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roles for surgery, radiation oncology and interventional radiology.
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Both photon and proton tech-
niques exist for the treatment 
of thoracic tumors, in par-

ticular non-small cell lung carcinoma 
(NSCLC). This brief review will ex-
plore the strengths and weaknesses of 
each technique and examine some of 
the more recent data comparing the 
most current methods, in particular with 
a focus on proton beam therapy (PBT). 
Limitations of the technology will be 
discussed both in terms of patient im-
mobilization and in terms of beam de-
livery methodology. Current studies 
comparing protons to photons are ex-
amining if the ability to spare normal 
tissue superiority of protons will have 
a significant clinical effect on the treat-
ment of lung cancer. 

Lung cancer and radiation therapy
In 2014, approximately 160,000 peo-

ple are expected to die from lung can-
cer in the United States. It is estimated 
that this number is higher than the sum 
of the deaths due to prostate, pancreas, 

breast, and colon cancers combined.1 
In many countries, lung cancer is one 
of, if not the absolute, leading causes 
of death.2 The majority of patients are 
over 65 years of age and have multiple 
medical problems that limit the ability 
to use aggressive therapeutic options. It 
is more common to present with locally 
advanced disease than with early stage 
disease. The standard of care for lung 
cancer is evolving, but surgery, chemo-
therapy, and radiation therapy all play 
crucial roles in the disease that vary by 
stage and patient performance status. 

The primary risk matrix with which 
the radiation oncologist is faced is the 
toxicity to normal lung and to normal 
non-lung tissue, such as the esophagus 
and heart when large volumes of dis-
ease are treated. The standard of care 

for early stage disease is lobectomy if 
patients can undergo surgery. For those 
that cannot tolerate surgery for any 
reason, some form of local radiation 
therapy has been used, and recent work 
on stereotactic ablative radiotherapy 
(SABR), previously called stereotac-
tic body radiation therapy (SBRT), has 
been promising.3-5 Caution has been 
needed and dose has had to adapt from 
the initial series of SABR to allow for 
treatment near the main bronchi, medi-
astinum, and chest wall. Cases where 
lymph-node spread is known have not 
typically been treated with SABR.

Perhaps the most challenging group 
of patients for a lung cancer specialist 
is the so-called locally advanced group, 
or stage III group. Despite advances in 
chemotherapy, radiation delivery ad-

Brief update on the use of proton 
beam therapy for non-small cell lung 
cancer: Gimmick or Godsend?

Jeffrey C. Buchsbaum, MD, PhD, AM

Dr. Buchsbaum is an Associate Pro-
fessor, Indiana University School of 
Medicine, Departments of Radiation 
Oncology, Pediatrics, and Neurological 
Surgery, IU Health University Hospi-
tal, IU Health Proton Therapy Center, 
Bloomington, IN
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CASE SUMMARY
A 52-year-old male presented with 

a 4-by-2-mm brown macule on the 
central midline of his forehead; it had 
reticulated edges, which had been pres-
ent for 1 year. A shave biopsy diag-
nosed lentigo maligna melanoma with 
tumor thickness of 1.5 mm, Clark level 
3. The patient underwent staging senti-
nel lymph node mapping with TC-99M 
scintigraphy. He proceeded with wide 
local excision and sentinel lymph node 
biopsy, with pathology negative for 
residual disease. No lymph nodes were 
identified; thus, initial AJCC Stage 
pT2N0M0 was diagnosed.  

At 5 months follow-up, a 2 cm firm 
left submandibular lymph node was 
noted on exam. Fine-needle aspiration 
favored recurrent melanoma. A stag-
ing positron emission tomography/
computed tomography (PET/CT) scan 
showed 2 enlarged lymph nodes adja-
cent to the left submandibular gland 
measuring 3.4-by-2.5 cm (SUV of 3.5) 

and 2.1-by-1.6 cm (SUV of 4.4). The 
patient underwent left neck dissection 
of levels IB, II and III with 9.0-by-
4.5-by-1.7 cm of tissue removed and 
14 total lymph nodes removed with 
only 1 positive for disease. ENT notes 
indicated that the left submandibular 
gland was preserved. There was no evi-
dence of extracapsular extension. He 
received postoperative radiation given 
recurrent nodal disease. An enlarged 
level Ib lymph node was seen on post-
op imaging obtained for radiation plan-
ning. Radiation entailed 3000 cGy in 5 
fractions delivered twice weekly over 
14 days. A planned left submandibu-
lar nodal dissection was performed 7 
weeks after the completion of radia-
tion, with pathology reporting evidence 
of regressed melanoma and no viable 
tumor. He had no postoperative com-
plications or difficulty with wound 
healing. A restaging PET/CT and exam 
showed no recurrent disease 3 months 
after therapy. 

IMAGING FINDINGS 
AND DIFFERENTIAL 
DIAGNOSIS

Initial preoperative PET/CT (Fig-
ure 1) demonstrated moderate hyper-

metabolism of 2 adjacent masses within 
the left neck near the left submandibular 
gland. These are suspicious for poten-
tial level 1 lymph node metastases asso-
ciated with the patient’s melanoma. The 
differential diagnosis would include 
metastases associated with a second pri-
mary head and neck neoplasm.

Postoperative CT used for RT plan-
ning (Figure 2) demonstrated persis-
tence of a single mass near the left 
submandibular gland. Seven weeks 
after radiation, path slides (Figure 3) 
showed irradiated lymph node with 
necrosis, fibrosis, and residual heavy 
pigment consistent with a regressed 
tumor (pCR).

DIAGNOSIS
Recurrent head and neck melanoma

DISCUSSION
The opt imal  management  of 

regional nodal disease in melanoma is 
controversial.  

For intermediate thickness (1.0 mm 
to 4.0 mm) melanomas, sentinel lymph 
node biopsy (SLNB) is advocated as 
the standard management with regional 
nodal dissection reserved for stage 
III disease and considered if SLNB is 

Radiation-induced pathologic complete 
response of gross nodal disease in recurrent 
head and neck melanoma

Zachary D. Lopater, MD, MPH; Elizabeth Ester, MD; and Deniz Aslan, MD

Prepared by Dr. Lopater while a resi-
dent at University of Minnesota Hos-
pital, Minneapolis, MN; Dr. Ester, 
radiation oncologist at VA Medical 
Center, Minneapolis, and Dr. Aslan, 
pathologist, also at VA Medical Center.
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EDITORIAL

John Suh, MD, Editor-in-Chief

Welcome to the March 2015 issue of ARO! This month marks the exciting 
debut of the journal in print—in addition to running online—as requested 

by many ARO supporters. Offering each format delivers the best of both worlds: 
Among the benefits, print media is tangible, easy to use, and familiar. E-journals 
are readily accessible, easily searchable, simple to share (copy, paste, send), and 
provide a gateway to more information via links and search engines a click away.

Whatever your reading preference, you’ll find an insightful two-part liver can-
cer focus featured this month. “Liver cancer turf wars” by Eli Sapir, MD, et al., 
University of Michigan, explores how treatment options for patients with localized 
HCC who are not candidates for surgery often vary based on institutional exper-
tise. These differences can prompt liver cancer turf wars between experts—even 
in facilities with multidisciplinary panels. This review better defines the roles for 
surgery, radiation oncology and interventional radiology.

Second, “Predicting close local failure after liver resection for hepatocellular 
carcinoma” by Elisha T. Fredman, MD, et al., from Case Western Reserve Univer-
sity, discusses how advances in three-dimensional radiation planning, IGRT, and 
high-dose radiation therapy have demonstrated the effectiveness of radiation treat-
ment as an adjuvant therapy in preventing intrahepatic HCC recurrence. To help 
select ideal patients for additional radiotherapy, the authors conducted a systematic 
radiological analysis of intrahepatic recurrence patterns to better understand where 
a failure will develop relative to the original surgical bed. 

Also featured is “Proton therapy for pituitary adenoma,” a retrospective review 
of patients treated at the University of Florida Proton Therapy Institute. The review 
describes how the high conformality of proton therapy does not appear to compro-
mise local control or increase early toxicity. The authors provide additional infor-
mation about the use of protons for pituitary adenomas.

As in every issue, we are pleased to showcase the winning case report from our 
quarterly Clinical Case Contest. “Radiation-induced pathologic complete response 
of gross nodal disease in recurrent head and neck melanoma,” by Zachary D. Lopa-
ter, MD, MPH, et al., University of Minnesota Hospital, details how hypofraction-
ated radiation therapy induced a pathological complete response in recurrent gross 
nodal disease. 

A close runner-up is “Radiation therapy following a positive sentinel lymph 
node biopsy: A radiation oncologist’s dilemma,” by Zaker Rana, BS, et al., Uni-
versity of Maryland. This case examines why radiation oncologists and surgeons 
must be cautious when applying the findings of the ACOSOG Z0011 trial to 
patients with a positive sentinel lymph node biopsy and poor prognostic factors. 

Case reports are an excellent opportunity to share your thoughts on manage-
ment of a controversial or uncommon situation and allow you to bolster your CV. 
Please consider submitting your case here, and you may be the next ARO winner—
online and in print.

As always, we welcome your thoughts on how to improve ARO. Please enjoy 
the inaugural print issue!

Dr. Suh is the Editor-in-Chief 
of Applied Radiation Oncology, 
and Professor and Chairman, 
D e p a r t m e n t  o f  R a d i a t i o n 
Oncology at the Taussig Cancer 
Institute, Rose Ella Burkhardt 
Brain Tumor and Neuro-oncology 
C e n t e r,  C l e v e l a n d  C l i n i c , 
Cleveland, OH.

Liver focus and ARO’s inaugural 
print issue
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Hepatocellular carcinoma (HCC) 
is a common diagnosis and 
problem worldwide: In males 

it is the 5th most frequent cancer, and 
in women it is the 7th.1 The incidence 
of HCC in the United States continues 
to rise, and in 2011 it reached 6.2 cases 
per 100,000.2 From the 1970s to 2000s, 
overall survival increased significantly 
(2 vs. 8 months). As expected, the sur-
vival improvement was predominantly 
noted in patients with localized disease 
(3 vs. 18 months),2 reflecting diagnosis at 
earlier disease stages through screening 
high-risk populations with cirrhosis and 
the emerging broad arsenal of effective 
local and systemic treatment options. 

Many patients with underlying cir-
rhosis have impaired liver function, and 
the degree of this dysfunction dictates 
prognosis as well as treatment options. 
The “best players” with preserved liver 
function and with early stage disease 
could benefit the most from liver trans-
plantation, which not only treats the 
cancer but the underlying liver disease. 
However, there is a substantial wait time 

for transplantation and it is not unusual 
that many patients progress while wait-
ing for the procedure. Another treatment 
option for patients with localized HCC 
and preserved liver function is a partial 
liver resection, which does not require 
a waiting period. Some advocate this in 
place of transplant but it is controversial, 
and is a turf war beyond the scope of this 
article.  Unfortunately, most patients are 
not suitable for any surgical intervention 
either due to extensively disseminated 
intrahepatic HCC, vascular invasion, 
insufficient liver functional reserve, or 
other medical contraindications. For 
this population, treatment options may 
include localized ablative techniques 
such as radiofrequency ablation (RFA) 
and stereotactic body radiation therapy 
(SBRT); regional transarterial emboli-
zation techniques most commonly with 

chemotherapy or radiation (Yttrium-90); 
and systemic therapy with sorafenib, as 
well as combination therapy. The treat-
ment modalities are evolving faster than 
level I evidence, suggesting challenges 
in determining the superiority of any one 
technique over the other. Thus, thera-
peutic approaches tend to vary based on 
institutional expertise, causing liver can-
cer turf wars between experts in differ-
ent specialities, even in institutions with 
multidisciplinary panels. This review is 
aimed at better defining the roles for sur-
gery, radiation oncology and interven-
tional radiology, based on current data. 

Surgery 
Liver transplantation

Liver transplantation is an excellent 
treatment for a highly selective cohort 
of patients, since in the proper situation 

Liver cancer turf wars

Eli Sapir, MD; Eman ElAlfy, MD; Paula Novelli, MD; and Mary Feng, MD

 

Drs. Sapir and ElAlfy are research 
fellows at the University of Michigan 
Health System, Ann Arbor, MI. Dr. 
Novelli is assistant professor in the 
Department of Radiology, Division of 
Vascular and Interventional Radiology, 
and Dr. Feng is associate professor in 
the Department of Radiation Oncology.
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it can both cure the HCC and cirrhosis 
simultaneously. For decades, the Milan 
criteria3 (a single HCC ≤5 cm or mul-
tiple HCC 3 nodules ≤3 cm each with 
no macrovascular invasion or extrahe-
patic disease) have been used for opti-
mal patient selection worldwide, with 
an overall survival rate of 75% and the 
recurrence-free survival of 83%.3 Sev-
eral institutions are stretching this stan-
dard practice with expanded transplant 
criteria or by downstaging patients with 
encouraging results. However, these 
potentially expanded criteria are still in 
flux and need to be validated.4-10

Partial hepatectomy
Liver resection is indicated in non-

cirrhotic patients or patients with well-
compensated cirrhosis and stage I-II 
disease. With limited perioperative 
morbidity and mortality, modern sur-
gical techniques can achieve 5-year 
survival rates of at least 50%.11 In pa-
tients with very early disease (single le-
sion ≤2-3 cm), partial hepatectomy has 
yielded outcomes similar to transplanta-

tion in several retrospective series.12,13 
Unfortunately, tumor recurrence rates 
in the remaining liver remain high (up 
to 80-100%14,15) due to the underlying 
cirrhosis, so patients often need mul-
tiple treatment strategies over a lifetime. 
This high recurrence rate can result in 
a potential turf war between transplant 
surgeons and surgical oncologists or 
hepatobiliary surgeons, which is be-
yond the scope of this article.

