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Abstract
Stereotactic body radiotherapy (SBRT) has become the standard of 
care for patients with medically inoperable early-stage non–small 
cell lung cancer (NSCLC). A paucity of published data exists regard-
ing the safety of SBRT use in patients with prior pneumonectomy. 
This report describes 2 patients with NSCLC and prior pneumonec-
tomy who were treated with lung SBRT and experienced a favor-
able treatment response with no major adverse treatment effects. 
The data presented herein are promising and provide early evi-
dence that lung SBRT is a safe and feasible option in this subset of 
patients. (J Natl Compr Canc Netw 2014;12:1513–1516)

NCCN: Continuing Education

Accreditation Statement
This activity has been designated to meet the educational needs of 
physicians and nurses involved in the management of patients with 
cancer. There is no fee for this article. No commercial support was 
received for this article. The National Comprehensive Cancer Network 
(NCCN) is accredited by the ACCME to provide continuing medical 
education for physicians. 

NCCN designates this journal-based CME activity for a maximum of 
0.50 AMA PRA Category 1 Credit(s)™.  Physicians should claim only 
the credit commensurate with the extent of their participation in 
the activity.

NCCN is accredited as a provider of continuing nursing education 
by the American Nurses Credentialing Center`s Commission on Ac-
creditation. 

This activity is  accredited for 0.50 contact hours. Accreditation as 
a provider refers to recognition of educational activities only; ac-
credited status does not imply endorsement by NCCN or ANCC of 
any commercial products discussed/displayed in conjunction with 
the educational activity. Kristina M. Gregory, RN, MSN, OCN, is our 
nurse planner for this educational activity.

All clinicians completing this activity will be issued a certificate of 
participation. To participate in this journal CE activity: 1) review 
the learning objectives and author disclosures; 2) study the educa-
tion content; 3) take the posttest with a 66% minimum passing 
score and complete the evaluation at http://education.nccn.org/
node/56621; and 4) view/print certificate.

Release date: November 4, 2014; Expiration date: November 4, 
2015

Learning Objective
Upon completion of this activity, participants will be able to:

• Explain the benefits of SBRT for patients with a prior  
pneumonectomy

From the Center for Advanced Radiotherapy Technologies, Department 
of Radiation Medicine and Applied Sciences, University of California, San 
Diego, La Jolla, California.
Submitted January 2, 2014; accepted for publication May 2, 2014.
The authors have disclosed that they have no financial interests, 
arrangements, affiliations, or commercial interests with the 
manufacturers of any products discussed in this article or their 
competitors.
Correspondence: Ajay P. Sandhu, MD, DMRT, University of California, San 
Diego, Department of Radiation Oncology, 3960 Health Sciences Drive, 
MC0865, La Jolla, CA 92093-0865. E-mail: apsandhu@ucsd.edu

EDITOR
Kerrin M. Green, MA, Assistant Managing Editor, JNCCN—Journal of the 
National Comprehensive Cancer Network
Ms. Green has disclosed that she has no relevant financial relationships.

CE AUTHORS

Deborah J. Moonan, RN, BSN, Director, Continuing Education & Grants, 
has disclosed that she has no relevant financial relationships.
Ann Gianola, MA, Manager, Continuing Education & Grants, has 
disclosed that she has no relevant financial relationships.
Kristina M. Gregory, RN, MSN, OCN, Vice President, Clinical Information 
Operations, has disclosed that she has no relevant financial relationships.
Rashmi Kumar, PhD, Senior Manager, Clinical Content, has disclosed that 
she has no relevant financial relationships.



Case Report

Simpson et al

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 12 Number 11 | November 2014

1514 C
E

many years. He was not on supplemental oxygen. His 
past medical history was significant for a 60-pack-year 
smoking history. His left pneumonectomy was per-
formed 7 years prior. Physical examination revealed an 
absence of breath sounds on the left and decreased lung 
sounds and mild expiratory wheezing. Laboratory evalu-
ation was unremarkable.

A CT scan of the chest revealed an irregular opacity 
in the right upper lobe measuring 5.9 x 2.7 cm. A PET/
CT scan showed increased metabolic activity within the 
mass, with a standardized uptake value maximum of 5.2. 
A transbronchial biopsy of the lesion showed adenocar-
cinoma with a lepidic growth pattern. Pulmonary func-
tion testing revealed a 1-second forced-expiratory vol-
ume (FEV1) and a diffusion capacity (DLCO) at 21% 
and 40% of the expected values, respectively. Because of 
the patient’s poor lung function, he was not believed to 
be a surgical candidate and was referred for radiotherapy.

