultimately included three predictors: 
previous radiotherapy, the current cycle of chemotherapy 
and neutrophil counts before current chemotherapy. The 
procedure is presented in detail in Table 2.

Table 2 Univariate and Multivariate Logistic Regression Analysis for Neutropenia in the Development Group

Factors Univariate Analysis Multivariate Analysis

OR (95% CI) P value β OR (95% CI) P value

Age 0.985 (0.959–1.011) 0.258

Gender (%)

Male

Female 1.989 (1.146–3.451) 0.014

Body surface area 1.456 (0.324–6.554) 0.624

Histological type(%)

Adenocarcinoma
Squamous carcinoma 0.866 (0.51–1.471) 0.594

Large cell carcinoma 0.794 (0.173–3.649) 0.766

Initial stage(%)

I 0.775 (0.355–1.691) 0.522

II 0.634 (0.298–1.349) 0.237
III 0.768 (0.435–1.358) 0.364

IV

Bone metastases(%)

No

Yes 1.563 (0.823–2.967) 0.172

Previous radiotherapy(%)

No
Yes 3.692 (1.586–8.597) 0.002 2.4 10.98 (3.971–30.36) <0.001a

Previous surgery(%)
Yes

No 0.744 (0.457–1.21) 0.233

Number of drugs(%)

1 2.375 (1.223–4.612) 0.011

2

Current cycle of chemotherapy(%)

1 38.181 (12.655–115.196) <0.001 4.347 77.169 (22.525–264.372) <0.001a

2 8.372 (3.96–17.7) <0.001 2.315 10.124 (4.428–23.144) <0.001a

3 3.946 (1.848–8.425) <0.001 1.469 4.349 (1.881–10.052) 0.001a

≥4

Neutrophil countsb (×109/L) 0.769 (0.667–0.887) <0.001 0.339 0.713 (0.597–0.85) <0.001a

Notes: aStatistically significant (P < 0.05). bNeutrophil counts before current chemotherapy. The constant of the final model is −0.317. 
Abbreviations: OR, odds ratio; CI, confidence interval.
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Nomogram Construction, Validation and 
Assessment
On the basis of the multivariate analysis, a predictive model 
was finally presented as a nomogram (Figure 1). For indivi-
dual patient, each value of these predictors has 
a corresponding score on the uppermost rule. A total score 
was obtained by adding every single score together. Finally, 
the risk probability of neutropenia was found on the lowest 
rule. The ROC curves of the predictive model are depicted in 
Figure 2A and B. The C-index was 0.875 (0.8337–0.9167, 
95% CI) in the development group (Figure 2A) and 0.907 
(0.8555–0.9585, 95% CI) in the validation group (Figure 
2B), which meant excellent discrimination. For the develop-
ment cohort, when 51.2% was chosen as the cut-off thresh-
old, sensitivity as well as specificity values was 80% and 
82%, respectively. Sensitivity and specificity values were 
80% and 86% when 46.9% was the cut-off threshold in the 
validation cohort. In addition, calibration curves were drawn 
to assess calibration. Favorable consistency was shown 
between predicted probability and observed probability in 
both the development group and the validation group (Figure 
3A and B). Decision curve analysis was applied to quantify 
the clinical utility by utilizing data from the development 
cohort (Figure 4). DCA demonstrated that when the thresh-
old probability was 8%–90%, the nomogram provided a net 
benefit relative to the intervention-all or the intervention- 
none strategy, indicating that the nomogram had favorable 
potential clinical utility.

Discussion
Neutropenia is a common and severe complication of che-
motherapy. It can give rise to additional health care costs and 
life-threatening infections. An online survey of cancer 
patients who had experienced chemotherapy-induced mye-
losuppression (CIM) showed that 88% of participants held 
an idea that CIM has a moderate or significant influence on 
their lives.22 The data emphasized that the real-world influ-
ence of CIM on patients is huge. So a predictive model that 
can distinguish patients who probably suffer from neutrope-
nia after a specific cycle of chemotherapy was constructed. 
This model is appropriate for the following applications: 1) 
More and more prevention measures are under study, they 
need corresponding models to test and improve the efficacy 
and cost-effectiveness. 2) It highly recommends that high- 
risk patients need re-examined blood routine frequently to 
discover and dispose of neutropenia timely, because neutro-
penia often occurs after hospital discharge according to our 
data. 3) Clinicians can communicate with patients in 
advance and promote shared decision-making.

Most models are not specific for NSCLC, so this research 
developed a predictive model for it and the outcome was defined 
as the neutrophil count is less than 2×109/L. Previous radio-
therapy, the current cycle of chemotherapy and neutrophil counts 
before current chemotherapy were included by multivariate 
logistic regression analysis. According to the result, earlier cycles 
of chemotherapy are at a higher risk of neutropenia, which 
corresponds to previous studies.2 The risk reduction in 

Figure 1 Nomogram for predicting chemotherapy-induced neutropenia. The nomogram included three predictors: previous radiotherapy, the current cycle of chemother-
apy and neutrophil counts before current chemotherapy. Each value of these predictors has a corresponding score on the rule listed at the top of the figure. A total score 
was calculated by adding every single score together. Finally, the risk probability of neutropenia was found on rule listed on the bottom of the figure.
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subsequent cycles probably due to the lessening of neutrophil 
counts during chemotherapy, which makes clinicians take action 
to halt the decline, such as dose reduction. Radiotherapy is 
a major treatment for NSCLC, and neutropenia is a major 

complication in patients receiving radiotherapy.23,24 The history 
of previous radiotherapy was significant in the univariate and 
multivariate analysis in this study. Finally, a predictive model was 
constructed, which had excellent discrimination, calibration and 
clinical utility. To make it easier for clinicians, this study devel-
oped a simplified nomogram25,26 Based on simple and available 
information, clinicians can distinguish patients who probably 
experience neutropenia.

Despite these advantages, several limitations should be 
noted. Firstly, it was a single-center retrospective study with 
small sample sizes. The results may be influenced by selective 
bias. Secondly, although the C-index was found to be 0.907 in 
the internal validation of the predictive model, the nomogram 
still requires further verification by more independent external 
cohorts. Finally, the research only offered a conjecture about 
the relationship between predictors and outcome. Therefore, 
further studies are needed to answer mechanistic questions. To 
sum up, prospective and multicenter clinical trials with large 
sample sizes should be carried out in the future.

Figure 2 (A) ROC curve of the constructed nomogram in the development group. (B) ROC curve of the constructed nomogram in the validation group.

Figure 3 (A) Calibration curve in the development cohort. (B) Calibration curve in the validation cohort. The x-axis and y-axis indicate the predicted and observed 
probability of chemotherapy-induced neutropenia, respectively. The long-dashed line represents a perfect prediction through the use of an ideal model. The short-dashed 
line and the black line indicate the performance of the apparent and bias-corrected model, respectively.

Figure 4 The DCA of the nomogram predicting the occurrence of neutropenia. 
The x-axis indicates the threshold probability as well as the y-axis means net 
benefit. The gray line named “All” considers all patients will experience neutropenia 
whereas the horizontal black line named “None” considers all patients will not 
experience neutropenia. The dashed line named “Model” represents the net benefit 
by using the nomogram.
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Conclusion
In short, this study constructed a predictive model which 
was presented as nomogram to quantify the risk of neutro-
penia in patients with NSCLC after chemotherapy. This 
nomogram will be available for clinical practice as it 
enables a simple calculation of individual probability, and 
clinicians can find a new angle on treatment strategy deci-
sions by using it. Although needing further verification, this 
predictive model still is a potentially highly valuable tool 
for clinicians and researchers.
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