Local ablative treatment options 
Radiofrequency ablation

When tumors are localized, focal 
treatments are preferred to minimize the 
risk of collateral damage in an already 
diseased and poorly functioning liver. 
RFA, performed percutaneously or in-
traoperatively, is a common treatment 
for unresectable HCC or medically in-
operable patients. Efficacy is best for 
small tumors, less than 3-4 cm.16-19 For 
these patients, local recurrence rates 
range between 0% and 26%.20,21 Larger 
tumors are a bit more of a challenge, 
requiring several insertions to achieve 

complete ablation, if possible. RFA is 
rather convenient, typically a single 
outpatient treatment. On the other hand, 
it is an invasive procedure with place-
ment of needle electrodes directly into 
liver tumors and requires anesthesia. 
Additionally, based on the tumor loca-
tion, RFA also carries a small risk of 
injury to nearby structures including the 
lung, stomach, bowel, gall bladder and 
heart. Tumors near the diaphragm are 
difficult to visualize with ultrasound for 
targeting, and tumors near large vessels 
often cannot be fully heated, leading to 
incomplete treatment.  

Radiotherapy
Liver SBRT (Figure 1) is a relatively 

new technique, which has been refined 
over the past decade, taking advantage 
of the explosion of new technologies for 
treatment planning, targeting and deliv-
ery. It is a non-invasive treatment that 
delivers high doses of precisely targeted 
radiation to tumors while avoiding 
nearby organs. Rather than extending 
over weeks like conventional radiother-
apy, SBRT is completed in a few (1-5) 
treatments.  

SBRT has come a long way since 
the first reports in the early 1990s.22 In 
2008, Tse and colleagues published 
a phase I study of 31 patients with pri-
mary intrahepatic tumors treated with 
SBRT. Treatment was well-tolerated, 
with 17% of patients declining from 
Child-Pugh class A to B at 3 months, 
and 65% local control at 1 year.23 The 
phase II extension of this study to 102 
patients recently demonstrated 87% 
1-year local control.24 Numerous retro-
spective reviews have been published 
also demonstrating high local con-
trol rates.25-27 Toxicity has been vari-
able, and can include liver failure and 
GI bleed, highlighting the importance 
of patient selection, careful treatment 
planning, dose selection (based on 
liver function) targeting and delivery, 
which should not only seek to cover the 
tumor with high-dose radiation, but also  

FIGURE 1.  Stereotactic body radiotherapy (SBRT) plan. High doses are delivered to the 
tumor with sparing of normal tissues 
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prioritize avoiding adjacent normal tis-
sues. Multiple methods have emerged 
to assess treatment safety, from mean 
normal liver dose to more complicated 
normal tissue complication probabil-
ity models. Whichever method is used, 
safety is stressed first, as patients with 
HCC typically also have cirrhosis and 
tenuous liver function. Dose is attenu-
ated when necessary depending on nor-
mal liver volume.  Indeed, many would 
advocate treating only Child-Pugh class 
A patients, although select B patients 
can be treated very carefully, preferably 
in a clinical trial.   

In addition to treatment planning, 
image guidance and treatment delivery 
must also be meticulous. Rather than 
relying on external surrogates, which 
correlate poorly with internal tumor po-
sition, alignment is typically performed 

with either implanted fiducials or in-
jected lipiodol and planar imaging, or 
cone-beam CT, which allows for simul-
taneous visualization of the tumor region 
and adjacent normal tissues, so potential 
tradeoffs between tumor coverage and 
normal tissue protection can be assessed. 
Motion management is an important 
component of the process.  Radiated 
liver volumes are minimized in patients 
who can tolerate breath holds. For those 
who cannot, 4DCT can help ensure full 
coverage of a moving tumor.  

New on the horizon is an interest in 
treating patients with worse hepatic 
function, particularly those with ag-
gressive tumors that would otherwise 
progress more quickly than the patient’s 
liver failure. For these patients, the bal-
ance between tumor control and safety 
is especially difficult, and treatment is 

generally less aggressive to preserve 
safety. In a recent trial of Child-Pugh 
class B-C patients, 1-year local control 
was 55%, with 58% of patients expe-
riencing a worsening of CP score at 1 
month.28 Rather than decrease treatment 
intensity for all patients to maintain 
safety, the University of Michigan is 
aiming to customize treatment based on 
individual tolerance to therapy, using 
blood and imaging biomarkers to assess 
the liver’s response to the first 3 treat-
ments, adjusting the last 2 treatments to 
maintain safety.29,30 Local control and 
safety have both been preserved well 
over 90%, even in CP B patients. Pro-
ton therapy also is a promising advance, 
since the low dose radiation region is 
dramatically reduced. Still, the potential 
technical limitations of proton therapy 
mandate that comparative clinical trials 
be conducted.31

SBRT for HCC is still mainly con-
fined to academic centers, although 
through clinical trials such as RTOG 
1112 discussed below, community cen-
ters have the opportunity to become 
credentialed in planning and delivery. 
When properly delivered, SBRT is 
very safe and effective.  In a large sin-
gle-institution review, SBRT had simi-
lar local control and less toxicity than 
RFA.  Indeed, for larger tumors, SBRT 
had better results.32 Thus, at the very 
least, SBRT is an excellent alternative 
treatment when RFA is not possible or 
would be high-risk. A randomized trial 
is definitely warranted to directly com-
pare these modalities.

Other ablative therapies
In addition to RFA and SBRT, other 

ablative therapies are offered in some 
centers. Percutaneous ethanol injection 
(PEI) has mostly fallen by the way-
side, as multiple randomized trials have 
demonstrated superior tumor control 
with RFA.33-34 A recent meta-analysis 
suggests that RFA is also superior to 
cryoablative therapy.35 Irreversible 
electroporation is a new technology that 

FIGURE 2.  Pre-embolic therapy angiogram. Tumors are filled with contrast.
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has not been fully tested or compared 
with existing options, but could poten-
tially be added to the growing arsenal of 
effective treatments in the future. 

Regional ablative treatment options 
Transcatheter arterial 
chemoembolization (TACE)

If local therapies are not available or 
the patient has too many tumors for safe 
treatment, regional therapies should 
be pursued (Figure 2). Response rates 
are generally not as high as local abla-
tive therapies, but regional therapies can 
simultaneous treat numerous tumors. 
The main goals of TACE36,37 are: 1. Pri-
mary treatment of multinodular HCC. 
2. Downstaging of large liver tumors for 
later transplantation or resection. 3. Palli-
ation of pain, bleeding and arteriovenous 
fistula caused by the tumor. The best—
but not exclusive—TACE candidates are 
patients with relatively preserved liver 
function, lesions ≤ 5cm without portal 
trunk thrombosis, and tumor burden oc-
cupying less than 70% of the liver. The 
effectiveness decreases with increasing 
tumor size. In the series of over 8,500 pa-
tients 1-, 3-, 5-, and 7-year survival rates 
following TACE were 82%, 47%, 26%, 
and 16%, respectively.38 Modern Drug 
Eluting Beads TACE (DEB-TACE) 
compared to conventional lipidol con-
taining TACE39 showed higher rates 
of complete response (27% vs. 22%), 
objective response (52% vs. 44%), and 
disease control (63% vs. 52%), although 
overall survival was similar. For best 
results, TACE typically must be deliv-
ered repeatedly. Post-embolization syn-
drome consists of mild, transient nausea; 
fever; and abdominal pain that typically 
requires overnight hospitalization for 
observation and pain management. A 
transient mild decompensation in liver 
function is common, but acute liver fail-
ure is seen in less than 3% of procedures. 
Gastrointestinal and biliary events are 
not common. Rare serious complications 
include liver abscesses and vascular in-
jury from repeated procedures. 

Radioembolization (RE)
Radioembolization is a newer treat-

ment option, aiming to combine the 
embolic effect of particle injection with 
radiation. Tumor response rates for this 
microsphere therapy vary between 40% 
and 90%, and overall disease control 
rates are as high as 80% in highly se-
lective populations.40 The response is 
usually observed in 2-6 months. No ran-
domized controlled trial comparing RE 
with other modalities has been published 
yet, but in large prospectively studied co-
horts, intermediate stage patients treated 
by RE reach a median survival of 16-18 
months.41-43 Side effects are similar to 
TACE, except for substantially less pain 
and potentially longer lasting fatigue, 
particularly in older patients.  

Bridging and downstaging
Any of the above therapies can be 

used for bridging and downstaging, al-
lowing successful liver transplantation or 
resection in selective groups. Long-term 
survival ranges between 49% to 92% in 
series describing different neoadjuvant 
approaches.44-47 Of note, retrospective 
series have demonstrated the feasibility 
of SBRT (35-54 Gy in 3, 50 Gy in 5) as a 
bridge to transplant48 to prevent progres-
sion beyond Milan Criteria while on the 
wait list. No intraoperative or long-term 
complications have been noted.  

Systemic treatment
Sorafenib, an oral tyrosine kinase 

inhibitor, has demonstrated a small sur-
vival benefit (10.7 vs. 7.9 months) in 
patients with unresectable HCC with 
CP A liver reserve.49 The vast majority 
of patients were previously treated with 
different modalities prior to Sorafenib 
initiation; but unfortunately, due to lack 
of available local and regional thera-
pies, many centers prescribe the drug 
upfront.  

Combination therapies
Several rationales are behind combi-

nation therapies for HCC. First, regional 

and local therapies could be combined: 
Since regional therapies are usually not 
completely effective, perhaps the combi-
nation of a local therapy could improve 
overall response. Alternatively, local 
therapy to tumor thrombus in the por-
tal vein may open the door for regional 
therapies. Second, systemic and local or 
regional therapies could be combined: 
Systemic therapy could be adjuvant or 
suppressive, or in the case of advanced 
disease, local therapy could be used to 
prevent progression-related morbidity 
and mortality.   

Multiple randomized controlled 
trials have evaluated the efficacy of 
TACE added to RFA, compared with 
RFA alone. A meta-analysis involving 
598 patients suggested that combina-
tion therapy had higher overall survival 
(OR3-year = 2.65, P <  0.001) and re-
currence-free survival rate (OR5-year = 
2.26, P = 0.0004) compared with RFA 
alone for study patients.50 Prospective 
studies and a meta-analysis also have 
reported improved survival results 
when radiotherapy is added to TACE.51-

53 Indeed, RT to portal vein tumor 
thrombus is effective approximately 
35% of the time,54 which could make 
patients eligible for regional therapies. 
The opposite study of whether TACE 
improves the outcome after RT has not 
yet been performed.

Any local treatment can cause up-
regulation of circulating vascular en-
dothelial growth factor (VEGF)—thus, 
the rationale behind combining ablative 
therapy with antiangigenetic therapy. A 
meta-analysis with a total of 1,254 pa-
tients favored the combination of TACE 
with sorafenib in terms of significantly 
improved overall survival (OS) (haz-
ard ratio [HR] = 0.65, P = 0.007), time 
to progression (TTP) (HR = 0.68, P = 
0.003), and overall response rate (ORR) 
(HR = 1.06, P = 0.021), but did not affect 
progression-free survival (PFS).55 The 
combination therapy was generally well-
tolerated but, as expected, had more side 
effects related to TKI compared with  
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observation alone—mostly fatigue, di-
arrhea and skin changes. The addition of 
sorafenib to RFA and RE for intermedi-
ate and advanced stage patients is being 
explored in randomized controlled trials. 

Another important clinical question 
is whether adding local treatment to 
systemic treatment in intermediate and 
advanced HCC could improve overall 
outcome. This hypothesis is tested in 
RTOG 1112, an ongoing international 
phase III study of sorafenib vs. SBRT 
followed by sorafenib. Another ongoing 
phase III trial STOP-HCC evaluates the 
efficacy of RE added to sorafenib.

Conclusion
Whenever suitable, surgical options 

should be considered as a gold standard. 
Otherwise, based on the data above, cli-
nicians can propose several treatment 
options in almost every clinical set-
ting. Unfortunately, Level I evidence to 
guide decisions is lacking in most situ-
ations. Generally, we prefer discussion 
over argument in the absence of data, 
but are there certain patients we should 
strongly advocate for? The most im-
portant question that we, as radiation 
oncologists, should ask ourselves is: 
Which patients would benefit the most 
from SBRT—i.e., who should we fight 
for on the tumor board battlefield? This 
question answers itself if we consider 
the main advantages of SBRT: It is 
highly effective, noninvasive and rela-
tively safe, even in situations and geom-
etries that would be relatively high risk 
for other treatments. We propose the 
following scenarios where SBRT could 
be considered favorably:

If local ablative treatments such as 
RFA are under consideration, SBRT is 
preferred if the tumor is >3 cm (likely 
incomplete RFA) at the liver dome 
(poor visualization by ultrasound makes 
RFA difficult), in a close proximity to 
major vessels (poor heating due to the 
heat sink leads to incomplete RFA), 
gallbladder, or gastrointestinal tract (po-
tential for perforation). 

When other modalities could pose 
danger if the patient has certain medi-
cal conditions (such as thrombocyto-
penia or is at high risk for anesthesia), 
SBRT has a very favorable risk-benefit 
profile.

SBRT can be considered following 
TACE or RE with mixed response (e.g., 
1-3 growing lesions). SBRT of single 
lesions following RE failure can be con-
sidered if other local ablative treatment 
modalities are not appropriate.

If portal vein thrombosis is mak-
ing regional therapy high-risk, SBRT 
should be strongly considered. Depend-
ing on the size and number of tumors, 
treatment can be directed at all disease. 
Another option would be SBRT aim-
ing to open the portal vein to make the 
patient a candidate for additional treat-
ment modalities.

