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Abstract

Objective: Medically inoperable patients with primary or recurrent lung cancer are increasingly being diagnosed
clinically without pathologic confirmation especially for patients with comorbidities that preclude biopsy. The objective of
this study is to report the outcomes of medically inoperable patients with unbiopsied primary or recurrent lung carcinoma
with SBRT.

Methods: From 2008-2011, 22 patients with non-pathologically diagnosed primary or recurrent lung cancer were treated
with SBRT. All patients had diagnostic imaging clinically consistent with primary or recurrent lung malignancy. Fifteen
patients had primary lung cancer and 7 had recurrent disease previously treated with surgery or fractionated radiotherapy.
Median SBRT dose was 50 Gy (Range 40-55 Gy) in a median of 5 fractions (Range 4-10 fractions). Median BED was 100
Gy (Range 72-151.2 Gy).

Results: Median follow up is 15.3 months (Range 6.6-33.0 months). Primary tumors had a median longest dimension on
the original CT of 1.6cm, which enlarged to 2.0cm (P<0.001) on serial CT and decreased to 1.3cm (P=0.003) after SBRT.
Recurrent tumors had a median longest dimension of 1.6¢cm, which increased to 2.7cm (P=0.33) on repeat CT and
subsequently stabilized at 2.7cm after SBRT. On FDG-PET scan, median standard uptake value (SUV) for the entire
population is 5.4 before SBRT which decreased to 2.3 (P<0.001) after treatment. For the entire population, absolute local
control was 90.9%. Kaplan-Meier curves estimates at 2 years show regional control 100%, distant control 75%, cancer
specific survival 92%, and overall survival 75%. There were no grade 3/4 acute or chronic treatment-related toxicities.
Conclusions: In medically inoperable patients, a diagnosis of lung cancer can be provisionally made radiographically
without pathologic confirmation. Local control can be achieved with minimal toxicity with the use of SBRT.
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Introduction

Patients with early stage non-small cell lung cancer are optimally treated with lobectomy and mediastinal lymph node
dissection which yields a locoregional control rate of approximately 93% [, The Lung Cancer Study Group reported a
randomized trial of lobectomy versus sublobar resection for peripheral T1 lung carcinoma with local relapse rate of 6.4%
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and 17%, respectively . In medically inoperable patients, conventionally fractionated radiotherapy for early stage lung
carcinoma has shown local control rates of only 30%-40% **). In the last decade stereotactic body radiotherapy (SBRT)
has been described by many institutions and recently by the RTOG with local control rates comparable to lobectomy in
medically inoperable patients (',

Many patients with lung cancer have multiple comorbid conditions such as chronic obstructive pulmonary disease and
cardiovascular disease making them suboptimal candidates for lobectomy or making them medically inoperable.
Unfortunately, some patients have radiographic indications of lung carcinoma, such as increasing size of a pulmonary
nodule on serial CT scans and/or a hyper metabolic nodule on PET/CT, yet are unable or unwilling to undergo biopsy. The
greatest risk factor with CT-guided biopsy is pneumothorax, which is especially concerning for patients with severe
COPD. Reported pneumothorax rates are as high as 27% ", Few studies report on patients treated with SBRT without
tissue diagnosis due to the associated risks. In those reports 22%-69% of patients were diagnosed and treated based on
malignant radiographic characteristics !'*"'7). There is a dearth of information in the medical literature describing the
outcomes of SBRT for unbiopsied primary early stage lung cancer patients.

Additionally, patients treated with conventional radiotherapy with or without concurrent chemotherapy for locally
advanced lung cancer have few salvage options in the event of local failure without distant disease. Salvage options would
include chemotherapy, radiofrequency ablation, conventional re-irradiation, SBRT, or best supportive care. There is little
information in the published literature regarding the use of SBRT for radiographically diagnosed local recurrence of
NSCLC. The purpose of this report is to describe the clinical indicators, outcomes, and toxicities of patients treated with
SBRT for non-pathologically diagnosed primary or recurrent carcinoma of the lung.

