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Objectives

To review the literature and report our experience with
the use of stereotactic body radiation therapy (SBRT) to
treat multiple primary lung cancers (MPLCs).

Methods

A retrospective review of 18 patients with 36 separate
MPLC lesions (6 synchronous pairs and 12 metachronous
pairs) was performed. Of these 18 patients, 16 were not
surgical candidates and 2 declined to have surgery. Of
the 36 lesions treated, 27 received SBRT, 6 had received
prior fractionated RT, and 3 had prior surgical resection.
Radiotherapy doses for SBRT ranged from 48 to 56
Gy (Median = 50 Gy) in 4 to 13 fractions (Median = 5
fractions) and treatment plans used 4D-CT simulation
scans in all patients.

Results

The median follow-up was 20 months after initial SBRT.
We observed local control in 22 of 27 (81.5%) of the
lesions treated with SBRT. The actuarial overall survival
at 2 years from completion of initial SBRT course was
62%. Metastatic disease occurred in 3 of the 6 deceased
patients. Clinically evident pneumonitis was observed in
3 of the 18 pts (17%), which resolved completely with
steroid therapy.
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Conclusions

SBRT appears to be a safe and effective treatment for
MPLC both solely or after prior fractionated RT or surgical
resection. SBRT for MPLC is a reasonable treatment
option for patients who are not optimal candidates for
surgery or who decline surgery.
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1. INTRODUCTION

Lung cancer is the leading cause of cancer mortality
in the world [1] and the second cause of overall mortal-
ity in the United States. Given that smoking is the great-
est risk factor for this disease, it is not uncommon for
patients to be diagnosed with multiple synchronous or
metachronous lung cancers. The prognosis for patients
with non-small cell lung cancer (NSCLC) has been
shown to be particularly poor for multiple primary lung
cancers (MPLCs) with synchronous or metachronous
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tumors, and for unilateral or bilateral tumors [2-5]. An
estimated 1 to 4% of NSCLC occur as multiple primary
lung cancers (MPLCs) [2, 6].

Surgical resection remains the primary modality
of treatment for these patients and there is a substan-
tial body of literature supporting the efficacy of this
approach [7-11]. Unfortunately, not all patients are
deemed surgical candidates secondary to underlying
comorbidities or limited performance status. In addi-
tion, surgical resection can be particularly challenging
for multiple lung cancers due to concerns for limited
pulmonary reserve. Also, there are some patients who
decline surgery despite being operative candidates.

The successful treatment of these patients presents
significant challenges for their treating physicians. One
possible intervention is stereotactic body radiotherapy
(SBRT). Stereotactic body radiotherapy is an emerg-
ing and rapidly-evolving new technology for treatment
of lung tumors. SBRT is regarded as an appropriate
method of definitive treatment of inoperable early stage
lung cancer with an excellent toxicity profile and local
control rate [12, 13]. SBRT can also be utilized to treat
patients with previous lung resection when further sur-
gical treatment is not an option due to limited pulmo-
nary reserve. Also, SBRT has shown favorable results
in MPLC for patients with prior thoracic radiother-
apy[14]. Previously, we have reported our own insti-
tutional experience using modern techniques[15, 16]
including stereotactic body radiotherapy [17] in early
stage lung cancer demonstrating good local control and
favorable toxicity profile.

Although there is limited published data regarding
this approach, SBRT appears to be a viable modality of
therapy for inoperable multiple primary lung cancers.
Sinha & McGarry [18] reported no disease progression
in 8 of 10 cases with MPLCs treated with SBRT with
minimal pulmonary toxicity (< RTOG grade 2).

We report a series of 18 patients from our institution
treated with our most current SBRT techniques in this
study. We also review the literature supporting multidis-
ciplinary approaches to treatment of multiple primary
lung cancers.

2. MATERIALS & METHODS

This research was conducted with approval by the
Institutional Review Board (IRB) of the University
of California - San Diego. From February of 2007 to
August of 2011 we reviewed the records of patients
treated with SBRT for early stage NSCLC. We identi-
fied 18 patients who were treated for multiple primary
lung cancers [Table I]. Of the 18 patients, 2 declined to
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have surgery and the remaining 16 were deemed poor
surgical candidates due to comorbid medical conditions
and/or poor pulmonary reserve. The lesions were syn-
chronous for 6 of the patients and metachronous for the
remaining 12 patients.