Despite these scenarios, we should 
keep in mind that SBRT requires ap-
propriate treatment planning, delivery 
and image-guidance equipment, as well 
as the expertise of radiation oncologists, 
physicists, dosimetrists and therapists. 
RTOG/NRG guidelines and protocols, 
training workshops, and fellowships 
aim to help centers develop SBRT pro-
grams and bring this treatment option to 
more patients worldwide.
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Hepatocellular carcinoma (HCC) 
is the 5th leading cause of cancer 
worldwide,1 and the 3rd most 

common cause of cancer-related death.2 
In the United States, where risk factors of 
viral hepatitis and alcoholic cirrhosis are 
rising, the incidence of new HCC is also 
expected to increase.3 The age-adjusted 
incidence of HCC tripled from 1975-
2005,4 and although overall survival 
improved, the 5-year survival is 40% to 
50%.5 Partial hepatic resection remains 
the most common surgical management 
of HCC. However, even though advances 
in operative technique and postoperative 
care have reduced postoperative mortal-
ity in immediate hospital deaths to nearly 
zero,6 the prognosis remains grim. After 
surgery, many studies show the 3-year  

intrahepatic recurrence to be 60% to 
70%.7-10 A proportion of these recur-
rences is in close proximity to the original 
surgical margin.8-10

Retrospective reviews have consis-
tently identified numerous patient, tumor 
and treatment-related risk factors that in-
crease the rates of recurrence, including 
microvascular invasion, satellite nodules 
and tumor size.11-15 Other factors, such as 
α-fetoprotein (AFP) level, cirrhosis, re-
section type and resection margin, have 
demonstrated a less consistent correla-
tion with recurrence. 

Historically, the use of radio-
therapy for HCC has been restricted 
due to poor radiation tolerance of the 
liver.16,17 However, with advances in 
three-dimensional radiation planning, 
image-guided radiotherapy (IGRT), and 
high-dose stereotactic body radiation 
(SBR), radiotherapy has demonstrated 
its effectiveness as an adjuvant treat-
ment as well as its utility in preventing 
intrahepatic HCC recurrence.18-25

A systematic radiological analysis 
of intrahepatic recurrence patterns was 
done at our institution to better under-
stand where a failure will subsequently 
develop relative to the original surgical 
bed. In particular, we investigated fac-
tors associated with recurrences found 
within 2 cm of the original surgical site, 

a region that could be easily treated with 
local adjuvant or even intra-operative 
radiation therapy (IORT). This informa-
tion can help in future selection of pa-
tients likely to benefit from additional 
radiotherapy. 

Materials and methods
Internal Review Board approval 

from the Cleveland Clinic, Cleveland, 
Ohio, was obtained to perform a ret-
rospective chart and radiographic re-
view of all patients who underwent 
non-transplant surgical resection at our 
institution for primary HCC between 
September 1996 and May 2012. HCC 
diagnosis was either by characteristic 
radiological findings on a triphasic CT 
scan or through biopsy, according to 
the updated American Association for 
the Study of Liver Diseases (AASLD) 
guidelines.26 A total of 169 patients had 
hepatic resection; however, 22 were ex-
cluded due to insufficient available data 
regarding treatment and follow-up, or 
because they presented with metastatic 
disease. All patients were closely fol-
lowed with computed tomography (CT) 
or magnetic resonance imaging (MRI) 
for recurrence.

Patient demographic data were re-
corded, as well as details of pre-existing 
hepatic disease. Information regarding 
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Table 1

Patient characteristics (n = 147) 		  Value (%)
	 Local Recurrence 	 Distant Intrahepatic	 Non-Recurrence
	 (n = 19)	 (n = 54)	 (n = 74)
Age (years)	 Mean	 64 ± 13.4	 61 ± 14.8	 66 ± 12.0
	 Range	 28-82	 16-85	 31-91
Sex	 Male 	 14 (73.7)	 31 (57.4)	 48 (64.9)
	 Female	 5 (26.3)	 23 (42.6)	 26 (35.1)
HBV antigen positive		  3 (15.8)	 4 (7.4)	 5 (6.8)
HCV antigen positive		  5 (26.3)	 16 (29.6)	 21 (28.4)
Cirrhosis		  11 (57.9)	 23 (42.6)	 30 (40.5)
NAFLD		  2 (10.5)	 7 (13.0)	 9 (12.2)
Child class	 A	 18 (94.7)	 44 (81.5)	 64 (86.5)
	 B	 1 (5.3)	 10 (18.5)	 10 (13.5)
Liver function tests	 Bilirubin >3 (mg/dL)	 0 (0)	 0 (0)	 1 (1.4)
	 Elevated ALT (> 3x ULN)    	 1 (5.3)	 10 (18.5)	 8 (10.8)
AFP >400 (IU/mL)		  9 (47.4)	 14 (25.9)	 15 (20.3)
Tumor size (cm) 	 ≤5	 5 (26.3)	 21 (38.9)	 34 (45.9)
	 5-10	 6 (31.6)	 16 (29.6)	 26 (35.1)
	 >10	 8 (42.1)	 17 (31.5)	 14 (18.9)
Tumor number	 Single 	 15 (78.9)	 40 (74.1)	 58 (78.4)
	 Multiple	 4 (21.1)	 14 (25.9)	 16 (21.6)
Grade	 1	 3 (15.8)	 10 (18.5)	 13 (17.6)
	 2	 14 (73.7)	 40 (74.1)	 56 (75.7)
	 3	 2 (10.5)	 4 (7.4)	 5 (6.8)
Time from diagnosis	 Mean	 59 ± 59	 137 ± 227	 122 ± 20	
to surgery (days)	 Median	 48	 76	 48	
	 Range	 8-273	 5-1513	 12-1252
Type of resection	 Hepatectomy	 5 (26.3)	 10 (18.5)	 12 (16.2)
	 Extended hepatectomy	 2 (10.5)	 6 (11.1)	 6 (8.1)
	 Partial hepatectomy	 0 (0)	 1 (1.9)	 8 (10.8)
	 Segmentectomy	 8 (42.1)	 25 (46.3)	 29 (39.2)
	 Trisectionectomy	 3 (15.8)	 3 (5.6)	 5 (6.8)
	 Wedge	 1 (5.3)	 9 (16.7)	 14 (18.9)
Margin	 Positive	 4 (21.1)	 8 (14.8)	 6 (8.1)
	 Negative	 15 (78.9)	 46 (85.2)	 68 (91.9)
	 <10 mm	 14 (73.7)	 41 (75.9)	 50 (67.6)
	 ≥10 mm	 5 (26.3)	 13 (24.1)	 24 (32.4)
Vascular Invasion		  10 (52.6)	 26 (48.1)	 24 (32.4)
Tumor Rupture		  1 (5.3)	 1 (1.9)	 1 (1.4)
Time to Recurrence (d)	 Mean 	 507 ± 539	 459 ± 335	 N/A
	 Median	 319	 365	 N/A
	 Range	 47-2097	 52-1583	 N/A

* HBV – Hepatitis B virus; HCV – Hepatitis C virus; NAFLD – Non-alcoholic fatty liver disease; ALT – Alanine aminotransferase; ULN – Upper limit of normal; 
AFP – -fetoprotein
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pre- and postoperative liver function 
and radiographic detail, method of di-
agnosis, tumor stage and grade, adju-
vant treatment, surgical method and 
resulting pathology, tumor recurrence, 
further treatment, and date and cause 
of death were also gathered (Table 1). 
Tumors were graded based on the WHO 
2010 criteria as outlined in the WHO 
Classification of Tumors of the Digestive 
system.27 Recurrence was defined as new 
radiographic, or biopsy-proven, evidence 
of HCC not visualized prior to previous 
resection. Distance to recurrence from 
the site of the excised primary lesion was 
defined as the shortest three-dimensional 
distance from the closest resection mar-
gin to the center of the new lesion(s) 
(Figure 1). The measurement tool and in 
some instances, the three-dimensional 
reconstruction software, were used on the 
hospital Impax image archiving system 
(AGFA, Mortsel, Belgium) to determine 
these distances. 

Patients were divided into 1 of 3 
groups based on the specific location 
of intrahepatic recurrence: local recur-
rence (defined as < 2 cm from surgical 
margin), non-local intrahepatic recur-
rence (>2 cm from surgical margin) and 
concurrent local and intrahepatic recur-
rence. Risk factors associated with each 
of the above recurrence patterns were 
characterized and quantified. A 2-cm 

radius around a given tumor bed was 
chosen to model the dose distribution 
characteristics of IORT. 

Assessment of tumor resectability 
was based on AASLD guidelines.28,29 
Types of resection included all of the 
following: right and left hepatectomy, 
extended or partial right and left hepa-
tectomy, right and left trisectionectomy, 
segmentectomy, and sub-segment 
wedge resection of the tumor. Extended 
left hepatectomy included, in addition 
to Couinaud segments 2-4, an adja-
cent narrow portion of segments 5 and 
8, and extended right hepatectomy in-
cluded, in addition to segments 5-8, an 
adjacent narrow portion of segment 4. 
Partial right and left hepatectomy was 
defined as a left or right hepatectomy 
that did not extend to include the en-
tirety of the segment(s) adjacent to the 
contralateral hemiliver. Resection types 
were described according to the Liver 
Resection Guidelines as reported by the 
International Hepato-Pancreato-Biliary 
Association.30 Segmentectomy was de-
fined as resection of an entire Couinaud 
segment together with its portal vessels, 
while wedge resection implied removal 
of the tumor with margin without regard 
to segmental, sectional or lobar anatomy.

Analysis of patient demographic fac-
tors, tumor factors and treatment factors 
was undertaken. Time from diagnosis to 

surgery, surgery to recurrence, overall 
follow-up and overall survival was as-
sessed. Initial diagnosis and recurrence 
were determined as defined above, and 
date of death was verified using an on-
line social-security death index. The data 
was analyzed using logistical regression 
modeling and Kaplan-Meier survival 
analysis. A p value of <0.05 was consid-
ered statistically significant.

Results 
Clinical and surgical data

There were 93 men and 54 women. 
The mean age of the studied group was 
63.7 (range: 16-91) years. Seventy-
four patients (50.3%) had histologi-
cally proven chronic liver disease: 64 
(43.5%) with cirrhosis, 12 (8.0%) with 
hepatitis B virus (HBV), 42 (29.0%) 
with hepatitis C virus (HCV), and 18 
(12.0%) with non-alcoholic fatty liver 
disease. The mean AFP level prior to 
surgery was 3,548.2 (median: 17.8, 
range: 0.9-88000) ng/mL. A total of 
113 (76.9%) patients presented with 
a solitary lesion on radiological scan. 
The mean maximum diameter of le-
sions was 7.3 (range: 0.7-20) cm, and 
110 (74.8%) patients had grade II tu-
mors, while 26 (17.7%) and 11 (7.5%) 
had grades I and III respectively. Upon 
resection, 103 (72.0%) had a margin 
>10 mm, and the average margin taken 
was 6.6 (0-50) mm. Eighteen (12.6%) 
patients had positive margins, only 3 
(0.02%) patients had tumor rupture 
upon resection, and 62 (42.2%) patients 
had histologic evidence of vascular 
invasion. The types of resection per-
formed included right and left hepatec-
tomy, including extended or partial (50 
patients, 34.0%); segmentectomy (62 
patients, 42.2%); right and left trisectio-
nectomy (11 patients, 7.5%); and local 
wedge resection (24 patients, 16.3%).  

Tumor recurrence
Of the 147 patients, 73 (49.7%) had 

clinical/radiological evidence of tumor 
recurrence. Median time to recurrence 

FIGURE 1. Three-dimensional distance measurement of intrahepatic recurrence. Using either 
CT or MRI, the three-dimensional distance to intrahepatic recurrence was measured from the 
closest identifiable resection margin to the center point of the new lesion.
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was 11.9 (range: 1.6-69.9) months. In 
47 (64.4%) of these, the recurrence 
was confined to the hepatic remnant. 
Extrahepatic recurrence, in addition 
to intrahepatic failure, was found in 
21 (28.8%) patients, and 5 (6.9 %) pa-
tients had exclusively extrahepatic tu-
mors: lung (1 patient), omentum and 
abdominal wall (1 patient), ovary (1 
patient), bi-lateral adrenals (1 patient), 
femoral head (1 patient). Nineteen 
(27.9%) of the patients who had intra-
hepatic recurrence failed within 2 cm 
of the primary surgical margin. 

Local vs. distant  
intrahepatic recurrence

Among patients who had intrahepatic 
recurrence, 19 (27.9%) were local fail-
ures and 49 (72.1%) had recurrences 
elsewhere in the liver. Mean tumor size 
for local recurrence was 8.9 (range: 2.6-
14.5) cm and 7.5 (range: 1.5-20) cm 
for distant intrahepatic recurrence. Of 
those with local recurrence, 6 (32%) 
had local failure exclusively, while 13 
(68%) had both local and distant intra-
hepatic recurrence (Figure 2). Tumor 
rupture correlated with recurrence, but 

was not statistically significant (p = 
0.09). While 48% of margin negative 
resections had recurrence (n = 60/125) 
compared with 67% with margin posi-
tive resections (n = 12/18), the differ-
ence was not statistically significant for 
recurrence (p = 0.16). Vascular invasion 
was significant for overall recurrence  
(p = 0.01), but did not specifically cor-
relate with local or distant recurrence. 
Median time from diagnosis to surgery 
did correlate with local recurrence (p 
= 0.02), with a shorter delay associ-
ated with increased likelihood of local 
failure. The presence of a single lesion 
prior to initial resection also correlated 
with recurrence (p = 0.02) (Table 2). 
Tumor grade, tumor size, segmental lo-
cation, and the concomitant existence of 
cirrhosis were not significant correlates.   

Discussion
The purpose of this study was to re-

view all patients who had partial hepatic 
resection for primary HCC between Sep-
tember 1996 and May 2012 to determine 
the patterns and risk factors for local re-
currence. We found that, of the 47.9% of 
resected patients who had intrahepatic 
recurrence, 27.9% were within 2 cm of 
the original surgical margin. Multiple 
studies have distinguished between intra- 
and extrahepatic recurrence, and some 
report the number of recurrences close to 
the primary surgical margin;7 however, 
to our knowledge no studies have iden-
tified risk factors specifically for such 
close local recurrence. 