Patients and methods

With approval of our institutional review board, we reviewed all patients treated with SBRT for primary or recurrent
carcinoma of the lung at our institution from 2008-2011. We identified 22 patients that had lesions treated with SBRT
without histologic diagnosis with at least 6 months of follow up. Surgical resection is our institutional standard of care for
lung nodules that are biopsy-proven or radiographically diagnostic of malignancy. For patients with previously treated
localized or locally advanced lung cancer, biopsy is preferred to validate treatment failure before progressing to salvage
therapy. All patients in this study were deemed high risk for resection and/or biopsy by the thoracic surgeon if he
determined that the risk of pneumothorax or perioperative morbidity/mortality precluded the procedure. Fifteen patients
included in this study had primary lung lesions and were determined to have an unacceptable risk of morbidity related to
surgical resection, transbronchial biopsy, or image-guided biopsy. Four patients had biopsies attempted that were
nondiagnostic for carcinoma but were radiographically diagnostic of malignancy. Two patients had two lung nodules, one
of which was diagnostic though biopsy of the other was not attempted. Patients with two peripheral lung nodules are
classified as synchronous primary lung cancers for the purpose of this study with the unbiopsied lesion included in the
study. Seven patients had lesions located in regions of previously treated NSCLC with imaging consistent with disease

persi stence or recurrence.

All patients underwent pre-treatment imaging consisting of chest CT with or without whole body PET/CT. All primary
patients had high radiographic suspicion of malignancy based on the presence of a spiculated lung nodule that is enlarging
on serial CT with or without hypermetabolic activity on FDG-PET imaging or two malignant appearing lung nodules with
one pathologically diagnosed as malignancy. Recurrent or persistent disease shows similar radiographic characteristics in
a previously treated site of parenchymal disease. Only patients with parenchymal lung lesions were included in this study.
Patients were not excluded from this study based on lesion size or proximity to central structures as described by

Timmerman, et al. '],
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The SBRT planning process for all patients follows the The American Association of Physicists in Medicine Task Group
101 "], Briefly, treatment planning was initiated with four-dimensional CT (4D-CT) simulation scan in a vacuum-molded
immobilization device. Respiratory gating or abdominal compression was utilized during treatment for patients with tumor
motion greater than lcm in any dimension. Maximum intensity projection (MIP) from the 4D-CT was constructed for
patients that did not require respiratory gating. The MIP delineates where the tumor is located within the patient during all
phases of the respiratory cycle. The lesion was segmented based on the MIP and designated as the internal target volume
(ITV). Planning target volume (PTV) was generated from the [TV with a uniform 5Smm margin. Cone-beam CT scan was
performed with physician verification prior to each treatment to ensure proper alignment. All patients were treated using
static field SBRT or volumetric modulated arc therapy (VMAT) with 6 MV photons. Median total dose delivered was 50
Gy (Range 40-55 Gy) in a median of 5 fractions (Range 3-10). Median total treatment time was 15.5 days (Range 5-29
days). Median biological equivalent dose (BED) delivered was 100 Gy (Range 72-151.2 Gy), assuming an o/f for tumor of
10 Gy. All patients had post-treatment imaging with CT or PET/CT 6-8 weeks after completion of SBRT and then every
3-6 months.

The primary endpoint of the study is local control. Secondary endpoints include regional failure-free survival, distant
metastasis-free survival, cancer-specific survival, overall survival, acute toxicity, and chronic toxicity. Kaplan-Meier
curves were generated to estimate the treatment outcome endpoints in this study. Radiographic changes in the lesions were
performed using a one-sided paired t-test. The greatest dimension of the tumor on CT imaging was used for analysis of
response to SBRT. Response rates were classified radiographically according the RTOG 0915 CT-based response

criteria 2%,

Results

From 2008-2011, 22 patients with unbiopsied primary or recurrent carcinoma of the lung were treated with SBRT at our
institution, and patient characteristics are outlined in Tables 1 and 2, respectively. Median follow up is 15.3 months (Range
6.6-33.0 months) with a mean of 16.9 months. None of the patients in this study had a pathologic diagnosis, and reasons
that biopsy was not obtained in these patients are outlined in Table 3. In the three patients that pathologic diagnosis was
attempted, the modality employed was CT-guided biopsy in 2 patients and transbronchial biopsy with washings in 1
patient.

Table 1. Characteristics of patients with primary carcinoma (n=15)

Characteristic Value
Age (y)
Median 76
Range 57 -87
Gender (n)
Male 11
Female 4

Tumor size (cm)

Median 2.0
Range 1.0-45
T stage (n)
T1 13
T2 2
KPS (%)
Median 80
Range 70 - 100
SBRT dose (Gy)
Median 50
Range 50-55
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Table 2. Characteristics of patients with recurrent carcinoma (n=7)

Characteristic Value
Age (y)
Median 72
Range 53-83
Gender (n)
Male 5
Female

Tumor size (cm)
Median 2.7
Range 1.3-6.3
T stage (n)
Tl
T2
T3
T4
N stage (n)
NO
N1
N2
N3
KPS (%)
Median
Range 40 - 100
Previous tumor histology

