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Abstract
Purpose—Scoring of radiation pneumonitis (RP), a dose-limiting toxicity after thoracic
radiochemotherapy, is subjective and thus inconsistent among studies. Here we investigated if the
extent of change in DLCO after radiation therapy (RT) for non-small cell lung cancer (NSCLC)
could be used as an objective means of quantifying RP.

Methods and Materials—We analyzed potential correlations between the diffusing capacity of
the lung for carbon monoxide (DLCO) and RP in 140 patients who received definitive RT (≥60
Gy) with or without chemotherapy for primary NSCLC. All underwent DLCO analysis before and
after RT. Post-RT DLCO values within 1 week of the RP diagnosis (grade 0, 1, 2, or 3) were
selected and compared with that individual’s preradiation values. Percent reductions in DLCO and
RP grade were compared by point biserial correlation in the entire patient group and in subgroups
stratified according to various clinical factors.

Results—Patients experiencing grade 0, 1, 2, or 3 RP had median percentage changes in DLCO
after RT of 10.7%, 13%, 22.1%, or 35.2%. Percent reduction in DLCO correlated with RP grade
≤1 vs. ≥2 (P = 0.0004). This association held for the following subgroups: age ≥65 years,
advanced stage, smokers, use of chemotherapy, volume of normal lung receiving at least 20 Gy
≥30%, and baseline DLCO or forced expiratory volume in 1 second (FEV1) ≥60%.

Conclusions—By correlating percent change in DLCO from pretreatment values at the time of
diagnosis of RP with RP grade, we were able to identify categories of RP based on the change in
DLCO. These criteria provide a basis for an objective scoring system for RP based on change in
DLCO.
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INTRODUCTION
Thoracic RT is associated with significant alterations in lung function as assessed by
objective pulmonary function tests (PFTs) (1, 2). The extent of residual lung function is a
major determinant of a patient’s functional status after treatment, particularly for patients
with lung cancer, who often have pretreatment pulmonary compromise secondary to both
malignancy and coexisting lung disease (3). It is increasingly important to understand the
relationship between thoracic RT and the decline in lung function in the setting of
aggressive concurrent chemoradiation. Studies at MD Anderson (4) and elsewhere (1, 5)
have shown that the largest and most consistent changes in PFT values after definitive RT
for NSCLC occur in diffusing capacity of the lung for carbon monoxide (DLCO). However,
data regarding the extent of radiation-induced change in DLCO and symptomatic pulmonary
toxicity are minimal, particularly specific quantitative changes in DLCO in the setting of
RP.

The primary aim of the current study was thus to assess possible associations between the
extent of change in DLCO after RT and RP, with the hypothesis that patients with
symptomatic RP will experience a significant decrease in pulmonary function that can be
quantified in terms of DLCO and used as an objective scoring system for RP.

PATIENTS AND METHODS
Selection criteria

This investigation was approved by the MD Anderson Cancer Center institutional review
board and was in compliance with the Health Insurance Portability and Accountability Act
regulations. Patients had locally advanced NSCLC treated with RT and PFTs from 1998
through 2010. We chose this period because MD Anderson began using conformal radiation
techniques in 1998 (6-8) and thus all patients were treated with conformal RT. Inclusion
criteria were having a primary diagnosis of NSCLC, DLCO analysis within 6 months before
RT and again up to 1 year after RT, no prior history of thoracic surgery or RT, and receiving
a total radiation dose of ≥60 Gy at 1.2 to 2.5 Gy/fraction. Besides fulfilling these criteria,
patients experiencing RP had to have also the post-RT PFT test within 1 week of the date of
diagnosis of RP. Data on previous respiratory or cardiovascular disease were collected for
all patients. Respiratory disease was defined as a history of at least one of the following
factors: chronic pulmonary disease, history of pulmonary embolism, asthma, oxygen
dependence, or recent respiratory infection (within 1 month before radiation).
Cardiovascular disease was defined as a history of angina, coronary bypass surgery, stroke,
congestive heart failure, deep vein thrombosis, transient ischemic attack, coronary
angioplasty, myocardial infarction or hypertension.