Previous studies differ regarding the 
exact constellation of risk factors for 
HCC recurrence. Previous reports have 
included vascular invasion, cirrhosis 
and perioperative blood transfusion,12 
tumor size, encapsulation and preopera-
tive AFP,7 to merely preoperative AFP 
and close resection margin.9 In addition, 
Huang et al. added pathological grade 
and tumor thrombus,31 while still others 
propose 3 or more lesions as predictive 
of recurrence.32 Aside from vascular in-
vasion, tumor size and tumor number,5 

Table 2. Factors associated with intrahepatic recurrence 	

	 Number	 Percent (%)	 P value
All Recurrence				  
	 Vascular invasion	 62/147	 42.2	 0.01
Local Recurrence				  
	 Single lesion	 15/19	 79	 0.02
				  
	 Mean (days)	 Standard Error	 P value
Time from diagnosis to surgery	 59 ± 59	 14	 0.02

FIGURE 2. Intrahepatic recurrence patterns 27.9% of intrahepatic recurrences emerged 
within 2 cm of the original tumor site. 

72.1%

19.1%

8.8%

Local Only

Distant Only

Distant + Local
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there does not seem to be a clear consen-
sus in the literature regarding what clini-
cal, surgical or pathological factors can 
be used to predict post-resection HCC 
recurrence. In our limited patient popula-
tion, we corroborated vascular invasion 
as a risk factor for any recurrence. No 
other risk factors were identified.

It has been suggested that anatomi-
cal resection of HCC that includes an 
entire Couinaud segment with its portal 
vessels results in a decreased rate of re-
currence compared to non-anatomical, 
or wedge, resection. By removing an 
entire hepatic segment, there is a chance 
of including in the resection any local 
micrometastases or disease extension. 
Some authors report improved 5-year 
and disease-free survival using seg-
mentectomy, while others have failed 
to demonstrate a survival benefit over 
wedge resection. A large 2012 meta-
regression analysis found significant 
advantages with segmentectomy in 
5-year and disease-free survival, but 
noted that in the retrospective, obser-
vational studies analyzed, patients who 
underwent non-anatomical resection 
were also more likely to have poorer 
liver function and reserve.33 Cucchetti 
et al. recently reported fewer early re-
currences and a survival advantage with 
anatomical resection, though limited to 
cases with poorly differentiated tumors 
and microvascular invasion, 2 known 
risk factors for tumor recurrence.34 In 
our study, there was little difference in 
outcomes between patients who had an-
atomical and non-anatomical resections 
(Table 1). This may support existing 
data that suggest there is little recur-
rence and survival advantage to seg-
mentectomy. Since this study, as well as 
the vast majority of the relevant litera-
ture is retrospective in nature, one major 
potentially confounding factor is the 
variability in the practical distinction 
between segmentectomy and wedge 
resection. Non-anatomical resections 
can differ from one case to another, as 
well as between surgeons; therefore, 

prospective data would better elucidate 
whether segmentectomy is truly supe-
rior to wedge resection, and in which 
specific clinical scenarios. 

The apparent inability to find a con-
sistent set of risk factors may relate to 
the numerous potential mechanisms by 
which HCC can recur and spread. At 
the time of initial diagnosis, there may 
already have been multifocal hepatic 
disease, and in patients with cirrhosis 
of the liver, the tumor may have devel-
oped through a multicentric origin.35 
Over time, there could be intrahepatic 
spread via the portal venous system, and 
during surgery, there may not have been 
an adequate margin taken.9 To try and 
account for multifocal disease on pre-
sentation, intraoperative ultrasound was 
performed on all patients in this series. 
In our patients with distant intrahepatic 
recurrences, 10 were detected more 
than 2 years post resection. This long in-
terval and the significant distance from 
the primary surgical site, especially in 
cases with cirrhosis, suggests that these 
recurrences may have been a new pri-
mary lesion. Although a trend may have 
suggested this relationship, we did not 
find a statistically significant correla-
tion between the presence of cirrhosis 
and distant intrahepatic or multicentric 
tumor recurrence. 

In our series, patients who had a local 
recurrence were statistically more likely 
to have had a shorter time interval from 
diagnosis to surgery and only 1 radio-
graphically apparent lesion at the time 
of surgery. In patients whose tumor 
recurred, these two factors conferred 
a 79% risk of the recurrence emerg-
ing within 2 cm of the original tumor. 
While these 2 factors may decrease the 
likelihood of recurrence overall, when 
patients with these characteristics re-
curred, it was often a close local failure. 
Vascular invasion correlated signifi-
cantly with overall recurrence, although 
not with local or distant recurrence in 
particular. The lack of significance 
within this division may be reasonably 

explained by the small sample size of 
each group and, therefore, decrease in 
statistical power. Similarly, tumor rup-
ture correlated with recurrence, as all 
3 patients with tumor rupture had both 
local and distant intrahepatic recur-
rence, although due to the small sample 
size, it was not statistically significant. 
Patients who had local recurrence had 
a shorter overall survival from the time 
of resection, as well as from the time of 
recurrence. However, the wide survival 
time range and the relatively small sam-
ple size limited the ability to find sta-
tistical significance in overall survival 
time.

Nevertheless, these findings suggest 
that there may be a subset of patients 
who have a predictable recurrence pat-
tern and associated worse prognosis and, 
therefore, may benefit from enhanced 
local control. Historically, a number of 
pre and post-operative adjuvant thera-
pies have been attempted to minimize 
local recurrence with mixed results. In 2 
prospective randomized trials, neoadju-
vant transarterial chemoembolization 
(TACE) showed no statistically signifi-
cant improvement over surgery alone, 
and in some cases, even worse overall 
survival.36,37 Postoperative regional 
chemotherapy has also been studied to 
reduce local recurrence, and while 2 
randomized controlled trials yielded in-
creased overall survival,38,39 others found 
little benefit to regional chemotherapy 
when combined with systemic chemo-
therapy.40,41 Studies of the use of oral 
chemotherapy alone have also shown 
minimal promise, and use is limited by 
systemic toxicity.42,43 

A few small studies have reported 
the rate of intrahepatic recurrence after 
radiotherapy alone, or combined with 
TACE. In a series of 44 patients assess-
ing survival in patients with unresect-
able HCC treated with radiotherapy, 
Liu et al. reported a 43.2% rate of intra-
hepatic recurrence.20 In another small 
series of 25 patients, Cheng et al. found 
that at 2 years, 56% of patients had  
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either local or regional intrahepatic 
tumor recurrence after radiotherapy.25 
Park et al. reported a 47.5% intrahepatic 
recurrence rate in a survival analysis of  
59 patients.24 In the latter 2 of these stud-
ies, many of the patients had also been 
treated with TACE. No studies, how-
ever, specifically detail a pattern of close 
local intrahepatic failure, at best separat-
ing intrahepatic recurrence into general 
categories of local vs. regional recur-
rence. As such, there is currently no data 
on the potential utility of radiation to pre-
vent such close local failure. 

In addition to neoadjuvant TACE, 
chemotherapy and external beam radio-
therapy (EBRT), radiofrequency abla-
tion (RFA) combined with resection has 
shown promise as part of multimodality 
treatment of HCC. In a recent retrospec-
tive study, Prassas et al. found moderate 
improvement in overall and disease-free 
survival with an RFA-assisted liver re-
section method. Of note, they reported 
no close local recurrences with this 
technique.44 Liu compared the efficacy 
of RFA in HCC vs. metastatic disease, 
concluding that RFA was beneficial for 
small, localized tumors.45 Yi et al. pro-
spectively compared RFA plus TACE 
with RFA alone and reported a sig-
nificant survival benefit with combined 
treatment.46 While not yet applied to 
HCC, IORT to reduce local recurrence 
has shown to be a feasible, beneficial 
and low-risk treatment option for other 
cancer types. IORT has resulted in im-
proved survival outcomes and treatment 
adherence in breast, colon, pancreatic, 
head and neck, sarcoma and gynecologi-
cal cancers.47-55 This technique allows 
the delivery of an increased and concen-
trated dose of radiation in a precise, fo-
cused manner to specifically target the 
tumor bed and closely associated at-risk 
regions. Still other potential, though yet 
uncorroborated, methods to decrease 
local recurrence of HCC include seg-
mental resection, earlier liver transplant, 
and expansion of planned surgical mar-
gins by 2 cm.  

Conclusion
Based on the analysis of our experi-

ence with local and distant-intrahepatic 
recurrence of HCC after resection, we be-
lieve a subgroup of patients, namely those 
with only 1 radiographically apparent 
lesion at the time of diagnosis and who 
underwent resection soon after diagnosis, 
are more likely to have tumor recurrence 
within 2 cm of the original surgical bed. 
Identifying the ideal treatment method by 
which to substantially reduce the risk of 
local failure for HCC patients with high-
risk features is ongoing. Perhaps, using 
time from diagnosis to surgery and num-
ber of lesions at diagnosis as exclusion 
criteria, the application of IORT for this 
subgroup at greater risk for local recur-
rence can be studied in the future. 
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Pituitary adenomas arise from the 
adenohypophysis and represent 
approximately 10% to 15% of all 

primary brain tumors. Tumor classifi-
cation is divided by size and functional 
characteristics.1 Morbidities owing to 
tumor size include visual and neurologi-
cal defects due to proximity to the optic 
chiasm and cavernous sinuses. Perhaps 
the most important distinction in clas-
sifying pituitary adenomas is functional 
capacity. Secretory adenomas may cause 
potentially fatal biochemical imbal-
ances because of overproduction of pi-
tuitary hormones like prolactin, growth 
hormones, adrenocorticotropic hor-
mones and, more infrequently, thyroid- 

stimulating hormones.2 Standard treat-
ment for nonfunctioning macroadeno-
mas is transsphenoidal resection, and 
functioning adenomas can be medically 
managed when indicated.

Radiation therapy (RT) is used in 
the adjuvant setting after a subtotal re-
section or as a primary treatment for 
symptomatic primary or recurrent gross 
disease that is not amenable to surgi-
cal excision and cannot be medically 
managed. External-beam RT (EBRT) 
results in excellent radiographic dis-
ease control rates, ranging from 80% to 
98% in nonfunctioning adenomas and 
67% to 89% in functioning adenomas.3 
While photon-based RT has consis-
tently produced high tumor control with 
low toxicity, room remains for improv-
ing the therapeutic ratio, especially in 
younger patients who may be at greatest 
risk from radiation-induced late effects. 
Hypopituitarism of 1 or more axes is by 
far the most common adverse effect, 
with a 20% 5-year incidence rising to 
nearly 80% within 15 years of follow-
up. Less frequent toxicities include vi-
sual and neurological complications, 
secondary tumors, cerebral vascular ac-
cidents, and cerebral necrosis.4,5

The advantage of proton therapy 
over conventional RT is a potential for  
decreased late effects of radiation  
attributable to lower doses to adjacent 
normal tissues. While there is little hope 
that pituitary function will be spared, 
additional toxicities may be avoided 

given the more favorable dose distribu-
tion. Dosimetric studies comparing dif-
ferent radiotherapy modalities suggest 
proton therapy could improve the thera-
peutic ratio in pituitary adenoma treat-
ment by reducing the dose to the retinas, 
optic nerves, brainstem, and tempo-
ral lobes compared with conventional 
photon techniques including intensity-
modulated radiation therapy (IMRT).6,7 
In addition, proton therapy reduces the 
dose to the hippocampi, thus lowering 
radiation exposure to the neural stem 
cells, which may lessen the neurocog-
nitive impact of radiotherapy.8 To date, 
the literature regarding proton therapy 
for pituitary adenoma is sparse. We 
have conducted a retrospective review 
of patients treated at our institution with 
proton therapy for pituitary adenoma in 
an effort to contribute to the literature.

	
Patients and methods

In accordance with an institutional 
review board-approved protocol and the 
Health Insurance Portability and Ac-
countability Act (HIPAA), we reviewed 
the medical records of 17 patients with 
pituitary adenomas treated between 2007 
and 2013 at the University of Florida 
Proton Therapy Institute in Jacksonville. 
All patients were treated with curative 
intent using three-dimensional confor-
mal proton therapy. All patients were 
radiographically evaluated with com-
puted tomography (CT) and/or magnetic 
resonance imaging (MRI) before and 
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after treatment. In addition, all patients’ 
pituitary adenoma diagnoses were his-
tologically confirmed prior to RT. Only 
benign pituitary tumors were included 
in the study; pituitary carcinomas were 
excluded from analysis. Patients treated 
with modalities other than transsphe-
noidal or transcranial surgical resection, 

such as stereotactic radiosurgery (SRS), 
were also excluded from our study.

Follow-up was calculated from the 
date the patient initiated RT. Length of 
follow-up ranged from 0.3 to 5.7 years, 
with a median time of 3.0 years. Patient, 
tumor, and treatment characteristics are 
presented in Table 1. All but 1 patient  

underwent surgery before proton therapy. 
Of the 16 who received surgery, 15 un-
derwent transsphenoidal resection, and 
1 was resected via transcranial approach 
followed by a second transsphenoidal op-
eration. In total, 5 patients received a sec-
ond operation before proton therapy. All 
patients had measurable gross disease at 
the time of proton therapy so that no pa-
tient was classified as undergoing a gross 
total resection. The predominant reason 
for the proton therapy referral was locally 
invasive disease (15 patients had a cav-
ernous sinus invasion). Proton therapy 
was delivered as adjuvant treatment in 11 
patients, salvage therapy for a recurrence 
in 5 patients, and definitive treatment in 1 
patient. For patients undergoing adjuvant 
therapy, the median interval from surgery 
to initiation of proton-based irradiation 
was 114 days (range, 45–283 days).

Radiation treatment
All 17 patients were treated with three-

dimensional double-scattered conformal 
proton therapy (3DCPT) in a continuous 
course of 5 fractions per week at 1.8 Gy 
relative biological effectiveness (RBE) 
per fraction. For each patient, pre- and 
postoperative treatment planning MRIs 
were co-registered to the treatment plan-
ning CT. Target volumes were defined 
as both the pre- and postoperative gross 

FIGURE 1. Typical proton therapy beam arrangements and apertures in a (A) “mohawk” configuration and (B) 2-lateral oblique and superior-
anterior oblique configuration.