Of the 27 lesions treated with SBRT, 12 of them
were biopsy-proven NSCLC. All lesions treated were
found to be hypermetabolic on PET CT scan. All of the
patients had at least one lesion found to be lung can-
cer on pathologic examination, except two patients in
whom biopsy was non-diagnostic and one patient who
could not tolerate a biopsy. Tumors without pathologic
confirmation of NSCLC were clinically diagnosed as
primary lung cancer based on radiographic and clini-
cal evidence when the risks of additional biopsy were
felt to be greater than the clinical benefit of obtaining
additional biopsy specimens. Martini & Melamed [2]
established a criteria for diagnosing multiple primary
lung cancers, however this criteria was derived from a
surgical series where full pathologic specimen analy-
sis was possible. These criteria could not be applied to
many of the patients in our population where repeated
biopsy was precluded by poor pulmonary function
and deemed clinically to have more risk than benefit.
For this scenario in the present series the diagnosis of
MPLC was based on clinical information, imaging pat-
terns and timing, as well as multidisciplinary tumor
board consensus.

A description of the methods for SBRT at our insti-
tution has been published previously [17]. Briefly, CT
simulations were obtained and a 4D-CT was created for
treatment planning purposes. Varian (Palo Alto, CA)
treatment planning software and linear accelerators were
used in treatment. The ITV was contoured on the image
set. Lesions in the upper one-third of the lungs were
expanded Smm uniformly to generate a PTV. Lesions in
the lower two-thirds of the lungs were expanded 5-10
mm axially and 10mm in the superior-inferior direction
to generate a PTV. Plans were created with IMRT in 4-7
coplanar beams, and also using RapidArc (Varian, Palo
Alto, CA) treatment delivery. The range of doses pre-
scribed was 48 — 56 Gy (Median = 50 Gy) in 4-13 frac-
tions (Median = 5 fractions) [Figure 1]. The majority of
patients were treated with 4 or 5 fractions, although in
some patients the treatment was delivered by the same
methodology in larger fraction numbers than a strict
definition of SBRT. In general plans were normalized
such that 100% of the PTV received at least 100% of
the dose. Maximum point doses were below 110% and
within the PTV. Setup was performed by skin marking
alignment with lasers, orthogonal films, and daily cone-
beam CT images.

After completion of treatment, a review of each
patient’s medical record was performed to assess for

2/12/2013 4:40:35 PM



Table 1. Patient Characteristics

SBRT for MPLC

Patient Data
Age, mean 74.6 years
Gender (n =18) Male 56%

Female 44%

Smoking history (n =18)

Reason for not having surgery (n =18)

Timing of diagnosis of MPLC (n =18)

Modality of treatment, by lesion (n = 36)

Size of lesions treated with SBRT, mean (n = 27)
Stage, lesions treated with SBRT (n =27)

Histology, lesions treated with SBRT (n=27)

Tumor location, lesions treated with SBRT (n=27)

89% smokers

Not a candidate 89%
Refused surgery 11%

Metachronous 67%
Synchronous 33%

SBRT 75%
Prior fractionated RT 17%
Prior surgical resection 8%

2.7 cm

T1aNOMO, IA 48%
T1bNOMO, IA 15%
T2aNOMO, IB 26%
T2bNOMO, ITA 7%
T3aNOMO, IIB 4%

Squamous carcinoma 19%
Adenocarcinoma 15%
NSCLC NOS 11%
Biopsy non-diagnostic 7%
Biopsy not performed 48%
Peripheral 74%
Central 26%

local control, disease progression, treatment toxicity,
and overall survival. Local control failure was defined
as any discussion of disease progression in any provid-
er’s clinical notes, any mention of disease progression
in any radiologic report, or as progressive lesion expan-
sion on CT or PET scan without other clinical explana-
tion. Treatment toxicity was assessed by reviewing all
clinical notes for discussion of toxicity or new symp-
toms during or after treatment.