— — O b L= O BN

]
(e}

Squamous
Adenocarcinoma
NSCLC (Not specified)
Small cell

—_ = = N

Previous treatment
Wedge resection
RT alone
Sequential chemo/RT

—_ —_ A =

Concurrent chemo/RT
Previous RT
70 Gy 3
55 - 60 Gy 3
None
SBRT dose (Gy)
Median 50
Range 40 - 50

Table 3. Reasons pathologic diagnosis was not achieved (n=22)
Biopsy Status Patients % of Patients
Not attempted due to comorbidities 8 36%
COPD & Pneumothorax risk (n = 6)
Prior lobectomy with COPD (n= 1)
Prior pneumonectomy (n= 1)

Imaging defined local recurrence 7 32%
Non-diagnostic biopsy performed 3 14%
Pulmonary hemorrhage (n = 2)

Synchronous lesion not biopsied 2 9%
Patient refusal 2 9%
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Figure 1 describes the changes in the longest tumor dimension before and after SBRT for the 15 primary lung cancer
patients. Median longest dimension of the primary lung tumor on the patients’ original CT scan is 1.6cm (Range 0.5-3.2
cm), subsequent pretreatment CT scan is 2.0cm (Range 1.0-4.5cm) (P<0.001), and post-SBRT CT scan is 1.3cm (Range
0.0-3.6cm) (P=0.003). Median pretreatment standard uptake value (SUV) for primary lung cancer patients with initial
PET scans is 5.4 (Range 1.6-10.7) and post-treatment SUV is 2.3 (Range 0.0-4.5) (P=0.005). Median time from end of
treatment to most recent PET is 10.2 months.

Figure 2 shows the longest tumor dimension changes before and after SBRT for the 7 recurrent patients. Median longest
dimension of tumor on the patients’ CT scan at the time that surveillance began is 1.6cm (Range 0.0-10.0cm), subsequent
CT scan is 2.7cm (Range 1.3-6.3cm) (P=0.33), and post-SBRT CT scan is 2.7cm (Range 0.0-9.8cm) (P=0.49). Median
pretreatment SUV for recurrent lung cancer patients is 5.6 (Range 1.5-11.5) and post-SBRT is 2.3 (Range 0.9-3.9)
(P=0.03). Median time from end of treatment to most recent PET is 9.6 months.
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Figure 1. Changes in tumor size before and after treatment in patients with primary carcinoma (n=15)
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Figure 2. Changes in tumor size before and after treatment in patients with recurrent carcinoma (n=7)
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None of the patients on this study encountered any acute grade 3/4 toxicity during the course of radiotherapy. In addition,
none of the patients encountered any chronic grade 3/4 chronic toxicity on follow up. Eight of 22 patients had radiographic
changes of the lung parenchyma including 4 with radiation pneumonitis, 2 with interstitial opacities, 1 with radiation
fibrosis, and 1 with mass-like consolidation. No radiographic changes were symptomatically apparent.

Table 4 describes tumor control outcomes with the corresponding RTOG Response Criteria. Kaplan-Meier estimates of
the endpoints are presented in Figure 3. For the entire population, absolute local control is 90.9% and Kaplan-Meier
estimate at 2 years is 87%. Both patients with local enlargements were in the recurrent group that failed initial therapy.
Kaplan-Meier estimate of 2-year regional-failure free survival and distant metastasis-free survival are 100% and 75%,
respectively. Sites of distant failure include the lung in 2 patients, liver in 1 patient, and brain in 1 patient. Four patients
died during the follow up period, but only one had active disease (metastatic) at the time. Three patients died of other
causes, all with stable local disease without distant metastases. One patient with distant metastases has entered Hospice
care. Kaplan-Meier estimate of 2-year cancer-specific survival and overall survival are 92% and 75%, respectively.

Table 4. Tumor control outcomes (n=22)

Response Patients % Patients Definition

Complete response 3 13.6% Disappearance of the target lesion

Partial response 7 31.8% At least a 30% decrease in the LD of the target lesion

Stable disease 10 45.5% Between 30% decrease and 20% increase in LD of target lesion
Local enlargement 2 9.1% At least a 20% increase in the LD of the target lesion

Overall local control 20 90.9% LD = Longest Diameter
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Figure 3. Kaplan-Meier estimates of treatment outcomes (n=22)
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Discussion