A B

Table 1. Patient, tumor, and treatment characteristics (N=17)

Characteristic	 Number of patients
Sex	
Male	 11
Female	 6
Age (range)	 62 yrs (10-83 yrs) 

Hormone secretion	
Secreting	 4
Non-secreting	 13
Surgeries before Radiotherapy
None	 1
1	 12
2	 4
Timing of Radiotherapy
Postoperative   	 11
Salvage	 5
No prior surgery	 1
Tumor size (range)	 26.5 mm (18-50 mm) 

Extension Beyond Sella
Cavernous sinus extension	 15
Sphenoid sinus extension	 7
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tumor volumes, with the clinical target 
volume (CTV) adding a 5-mm margin 
off the gross tumor volume to account 
for tumor spread. The planning target 
volume (PTV) was defined as the CTV 
with an additional 3-mm margin. Two 
3-field beam arrangements were used—
either a mohawk (Figure 1A) or a 2- 
lateral oblique, superior-anterior oblique 
arrangement (Figure 1B). Beam-shaping 
apertures were designed based on a cus-
tomized expansion of the PTV projection 
in the beam’s eye-view of approximately 
5 to 7 mm. Customized beam compensa-
tors were individually designed to maxi-
mize dose conformality and reduce the 
effects of tissue heterogeneity on the dose 
distribution. Total dose ranged from 45 to 
50.4 Gy (RBE) (median, 45 Gy [RBE]). 
Plans were normalized such that 99% of 
the CTV was covered by the prescription, 
which nearly always meant that 95% of 
the PTV received 95% of the prescription.

Statistical methods
JMP software (SAS Institute, Cary, 

NC) was used to compute the Kaplan-
Meier product limit estimates for local 
control, progression-free survival, and 
cause-specific survival.

Results 
Local control

The 3-year radiographic local con-
trol rate for both secreting and non-
functional pituitary adenomas after 
treatment with proton therapy was 
100%, meaning all patients exhibited 
either stabilization or regression in 
tumor size. Objective measures of bio-
chemical control were not available for 
the 4 patients with secreting tumors. 
Of these, 3 patients reported no signs, 
symptoms or biochemical evidence 
that they remained hypersecretory. It 
was not evident at what time their base-
line hypersecretion normalized. The 

patient with a tumor secreting growth 
hormones continues to visit her local 
endocrinologist and reports no endo-
crine-related symptoms.

Survival
The 3-year overall survival rate was 

100%. There was 1 intercurrent death 
that occurred at 4.98 years after treat-
ment due to cardiovascular disease. 

Complications
Several factors potentially lead to 

adverse neurological events, includ-
ing surgery, radiation therapy, tumor 
mass effect, and hormonal secretion. 
The most commonly observed side ef-
fect was hypopituitarism, evident in 11 
patients following RT. Table 2 shows 
the presence of pituitary dysfunction 
after both surgery and RT. All but 1 
of the patients who were hormone-
deficient after proton therapy had 
baseline pituitary dysfunction. In this 
series, no other major complications, 
such as cerebrovascular accidents, de-
cline in visual function, ototoxicity, 
and second malignancies, have been 
observed as of the most recent follow-
up. Objective neurocognitive function 
was not available for most patients, 
but all patients who were alive at the 
time of data collection report no signs 
or symptoms of significant cognitive 
deficits.

Dosimetric outcomes
Dosimetric data were reviewed for 

all 17 proton plans. In addition, 4 IMRT 
comparison plans were generated, nor-
malized to the same target coverage 
achieved with the proton plans. Table 
3 shows the mean maximum doses to 
serial organs at risk (OARs) for both the 
3DCPT and IMRT plans. Compared to 
the IMRT plans, the left and right reti-
nae received lower doses with 3DCPT; 
however, none of the doses delivered 
to serial OARs with either technique 
are expected to result in significant nor-
mal tissue complications. Nevertheless, 

Table 2. Patient endocrine function

Characteristic	 Number of patients

Preradiotherapy Endocrinopathy	
	 Yes	 10
	 No	 5
Postradiotherapy Endocrinopathy	
	 Yes	 11
	 No	 4

Table 3. Dosimetric results for serial Organs at Risk

	 Maximum dose, Gy(RBE)*
Serial organ-at-risk 	 3DCPT	 IMRT	 P value 
volume	

Retina – left	 2.14 (0 – 13.99)	 17.15 (6.29 – 26.44)	 0.007†
Retina – right	 2.15 (0 – 11.20)	 10.70 (4.88 – 22.14)	 0.019†
Optic nerve – left	 47.60 (45.52 – 52.90)	 48.25 (46.46 – 51.51)	 0.371
Optic nerve – right	 47.36 (45.69 – 51.92)	 48.10 (46.26 – 51.89)	 0.325
Optic chiasm	 47.41 (43.61 – 53.20)	 48.19 (46.80 – 52.08)	 0.152
Cochlea – left	 13.93 (0 – 28.29)	 25.23 (7.39 – 38.40)	 0.210
Cochlea – right	 12.24 (0 – 38.98)	 18.35 (7.18 – 35.63)	 0.244
Brainstem	 46.25 (38.22 – 52.29)	 48.17 (46.45 – 51.45)	 0.283
*Values are mean (range). Statistical significance is indicated by a dagger (†). 
Abbreviations: 3DCPT, 3-dimensional conformal proton therapy;  
IMRT, intensity-modulated radiotherapy
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Table 4. Dosimetry for brain, temporal lobe, and hippocampal volumes

	 Dose (CGE)*

Volume	 3DCPT	 IMRT	 P value

Maximum dose			 

Whole brain	 48.55 (46.20 – 53.22)	 50.42 (48.30 – 53.29)	 0.152
Temporal lobe – left	 47.87 (45.42 – 53.04)	 50.09 (47.48 – 53.15)	 0.073
Temporal lobe – right	 47.80 (45.17 – 51.89)	 48.98 (46.75 – 50.97)	 0.325
Hippocampus – left	 41.49 (24.78 – 51.51)	 46.76 (43.41 – 49.07)	 0.089
Hippocampus – right	 39.85 (18.94 – 51.69)	 43.59 (35.14 – 49.91)	 0.371

Mean dose			 

Whole brain	 5.53 (2.30 – 13.04)	 12.76 (8.24 – 16.90)	 0.048†
Temporal lobe – left	 7.69 (1.75 – 24.12)	 16.08 (8.60 – 22.26)	 0.020†
Temporal lobe – right	 8.41 (1.56 – 18.41)	 14.02 (8.46 – 23.13)	 0.039†
Hippocampus – left	 10.95 (1.44 – 37.66)	 26.36 (18.89 – 32.71)	 0.032†
Hippocampus – right	 10.85 (0.89 – 34.94)	 23.28 (17.79 – 31.64)	 0.039†
*Values are mean (range). Statistical significance is indicated by a dagger (†). 
Abbreviations: 3DCPT, 3-dimensional conformal proton therapy; IMRT, intensity-modulated radiotherapy 

these data show that proton therapy did 
not result in any unacceptable physical 
dose heterogeneity within serial OARs. 
Comparison of both maximum and mean 
doses to the whole brain, temporal lobes, 
and hippocampi are presented in Table 4. 
On average, the proton plans produced 
lower doses to whole brain, temporal 
lobes and hippocampi. Average dose-
volume histograms are shown in Figure 
2, demonstrating that most of the benefits 
of proton therapy were seen from a re-
duction in the low and moderate doses to 
these organ-at-risk volumes (ORVs). 

Discussion
In the management of pituitary ad-

enomas, surgical resection alone yields 
control rates that substantially differ by 
tumor characteristics. A large series by 
Mortini and colleagues9 reported con-
trol rates of 55.5% in macroadenoma 
patients, compared to 78.9% for mi-
croadenomas. Much poorer outcomes 
were reported in tumors invading the 
cavernous sinuses, at 7.4%. While sur-
gical resection is often indicated as a 
first line of treatment for these tumors, 
recurrence after surgery alone is 19% 

vs. 2% in patients receiving surgery and 
RT.10 RT is an effective treatment mo-
dality either postoperatively when the 
likelihood of recurrence is high, or de-
finitively when tumors are unresectable 
and cannot be medically managed. 

Long-term outcomes of patients 
treated with postoperative conventional 
RT have been well-documented in the 
scientific literature. In one of the larg-
est and most-cited analyses, Brada et al. 
reported the outcomes of 411 patients, 
of which 252 had non-functioning ad-
enomas, 131 had functional adenomas, 
and the remaining 28 were of unknown 
secretory status. At 10 years, the pro-
gression-free survival rate was 94%, and 
at 20 years it was 88% for all patients. 
The only factor affecting prognosis in 
this study was hormone secretion.11 In 
2008, Chang et al. reported the outcomes 
of adjuvant RT in 663 patients with non-
functioning pituitary adenomas, with 
progression-free survival rates of 93% 
at 5 years, 87% at 10 years, and 74% at 
20 years. Out of these patients, cavern-
ous sinus involvement was the only 
significant prognostic factor.12 Snead 
and colleagues reviewed the records of 

100 patients with pituitary adenomas, 
69 of which were nonfunctioning and 
31 were functioning. Overall, the 10-
year progression-free survival rate was 
95% for nonfunctioning and 88% for 
functioning adenomas. No statistically 
significant variables influenced prog-
nosis in this study. 2 A 2009 study by  
Erridge et al. reported the progression-
free survival rate of 385 patients treated 
with RT to be 97% at 10 years, and 96% 
at 20 years. No identifiable factors af-
fected control rates in this study.13

In contrast to conventional RT, the 
outcomes of patients treated with frac-
tionated proton therapy either definitively 
or adjuvantly are less well-documented. 
While several studies have reported 
outcomes of both conventional and pro-
ton-based SRS for treating pituitary ad-
enomas, SRS is best indicated for tumors 
< 3 cm in diameter and further than 5 mm 
from the optic chiasm.4 In the only other 
series reporting outcomes using fraction-
ated proton therapy to date, Ronson and 
colleagues analyzed 47 patients treated 
with fractionated proton therapy. They 
observed 100% radiographic local con-
trol of all 41 patients who had available 
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follow-up, with a median follow-up 
of 3.9 years.14 These control rates are 
consistent with our results (100% at 3 
years). A recent review by Loeffler et al. 
estimates that RT achieves biochemical 
remission rates of approximately 50% 
at 10 years, with these rates enhanced 
by concomitant medical manage-
ment.4 Our series reports treatment of 
4 patients with functioning tumors—2 
with prolactinomas, 1 with a growth 
hormone-secreting tumor, and 1 with 
an adrenocorticotropic hormone-se-
creting tumor. Unfortunately, objective 
endocrine follow-up was unavailable 
in these patients. Nevertheless, all 4 
patients report no signs, symptoms or 
other evidence of hypersecretion. 

The most common complication of 
RT, by far, is hypopituitarism of 1 or 
more hormonal axes. The literature sug-
gests that this toxicity requires many 
years to develop. With fractionated RT, 
radiation-associated endocrinopathies is 
seen in roughly 20% of patients after 5 

years of follow-up. Some studies have 
revealed pituitary decline to reach as 
high as 80% in patients after 10 years 
of follow-up data.4 In our series, only 5 
patients had normal pituitary function 
before RT, while the remainder had ex-
isting postoperative pituitary dysfunc-
tion. We observed 1 of those 5 patients 
develop new-onset hypopituitarism as-
sociated with RT (Table 2). With our 
median follow-up of 3.9 years, this rate 
is consistent with the current literature. 

Other documented complications of 
RT include visual decline, cerebrovas-
cular accidents, ototoxicity, temporal 
lobe necrosis, and secondary brain tu-
mors. These toxicities are fortunately 
rare, and often do not manifest until 
many years after treatment. Perhaps 
the most documented of these extra-
pituitary events is injury to the optic 
pathways, with a 1.5% likelihood at 20 
years after RT, and radiation-induced 
tumors, likely in 1.9% at 20 years.11,13 
Ronson and colleagues reported 1 case 

of temporal lobe necrosis 19 months 
after treatment. Several factors may 
have contributed to this event, but it is 
noteworthy that this patient received 54 
Gy (RBE) in 2 Gy fractions.14 While, 
fortunately, we report none of these 
complications in our series, continued 
follow-up is required to adequately as-
sess such toxicities, as the incidence of 
these events slowly rises over time. 

The rationale for particle therapy treat-
ment such as fractionated proton therapy 
stems from a phenomenon known as the 
Bragg peak, which allows dose escalation 
to a target volume while sparing adjacent 
peripheral structures. Proton therapy has 
garnered particular interest in the treat-
ment of intracranial tumors, especially as 
the importance of neuroprotection in ra-
diation therapy is becoming increasingly 
realized. Neural stem cells serve a cen-
tral role in neuroplasticity, with reserves 
located primarily in the subventricular 
zone as well as the subgranular layer 
of the hippocampal dentate gyrus.15,16  

FIGURE 2. Average dose-volume histograms for the volumes of the organs at risk. 
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Conventional radiation therapies that do 
not spare these areas have been shown to 
damage hippocampal neurogenesis, con-
tributing to the neurocognitive decline in 
patients treated for many intracranial tu-
mors.17,18 Dosimetric comparisons have 
established that proton-based modalities 
have the potential to better spare these 
structures vs. conventional techniques in 
treating intracranial tumors.8,9

Recent prospective data support these 
hypotheses; increased doses to the tem-
poral lobes and hippocampi significantly 
impair patients’ performances on stan-
dardized neurocognitive tests.20 Dose-
cognitive effect models have also been 
applied in dosimetric comparisons to es-
timate the improved preservation of IQ 
in patients who receive proton therapy.21 
But the relationship between brain ir-
radiation and neurocognition is not en-
tirely agreed upon. Some cross-sectional 
studies have found no significant differ-
ences in cognitive performance between 
patients with pituitary adenomas receiv-
ing surgery plus postoperative conven-
tional RT, and patients receiving surgery 
alone.22,23 These studies analyzed pa-
tients with median ages between 55 and 
61, whereas the Redmond et al. study in-
cluded only pediatric patients.20 The pa-
tients in our study have a median age of 
63 years, yet ages range from 10-83; thus, 
our findings may be difficult to apply uni-
formly. In addition, ongoing clinical trials 
such as RTOG 0933 aim to further assess 
the potential benefits of hippocampal 
avoidance and the relationship between 
radiation dose and cognitive function.