3. RESULTS

Outcomes are summarized in Table II for the 36
lesions treated in these 18 patients. The lesions treated
with SBRT ranged from 0.9 to 7.2cm (mean = 2.7cm)
in greatest dimension. The lesions treated with SBRT
were central in 7 cases and peripheral in 20 cases.
All patients completed SBRT as prescribed. Six
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patients had synchronous MPLC lesions diagnosed.
Treatment with SBRT was administered as sequen-
tial courses in 3 of these patients and as a simultane-
ous course in 3 patients. The median follow-up time
from initial SBRT was 20 months. At the time of this
analysis 12 of the patients were still living and 6 had
died. Among those that died, 3 of the 6 cases had pro-
gressive metastatic disease after SBRT. The actuarial
2-year overall survival was 62%. Of the 27 lesions
treated with SBRT, 22 (81%) showed local control at
last follow-up.

There was no significant acute toxicity. Three of
the patients experienced clinical radiation pneumoni-
tis as late toxicity after completion of RT; at 3, 4 and
8 months after SBRT. All developed cough and there
was evidence of pneumonitis on chest CT. Two of
these three patients had pairs of central lesions treated
by SBRT and required a short course of steroid medi-
cation. All of the patients had complete resolution of
symptoms from radiation pneumonitis.

Journal of Radiosurgery and SBRT  Vol.2 2013 137

2/12/2013 4:40:36 PM



Douglas A. Rahn Il et al.

Figure 1. A treatment plan for a patient with multiple primary lung cancers treated with stereotactic body
radiotherapy. Dose is shown in color wash with a 20 Gy threshold level.

Table 2. Outcomes

Patient Data

Follow-up time from initial 20 months
SBRT, median

Total radiation dose, median 50 Gy
(range) (n=27) (48-56Gy)

Number of SBRT fractions,
median (range) (n=27)

5 fractions
(4-13 fractions)

Crude local control of lesions 81%
treated by SBRT (n=27)

Actuarial 2-year overall survival 62%
Development of distant 28%
metastases, by patient (n =18)

Acute toxicity, grade 2 or more 0%
(n=18)

Late toxicity, grade 2 or more 17%
(n=18) (all pneumonitis)

4. DISCUSSION
The proportion of patients with multiple primary lung

cancers is relatively small among all cases of NSCLC,
but this diagnosis may be increasing in frequency with
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more sensitive imaging like PET CT scans and early
detection with CT imaging. Results from the National
Lung Cancer Screening Trial (NLST) also suggest a
benefit of low dose CT screening in a high risk popula-
tion[19], which in turn may lead to increased diagnosis
of MPLCs. Beyreuther [20] first described the occur-
rence of multiple lung tumors in 1924. Since then, sev-
eral series have been published describing therapeutic
experiences in treating MPLCs, primarily by surgery
[7-11].

A challenging clinical question is the differentia-
tion between multiple primary lung cancers versus
a solitary lung cancer with intraparenchymal metas-
tasis. The criteria by Martini and Melamed [2] are
the most widely used published criteria for making
this distinction. These criteria was based on surgical
specimens and autopsy results where full pathologic
evaluation was available. Histopathologic examina-
tion of tissue along with immunohistochemistry anal-
ysis has led to increased accuracy in differentiating
MPLCs from intraparenchymal metastases [21-25],
and certainly metastatic disease from non-lung pri-
mary cancers.

However, the histologic comparison of multiple
lesions pre-operatively is not always clinically attain-
able in the pre-treatment diagnostic setting due to
patients’ intolerance of procedures and the diagnostic
yield of biopsy. In fact, the very reason many patients
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are considered for primary SBRT of lung cancer
rather than surgery is due to poor pulmonary function
and the risk of procedures such as a biopsy or resec-
tion. Imaging patterns particularly by PET CT scan
are useful additional data. The majority of patients
evaluated for radiotherapy in this situation are medi-
cally inoperable and also may not be suitable for
biopsy of multiple lesions. Therefore, in this patient
population it is not always possible to pathologically
confirm the diagnosis of NSCLC in all visible lesions
due to the risks involved. As such, the diagnosis of
MPLCs must often be based on clinical and imag-
ing criteria alone, as was the case with many of the
patients in our cohort.