The presence of multiple comorbidities like COPD and cardiovascular disease often complicates optimal workup of lung
nodules and treatment of lung cancer patients. Ideally, patients with radiographic lung lesions that are suspicious for
primary or recurrent lung carcinoma either undergo biopsy to establish the diagnosis of malignancy prior to curative
therapy or primary resection as a diagnostic and therapeutic procedure. However, pneumothorax rates with CT-guided
biopsy for lung nodules are 4%-27% "**'"3 with chest tube insertion reported in 1%-5% of cases *"**. Pulmonary
hemorrhage has also been reported in 0.3%-4% of CT-guided biopsies *'**. The complication rate is not insignificant for
CT-guided lung biopsy especially in patients with COPD with poor pulmonary function and emphysematous blebs. In the
event that tissue cannot be obtained, radiography with CT and PET diagnose these suspicious lesions. Sensitivity of
18-FDG PET for the diagnosis of lung cancer is 95%-100% ****! with very little associated morbidity.

Patients in this report were either medically unfit or unwilling to undergo biopsy, or biopsy was performed but was
non-diagnostic. All patients had lesions that were radiographically consistent with malignancy to validate treatment.
Multiple studies report on patients treated with SBRT with inclusion of patients without tissue diagnosis. In these studies,
22%-69% of patients did not have pathologic confirmation and were diagnosed based on malignant radiographic
characteristics including FDG avidity, enlarging mass on CT, and spiculation !>\, Beitler et al. found no differences in
overall survival "], and Ricardi et al. found no difference in cancer specific survival in patients treated with SBRT without
pathology ", Inoue et al. reported on patients treated with small lung lesions that were radiographically diagnosed. They
report local progression of 3.4% for lesions <20mm and 5.3% for lesions >20mm %%,

A report by Kelly et al. from M.D. Anderson Cancer Center describes the results of 36 patients treated with SBRT as
salvage therapy for locally recurrent NSCLC after prior fractionated thoracic radiation therapy. Only 11 of these patients
were treated with SBRT for in-field failures. With 15 months of follow up, local control is 92% for the entire group *’.
Coon et al. from University of Pittsburgh Cancer Institute reported on 26 patients treated with salvage lung SBRT, 12 of
which were in-field failures of prior fractionated radiotherapy. With 12 months of follow up, local control is 92% for the
locally recurrent population 1%,

The absolute local control in this study is 100% for primary patients and 71.4% for recurrent patients. The local control in
our primary treatment population is comparable to prospective studies including the LCSG report on lobectomy and
RTOG 0236 on SBRT. Control outcomes for primary patients are also similar to those reported for patients that did not
undergo biopsy. The local control for the recurrent treatment population is comparable to those seen at other institutions
though the literature is scarce on this topic. Since there were patients in this study with locally recurrent NSCLC, the main
site of failure was distant.

In this report, none of the patients experienced grade 3 or greater acute or chronic toxicity. The follow up for many of the
patients is short enough that chronic toxicity may not yet be experienced. Radiation pneumonitis, chest wall pain, brachial
plexopathy, and damage to central structures would all be potential late complications. In the recently reported RTOG
0236, the rate of protocol specified Grade3/4 toxicity rate was 16.4% and overall Grade 3/4 toxicity rate was 27.3%.
Toxicity primarily manifested as pulmonary or upper respiratory in origin "', In our study we noted 40% of patients with
radiographic pneumonitis, lung fibrosis, or opacities though these patients did not have clinical correlation.

Some radiation oncologists choose not to treat a patient that is medically unfit or unwilling to undergo tissue confirmation
of a primary or recurrent lung carcinoma that is otherwise suitable for SBRT. The rationale for this perspective is that the
patient’s greatest risk of mortality is likely the comorbidities that prevent tissue biopsy as opposed to the cancer itself.
However, Stephans et al. reported no difference in overall survival comparing patients with pathologic versus radiographic
diagnosis, thus supporting the aggressive treatment of unbiopsied patients >, It can be difficult to predict causes of death
in patients with early stage or low volume recurrence of malignancy due to competing comorbidities. It can be
discouraging for a patient to discover that he may have cancer but cannot be treated due to his comorbidities or high risk of

10 ISSN 1925-4067 E-ISSN 1925-4075



www.sciedu.ca/jst Journal of Solid Tumors, June 2012, Vol. 2, No. 3

grave complications. A patient should have an informed discussion about his comorbidities, risks, and benefits of all
treatment options ideally in a multidisciplinary setting.

Conclusion

Our study demonstrates that SBRT for the medically inoperable and unbiopsied patient is feasible with comparable control
rate and toxicity profile to those patients with pathologic diagnosis. More study is needed to evaluate the role of functional
imaging to replace invasive biopsy for the establishment of diagnosis in the medically inoperable patient with early stage
lung cancer.
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