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Abstract

Purpose—To investigate pulmonary function test (PFT) and arterial blood gas changes
(complete PFT) following stereotactic body radiation therapy (SBRT) and to see whether baseline
PFT correlates with lung toxicity and overall survival in medically inoperable patients receiving
SBRT for early stage, peripheral, non-small cell lung cancer (NSCLC).

Methods and materials—During the 2-year follow-up, PFT data was collected for patients
with T1-T2NOMO peripheral NSCLC who received effectively 18 Gy x 3 on Phase Il North
American multicenter study (RTOG 0236). Pulmonary toxicity was graded utilizing the RTOG
SBRT pulmonary toxicity scale. Paired Wilcoxon signed rank test, Logistic Regression model, and
Kaplan-Meier method were used for the statistical analysis.
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Results—At 2 years, mean % predicted FEV1 and DLCO declines were 5.8% and 6.3%,
respectively, with minimal changes of arterial blood gases, and no significant decline of oxygen
saturation. Baseline PFT was not predictive of any pulmonary toxicity following SBRT. Whole
lung V5, V10, V20 and mean dose to the whole lung were almost identical between patients who
developed pneumonitis and patients who were pneumonitis-free. Poor baseline PFT did not predict
decreased overall survival. Patients with poor baseline PFT as a reason for medical inoperability
had higher median and overall survivals than patients with normal baseline PFT but with cardiac
morbidity.

Conclusions—Poor baseline PFT did not appear to predict toxicity, or decreased overall
survival after SBRT in this medically inoperable population. Poor baseline PFT alone should not
be used to exclude patients with early stage lung cancer from treatment with SBRT.

Keywords

stereotactic body radiation therapy; non-small cell lung cancer; pulmonary function test; radiation
pneumonitis; overall survival

Introduction

Stereotactic body radiation therapy (SBRT) has been shown to be an effective treatment in
medically inoperable patients with early stage non-small cell lung cancer (NSCLC) (1-3).
However, relatively little has been published about the influence of pre-treatment pulmonary
function test (PFT) and dosimetry as it relates to toxicity and post-treatment PFT. Several
clinical studies (4-8) analyzed changes in PFT following SBRT. However, these studies
were generally limited to spirometry parameters and diffusing capacity for carbon monoxide
(DLCO) with variable follow-up periods.

The Radiation Therapy Oncology Group (RTOG) 0236 protocol used SBRT in treating
patients with medically inoperable early stage lung cancer (3). By design, this phase 11
protocol collected pre- and post-treatment PFT data as well as comprehensive dose
deposition information centrally. The goal of this analysis was to use this data to conduct a
comprehensive analysis of PFT and arterial blood gas changes (complete PFT) following
SBRT, and to see whether baseline PFT correlates with any pulmonary toxicity and overall
survival in medically inoperable patients receiving SBRT for early stage, peripheral, non-
small cell lung cancer (NSCLC). An additional goal was to analyze the normal lung tissue
dose deposition and see whether there is a relationship predicting the development of
radiation pneumonitis or any high grade pulmonary toxicity.

Materials and Methods
Patient Eligibility

Patient eligibility criteria were described by Timmerman and colleagues in the primary
analysis of RTOG 0236 (3). Briefly, patients above the age of 18 with a Zubrod performance
status score 0-2 and cytological or histological proof of NSCLC were required for the entry.
Eligible patients had AJCC stages T1-T3 (< 5 cm) and peripherally located NSCLC at least
2 cm from the proximal bronchial tree. The protocol specifically treated patients unable to
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tolerate a definitive surgical extirpation of the primary tumor due to medical problems (i.e.,
medically inoperable patients). Indicators defining a patient to be medically inoperable
included baseline forced expiratory volume in one second (FEV1) of less than 40%
predicted, predicted postoperative FEV1 of less than 30% predicted, DLCO of less than 40%
predicted, baseline hypoxemia or hypercapnia, severe pulmonary hypertension; severe
cerebral, cardiovascular, or peripheral vascular disease, severe chronic heart disease, or
diabetes mellitus with end-organ damage.