Our dosimetric analysis aimed to as-
sess dosage differences in several se-
rial OARs by comparing the 17 proton 
treatment plans used in our patients to 4 
equivalent IMRT plans generated from 
our series. Of note, temporal lobe and 
hippocampal avoidance were objec-
tives in the IMRT planning process. 
Despite specific goals to avoid these 
structures in IMRT planning, the whole 
brain, both temporal lobes, and both 
hippocampi were spared using 3DCPT. 

Dose-volume histograms of the 5 afore-
mentioned structures also show signifi-
cant decreases in the volume receiving 
up to 10 Gy (RBE; V10) in all 5 struc-
tures, as well as the V20 of the whole 
brain. Reducing doses to structures out-
side the tumor volume may potentially 
mitigate the unwanted effects of therapy 
on surrounding tissues. While we used 
no objective measures of neurocogni-
tive function during follow-up of our 
patients, the dosimetric advantages char-
acterized in our series may be of further 
interest given our growing understand-
ing of RT doses to specific brain struc-
tures and cognitive impairment. 

Conclusion
Our study demonstrates the feasibil-

ity of delivering proton therapy for pitu-
itary adenoma. The high conformality of 
proton therapy does not appear to com-
promise local control and there is no in-
creased early toxicity. Given the results 
of RTOG 0933, the lower dose to the 
hippocampi and temporal lobes should 
reduce the neurocognitive impact of ra-
diotherapy. This greatest benefit will 
likely be in younger patients who are ex-
pected to have long-term survival. 
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Patient safety is at the crux of 
medicine, from the Hippocratic 
Oath to government regulations 

to accreditation programs and beyond. 
And for good reason: If it’s not safe 
medicine, it’s not good medicine. In ra-
diation therapy, patient safety is crucial 
not only to successfully target cancer, 
but to limit damage to healthy tissue 
and prevent potentially devastating 
human errors. At minimum, maximiz-
ing safety requires a team commitment 
and knowledge of the intricacies of 
advanced technologies. It also means 
knowing what field-specific resources 
to harness, including learning systems, 
accreditation opportunities and task 
group initiatives.

But the first step in any safety pro-
gram is developing a safety culture, says 
Jennifer L. Johnson, MS, MBA, senior 
medical physicist in the Department of 
Radiation Physics, Division of Radia-
tion Oncology, University of Texas MD 

Anderson Cancer Center in Houston. 
“Without a safety culture—which is nei-
ther a blame culture nor a blame-free cul-
ture, but an accountable culture—other 
efforts may fall short,” she says. “Part of 
that means having active engagement by 
all members, including physician and ad-
ministrative leadership.”

Improving the process also requires 
communication and feedback mecha-
nisms, Johnson adds. “If people submit 
information and don’t hear of the out-
come or see improvements, then you 
may not get continued involvement. 
‘Near misses’ or ‘good catches’ are also 
very useful for learning and improving 
the process since these…can give clues 
as to where to focus efforts to prevent 
actual incidents.”

The RO-ILS Treatment
Toward this end, the American Soci-

ety for Radiation Oncology (ASTRO) 
and the American Association of Physi-
cists in Medicine (AAPM) launched a 
patient safety initiative last year called 
RO-ILS: The Radiation Oncology Inci-

dent Learning System. The only medi-
cal specialty society-sponsored radiation 
oncology learning system within a feder-
ally recognized patient safety organiza-
tion (PSO), RO-ILS is a platform that 
collects and shares information anony-
mously to identify potential errors, minor 
deviations, procedural issues or an event 
that occurred with a machine, explains 
Bruce G. Haffty, MD, FASTRO, chair 
of the ASTRO board of directors and 
professor and chair of the Department 
of Radiation Oncology, Rutgers, Cancer 
Institute of New Jersey, Robert Wood 
Johnson Medical School, New Jersey 
Medical School. 

“The goal of the initiative is to com-
municate any patient safety issue in a 
transparent and open way, so if a simi-
lar issue occurs in another facility, all 
members can be informed and take the 
proper corrective action,” he says. “By 
signing up…facilities are participating 
in a quality improvement program,” 
Dr. Haffty continues. “While the rate 
of known errors is quite small, and  
radiation therapy is extremely safe for 

Safety stance: programs and 
initiatives to minimize errors in 
radiation therapy

Mary Beth Massat

Mary Beth Massat is a freelance health-
care writer based in Crystal Lake, IL.
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the number of treatments delivered, 
there is always room for improvement 
and the sharing of information.”

“RO-ILS is an extremely important 
initiative,” adds Bruce R. Thomadsen, 
PhD, FAAPM, professor of medical 
physics and biomed engineering at the 
University of Wisconsin. “We don’t 
know what events take place in radio-
therapy because we haven’t collected 
that data. In some cases an individual 
institution does not have the depth [of 
experience] to determine how to fix the 
issue. Collectively, professionals who 
perform analyses often can provide a 
deeper analysis and generate a deeper 
understanding—and hopefully a better 
solution.”

In addition to RO-ILS is the PSO 
offered through the Center for As-
sessment of Radiological Sciences 
(CARS), which Dr. Thomadsen helped 
spearhead. With a broader mission 
than ROI-ILS, CARS-PSO centers on 
education and working with vendors 
when equipment problems arise. Also 
of help, 27 states and the District of 
Columbia have an adverse event or 
medical error reporting system. Even 
New York City has in the health code 
a reporting requirement and list of re-
portable events, notes Jean M. St. Ger-
main, MS, vice chair, Department of 
Medical Physics and chief of Radiation 
Safety Service at Memorial Sloan Ket-
tering Cancer Center (MSKCC).

“Not all states have a reporting sys-
tem, and it varies from state to state,” 
says St. Germain. “Some of it is volun-
tary reporting, so there could be some 
underreporting of events.”

Task Group 100
Since its inception, The AAPM has 

likewise launched numerous other safety-
oriented initiatives, including more than 
250 task groups that primarily assess 
quality assurance (QA) and quality con-
trol (QC) in healthcare. Over the last 10 
years, Task Group 100 has focused on 
evaluating QA needs in radiation therapy, 
and has embraced the systems engineer-
ing approach to safety, says Dr. Thomad-
sen. Results and recommendations will 
be published this year. “The task group 
is bringing a systematic approach to de-
veloping quality and safety at any institu-
tion,” he says, “including the equipment, 
people, and organization, and how it all 
works together.” 

In most cases, facilities that experi-
enced an event have missed core safety 
components, says Dr. Thomadsen. Al-
though obvious, the following items 
bear emphasis for a safe, quality radia-
tion therapy program:

1. �Complete training.
2. �Resources to carry out procedures.
3. �Communication lines across team 

members.
4. �Preventive equipment maintenance.
5. �Standardized procedures and  

policies.

Regarding item 5, Dr. Thomadsen 
adds that while every patient is different, 
many similarities span clinicians’ work, 
patient to patient. “Have a standard-
ized approach within the institution for 
patients who are similar, rather than ap-
proach every patient differently,” he ad-
vises. “If a patient is outside the normal 
case, then look at that more closely.” By 
streamlining efforts, clinicians can im-
prove safety and bolster efficiency.

During a 2-week period, institutions use the IROC Houston head and neck phantom to image, 
plan and treat the phantom to become credentialed for this protocol.
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St. Germain says the AAPM task 
group reports remain an important tool 
for safety officers and medical physi-
cists—or anyone involved in QC and 
safety of radiation therapy programs. 
These reports, and ASTRO’s book, 
“Safety is No Accident: A Framework 
for Quality Radiation Oncology and 
Care” (part of ASTRO’s Target Safely 
initiative), also provide guidance for 
equipment maintenance and testing. 
The key lies in continuing education, 
she says, which many societies now 
require. “It’s a matter of people avail-
ing themselves of the information out 
there—the task group reports, annual 
meetings, and maintenance of certifica-
tion programs,” stresses St. Germain.

Safety and self-referral
At the legislative level, ASTRO, the 

American College of Radiology (ACR), 
the Radiology Business Management 
Association (RBMA) and several 
other societies support H.R. 2914, the 
Promoting Integrity in Medicare Act, 
which aims to close the loophole in 
the federal physician self-referral law 
that excludes radiation therapy among 
other healthcare services. While this bill 
has not been brought to the floor of the 
House of Representatives for a vote, it 
received additional support in Decem-
ber from the American Association of 
Retired Persons (AARP).

“It makes common sense to discour-
age physicians to make a referral for 
complex services in which they have a 
vested financial interest,” stresses Dr. 
Haffty. “The bottom line is to give pa-
tients an unbiased, informed choice 
and encourage the appropriate use of 
radiation and safety.” Dr. Haffty cites 
a 2013 study in the New England Jour-
nal of Medicine that “scientifically and 
statistically demonstrated the fact that 
physician self-referral leads to doctors 
altering practice based on that financial 
interest.” The authors found that nearly 

all of the 146% increase in IMRT for 
prostate cancer among urologists with 
an ownership interest in the treatment 
was due to self-referral.1

IROC and APEx
MD Anderson, in conjunction with 

AAPM and the National Cancer Institute 
(NCI), also supports IROC (Imaging and 
Radiation Oncology Core) Houston QA 
Center, which provides integrated ra-
diation oncology and diagnostic imaging 
QC programs in support of NCI’s Na-
tional Clinical Trial Network (NCTN). 
While the focus of the NCTN is on clini-
cal trials, Johnson says facilities that are 
implementing new technologies and/or 
procedures, such as volumetric modu-
lated arc therapy (VMAT), can request 
QA phantoms and other QA services 
from the IROC Houston center for an in-
dependent peer review before or early in 
the release to the clinic.

Accreditation is another method for 
obtaining an independent review of a 
facility’s equipment, personnel, and 
treatment planning, as well as assess-
ing patient safety, QA and QC activi-
ties. The ACR provides accreditation 
services, and ASTRO is launching the 
Accreditation Program for Excellence 
(APEx) this year, which includes self-
assessment, processes and policies 
to improve safety and quality of care. 
With a four-year accreditation cycle, 
APEx was created to ensure account-
ability in radiation therapy practices, 
and offers transparent, measurable, ev-
idence- and consensus-based standards 
that emphasize commitment to safety 
and quality. 

“Even though accreditation is not 
yet mandated by law, it is important, 
and ASTRO would like to see greater 
involvement by all the radiation oncol-
ogy facilities in the U.S., as most have 
staff who are ASTRO members,” says 
Dr. Haffty. “Accreditation…raises self-
awareness and enhances quality.”
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New technologies drive need
When implementing a new technol-

ogy or procedure, the first step is under-
standing the process, Dr. Thomadsen 
says. Map it out and examine flow so 
everyone understands what to expect, 
he says. At each step, perform a risk 
assessment, create fault trees, and proj-
ect the fall-out in case something goes 
awry. Then, design a quality manage-
ment program for the procedure with 
safety barriers that can halt the error 
before it impacts the patient, he adds. 
Finally, go through equipment commis-
sioning and walk through the procedure 
so each team member knows what in-
formation to share, and include checks 
and balances so each member knows 
how to flag a concern.

As technology changes, so will 
standards. As mentioned above, in-
formation within RO-ILS and accred-
itation-driven self-assessment will 
become increasingly important as 
technologies and techniques evolve. 
“With new procedures comes a learn-
ing curve, and that curve can benefit by 
sharing information,” Dr. Haffty says. 
“If early adopters share their experi-

ence and any events through RO-ILS, 
then other facilities that follow will 
have a better understanding of what  
to expect.” 

Understanding potential risks before 
implementing new technology is criti-
cal, adds Johnson. Independent valida-
tion through an organization such as 
IROC Houston before treating patients 
is an important first check. Practices 
can also participate in peer review pro-
cesses by ACR, ASTRO and others.

Certainly, when implementing hy-
pofractionated treatment or stereotac-
tic body radiation therapy, the room 
for error is virtually non-existent, ex-
plains St. Germain. “In a typical frac-
tionated treatment over the course of 
5 or 6 weeks, subsequent doses can be 
adjusted to account for any error. With 
hypofractionated treatment, we can’t 
afford to make any mistakes, so these 
techniques are physics-driven and re-
quire a commitment to quality control, 
assurance and assessment.”

Both Johnson and St. Germain agree 
that patients being re-treated warrant 
additional treatment planning and 
safety considerations as well. They 

both say the most important aspect for 
these patients is access to prior treat-
ment records. Whether they can be re-
treated safely is a complex paradigm, 
and the physicians and physicist must 
consider the person’s overall health 
and physical condition, St. Germain 
explains.

The most important person
Patient education plays a role as well, 

although it can be challenging, Johnson 
adds. “Patients are likely overwhelmed 
with making decisions and understand-
ing potential consequences. Ongoing 
communication and education is key, as 
[is] documenting and addressing their 
concerns.”

“There is a lot of information out 
there—some of it on websites—and 
many institutions have patient re-
sources,” adds St. Germain. “Make 
sure the right information gets into the  
patient’s hand.”

Reference
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CASE SUMMARY
A 52-year-old male presented with 

a 4-by-2-mm brown macule on the 
central midline of his forehead; it had 
reticulated edges, which had been pres-
ent for 1 year. A shave biopsy diag-
nosed lentigo maligna melanoma with 
tumor thickness of 1.5 mm, Clark level 
3. The patient underwent staging senti-
nel lymph node mapping with TC-99M 
scintigraphy. He proceeded with wide 
local excision and sentinel lymph node 
biopsy, with pathology negative for 
residual disease. No lymph nodes were 
identified; thus, initial AJCC Stage 
pT2N0M0 was diagnosed.  

