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Background: Radiation pneumonitis (RP) is a type of toxicity commonly associated with thoracic radiation
therapy. We sought to establish a random forest (RF) model and evaluate its ability to predict RP in patients
with non-small cell lung cancer (NSCLC) receiving moderately hypofractionated radiotherapy (hypo-RT).
Methods: A total of 106 patients with stage II-IVa NSCLC who received moderately hypofractionated
helical tomotherapy (2.3-3.0 Gy/fraction) at Zhongshan Hospital were included. All enrolled patients were
divided chronologically into the training (67 patients) and validation (39 patients) groups. Higher than or
equal to grade 2 RP was defined as the end point. Logistic regression and RF models were established and
compared using the receiver operating characteristic (ROC) and a confusion matrix in the training and
validation groups.

Results: The cumulative incidence of the end point was 25.4% and 17.9% in the training and validation
groups, respectively. Logistic regression models were constructed by dosage parameters of total lungs,
ipsilateral or contralateral lungs, respectively. ROC analysis revealed that the dosimetric factors of total lungs
yielded a superior classification performance than did that of the ipsilateral or contralateral lungs [area under
the curve (AUC) =0.920, AUC =0.701, and AUC =0.661, respectively]. Furthermore, the RF model yielded a
better prediction capacity than did the traditional logistic model based on the dosimetric factors of the total
lungs (accuracy: 88.06%; precision: 84.62%; sensitivity: 64.71%; specificity: 96.00%). Moreover, the RF
identified mean lung dose [MLD; mean decrease gini (MDG) =5.74], V20 (MDG =4.62), and V35 (MDG
=3.08) of total lungs as the most common primary differentiators of RP.

Conclusions: Our RF model established based on the dosimetric parameters of the total lungs could
accurately predict the RP risk in patients with NSCLC treated with moderately hypofractionated
tomotherapy.

Keywords: Non-small cell lung cancer (NSCLC); hypofractionated radiotherapy; random forest (RF); radiation
pneumonitis (RP)

A ORCID: 0000-0002-2682-2761.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2022;10(23):1264 | https://dx.doi.org/10.21037/atm-22-3049


https://crossmark.crossref.org/dialog/?doi=10.21037/atm-22-3049

Zhang et al. Random forest model for RP in NSCLC receiving moderately hypo-RT

Page 2 of 9
Submitted Jun 10, 2022. Accepted for publication Sep 23, 2022.
doi: 10.21037/atm-22-3049
View this article at: https://dx.doi.org/10.21037/atm-22-3049
Introduction

Radiotherapy remains the mainstay of treatment for locally
advanced unresectable non-small cell lung cancer (NSCLC).
Theoretically, tumor control is dependent on the dose of
radiation delivered. However, the classic lung cancer study
by the Radiation Therapy Oncology Group (RTOG) 0617
revealed that 74 Gy radiation given in 2 Gy fractions was
not superior to 60 Gy for patients with stage III NSCLC (1).
The unfavorable results may be attributed to the
repopulation of tumor cells due to a prolonged treatment
time and the excess toxicity associated with conventional
radiation techniques (2).

Moderately hypofractionated radiotherapy (hypo-RT),
which is the delivery of RT with a dose per fraction ranging
from 2.3 to 5.5 Gy, is an alternative means to achieving a
higher biological equivalent dose within a short treatment
time (3). It is currently recognized as a potentially powerful
treatment for reducing the effect of the accelerated
repopulation of tumor cells (4). Moreover, with the advent
of image-guided radiation therapy IGRT), RT has entered
a new era of precision. Our previous studies demonstrated
that moderately hypo-RT delivered by IGRT provided
a superior prognosis and tolerable toxicity than did
conventional RT in Chinese patients with locally advanced
NSCLC (5,6). In line with our results, moderately hypo-RT
is also being increasingly used to treat unresectable NSCLC
worldwide (7,8), particularly in the United Kingdom (9).