Radiation Therapy Specifications

The gross tumor volume was contoured on lung CT windows and no additional margin was
added for possible microscopic tumor extension. The planning target volume margin for set-
up error and error related to tumor motion was limited to < 5mm in the axial dimension and
< 10 mm in the craniocaudal dimension. Patients received a dose of 60 Gy in 3 fractions
without heterogeneity correction, which approximates 54 Gy in 3 fractions when
heterogeneity correction is applied (9). Each fraction was separated by at least 40 hours and
the entire 3-fraction regimen was required to be completed within 14 days. Adequate target
coverage was achieved when 95% of the planning target volume was covered by 60 Gy.
High and intermediate dose spillages were measured by calculating the conformality index
(ratio of the volume receiving 60 Gy to the planning target volume: <1.2), ratio of 50%
prescription isodose volume to the planning target volume (R50), and by measuring the
maximum dose 2 cm from the planning target volume (PTV) in any direction (D2cm). The
criteria for deviation from the protocol are given in RTOG 0236 primary analysis report (3).
Readers are also directed to the original publication for more information on dose gradient
requirements and normal tissue dose constraints (10).

Follow-up Specifications

Patients were seen every 3 months during years 1 and 2 following SBRT and then every 6
months until year 4. PFT with spirometry parameters, lung volumes and diffusing capacity,
and arterial blood gas analysis (PaCO2, PaO2 and SaO2) were to be performed every 3
months for year 1 posttreatment and every 6 months for year 2 posttreatment. The National
Cancer Institute's Common Terminology Criteria for Adverse Events (CTCAE) version 3.0
was used for grading adverse events (11) except for spirometry and diffusing capacity where
a modified version scaled to the pre-treatment baseline was used called the RTOG SBRT
pulmonary toxicity scale. The CTCAE version 3 specified grading criteria for PFT assumed
that all patients have normal baseline PFT. This assumption is not appropriate for medically
inoperable patients. As a remedy to monitor treatment effects on PFT, a protocol specific
toxicity classification for PFT that adjusts for baseline abnormalities was defined. Changes
that occur after SBRT were referenced to the baseline for a given patient, which was
abnormal for most patients. A proportional decline from the baseline was defined.
Therefore, In the RTOG SBRT pulmonary toxicity scale, events are scaled to the baseline
with a FEV1, FVC or DCLO decline to 0.90-0.75 times the patient's baseline value
representing grade 1 toxicity, <0.75-0.50 times baseline representing grade 2 toxicity,
<0.50-0.25 times baseline representing grade 3 toxicity, and <0.25 times baseline
representing grade 4 toxicity. Grade 5 toxicity is death.
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Statistical Methods

Results

Changes in PFT were calculated by subtracting the baseline value from the follow-up value.
For tests where a higher score indicates better functioning, this difference was negative for
patients with a decline in functioning; for tests where a higher score indicates poorer
functioning, the difference was positive for patients with a decline in functioning. In
addition, categorized changes in pulmonary function (decline versus no decline) following
SBRT were reported. The decline was defined as a decrease in functioning since baseline of
at least 15% (7). PFT done within 28 — 56 days following completion of SBRT were used
for the 6-week follow-up. PFT done within 60 — 122 days following completion of SBRT
were used for the 3-month follow-up, while PFT done within 18 and 24 months following
completion of SBRT were used for the 2-year follow-up. Changes in PFT were evaluated
using the paired Wilcoxon signed rank test. Logistic regression models were used to
investigate the relationship between PFT and pulmonary toxicity. Since the timing of
required PFT was subject to assessment bias, time-to-event analysis was less appropriate
than logistic regression. Each model consisted of a single PFT as the predictor and an
outcome variable where an event was either any grade of pulmonary toxicity or a grade 3 or
4 pulmonary toxicity. Overall survival rates were calculated using the Kaplan-Meier method
and comparisons tested using the Log-rank test. The relationship between PFT and overall
survival was also evaluated using the Cox proportional hazards model. All analyses were
performed with SAS software, version 9.2.

Baseline Patient Characteristics

Ultimately, 55 patients of the 59 accrued patients were evaluable. The patient demographic
characteristics, performance status, tumor stage, and reasons for medical inoperability are
given in Table 1. The majority of patients were elderly, female, and with stage 1A disease.
Notably, the majority of patients (69.1%) had more than one reason for medical
inoperability. Severely reduced DLCO and FEV1 < 40% predicted at baseline were among
the most common abnormalities seen in patients with poor pulmonary function. Almost a
half of the patients had severe cardiovascular disease as one of the reasons for medical
inoperability.