Patients were evaluated at approximately 1-3 months after completion of therapy and then
every 3 months thereafter. Follow-up evaluations consisted of an interval history and
physical examination. Computed tomography (CT) scans were obtained at intervals of 3-6
months. PFTs were performed at intervals of 3-6 months or more frequently if clinically
indicated.
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Symptom endpoints
RP was scored according to the Common Terminology Criteria for Adverse Events
(CTCAE) version 3.0 (9). To avoid inter-clinician variability, all RP endpoints were
evaluated and confirmed by investigators in this study (JLG and DG). The time to RP was
measured relative to the completion of RT. Patients who did not develop symptomatic RP
had had a minimum of 12 months of follow-up. The 12-month cut-point was chosen based
on a widely accepted definition of the typical interval for the development of RP (10).

Pulmonary function tests
On the basis of recommendations from the American Thoracic Society and the European
Respiratory Society (11), we chose the DLCO as a measure of diffusion capacity. Pre- and
posttreatment DLCO values were compared to assess the effect of treatment. All values
were recorded as a percentage of predicted level (determined by sex, height, and weight).
Declines in DLCO were described as the percent reduction from the pre-RT value (i.e.,
percent reduction in DLCO = (1 − post/pre) × 100). For example, a patient with a pre-RT
DLCO of 80% (percentage of predicted) and a post-RT DLCO of 60% (percentage of
predicted) at the time of RP was documented as having a 25% reduction in DLCO. Patients
had variable numbers of follow-up PFTs depending on survival, duration of follow-up, and
the number of return visits to MD Anderson. We selected the PFT performed within 1 week
of the date of diagnosis of RP. For patients with grade 0 pneumonitis and several PFTs after
treatment, we used the average post-radiation DLCO change for the analysis.

Statistical methods
Stata/SE 11.1 (Stata Corp LP, College Station, Texas) was used for data analyses. The
primary endpoint of the study was to investigate whether the post-RT change in DLCO rate
within one week of the diagnosis of RP is associated with the RP severity and therefore
could be an objective scoring system for RP. The significance of potential associations
between the change in DLCO after treatment and the RP grade was assessed by the Mann–
Whitney and Wilcoxon tests. The correlation between postradiation DLCO change and
development of symptomatic pneumonitis (grade ≥2) versus no pneumonitis or
asymptomatic pneumonitis (grade ≤1) was assessed by point biserial correlation. Our initial
analyses were done with the entire patient population. Then, to account for possible
confounding effects of clinical factors on lung function, we repeated the analyses with
subgroups stratified by patient factors (age, smoking habits, Karnofsky performance status,
and respiratory comorbidities), tumor factors (disease stage), treatment factors (the use of
chemotherapy, fractionation, lung dosimetric parameters), and pretreatment PFT values. In
addition, a multivariate Cox regression was performed to adjust for all covariates. For the
dosimetric factors, the median values were used as cut-off points in the analysis. In contrast,
the analyses of pretreatment PFTs were performed using recognized PFT cut-off values (<
60% vs. ≥ 60% predicted) (12), so that these pretreatment PFT results could potentially be
considered in clinical decisions. The percent reduction in the DLCO and the RP grade were
compared (by point biserial correlation) in the overall group and in subgroups stratified
according to various clinical factors.

RESULTS
Of the 140 patients with NSCLC selected for this study, complete lung dosimetric data were
available for 132 (94.3%). Patient characteristics, treatment characteristics, and dosimetric
information for all patients are shown in Table 1. The total radiation dose for all patients
ranged from 60 to 87.5 Gy (median 69.6 Gy); 23 patients had 1.2 Gy/fraction twice a day to
69.6 Gy in 58 fractions. One hundred twenty-two patients (87%) received platinum and
taxane-based concurrent chemotherapy. One hundred four of the 140 patients (74%)
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experienced RP (24% grade 1, 34% grade 2, and 16% grade 3), with a median interval of 3
months (range 0.5-10 months) between the end of RT and the RP date.

Diffusing capacity
Pretreatment DLCO was not associated with RP (RP grade ≤1 vs. grade ≥2, P=0.095).
Eighty-five percent of patients (n=119) were found to have decreased DLCO after RT, with
a median reduction of 20% in the percent predicted value. Those patients who had grade 0,
1, 2, or 3 RP experienced median change in DLCO of 11%, 13%, 22%, or 35% (P=0.0004;
Fig. 1). Percentage reduction in DLCO was associated with RP severity (P=0.0004, r=0.30
for grade ≤1 vs. grade ≤2). Patients who experienced higher proportional reductions in
DLCO had greater rates of high-grade RP (Fig. 2).