However, concerns prevail regarding the severe side
effects associated with this treatment modality, such as
radiation pneumonitis (RP). Over the years, parameters
predicting RP following thoracic RT with conventional
dose fractionation (1.8-2.2 Gy/fraction) or stereotactic
body radiation therapy (>5.5 Gy/fraction) have been
extensively analyzed (10-16). However, the findings
regarding these variables cannot be directly extrapolated
to moderately hypo-RT due to the different dose fractions
and the potential difference in radiobiological response.
Currently, there is insufficient data concerning moderately
hypo-RT. Thus, the present study was designed to
examine the incidence of RP and to establish and validate
a prediction model for RP in patients with unresectable

NSCLC treated with moderately hypo-RT. We present the
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following article in accordance with the TRIPOD reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-3049/rc).

Methods
Patients

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the Institutional Review Board of Zhongshan
Hospital, Fudan University (No. B2021-136), and informed
consent was obtained from patients before enrollment.
We retrospectively collected information on all patients
with unresectable NSCLC who received moderately
hypofractionated helical tomotherapy at Zhongshan
Hospital, Fudan University, between August 2011 and
June 2020. Patient inclusion criteria were the following:
(I) newly histologically diagnosed unresectable NSCLC;
(II) undergone treatment with definitive hypofractionated
helical tomotherapy (54-70.4 Gy, 2.3-3.0 Gy/fraction);
(III) stage II-IVa [according to the eighth edition of the
American Joint Committee on Cancer (AJCC) staging
system]; and (IV) available clinical and dosimetric data.
Patients were excluded if they (I) had undergone thoracic
RT or surgery previously; (II) had received consolidation
immune therapy; or (III) were lost to follow-up. All enrolled
patients were divided chronologically into the training (67
patients) and validation (39 patients) groups.

Interstitial lung abnormality score (ILAS)

ILAS was determined according to a previously published
paper (17). ILASs were rated as follows: 0, none; 1,
abnormality without honeycombing (ground-glass
attenuation, fine reticular opacity, and microcysts); and 2,
honeycombing.

RT and dosimetric parameters

Definitive moderately hypo-RT was delivered by helical
tomotherapy with a total dose of 54 to 70.4 Gy (2.3 to
3.0 Gy/fraction) 5 times per week. The gross tumor volume

Ann Transl Med 2022;10(23):1264 | https://dx.doi.org/10.21037/atm-22-3049


https://atm.amegroups.com/article/view/10.21037/atm-22-3049/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-3049/rc

Annals of Translational Medicine, Vol 10, No 23 December 2022

(GTV) included all detectable carcinomas and lymph nodes
with a short-axis diameter >1 cm as shown by computed
tomography (CT) or positive features demonstrated by
positron emission tomography-CT scans. The clinical
target volume (CTV) of the primary tumor was determined
using an isotropic 6 to 8 mm margin around the GTV.
The CTV of the lymph nodes comprised the entire
involved lymph node region detected by CT or positron
emission tomography-CT. The planning target volume
was delineated using a margin of 0.5-1.0 cm around the
CTV to compensate for the breathing movement and setup
errors. The objective of all RT plans was to deliver the
prescription dose to >95% of the planning target volume.
The institutional dosimetric constraints for normal organs
at risk (lungs, heart, esophagus, spinal cord, etc.) have been
described in detail previously (6).

The normal lung volume in this study was defined as
the volume of the lungs minus the GTV, with Vx denoting
the percentage of normal lungs receiving a dose of > x Gy.
The following dosimetric parameters of the ipsilateral,
contralateral, and total lungs were generated: mean lung dose
(MLD), V5, V10, V15, V20, V25, V30, V35, V40, V45, and
V50. The dosimetric parameters of normal lungs were not
converted into an equivalent biological dose of 2 Gy/fraction
in the present study. Dosimetric and clinical parameters were
collected in the absence of information on RP.

Follow-up and assessment of RP

All patients included in the study were examined 1 month
after the initial therapy and followed up every 3 months,
provided that the patient’s condition remained stable. The
end point of this study was symptomatic RP (grade >2),
defined in accordance with the Common Terminology
Criteria for Adverse Events 4.03. The diagnosis of
symptomatic RP was reached through a consensus of at
least 2 radiation oncologists blinded to other clinical and
dosimetric parameters. All patients diagnosed with RP
underwent a CT scan of their chest.