Baseline Pulmonary Function

Table 2 shows PFT distributions. At baseline, the mean FEV1 for the entire cohort was
60.8% predicted and mean FEV1/FVC was 70% predicted consistent with an obstructive
pattern of chronic lung disease. The residual volume (RV) and total lung capacity (TLC)
were increased: mean 154.6% predicted, and 113.1% predicted, respectively. The mean
forced vital capacity (FVC) was 80% predicted. The mean DLCO was 10.6 ml/min/mmHg
and mean % predicted DLCO was 60.7%. Collectively, these data indicate that the majority
of patients had an obstructive or mixed (obstructive and restrictive) pattern of chronic lung
disease.
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Changes in Pulmonary Function Following SBRT

PFT compliance rates at 6 weeks, 3 months, and 2 years were 74.5%, 49.1% and 60.0%,
respectively. At 2 years, mean % predicted FEV1 and DLCO declines, shown as percent
changes, were 5.8% and 6.3%, respectively, with minimal changes of arterial blood gases
and no significant decline of oxygen saturation. A similar pattern of PFT test changes was
seen at the 6-week and 3-month follow-ups. With the exception of DLCO (% predicted), all
PFT changes were not statistically significant (p > 0.05). The change in DLCO (%
predicted) was significant at 6 weeks (p = 0.008) and at 3 months (p = 0.007). Overall, non-
significant PFT changes were seen following SBRT during the 2-year follow-up.

Table 3 shows changes in PFT following SBRT utilizing the RTOG SBRT pulmonary
toxicity scale. As shown, the majority of patients had grade 0-1 PFT changes following
SBRT. Comparison of follow-up PFT scored using CTCAE version 3.0 and the RTOG
SBRT pulmonary toxicity scale is given in Table el (refer to supplementary materials and
appendices). Categorized changes (15% decline versus no 15% decline) in PFT and arterial
blood gas are shown in Table e2 (refer to supplementary materials and appendices). At 2-
year follow-up = 70% of the patients had no decline in PFT.

Correlation between Pulmonary Function Tests and Lung Toxicity

Pulmonary and upper respiratory toxicity is shown in Table e3 (refer to supplementary
materials and appendices). Nine patients developed grade 1-3 pneumonitis. No patient
experienced grade 4 or grade 5 pneumonitis. Logistic regression model analysis of baseline
PFT and any pulmonary toxicity, including high-grade pulmonary toxicity is shown in Table
4. None of the baseline PFT parameters correlated with any pulmonary toxicity including
pleural effusion and pneumonitis (Table e4, refer to supplementary materials and
appendices). Furthermore, none of the baseline PFT parameters correlated with cough,
dyspnea, hypoxia and PFT decrease, p > 0.05 (data not shown). When the 6-week PFT
parameters were analyzed, no correlation was found between the 6-week PFT and any
subsequent pulmonary toxicity including pneumonitis (Tables e5, refer to supplementary
materials and appendices). These results indicate that PFTs do not appear to be predictive of
any pulmonary toxicity, including high-grade toxicity following SBRT.

Normal Lung Tissue Dose and Radiation Pneumonitis

Normal lung tissue dose volume distributions are summarized in Table 5. Although the
RTOG 0236 clinical trial required the percent of normal lung tissue receiving 20 Gy (V20)
to be below 10% (3), the patients treated in this study had a relatively low normal lung tissue
dose; mean V20 was only 4.8% and mean dose to the whole lung was only 4.0 Gy. Normal
lung tissue dose volume distributions by the occurrence of pneumonitis are also shown in
Table 5. While the range of these values was low compared to conventionally fractionated
radiotherapy, the occurrence of pneumonitis did not correlate with normal lung tissue dose:
mean whole lung receiving V5, V10, V20, and mean whole lung dose were similar in
patients who developed radiation pneumonitis and patients who were radiation pneumonitis-
free. Logistic regression models showed no existing correlation (p > 0.6) between any
normal lung tissue dose (V20, V10, V5, and mean dose to the whole lung) and the
occurrence of pneumonitis (Table 5).
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Intermediate Dose Spillage and Pulmonary Toxicity

By the trial design, dose at 2 cm (D2cm) from the PTV and R50 ratio were strictly limited to
result in very compact dose distributions, even for the category defined as a major deviation
of D2cm and R50 per the protocol guidance. Within this context of strictly limited
intermediate dose spillage by the protocol, no correlation was seen between these
intermediate dose spillage parameters (D2cm and R50) and any pneumonitis toxicity,
including high grade pulmonary toxicity.

Overall Survival and Pulmonary Function

Overall survival analysis was performed in order to find out whether baseline PFT
parameters have a potential predictive value. Figure 1 shows the overall survival curves for
patients with % predicted PFT parameters above and below their mean values.