Univariate Cox proportional hazard analyses of the data for grade ≥ 2 RP showed a
significant association between the DLCO reduction and symptomatic RP. Those patients
experiencing a greater DLCO reduction within one week of the diagnosis of RP had a higher
incidence of grade ≥ 2 RP (hazard ratio [HR] = 1.03, 95% confidence interval [CI],
1.01-1.05, P = 0.001; Table 2). This effect was virtually unchanged after adjustment for
other covariates by multivariate analysis (HR = 1.02, 95% CI, 1.002-1.05, P = 0.030).

In a subgroup analysis, we observed a statistically significant association between the
percentage of reduction in DLCO and RP (grade ≤1 vs. grade ≥2) for the following
subgroups (Table 3): age ≥65 years, advanced stage, Karnofsky performance score (at any
level), smokers, the use of chemotherapy, volume of normal lung receiving 20 Gy or more
radiation (V20) ≥30% pretreatment DLCO ≥60%, and pretreatment forced expiratory volume
in 1 second (FEV1) ≥60%. When the analysis was limited to those patients with a
pretreatment DLCO <60%, the median change in DLCO for patients with RP grade ≤1 RP
was 8.4% and that for grade ≥2 RP was 17.4% (P=0.064). Similar results were observed for
patients with a pretreatment FEV1 <60% Gy (median DLCO reduction of 10.8% for those
with RP grade ≤1 and 24.2% for those with grade ≥2 RP (P=0.051). In addition, when the
analysis was restricted to patients with V20 and MLD below the median values, the extent of
DLCO reduction appeared to be larger for symptomatic (grade ≥2) cases (10% grade ≥1 v s.
20% for grade ≥2, P=0.11 for both V20 <30% and MLD <17 Gy cases). Correlations of
DLCO change with RP in the three subgroup categories (age, V20, and MLD) are shown
graphically in Figure 3.

DISCUSSION
To our knowledge, this is the largest study assessing quantitative changes in pulmonary
diffusing capacity and RP after definitive RT for NSCLC. Our study was also 3 novel in that
all post-RT DLCO values were measured within 1 week of the time of diagnosis of RP, so
that confounding factors, such as a potential lag time in clinical changes from DLCO
measurement and the effects of treatment for RP on the DLCO value, did not apply. In doing
so, we found that, in both the entire patient cohort and in subgroup analysis, while the
pretreatment DLCO did not have predictive value, the change in DLCO could be
quantitavely associated with the risk and grade of RP.

Although many studies (13-15) have investigated the correlation between baseline PFTs and
RP, few have examined the effect of changes in PFT values after RT on RP. For instance,
Marks et al. (10) reported that by 6 months, 81% of patients had a reduction in DLCO
compared with pretreatment values. Our study is consistent with these results. However,
contrary to our findings, no clear difference was evident in the Marks study between patients
with symptomatic and asymptomatic RP. One potential reason for this divergence with our
results could be that the Marks study included several tumor sites (lung, breast, lymphoma
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and other) and a relatively low rate of symptomatic RP (10%) compared with RP rates
reported elsewhere (16, 17), particularly for patients receiving concurrent chemotherapy
(18). The rate of RP observed in that study may have been too low to show any significant
difference between patients with and without symptomatic RP. Furthermore, in the Marks
study the post-RT DLCO values were not measured within the strict timeframe used in our
study, bringing forth the issues noted above that treatment- and disease-related factors may
influence the results when PFTs are taken several weeks before or after the onset of
symptoms.

The implications of discovering a correlation between a quantitative change in DLCO and
RP grade are significant. Currently, the criteria for grading RP in the CTCAE are based on
clinical outcomes, which can lead to subjectivity and inconsistency among physicians and
institutions. For instance, categorizing RP in patients who are oxygen-dependent at the start
of RT can be difficult and subjective, given that grade 3 toxicity is defined by the indication
for oxygen. If the putative association between percent change in DLCO and RP grade can
be verified, these findings could provide an objective scoring system that would be much
more reproducible in clinical trials. To further develop this concept, we recommend that
these findings be applied to future trials examining the characteristics and pulmonary
sequelae of RP to determine if, with larger patient numbers, reliable cut-off points can be
validated and ultimately put into use in clinical practice.