The use of combined clinical, radiographic, patho-
logic and molecular/genetic characterization can
improve accuracy of differentiation between MPLCs,
intraparenchymal lung metastases, or non-lung meta-
static disease. As an example, consider a case of two
small peripheral unilateral or bilateral lesions with no
radiologic evidence of nodal disease in the mediasti-
num or any extra-thoracic disease. With corroborating
PET-CT findings and no present or past evidence of any
other primary cancer, these findings are assumed to be
consistent with synchronous lung primary cancers. We
advocate for obtaining biopsy confirmation in this situ-
ation whenever clinically feasible.

Although surgical resection remains the mainstay of
treatment for these patients, a substantial proportion of
patients are not suitable for surgical procedures such
as pneumonectomy or bilobectomy due to associated
medical comorbidities and poor lung reserve. Ste-
reotactic body radiotherapy has been successfully and
safely used for early stage non-small cell lung cancer,
but there is minimal experience using this emerging
technology for multiple primary lung lesions. In gen-
eral there is a paucity of literature on the use of radio-
therapy for multiple primary lung cancers, particularly
stereotactic body radiotherapy.

Several patients in the present series had SBRT for
a second primary NSCLC after a previous surgically-
resected NSCLC. These patients were felt to be poor
candidates for additional surgery due to limited pulmo-
nary reserve. Additionally, several patients in this series
had received previous fractionated RT for NSCLC or
SCLC prior to SBRT for a second primary NSCLC.
In both of the above scenarios SBRT appears to be an
effective option with acceptable risk for treatment of
early stage second primary MPLC lesions.

Sinha & McGarry [18] reported ten patients treated
with SBRT for MPLC. All patients were found to have
independent malignant pulmonary nodules at initial
workup or during the course of their disease. Every
patient had biopsy proven non-small-cell lung carci-
noma (primarily in one of the lesions), and all were poor
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SBRT for MPLC

candidates for surgery. The patients underwent SBRT
with radiation doses were between 4800-6600cGy in
3 to 4 fractions, mostly sequentially. With a median
follow-up of 21 months there was 80% progression
free survival and no grade 3 or higher toxicity. Another
study by Kelly et al., [14] described SBRT for lung can-
cer in patients who had previously fractionated thoracic
radiotherapy. Grade 3 radiation pneumonitis occurred
in 28% of the cases. The local control was 92% in this
series and the 2 year actuarial survival was 59%. These
previous series demonstrate that SBRT is a safe and
potentially effective treatment option for patients with
MPLCs. The results of our present data closely parallel
the outcomes of the report by Sinha & McGarry [18]
and Kelly et al. [14].

Interestingly, two of the three patients who devel-
oped pneumonitis in the present study were treated
with SBRT for pairs of central lesions. It’s possible that
SBRT of central lesions increases the risk of radiation
pneumonitis, although this has not been a significant
problem in other series of hypofractionated RT [26].
Milano et al. [26] reviewed the role of hypofraction-
ated SBRT in fifty-three cases of central thoracic can-
cers. Stereotactic body radiotherapy was found to have
good local control and safety for multiple lung lesions
in the setting of oligometastatic disease. A subset of
these patients were treated with multiple courses of
SBRT for new or recurrent lesions. Of the 33 patients
with oligometastatic disease, 2-year survival rate was
50%. Importantly, the patients who received the hypo-
fractionated SBRT showed minimal lung toxicity, with
no grade 3-5 pneumonitis seen, and 4 patients suffering
< grade 2 pneumonitis.

SBRT for multiple primary lung cancers appears to
be a viable treatment for patients who are not opera-
tive candidates or who refuse surgery. It is generally
a safe and effective treatment in this scenario based
on the present data and prior reports. In our series
with a median follow-up after initial SBRT of 20
months, the actuarial overall survival rate at 2 years
was 62% and we observed a local control in 81% of
lesions treated. SBRT was relatively well tolerated
in this cohort with no acute toxicity and a 17% late
toxicity rate of temporary pneumonitis. Further large,
randomized prospective trials would be beneficial to
authenticate results presented here and elsewhere,
which could help refine treatment recommendations
for patients with MPLCs.
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