Median survival (MS) in patients with FVC greater than or equal to the mean value (80%)
was 48 months, and less than the mean value was 42 months (p = 0.99). MS in patients with
FEV1 greater than or equal to and less than its mean value (60.8% predicted) was 30 and 48
months respectively (p = 0.29). A similar pattern of MS was seen in patients with
FEV1/FVC greater than or equal to and less than its mean value (70% predicted) and was
found to be 31 and 48 months, respectively (p = 0.44). Difference in MS was also seen in
patients with TLC greater than and less than or equal to its mean value (113.1% predicted)
and was 42 and 34 months, respectively (p = 0.56). MS in patients with DLCO greater than
or equal to its mean value (60.7% predicted) was 34 months, while MS in patients with
DLCO less than its mean value was not reached (p = 0.27). None of the baseline PFT
parameters statistically significantly correlated with overall survival. The patients with poor
and normal baseline PFT values did not have statistically significant difference in 3-year
overall survivals.

When overall survival was analyzed in patients with poor PFT as one of the reasons for
medical inoperability, medically inoperable patients with poor baseline PFT had higher
median and overall survivals than patients with normal baseline PFT but with other reasons
for medical inoperability (e.g., cardiac morbidity); MS was 48 and 33 months, respectively.
However, this difference in survival was not statistically significant, p = 0.44 (Figure 1).
When overall survival was specifically analyzed in patients with cardiac morbidity as one of
the reasons for medical inoperability, medically inoperable patients with cardiac morbidity
had a trend for a worse overall survival than patients without cardiac morbidity. MS was 30
and 48 months, respectively; however, no statistically significant difference in overall
survival between these two groups was seen, p = 0.10 (data not shown).

Discussion

This study unveiled several key observations after treating and following the study cohort.
First, following SBRT in this population of medically inoperable patients, non-significant
declines in PFT were seen with no significant change of oxygen saturation at the 2-year
follow-up. Second, baseline PF was not predictive of radiation pneumonitis or any
pulmonary toxicity following SBRT. Third, there was no relationship between the
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occurrence of radiation pneumonitis and the common normal lung tissue dose parameters
used for predicting radiation pneumonitis after conventional radiation. Fourth, poor baseline
PF did not predict decreased survival following SBRT, and higher median and overall
survivals were seen in medically inoperable patients without cardiovascular morbidity
compared to the patients with cardiovascular morbidity.

Henderson and colleagues (7) at Indiana University analyzed pulmonary function changes in
medically inoperable patients with stage | NSCLC treated with SBRT. Baseline FEV1
significantly predicted for post-treatment survival and patients with poor PFT had
significantly longer overall survival. Another study by Stephans and associates (8) at
Cleveland Clinic showed the same. A closer look at overall survival by cause of death in
both studies demonstrated that patients who were inoperable because of cardiac morbidity
had inferior survival to patients without cardiac morbidity. In our study, medically
inoperable patients with poor baseline PFT had higher median and overall survivals than
patients with normal baseline PFT but with other reasons for medical inoperability (e.g.,
cardiac morbidity). As shown in Figure 1, 3-year overall survival in patients with poor
baseline PFT and patients with normal PFT but with other reasons for medical inoperability
were 61% and 43%, respectively. This however, did not reach statistical significance (p =
0.44), possibly due to the small sample size. The majority of inoperable patients with normal
PFT have cardiac morbidity. One-year mortality after onset of heart failure in people aged
75 years is 21% in men and 17% in women, while 5-year mortality is 50% in men and 46%
in women (12). Therefore, inoperable patients with lung cancer and severe cardiac disease
appear to have less chance of long term survival than inoperable patients with poor PFT but
without severe cardiac morbidity.

In this study, the occurrence of radiation pneumonitis did not correlate with the normal lung
tissue dose parameters commonly used to predict toxicity for conventionally fractionated
radiotherapy. Whole lung V5, V10, V20, and mean dose to the lung had no predictive value
for the occurrence of radiation pneumonitis after SBRT. Admittedly, the absolute range of
these parameters was small because of a mandated compact dose distribution. This appears
to be different from conventionally fractionated radiotherapy in which whole lung V20 and
mean lung dose are considered to be independent predictors of pneumonitis (13), and even
V5, V10 and V13 for the whole and ipsilateral lung are reported by single centers to
correlate with the incidence of pneumonitis (14-16).