At 5 months follow-up, a 2 cm firm 
left submandibular lymph node was 
noted on exam. Fine-needle aspiration 
favored recurrent melanoma. A stag-
ing positron emission tomography/
computed tomography (PET/CT) scan 
showed 2 enlarged lymph nodes adja-
cent to the left submandibular gland 
measuring 3.4-by-2.5 cm (SUV of 3.5) 

and 2.1-by-1.6 cm (SUV of 4.4). The 
patient underwent left neck dissection 
of levels IB, II and III with 9.0-by-
4.5-by-1.7 cm of tissue removed and 
14 total lymph nodes removed with 
only 1 positive for disease. ENT notes 
indicated that the left submandibular 
gland was preserved. There was no evi-
dence of extracapsular extension. He 
received postoperative radiation given 
recurrent nodal disease. An enlarged 
level Ib lymph node was seen on post-
op imaging obtained for radiation plan-
ning. Radiation entailed 3000 cGy in 5 
fractions delivered twice weekly over 
14 days. A planned left submandibu-
lar nodal dissection was performed 7 
weeks after the completion of radia-
tion, with pathology reporting evidence 
of regressed melanoma and no viable 
tumor. He had no postoperative com-
plications or difficulty with wound 
healing. A restaging PET/CT and exam 
showed no recurrent disease 3 months 
after therapy. 

IMAGING FINDINGS 
AND DIFFERENTIAL 
DIAGNOSIS

Initial preoperative PET/CT (Fig-
ure 1) demonstrated moderate hyper-

metabolism of 2 adjacent masses within 
the left neck near the left submandibular 
gland. These are suspicious for poten-
tial level 1 lymph node metastases asso-
ciated with the patient’s melanoma. The 
differential diagnosis would include 
metastases associated with a second pri-
mary head and neck neoplasm.

Postoperative CT used for RT plan-
ning (Figure 2) demonstrated persis-
tence of a single mass near the left 
submandibular gland. Seven weeks 
after radiation, path slides (Figure 3) 
showed irradiated lymph node with 
necrosis, fibrosis, and residual heavy 
pigment consistent with a regressed 
tumor (pCR).

DIAGNOSIS
Recurrent head and neck melanoma

DISCUSSION
The opt imal  management  of 

regional nodal disease in melanoma is 
controversial.  

For intermediate thickness (1.0 mm 
to 4.0 mm) melanomas, sentinel lymph 
node biopsy (SLNB) is advocated as 
the standard management with regional 
nodal dissection reserved for stage 
III disease and considered if SLNB is 
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positive.1,2  Despite the utility of SLNB 
providing staging information that is 
helpful for adjuvant treatment deci-
sions, overall survival benefit was not 
demonstrated in a large randomized 
study.3 In the setting of a negative sen-
tinel lymph node, elective dissection is 
not recommended given no overall sur-
vival benefit in 4 early randomized sur-
gical trials.4-7    

Adjuvant radiation therapy should 
be considered for patients with pos-
sible residual microscopic disease to 
improve local control.2 Increased risk 
of microscopic residual disease is often 
estimated with the presence of the fol-
lowing pathologic features: primary 
lesions  > 4 mm, satellitosis, desmo-
plastic subtype, presence of 1 or more 
parotid lymph nodes of any size, lymph 
nodes ≥ 3 cm, extranodal extension, 
multiple nodes, recurrent disease, and 
close or positive margins.8-14           

A phase III randomized multi-
institutional study was conducted by 
the Trans-Tasman Radiation Oncol-
ogy Group (TROG), evaluating the 
benefit of adjuvant radiation vs. 
observation after therapeutic lymph-
adenectomy for melanoma.14 Eli-
gible patients were considered high 
risk for regional relapse due to large 
lymph nodes, multiple involved nodes, 
and/ or extracapsular extension. Eli-
gibility criteria differed depending 
on nodal site (ie., parotid, cervical, 
axillary, etc.) for lymph node size 
and number. Radiation consisted of  
48 Gy/20 fractions within 12 weeks 
following surgery. At a median of  
3 years, local control within the 
nodal basin was improved with radia-
tion, 82% vs. 69% (p = 0.041), HR 
of 0.56. Overall survival and rate  
of distant metastasis were similar. 
Toxicity was low for patients treated 
with neck radiation (3% grade 3 or 
4 dermatitis). Sentinel lymph node 
biopsy was not routinely performed 
within the study, and patients with 
recurrent disease were not included.14 

FIGURE 2. Postoperative axial and sagittal planning CT images with corresponding isodose 
lines. Radiation was delivered to the operative bed, which was encompassed within the PTV 
(purple) including a lymph node with gross disease (red). Prescription was 3000 cGy in 5 
fractions via IMRT.

FIGURE 1. Fused axial and sagittal PET/CT images showing left submandibular nodal 
recurrent disease. The patient proceeded with left neck dissection of levels IB, II, and III fol-
lowed by postoperative radiation.

FIGURE 3. Slides from neck dissection 7 weeks after radiation therapy. Images show 
irradiated lymph node with necrosis, fibrosis and residual heavy pigment consistent with 
regressed tumor (pCR). Tissue was also examined with immunostains for SOX-10 and  
melanocyte cocktail antigens; no viable tumor cells were identified. 



RADIATION ONCOLOGY CASE

applied radiation oncology

34       n             APPLIED RADIATION ONCOLOGY                            www.appliedradiationoncology.com March  2015

The ideal radiation fraction size for 
melanoma remains unknown. Early 
radiobiological data from Dewey15 
showed that melanoma cells in vitro 
had broad shoulders on survival curves, 
which suggested that hypofractionated 
radiation would induce higher response 
rates compared to standard fractionation. 
MD Anderson Cancer Center (MDACC) 
introduced an adjuvant hypofractionated 
radiation regimen, 6 Gy x 5 fractions 
for subclinical disease, and 6 Gy x 6 for 
gross disease, with promising results 
from their phase II trial showing 88% 
locoregional control at a median follow-
up of 3 years.16,17 This regimen was 
delivered twice weekly over 2.5 weeks, 
while limiting spinal cord, brain and 
small bowel to 24 Gy, when treating sub-
clinical disease. However, a randomized 
clinical study (RTOG 83-05) disputed 
the laboratory data given no significant 
difference in response comparing 32 
Gy/4 fractions vs. 50 Gy/20 fractions.18 
The University of Florida performed 
a retrospective comparison of 30 Gy/5 
fractions vs. 60 Gy/30 fractions, showing 
no significant difference in local control, 
87% vs. 78% respectively, when treat-
ing subclinical disease. Hypofraction-
ation was advocated given the benefit of 
a shorter treatment time, unless the cos-
metic and/or functional outcome could 
be compromised.19,20  

Hypofractionated radiotherapy regi-
mens for melanoma of the head and 
neck have been primarily utilized in the 
adjuvant setting to reduce local regional 
relapse rates. This is the first case report 
we are aware of demonstrating histologic 
confirmation of a pathological complete 
response (pCR) for gross cervical nodal 
disease following hypofractionated 
radiation. A small (n=12) retrospective 
study evaluated neoadjuvant radiation 
in patients with locally advanced axil-
lary, inguinal or popliteal metastatic 
melanoma.21 No patients with head and 
neck disease were included in the study. 
Forty-eight Gy in 20 fractions was the 
most common radiation regimen (8/12 

patients) with the remaining 4 patients 
receiving different schedules (30 Gy/6, 
32 Gy/8, 36 Gy/9, 50 Gy/20 fractions). 
Node dissection was performed in 10/12 
patients with 9 samples available for his-
tologic response. There were 2 patients 
(22%) with pCR, 5 with pPR, and 2 with 
no evidence of treatment response. One 
year in-field control was 92%. Overall, 
this treatment strategy was well-toler-
ated, with 4 patients developing minor 
wound complications.21  

MDACC repo r t ed  exce l l en t 
regional control for patients who 
underwent radiation in lieu of com-
pleting neck dissection for melanoma 
of the head and neck. In a retrospec-
tive review (n=36), patients underwent 
excision of the primary cutaneous 
melanoma and any clinically appar-
ent lymphadenopathy. No formal neck 
dissections were performed. Hypofrac-
tionated radiation (30 Gy in 5 fractions 
for elective disease) was delivered to 
the nodal basin with locoregional con-
trol rates of 93% at 5 years.22  

Long-term toxicities associated 
with hypofractionated radiation appear 
tolerable. MDACC reported 5-year 
rates of grade 1 toxicity of 12% (atro-
phy, loss of subcutaenous fat), and 
grade 2 toxicity of 10% (functional 
deficits and/or long-term pain).23 Uni-
versity of Florida described 2 patients 
with long-term toxicity after 30 Gy/5 
fractions with 1 case of osteoradione-
crosis of the external auditory canal 
and 1 case of plexopathy.19 Long-term 
lymphedema risk is low after head and 
neck radiation, but higher rates have 
been reported for inguinal node irra-
diation.24 Some advocate conventional 
fractionation for disease near optic 
structures, spinal cord, or brainstem to 
prevent long-term sequelae. If using 
hypofractionated RT, neurologic struc-
tures are generally limited to 24 Gy.17 

Radiation has not demonstrated any 
survival benefit in treating melanoma 
given the high rate of distant metastatic 
recurrences. However, increasingly 

effective systemic agents such as ipi-
limumab25 and vemurafenib (in patients 
with candidate genetic BRAF muta-
tions)26 have demonstrated overall 
survival benefits. Better distant dis-
ease control and further understand-
ing of the interaction of radiation with 
the immune system27 may lead to an 
expanded role of radiation therapy in 
melanoma treatment.  

CONCLUSION
Current guidelines for head and 

neck melanoma with localized nodal 
disease include neck dissection with or 
without adjuvant radiation depending 
on pathologic risk factors. Adjuvant 
radiation offers improvement in local 
control; however, no effect on overall 
survival has been demonstrated. The 
current goal of radiation therapy is to 
improve locoregional control through 
prevention of recurrences and the asso-
ciated morbidity of local progression 
including pain, ulceration, bleeding, 
disfigurement, and the need for addi-
tional surgery.

In this case, hypofractionated radia-
tion induced a pathological complete 
response in recurrent gross nodal dis-
ease. This case reinforces the efficacy 
of 30 Gy hypofractionated radiation 
therapy for localized nodal melanoma. 
This regimen could be considered for 
future study in the neoadjuvant setting, 
or as a potential definitive therapy for 
inoperable patients.
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CASE SUMMARY 
SD, a 40-year-old African-American 

female, presented with a palpable mass 
in the left breast. Her work-up led to the 
diagnosis of an infiltrating ductal carci-
noma. The patient underwent a partial 
mastectomy and sentinel lymph node 
biopsy, with pathology demonstrat-
ing a 2.8 cm high-grade carcinoma that 
was ER(-), PR(-), HER2(-); 1 of the 2 
sampled sentinel lymph nodes demon-
strated metastatic disease. Thereafter, 
she received 4 cycles of dose-dense 
Adriamycin and Cytoxan, followed by 
weekly paclitaxel. Following chemo-

therapy, she received radiotherapy at an 
outside institution to the intact breast to 
a total dose of 5040 cGy, followed by a 
boost of 1400 cGy to the tumor bed for 
a total dose of 6440 cGy. 

Unfortunately, she palpated a mass 
below her clavicle, which was biop-
sied and confirmed recurrent disease 
3 years following therapy completion. 
She was treated with induction chemo-
therapy and had a good response. She 
then presented to our cancer center for 
consideration for further local therapy. 
The patient underwent a completion 
axillary lymph node dissection, which 
demonstrated multiple residual lymph 
nodes involved with cancer. She was 
subsequently offered radiation ther-
apy to the axilla and supraclavicular 
fossa, which included an area of over-
lap from her prior radiation fields. 
To minimize risk of late effects from 
radiation, a hyperfractionated sched-
ule was employed (1 Gy BID to 50 Gy 
with 6 hours between treatments). The 
patient is currently free of disease one 
year following radiation treatement. 
This case illustrates an important point 
regarding the adoption of the results 
of the American College of Surgeons 

Oncology Group (ACOSOG) Z0011 
trial in all patients with involved senti-
nel lymph nodes.

IMAGING FINDINGS 
A PET/CT scan performed at the 

site of recurrence demonstrated a large 
palpable high axillary lymph node with 
a maximum standardized uptake value 
(SUV) of 8.9 (Figure 1). 

DIAGNOSIS 
Recurrent invasive ductal carci-

noma in the high axilla

DISCUSSION
The results of ACOSOG Z0011 

have been widely accepted in the sur-
gical community as the new standard 
of care for patients who have under-
gone breast-conserving surgery in the 
absence of a clinically involved axilla 
where it is common practice not to 
undergo a completion dissection. This 
case illustrates that these nodal fail-
ures occur, and it is vital for the prac-
titioner to realize how these failures 
are a significant challenge to curing 
and treating patients safely. In manag-
ing these marginal failures, the risks of 
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recurrence locally and distantly are very 
high. Nodal failures following defini-
tive treatment for patients with head 
and neck1 and gynecologic cancers2 
are rarely curable, mostly because 
radiation is not typically offered. In 
breast cancer, nodal failures were sal-
vageable in the pre-chemotherapy era, 
but will likely be lower when distant 
metastases are decreased with chemo-
therapy.3 When offering radiation ther-
apy after a marginal failure, physicians 
have to weigh the risks and benefits 
of therapy for the specific site treated, 
especially given that irradiated tissue 
will have a lower tolerance. In this spe-
cific case, skin and subcutaneous tis-
sue toxicity, fibrosis in the lymphatic 
nodal basin, and irradiating a small 
volume of the brachial plexus, were 
all considered risk factors. As the risk 
of recurrence was thought to be sub-
stantial, and minimizing overlap using 
image guidance and intensity-mod-
ulated radiotherapy (IMRT) was not 
going to prevent overlap, hyperfrac-
tioned radiotherapy was recommended 
to minimize late side effects.4,5

Taking a step back, reviewing 
the literature regarding the omission 
of a lymph node dissection is vital. 
ACOSOG Z0011 was a prospective 
randomized cooperative group trial 
designed to test the benefit of a com-
plete axillary dissection for patients 
treated with breast-conserving surgery 
who were planning to receive adjuvant 
whole-breast irradiation.6,7 The findings 
demonstrated similar disease-free results 
and overall survival, with substantially 
fewer side effects when the axillary dis-
section was omitted, which has led phy-
sicians to quickly adopt this approach. 
These results have spurred a significant 
interest in extrapolation to patients out-
side the scope of this trial, leading to a 
change in the standard of surgical prac-
tice. This has left radiation oncologists 
wondering how much of the axilla and 
other regional lymph node areas should 
be targeted, especially in light of emerg-
ing data on the benefits of treating all 
regional lymph nodes.8-10 

In the post-mastectomy setting, the 
benefit of treating regional nodes is 
unequivocal. The British Columbia and 

Danish trials demonstrated that a 75% 
reduction in local regional recurrences 
translated into a survival advantage 
when the first generation of modern 
chemotherapy was used.11-13 It must be 
emphasized that these trials entailed 
irradiation of the chest wall, entire 
axilla, supraclavicular fossa, and the 
internal mammary lymph node chain. 
These studies support the benefit of 
adding radiation therapy in post-mas-
tectomy patients with any positive 
lymph nodes. Nevertheless, many cli-
nicians believe that 1) radiotherapy 
for patients with 1 to 3 positive lymph 
nodes is not necessary and, 2) the target 
need not include the axilla or internal 
mammary lymph nodes.14 Why does 
this controversy persist? 