Statistical analysis

Statistical analysis in this study was performed using R v. 4.1.3
(The R Foundation for Statistical Computing). The Pearson
chi-squared or Fisher exact test was conducted to compare
categorical variables between the 2 groups. Continuous
variables are presented as mean = standard deviation
(normally distributed) or median (interquartile range;
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nonparametric). Continuous variables were analyzed with
an independent #-test or a nonparametric test. Significant
parameters identified during univariate analysis (P<0.05)
were subjected to multivariate analysis. Both binary logistic
regression and random forest (RF) models for the prediction
of RP were established. The discriminative capacity of the
prediction models was evaluated by comparing the receiver
operating characteristic (ROC) or the confusion matrix
results. All statistical tests were 2-tailed.

Results

Baseline characteristics of patients in the training and
validation groups

From August 2011 to June 2020, 121 patients with
unresectable NSCLC received moderately hypo-RT
with definitive intention in Zhongshan Hospital, Fudan
University. Patients were excluded due to being lost to
follow-up (n=6) or for having incomplete data on the RT
plan (n=9). A total of 106 cases were finally enrolled and
divided chronologically into the training (67 patients) and
validation (39 patients) groups. A total of 17 (25.40%)
and 7 (17.90%) patients in the training and validation
groups, respectively, developed RP with a grade higher
than or equal to 2. The median occurrence time of RP
calculated from the end of RT was 3.0 months (range, 0.4
10.9 months). Detailed information about patients in the 2
groups is shown in Table 1.

Univariate analysis of clinical and dosimetric parameters
in the training group

The univariate analysis showed that none of the clinical
variables were significantly associated with symptomatic
RP (Table S1). The following dosimetric parameters were
closely related to the development of symptomatic RP: V5
of the contralateral lung; MLD, V5, V10, V15, V25, V30,
and V40 of the ipsilateral lung; and MLD, V5, V10, V20,
V25, V30, V35, and V40 of the total lungs (Table S2).

Evaluation of multivariate logistic RP models established
based on dosimetric parameters from ipsilateral,
contralateral, and total lungs

Three binary logistic models were established based on
the significant dosimetric parameters in the univariate
analysis of the ipsilateral, contralateral, and total lungs. The
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Table 1 Clinical characteristics of the training and validation
groups

Training group Validation group

Characteristics

(n, %) (n, %)

n 67 39
Age (years, mean + SD) 63.06+10.60 66.56+12.70
Gender

Female 6 (9.00) 6 (15.40)

Male 61 (91.00) 33 (84.60)
Smoke

No 37 (55.20) 21 (53.80)

Yes 30 (44.80) 18 (46.20)
Emphysema

No 41 (61.20) 16 (41.00)

Yes 26 (38.80) 23 (59.00)
ILAS

0 50 (74.63) 33 (84.62)

1 10 (14.93) 6 (15.38)

2 7 (10.45) 0 (0.00)
Diabetes

No 61 (91.00) 38 (97.40)

Yes 6 (9.00) 1(2.60)
Pathology

Adenocarcinoma 26 (38.80) 16 (41.00)

Squamous 36 (53.70) 23 (59.00)

Others 5 (7.50) 0 (0.00)
T

1-2 38 (56.70) 21 (53.80)

3-4 29 (43.30) 18 (46.20)
N

0-1 15 (22.40) 15 (38.50)

2-3 52 (77.60) 24 (61.50)
Stage

1111 58 (86.60) 37 (94.90)

\Y 9 (13.40) 2 (5.10)
Modality

conCRT 18 (26.90) 9 (23.10)

RT alone 9 (13.40) 13 (33.30)

seqCRT 40 (59.70) 17 (43.60)
GTV (cm®, median [IQR] 75.00 54.00

[37.50, 102.80] [27.00, 146.50]

RP 17 (25.40) 7 (17.90)

ILAS, interstitial lung abnormality score; conCRT, concurrent
chemoradiotherapy; RT, radiotherapy; seqCRT, sequential
chemoradiotherapy; GTV, gross tumor volume; IQR, interquartile
range; RP, radiation pneumonitis.
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efficacies of these models were compared by ROC analysis.
Figure 1 shows that the area under the curve (AUC) for
the models of the ipsilateral, contralateral, and total lungs
was 0.701, 0.661, and 0.920, respectively. Interestingly,
the logistic model constructed by the total lung radiation
dosage possessed superior classification performance. MLD
[odds ratio (OR) =2.176, 95% CI: 1.306-3.625; P=0.003]
and V35 (OR =1.635,95% CI: 1.057-2.528; P=0.027) of the
total lungs were found to be significant factors impacting
RP occurrence (1able 2). The risk of RP of a grade greater
than or equal to 2 could be predicted by the following

formula: v =€, where x = - 15.056 + 0.778 x MLD (Gy)
1+e"

+0.492 x V35 (%).