With regard to our second finding that pretreatment DLCO level was not related to RP, our
results are consistent with those of other investigators (19, 20), who also found no
correlation between pretreatment PFT values and RP. Several authors (13, 14) have also
attempted to develop models that used pretreatment PFTs to predict the onset of pulmonary
symptoms after RT. For example, Kocak et al. (13) tested a method of identifying patients
who were deemed to be at high risk of developing clinically relevant pulmonary symptoms,
based on dosimetric and functional parameters and pretreatment pulmonary function. The
authors found interactions between pretreatment PFT values, overall lung perfusion
(measured by single photon emission CT), and the subsequent risk of pneumonitis.
However, unlike the findings in the current study, the model could not accurately segregate
patients into high- vs. low-risk groups.

We observed that some subgroups of patients did not show significant associations between
the extent of change in DLCO after treatment and RP. These subgroups included patients
who did not smoke, were <65 years old, had early-stage disease, did not receive
chemotherapy, and received twice-daily radiation fractionation. Because the proportions of
such patients were small, the small patient numbers may have precluded full statistical
analysis. For example, no associations were found between DLCO impairment and RP grade
in those patients who had an MLD <17 Gy, a V20 < 30%, or a pretreatment DLCO <60% of
predicted values. However, in analyzing the incidence of symptomatic RP in these
subgroups, we found that patients with RP grade ≥2 had DLCO reductions twice as large as
those patients who had grade ≤1 RP. Thus, larger studies may be able to further characterize
the importance of these patient and treatment characteristics.

We acknowledge several limitations of our study. First, the study included a heterogeneous
group of patients who had been treated with thoracic RT over a period of 12 years and had
received different combinations of RT and chemotherapy, rather than being treated
prospectively on a well-defined treatment protocol. Nevertheless, we observed a significant
association between DLCO reduction and symptomatic RP after adjustment of these and
other confounding factors. Second, the DLCO values used for this study were not corrected
for hemoglobin concentration because of missing data for several patients; however, this
limitation probably had a modest influence at most on the current results, as the correction
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factor is generally relatively small. Third, although we assessed changes in DLCO in
relation to RP, we did not assess other variables such as lung perfusion or CT density, which
may allow us to expand on our current results to create an objective model for evaluating
pulmonary injury based on biological or functional findings. We agree with Lind et al. (14)
that multidimensional models generally provide greater sensitivity and specificity, and
therefore this investigation is ongoing in our department. Fourth, our study did not provide
information as to whether the changes in DLCO at the time of RP are temporary or
permanent, and if temporary what timeframe is needed to recover a significant degree of
lung function. This analysis would be an excellent correlative study to the current findings.

Finally, from the reported correlation between RP and DLCO we cannot definitively
determine which of these two variables is the causative parameter in this relationship (e.g.
does RP cause decreases in DLCO or vice-versa). Our assessment is that it is more
reasonable for RP to cause changes in DLCO. Specifically, that radiation causes direct toxic
injury to endothelial and epithelial cells resulting in an acute inflammatory process within
the alveolar walls (RP), thereby causing reductions in DLCO. However, this mechanism has
not been established and it is possible that in this complex process, there is no single
causative factor with changes in each parameter influencing the other. Furthermore, from a
standpoint of clinical implications, which of these two factors is the causative process is not
as important as the finding that the two are closely interrelated, as this close correlation
(regardless of causation) could be applied to scoring systems for RP.
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SUMMARY

We investigated the possible association between the extent of change in DLCO after
radiation therapy and radiation pneumonitis (RP), with the hypothesis that patients with
symptomatic RP will experience a significant decrease in pulmonary function that can be
quantified in terms of diffusing capacity of the lung for carbon monoxide (DLCO) and
used as an objective scoring system for RP. We found that patients who experienced
higher proportional reductions in DLCO had greater rates of high-grade RP. This finding
retained significance after adjustment by other confounding factors. Our findings are
significant in that they provide a basis for developing a quantitative, objective scoring
system for RP. Such a system, if validated with larger numbers of patients, preferably
treated on a prospective basis, could improve upon the current scoring system and
provide greater reproducibility amongst physicians in the clinic and researchers in the
setting of clinical trials.
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Figure 1.
Radiation-induced pneumonitis grade versus median percent reductions in diffusing capacity
of the lung for carbon monoxide (DLCO). Thin lines indicate 25th and 75th percentile
ranges.
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Figure 2.
Scatter plot of pretreatment (pre-RT) versus post-RT diffusing capacity of the lung for
carbon monoxide (DLCO) for patients with symptomatic radiation pneumonitis (RP) (grade
≥2) or asymptomatic RP (grade ≤1). The lines represent ‘iso-percent reduction’ in DLCO
(each line represents the same percent change in pre:post radiation DLCO). The
predominance of data points above these iso-percent lines for patients with high-grade RP
indicates that patients with high-grade RP had greater reductions in DLCO after treatment.
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Figure 3.
Scatter plot of percent changes in diffusing capacity of the lung for carbon monoxide
(DLCO) versus age (A) and lung dosimetric parameters (volume of normal lung receiving
≥20 Gy [V20] [B] and mean lung dose [MLD] [C]) for patients with grade ≥2 RP (red dots)
or grade ≤1 RP (blue crosses). A positive slope represents a greater change in DLCO, which
appeared to be more pronounced for those with high-grade RP.
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Table 1
Patient characteristics