His radiation oncologist recommended SBRT. 
The patient underwent treatment simulation using 
a 4-dimensional CT (4D-CT) technique. An inter-
nal target volume was created based on the 4D-CT 
and a 5-mm margin was added to create a planning 
target volume (PTV). The dose prescribed to the 
lesion was 5000 cGy in 5 biweekly fractions, and a 
7-field intensity-modulated RT plan was used (Fig-
ure 1). Orthogonal pair kV imaging and cone-beam 
CT were used for setup verification before each treat-
ment fraction. Respiratory gating was using during 
treatment to account for breathing motion. The per-
cent volumes of lung receiving 5 Gy (V5) and 20 Gy 
(V20), and the mean lung dose (MLD) were 17%, 
6%, and 354 cGy, respectively. 

The patient completed radiotherapy without 
any acute sequelae. A 3-month follow-up chest CT 
revealed a slight interval reduction in the size of the 
lesion from 5.9 x 2.5 cm to 5.9 x 2.0 cm. As of the 
patient’s follow-up visit at 8 months after SBRT, his 
hemoptysis had resolved. He had not experienced 
any worsening of his baseline dyspnea and did not 
require oxygen supplementation. 

Case Presentation 2
A 68-year-old man with a history of stage II 
(T2N1M0) NSCLC treated with pneumonectomy 
was found to have a right lower lobe lung nodule 
on a chest radiograph. He was asymptomatic and 
denied any change in his baseline respiratory status. 

As of 2012, non–small cell lung cancer (NSCLC) 
became the third most common cancer in the 
United States, with more than 220,000 new cases 
reported annually, and it remains the number one 
cause of cancer-related death, with 160,000 deaths 
per year.1 Approximately 15% of these patients are 
diagnosed at an early stage,1 but because of medical 
comorbidities, many of these patients are not candi-
dates for surgical resection. Stereotactic body radio-
therapy (SBRT) has been shown to be an excellent 
alternative to surgical resection, with local control 
and overall survival rates comparable to those of 
surgery,2,3 and is considered the standard of care for 
medically inoperable early-stage lung cancer.4 

Patients who have undergone surgical resection 
for early-stage lung cancer are at risk of developing 
a second primary lung cancer, at a reported lifetime 
incidence of up to 20%.5,6 Thus, patients with prior 
pneumonectomy are at risk of developing a second 
cancer in the remaining lung. Although surgical 
excision is a potentially curative option in this set-
ting, most patients with a prior pneumonectomy 
are poor candidates for a second surgical resection 
because of loss of pulmonary reserve from the prior 
surgery. Furthermore, many of these patients have 
significant underlying comorbidities, which further 
increase their perioperative risk. Although multiple 
alternatives to lobectomy are available, such as ra-
diofrequency ablation, wedge resection, and conven-
tionally fractionated radiotherapy, SBRT is often the 
best option because it is less invasive and provides 
superior local control and lower rates of treatment 
complications.7–10 This is especially the case in pa-
tients with prior pneumonectomy. Although SBRT 
has been shown to be safe, with little resultant de-
cline in pulmonary function and low rates of seri-
ous radiation-induced lung injury,2,11–15 few data exist 
regarding the safety of SBRT in patients who under-
went prior pneumonectomy. 

This article reports on 2 cases of patients with 
prior pneumonectomy treated with SBRT for new 
primary lung tumors. 

Case Presentation 1
A 70-year-old man with a history of stage II (T3N0M0) 
left NSCLC treated with left pneumonectomy present-
ed with a 1-year history of progressive hemoptysis. He 
reported a baseline history of dyspnea on exertion for 
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His other past medical was significant for a 30-pack-
year smoking history, atrial fibrillation, and recurrent 
pneumonia. His previous lung cancer was treated 
with pneumonectomy followed by adjuvant cisplatin 
and docetaxel 2 years prior. His physical examina-
tion was remarkable for an absence of lung sounds 
on the left side of the chest. The right lung was clear 
to auscultation.

The right lung nodule increased in size on CT 
scan from 4 to 10 mm over a 1-year period. A PET/
CT scan did not show hypermetabolic activity with-
in the lesion. Pulmonary function testing revealed 
an FEV1 and a DLCO at 41% and 60% of the pre-
dicted values, respectively. His case was presented at 
a multidisciplinary tumor board, and because of his 
severe emphysema, surgical intervention and even 
transcutaneous biopsy were felt to be too risky. Thus, 
the consensus agreement was that SBRT was the 
most appropriate treatment. 