RF model for RP prediction

The discriminative performance of the RF model achieved
the highest capacity at ntree =2,000 with an out-of-bag
(OOB) value of 14.93% (Figure 2A). The variables affecting
RP were ranked using the permutation feature importance
method: MLD of total lungs (TMLD) [mean decrease gini
(MDG): 5.74], TV20 (MDG: 4.62), TV35 (MDG: 3.08),
TV5 (MDG: 2.04), TV25 (MDG: 1.36), GTV (MDG:
1.35), TV15 (MDG: 1.33), TV10 (MDG: 1.32), TV30
(MDG: 1.17), TV45 (MDG: 1.09), TV40 (MDG: 0.99),
and TV50 (MDG: 0.84; Figure 2B).

Efficacy contrast of logistic and RF models in the training
and validation groups

In the tests conducted with these models, the model success
rates were determined by confusion matrix metrics based on
the accuracy, precision, sensitivity, and specificity. Figure 3
and Table 3 display the confusion matrices for the logistic
and RF classifiers. It is worth noting that the RF model
performed better did than logistic model in the training
and validation groups. In the training group, the accuracy,
precision, sensitivity, and specificity of the RF model were
88.06%, 84.62%, 64.71%, and 96.00%, respectively, which
were superior to those of the logistic regression model
(accuracy: 86.57%; precision: 78.57%; sensitivity: 64.71%;
specificity: 94.00%). As shown in Table 3, similar results
were observed in the validation group.

Discussion

The hypofractionated dose escalation associated with
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Figure 1 The AUC of the logistic models established based on dosimetric parameters from ipsilateral (A), contralateral (B), or total lungs (C)
were 0.701, 0.661, and 0.920, respectively, which indicated that dose constraints of total lungs played a prominent role. AUC, area under the

curve; I, ipsilateral; C, contralateral; T, total.
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Figure 2 RF model for RP. (A) The change in the error rates of the RF model according to the number of trees. (B) Permutation feature

importance plot. RE, random forest; RP, radiation pneumonitis; T, total lungs; MLD, mean lung dose; Vx, the percentage of normal lungs

receiving a dose of > x Gy; GTV, gross tumor volume.

Table 2 Multivariate analysis of the dosimetric parameters of total
lungs

Characteristics B Exp(B) Exp(B) 95% ClI P
TMLD 0.778 2.176 1.306-3.625 0.003
TV35 0.492 1.635 1.057-2.528 0.027
Constant -15.056

TMLD, mean lung dose of total lungs; TV35, V35 of total lungs.

fewer RT fractions represents a good strategy to achieving
better tumor control. However, for a constant tumor
control probability, hypo-fractionation is expected to be

© Annals of Translational Medicine. All rights reserved.

more toxic than standard or hyper-fractionation under the
linear-quadratic model when the traditional values of a/f
are applied and repopulation effects are neglected (18).
Increased lung toxicity was observed in a previous
hypofractionated dose escalation trial using 3-dimensional
conformal RT (19). It has been established that hypo-
fractionation increases the accuracy requirements for
radiation delivery (20). Compared with conventional
plans, tomotherapy can potentially decrease the RT dose
delivered to the surrounding normal organs, including the
esophagus, lungs, and heart (21,22). Tomotherapy involves
an integrated megavoltage CT for the application of IGRT.
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Figure 3 Classification results are expressed as confusion matrices in the logistic regression and random forest models in both the training
and validation groups. (A) The logistic model of RP for the training group. (B) The logistic model of RP for the validation group. (C) The
RF model of RP for the training group. (D) The RF model of RP for the validation group. RF, random forest; RP, radiation pneumonitis.

Table 3 Performance of logistic and RF models in the training and validation groups

Training group (%) Validation group (%)
Parameters
Logistic model RF model Logistic model RF model
Accuracy 86.57 88.06 87.18 87.18
Precision 78.57 84.62 58.33 62.50
Sensitivity 64.71 64.71 100 71.43
Specificity 94.00 96.00 84.38 90.63

RF, random forest.