Characteristic No. of Patients (%) (n = 140)

Sex

 Male 75 (54)

 Female 65 (46)

Age, years

 Median 70

 Range 40-87

Race

 White 134 (96)

 Other 6 (4)

Chronic respiratory disease

 Yes 51 (36)

 No 89 (64)

Disease stage

 I 16 (11)

 II 15 (11)

 III 106 (76)

 IV 3 (2)

Histology

 Squamous cell Adenocarcinoma 60 (43)

 NSCLC, NOS 46 (33)

34 (24)

Karnofsky performance status score

 90-100 49 (35)

 80 69 (49)

 <80 22 (16)

Smoking status

 Current 26 (19)

 Former 106 (76)

 Never 8 (6)

Treatment

 Concurrent chemoradiation 64 (46)

 Chemotherapy+concurrent chemoradiation 47 (34)

 Radiation therapy 18 (13)

 Sequencial chemoradiation therapy 11 (8)

Radiation total dose, Gy (GyE for protons)

 Median 69.6

 Range 60-87.5

Radiation technique

 3D-CRT 44 (31)
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Characteristic No. of Patients (%) (n = 140)

 IMRT 64 (46)

 PBT 32 (23)

Radiotherapy fractionation

 Once a day 117 (84)

 Twice a day 23 (16)

Mean lung dose, Gy (GyE for protons) (n=132)

 Median 17

 Range 3-67

V20, %(n=132)

 Median 30

 Range 4-44

Baseline DLCO (percentage of predicted), %

 Median 68

 Range 26-126

Baseline FEV1 (percentage of predicted), %

 Median 67

 Range 20-115

Abbreviations: NSCLC, NOS, non–small-cell lung cancer, not otherwise specified; 3D-CRT, 3-dimensional conformal radiation therapy; IMRT,
intensity-modulated radiation therapy; PBT, proton beam radiation therapy; GyE, cobalt-Gray equivalent; V20, volume of normal lung receiving

≥20 Gy; DLCO, capacity of the lung for carbon monoxide; FEV1, forced expiratory volume in 1 second.
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Table 3

Correlations between percentage reduction in diffusing capacity of the lung for carbon monoxide after
radiation therapy and pneumonitis (grade ≤1 vs. grade ≥2) for patient subgroups

Factor No. of Patients r P

Age, years

 ≥65 106 0.31 0.0015

 <65 34 0.15 0.38

Karnofsky performance status

 ≥80 118 0.43 0.0471

 <80 22 0.28 0.0022

Disease stage

 I,II 31 0.14 0.45

 III,IV 109 0.32 0.0008

Smoking status

 Smoker 132 0.30 0.0004

 Nonsmoker 8 0.15 0.71

Chronic respiratory disease

 Yes 51 0.33 0.0175

 No 89 0.27 0.0104

Chemotherapy

 Yes 122 0.28 0.0015

 No 18 0.31 0.20

Radiation fractionation

 Once daily 117 0.27 0.003

 Twice daily 23 0.41 0.054

V20

 ≥30% 67 0.30 0.0128

 <30% 65 0.19 0.11

Mean lung dose, Gy (or GyE)

 ≥17 66 0.30 0.0147

 <17 66 0.20 0.11

Baseline DLCO (% of predicted)

 ≥60% 91 0.37 0.0003

 <60% 49 0.22 0.1134

Baseline FEV1 (% of predicted)

 ≥60% 81 0.37 0.0007

 <60% 59 0.22 0.10

Abbreviations: V20, percentage of lung exposed to ≥20 Gy; DLCO, diffusing capacity of the lung for carbon monoxide; FEV1, forced expiratory
volume in 1 second
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