The patient underwent SBRT treatment plan-
ning and delivery in the same manner as the patient 
presented in Case 1. The prescribed dose was 4800 
cGy in 4 biweekly fractions, and a 5-field intensity- 
modulated RT plan was used. The V5, V20, and 
MLD were 18%, 3%, and 303 cGy, respectively.

The patient completed radiation therapy with-
out any acute toxicity. Serial CT imaging at 3-month 
intervals revealed no evidence of disease progression 
with minimal change in the right lower lobe lesion. 
Increased opacification surrounding the nodule was 
noted, suggesting postradiation changes. 

The patient did well clinically and did not de-
velop any worsening of his baseline respiratory status 
until 16 months after SBRT, when he presented to 
the emergency department with acute onset dys-
pnea, cough, and hemoptysis. A CT scan of the chest 

revealed consolidation of all 3 lobes of the right 
lung. A sputum culture was positive for methicillin- 
resistant Staphylococcus aureus. He was admitted and 
started on intravenous antibiotics. Unfortunately, he 
did not respond to medical therapy and his respiratory  
status progressively worsened. His hospital course 
was further complicated by uncontrollable atrial fib-
rillation and he eventually experienced cardiac ar-
rest and expired despite resuscitative measures.

Discussion
SBRT is the standard of care for medically inoperable 
NSCLC and its use has become widely adopted in the 
United States.4 However, the comorbidities that put pa-
tients at risk for operative morbidity and mortality often 
lead to concerns for radiation-related toxicity among 
treating radiation oncologists. Although numerous re-
ports2,11,12 have demonstrated the safety of SBRT in pa-
tients with underlying comorbid conditions with intact 
lungs, limited data exist regarding the safety of SBRT 
in patients with a previous pneumonectomy.16 To the 
authors’ knowledge, this article is the first report of such 
patients treated in North America. 

The patients in this report tolerated treatment well 
without any significant radiation-related lung toxicity 
or pulmonary function decline. Neither of the patients 
required supplemental oxygen after therapy. The second 
patient did expire after therapy, although the clinical 
picture of lobar consolidation with leukocytosis and 
positive sputum cultures suggests that infection was the 
likely cause rather than radiation toxicity. Furthermore, 
SBRT showed favorable treatment outcomes with no 
evidence of disease progression in either of the treated 
lesions. This is remarkable considering that these pa-
tients would have otherwise not been candidates for cu-
rative surgical therapy in many centers because of poor 
underlying lung function. 

Several studies reporting on various dosimetric pre-
dictors for lung toxicity have been published.17–19 Com-
monly used normal lung constraints include the V20 
and MLD.20,21 For instance, the dose constraints used for 
the 2 patients in this report were V20 of 5% or less and 
MLD of 5 Gy or less. However, these constraints were 
derived in patients with 2 lungs, and whether these same 
predictors can be applied to patients with prior pneumo-
nectomy is unknown. Because no radiation-related lung 
events occurred in these 2 patients, no conclusions can 
be made regarding dosimetric predictors in this subset of 

Figure 1  Stereotactic body radiotherapy plan used for Case 1. The  
orange, red, and green lines represent the 100%, 50%, and 30% 
isodose lines, respectively.
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patients. Studies involving larger groups of patients with 
documented radiation-related lung injuries are needed 
for this type of analysis. 

The question of optimal management for patients 
with a new diagnosis of lung cancer and prior pneu-
monectomy poses a dilemma for radiation oncologists 
concerned with providing definitive therapy while bal-
ancing concerns for toxicity. The data presented are 
promising and suggest that lung SBRT is a safe and feasi-
ble option in patients similar to those described. Further 
research with larger patient cohorts and longer follow-
up is needed to confirm these preliminary findings.
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3.  The standard of care for patients with 

medically inoperable stage I–II NSCLC  is:

a. Best supportive care

b. Chemotherapy alone

c.  SBRT/stereotactic ablative radio-

therapy

d. Conventional radiotherapy

e. Radiofrequency ablation
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Posttest Questions
 1.  What is the incidence of secondary NSCLC in patients who 

have been previously treated for early-stage NSCLC?
a. 5%
b. 20%
c. 30%
d. 75%

2.  True or False: Patients with medically inoperable early-stage 
NSCLC are generally considered to be incurable.