Treatment with IGRT has been established to result in a
high local control rate and reduced toxicity (23-25). Using
the MLD model of normal tissue complication probability,
Vogelius et al. (18) showed that a hypofractionated schedule
delivered with modern tomotherapy theoretically resulted
in a very limited change in the predicted RP risk compared
with standard fractionation. In our hypofractionation
clinical study, the incidence of symptomatic RP was

© Annals of Translational Medicine. All rights reserved.

22.64%, similar to previously reported rates with
conventional RT (26).

In the present study, we revealed that the RP prediction
model built on dosage parameters of total lungs had the
highest capacity, while the model constructed based on the
contralateral lung was the worst, which is consistent with
the literature (16,27,28). This finding suggests that the
radiation received by the total and ipsilateral lung tissue
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should be strictly restrained during clinical practice.

RF is an increasingly popular approach for dealing
with high-dimensional data. An RF model is an ensemble-
based decision tree method for classification and feature
selection (29). Even though it has satisfactory prediction
potential, RF is rarely used in RP risk evaluation. To the
best of our knowledge, this is the first study to predict
RP among patients with NSCLC receiving moderately
hypo-RT based on the RF algorithm. The accuracy,
precision, sensitivity, and specificity of the RF model were
satisfactory. The RF model yielded a higher discriminative
performance in RP than did the traditional logistic
regression model.

In the present study, the dosimetric parameters of normal
lungs were not converted into an equivalent biological
dose of 2 Gy/fraction for the following reasons. First, the
exact o/p ratio of the remaining normal lungs was unclear.
Therefore, the biological equivalent doses estimated based
on an uncertain o/f ratio may be characterized by large
deviation compared to the real situation. Second, the range
of fraction dose in the present study was very small (2.3-3.0)
compared to stereotactic ablative RT. Finally, no matter
how accurate the dose conversion based on the L-Q model
is, it is not equivalent to the actual situation.

According to a recent study by Kashihara er al. (17),
the original simple ILAS is an easy-to-use tool and is a
significant predictive factor of steroid-RP in patients. with
NSCLC treated with definitive RT. Nevertheless, our
present study indicated that ILAS was not associated with
RP. Several differences prevailed between these 2 studies
that might have affected the data interpretation. First, the
primary outcome of the research of Kashihara er a/. (17) was
RP requiring steroidal treatment, while in our study, it was
defined as symptomatic RP. Second, participants in their
study were subjected to conventional radiation modality
using 3-dimensional conformal technology, while all cases
in the present study were treated with moderately hypo-RT
conducted by tomotherapy. Finally, the small sample size of
ILAS higher than or equal to 1, might have also contributed
to this discrepancy.

The present study excluded patients with NSCLC who
received maintenance durvalumab. Importantly, our real-
world data clarified that RP incidence rates were higher
than those in the previous report without durvalumab (30).
Moreover, the predictive factors of RP associated with this
treatment modality may be different from the conventional
chemoradiotherapy mode (31). In addition, clinical data on
the combination of moderately hypo-RT and consolidation
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immune therapy are not yet available. Accordingly, only
a few patients who received moderately hypo-RT were
subjected to durvalumab maintenance. Under such
scenarios, we are more inclined to conduct conventional
RT. Therefore, cases with adjuvant durvalumab were
excluded to reduce the statistical bias.

Some limitations were also present in this study. This
was a retrospective study with uncertainty regarding
the diagnosis and grading of RP. Moreover, patient
homogeneity in this study was not optimal. In addition,
given the relatively small sample size, we could not conduct
a validation study based on a large cohort. Importantly,
our ongoing multicenter, randomized, phase III clinical
trial enrolled patients with unresectable stage III NSCLC
receiving 60 Gy/20 fraction-concurrent chemoradiotherapy
using tomotherapy (ChiCTR1800017367). After the
completion of the trial, we will further analyze RP risk
factors in this homogenous cohort.

Conclusions

An RF model was established based on the dosimetric
parameters of total lungs. This RF model acted as an
accurate machine learning method in identifying RP
risk in patients with NSCLC treated with moderately
hypofractionated tomotherapy. This model warrants
further confirmation in large multicenter cohorts with high
homogeneity.
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