This study clearly has limitations. Stage |A NSCLC was present in 80% of patients and
generalizations about treating larger tumors based on this data should not necessarily be
drawn. Treatment of larger tumors includes more normal lung tissue and can potentially give
more lung toxicity. It has been shown that the volume of irradiated normal lung correlates
with the decrease of TLC and DLCO (17). On the other hand, although more PFT decline
can be seen when larger tumors are treated, the phase | dose escalation trial of SBRT at
Indiana University showed no obvious relationship between tumor volume and toxicity (18).
The study population in this report was limited to patients with peripheral tumors away from
the central airways. Therefore, the results would not necessarily apply to patients being
treated for more central tumors. Most of the study population was women while the majority
of patients diagnosed with lung cancer are men. This unintended selection may have
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implications to health status unique from an unselected population of lung cancer patients.
Overall survival analyses included patients with any cardiac morbidity, and the small sample
size precluded additional overall survival analyses for each type of cardiac morbidity (e.g.,
coronary artery disease, congestive heart failure, etc.). Yet, another limitation of this study is
the PFT compliance rate during the follow-up period. As previously mentioned, the PFT
compliance rate at 6 weeks was 74.5%. The compliance steadily declined to 60% with
ongoing follow-up. Higher PFT compliance rate would result in a more robust estimate of
PFT change, and PFT changes might be worse in non-complaint patients. Reasons for non-
compliance with protocol-specified PFT were not collected. Though the observed rate of
PFT change could be higher with a better compliance, a very small number of patients
experienced grade 3 pulmonary toxicity in the study. This is different from SBRT for central
tumors where even grade 5 toxicity was reported (19).

In summary, following SBRT for patients treated in the RTOG 0236 trial, overall, non-
significant changes in PFT were seen with no significant change of oxygen saturation.
Baseline PFT was not predictive of radiation pneumonitis or any pulmonary toxicity
following SBRT. There did not appear to be a relationship between the occurrence of
radiation pneumonitis and normal lung tissue dose; mean whole lung V5, V10, V20 and
mean dose to the whole lung were almost identical in patients who developed radiation
pneumonitis and patients who were radiation pneumonitis-free. Poor baseline PFT did not
appear to predict decreased overall survival, and patients with cardiac morbidity appear to
have poorer overall survival than those with poor baseline PFT but without cardiac
morbidity. Based on this analysis, poor baseline PFT alone should not be used to exclude
patients with early stage NSCLC from treatment with SBRT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Kaplan-Meier overall survival (OS) curves of patients with baseline pulmonary function test
values greater and less than the mean % predicted values. A. forced vital capacity (FVC)
greater (solid line) and less than (dashed line) its mean value; B. forced expiratory volume in
the first second of expiration (FEV1) greater (solid line) and less than (dashed line) its mean
value; C. FEV1/FVC greater (solid line) and less than (dashed line) its mean value; D. total
lung capacity (TLC) greater (solid line) and less than (dashed line) its mean value; E.
diffusing capacity for carbon monoxide (DLCO) greater (solid line) and less than (dashed
line) its mean value; F. poor baseline pulmonary function (PF) and normal baseline PF but
with other reasons for medical inoperability.
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Table 1
Patient Characteristics (n=55)
Age (years)
Median 72
Min - Max 48 -89
Gender
Male 21 (38.2%)
Female 34 (61.8%)
Race
Asian 2 (3.6%)
Black or African American 2 (3.6%)

White

51 (92.7%)

Zubrod Score

0 12 (21.8%)
1 35 (63.6%)
2 8 (14.5%)
Non-Small Cell Lung Cancer Stage (AJCC, 6! edition)
1A 44 (80.0%)
B 11 (20.0%)
Reason Medically Inoperable (Patient may have more than one)
1. Baseline FEV1 < 40% Predicted 19 (34.6%)
2. Predicted post-op FEV1 < 30% of predicted 7 (12.7%)
3. Severely reduced diffusion capacity 22 (40.0%)
4. Baseline hypoxemia and/or hypercapnia 10 (18.5%)
5. Exercise oxygen consumption < 50% of predicted 0 (0.0%)
6. Severe pulmonary hypertension 6 (10.9%)
7. Diabetes mellitus with severe end organ damage 3(5.5%)
8. Severe cerebral, cardiac, or peripheral vascular disease 24 (43.6%)
9. Severe chronic cardiac disease 22 (40.0%)
Total with more than one reason 38 (69.1%)
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