To derive a benefit from radio-
therapy, the risk of recurrence must 
be > 15%. The largest experience in 
the U.S. literature reported the results 
from 4 prospective trials that omit-
ted radiotherapy, in which the loco-
regional recurrence rate was 12.9% 
at 10 years.15 In contention with this 
data, the re-analysis of the British 
Columbia and Danish trials demon-
strated a similar absolute survival ben-
efit (9%) of regional nodal irradiation 
in both patients who have 1 to 3 posi-
tive nodes, and those with 4 or more 
positive nodes.16 This latter data is 
supported by the recent Early Breast 
Cancer Trialists’ Collaborative Group 
meta-analysis, which demonstrates 
a significant reduction in breast can-
cer mortality at 20 years (p = 0.01).17 
Of note, the majority of data includes 
patients who had irradiation of the 
axilla or internal mammary lymph 
nodes. These trials are certainly based 
on older data, and patient populations 
with potentially more advanced dis-
ease when compared to Z0011, but 
there are logical reasons to believe 
they offer meaningful information for 
treating today’s breast cancer patient.

The first issue to highlight is the 
patient population included in these 

FIGURE 1. FDG-PET/CT for infiltrating ductal carcinoma with high axillary lymph node 
recurrence following breast-conservation surgery and chemoradiation.
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recent trials. Those enrolled on Z0011 
primarily had good prognostic fac-
tors: 67% were older than 50 years, 
70% had T1 tumors, 80% were ER+ 
or PR+, 71% had grade 1 or 2 tumors, 
62% had no lymphovascular space 
invasion, 71% had only 1 positive 
node, 44% had micrometastases, and 
the mean tumor size was 1.6 cm. These 
details are important to consider when 
extrapolating the results of the study 
to patients with poor prognostic fac-
tors. In the case described above, the 
patient was young, with a large high-
grade tumor that demonstrated no 
overexpression of ER, PR or HER2/ 
neu (not reported in Z0011). All of 
these features increase the risk of local 
and regional recurrence and, therefore, 
must factor into decision-making.18

Fundamentally, the Z0011 study 
asked a question pertaining to the 
extent of surgery; it did not directly 
address the role of radiation therapy. 
Let’s shift our attention to the 2 large 
cooperative group studies that have 

recently demonstrated similar para-
digm-shifting results, specifically for 
radiation therapy field design for a 
similar patient population. 

The first study is the NCIC Clinical 
Trials Group MA.20, which was initi-
ated to test the benefit of the addition of 
irradiation to the axilla, supraclavicular 
fossa, and the internal mammary lymph 
nodes, to breast-conserving surgery and 
axillary dissection followed by stan-
dard whole-breast radiotherapy.10 This 
trial included more than twice as many 
patients as Z0011, and a very similar 
patient population with regard to nodal 
involvement (see Table 1). What is dif-
ferent is that the MA.20 study included 
slightly more patients with poor prog-
nostic features, such as: high-grade 
histology (42% vs. 28%), ER- (25.5% 
vs. 17.3%), and tumors > 2 cm (47.5% 
vs. 30.7%). As a result, more of the 
MA.20 patients received chemotherapy 
(91% vs. 69.4%). The results of this 
trial demonstrated a marginal improve-
ment in locoregional control as a result 

of the addition of comprehensive nodal 
irradiation (94.8% vs. 96.8%). More 
importantly, there was a substantial 
improvement in disease-free survival 
(87% vs. 92.4%), which translated to a 
2% increase in overall survival. There 
was an increase in morbidity related to 
the larger radiation volumes: Grade 2 
and higher pneumonitis increased from 
0.2% to 1.3% (p = 0.01), and lymph-
edema increased from 4.1% to 7.3%  
(p = 0.004).

The discrepancy between locore-
gional control and disease-free sur-
vival may be attributed to the inability 
to detect a nodal recurrence by physi-
cal exam, especially in the dissected 
axilla and internal mammary chain. 
The case presented illustrates this 
point, since this large lymph node was 
missed on clinical exam. 

A second explanation for the lack 
of an overwhelming benefit in locore-
gional control may be due to the way 
in which patients were categorized. 
Overall, this disease appears to be a 

	 Table 1. Population characteristics between trials 

	 Z0011 (n = 813)	 MA 20 (n = 1832)	 EORTC (n = 4004)

Tumor size > 2 cm	 30.7%	 47.5%	 39.5%
Tumor size < 2 cm	 69.3%	 52.5%	 60.5%
ER -	 17.3%	 25.5%	 16%
Node negative	 4.4%	 10%	 44.4%
Node positive (1-3)	 88.9%	 85%	 43.1% 
Node positive ≥4	 6.7%	 5%	 12.5%
Median axillary lymph nodes 	 17	 12 	 n/a 
resected in dissection	
Adjuvant chemotherapy	 69.4%	 91%	 85%
Adjuvant hormonal therapy	 57.3%	 76.5%	 59.7%
Age 	 55 (median)	 55 (mean)	 54 (median)
Grade 3 toxicities	 28%	 42%	 n/a
Median follow-up (years)	 6.3	 5.2	 10.9 
Sentinel node biopsy 	 100%	 39%	 7.1%
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harbinger of distant metastases, and by 
the time a regional recurrence is noted, 
distant disease may already be pres-
ent. Such patients may not have been 
designated as having a locoregional 
recurrence, as it is common practice in 
many trials to record only the first site 
of recurrence, thereby categorizing such 
patients in the distant failure group.

The second study examining the role 
of comprehensive nodal irradiation is 
the EORTC 22922/10925 trial. This 
study was designed to determine whether 
there is an overall survival benefit of 
adding radiation therapy to the internal 
mammary and medial supraclavicular 
lymph nodes to standard chest wall or 
whole-breast irradiation. Patients eli-
gible for the trial were required to have 
one of the following adverse prognostic 
factors: positive axillary lymph nodes 
or central/medial tumor location in the 
absence of axillary lymph node involve-
ment. In contrast to Z0011, this trial 
incorporated patients who underwent a 
mastectomy as well as a large cohort of 
patients who were lower risk, including 
44% of patients who were node nega-
tive (see Table 1). This study accrued 
4004 patients from 1996 to 2004. With 
a median follow-up of 10.9 years, the 
addition of nodal irradiation was found 
to reduce the regional recurrence rate 
from 4.2% to 2.7%. Similar to the 
MA.20 study, there was a more impres-
sive improvement in distant metastases- 
free survival with a hazard ratio of 
0.86 (p = 0.029), which translated to an 
increase in overall survival at 10 years 
from 80.7% to 82.3% (hazard ratio 0.87 
with p = 0.0496). The EORTC data 
implies that lower risk patients may also 
substantially benefit, as a subset analysis 
stratified by nodal stage suggests those 
with node negative disease may benefit 
the most: hazard ratio for N0 is 0.79, in 
contrast to 0.89 for pN1, 0.85 for pN2, 
and 1.00 for pN3.

As we move forward with the 
results of these trials, the question now 
becomes: “What is the optimal target 

volume for radiation oncologists when 
treating patients who have node posi-
tive disease?” All 3 randomized post-
mastectomy RT trials demonstrated a 
benefit when the whole axilla, supracla-
vicular fossa, and the internal mammary 
chain were included; however, there is 
controversy over what target volumes 
should be covered. Most experts believe 
the greatest benefit is in covering the 
chest wall and the supraclavicular fossa 
and, therefore, purposely exclude the 
axilla and internal mammary lymph 
chain due to the potential increased 
morbidity. For example, the American 
College of Radiology appropriateness 
criteria for post-mastectomy radio-
therapy recommends radiotherapy to 
the chest wall, and does not make any 
specific recommendations regarding the 
regional lymph nodes.14 In the NCCN 
guidelines (NCCN guidelines for inva-
sive breast cancer version 3), the nodal 
region targeted includes the paracla-
vicular nodes and the axilla, while only 
including the internal mammary chain 
if it is clinically involved or biopsy-
proven. Based on the data presented, 
the regional lymph nodes seem to have 
a substantial impact on outcomes. The 
MA.20 study mandated irradiation of 
the chest wall in both treatment arms, 
and there was a clear benefit in breast 
cancer mortality with the addition of 
regional nodal areas in the RT field. In 
Z0011, the axilla was treated in both 
arms and there was no detriment in 
breast cancer mortality no matter what 
fields were treated,19 suggesting the 
internal mammary lymph nodes and 
medial supraclavicular lymph nodes 
have a major impact in improving 
breast cancer mortality.

CONCLUSION
Radiation oncologists and surgeons 

must exercise caution when apply-
ing the findings of the Z0011 trial to 
patients with a positive sentinel lymph 
node biopsy and poor prognostic factors. 
Additionally, translating the treatment 

used in Z0011 to early stage patients may 
not be appropriate. The survival benefit 
in the setting of minimal added morbid-
ity demonstrated in MA.20 and EORTC 
suggests that we may be undertreating 
certain patients. Patient SD was techni-
cally a candidate for the Z0011 trial, but 
because of her age and triple-negative 
status, it may have been better to initially 
treat her more aggressively as per the 
MA.20 protocol. It is extremely impor-
tant to consider patient and tumor char-
acteristics when applying the adjuvant 
radiation treatment approaches used in 
the Z0011 trial to a broad patient popu-
lation without considering the potential 
survival benefit of regional node irradia-
tion (RNI). 

At our institution, treatment vol-
umes are based on the risk of additional 
lymph node involvement, individual 
patient characteristics, dose to sur-
rounding structures and the patients’ 
life expectancy. Prior to the results of 
MA.20 and EORTC 22922/10925, 
we used the Memorial Sloan Ketter-
ing Cancer Center (MSKCC)20 and 
MD Anderson Hospital (MDAH)21 risk 
nomograms. If a patient had a > 15% 
risk of finding additional non-sentinel 
lymph nodes, then levels 1 and 2 were 
treated. If a patient had a > 15% chance 
of finding 4 or more lymph nodes, then 
level 3 and the supraclavicular field 
were treated.22 Currently, we prescribe 
comprehensive nodal irradiation for all 
macroscopically node positive patients 
and strongly consider it for younger 
patients with high grade ER/PR nega-
tive and HER2/neu positive tumors or 
those with a lesion in a medial/central 
location. Omission of radiation to the 
internal mammary lymph nodes, or con-
sideration of proton therapy is explored 
when the heart V30 >  5%, V10  >  30% 
if IMRT is used, or when the mean 
heart dose is > 10 Gy. If a woman has 
a cardiac risk factor such as history of 
ischemic heart disease, diabetes, smok-
ing, or high BMI, a lower mean heart 
dose (< 10 Gy) is pursued. Women with 
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multiple cardiac risk factors require an 
even lower mean heart dose and are 
judged on a case-by-case basis for inter-
nal mammary lymph node omission or 
consideration for proton therapy. This 
approach provides excellent locore-
gional control with acceptable morbid-
ity, and will help prevent recurrences 
seen in the case of patient SD.  
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CASE SUMMARY
A 38-year-old, right-handed female 

with a 15 pack-year smoking history 
presented at 11 weeks gestation with 
a 3-day history of “heaviness” and 
numbness in her right leg, especially 
posterior to her knee. Her previous 
obstetrical history was significant for 
1 pregnancy, which was electively 
aborted. Initially, a presumed diagno-
sis of lumbar plexopathy was made. 
Three days later, she presented with a 
seizure described as whole-body rigid-
ity with her left arm bent upwards at 
the elbow and right arm extended, in 
a fencing position, accompanied by 
tongue biting and left facial droop 
lasting approximately 5 minutes. Dur-
ing her hospital stay, imaging stud-
ies were obtained, revealing a lung 
mass, followed by bronchoscopy with 
fine-needle aspiration, with pathology 

revealing a diagnosis of non-small cell 
lung carcinoma (NSCLC).

IMAGING FINDINGS
MRI without contrast of the brain 

revealed a 1.7 x 1.3-cm nodular focus 
of heterogeneous high T2 signal with 
apparent internal cystic foci along the 
paramedian aspect of the falx in the 
left parietal lobe, a second smaller 
lesion in the left frontal lobe with a 
round focus of high T2 signal measur-
ing 0.9 cm, and several small (< 5 mm) 
foci of abnormal fluid attenuated inver-
sion recovery (FLAIR) signal seen 
along the posterior aspect of the right 
insula and right frontal pole. 

CT scan of the chest without con-
trast revealed a 1.4 × 1.3-cm lobu-
lated nodule in the medial and anterior 
aspect of the lingula compatible with 
a primary bronchogenic neoplasm and 
left hilar adenopathy. 

MRI of the abdomen and pelvis was 
unremarkable for mass or lymphade-
nopathy.

DIAGNOSIS
The diagnosis of stage IV (M1b) 

moderately differentiated non-small 
cell lung carcinoma favor adenocarci-

noma was made. No molecular diag-
nostics (e.g., EGFR, ALK, ROS-1) 
were available.  

DISCUSSION
This case report presents a preg-

nant female seeking treatment for her 
newly diagnosed lung adenocarcinoma 
with brain metastases. The physi-
cian engaged in thoughtful discussion 
regarding the gravity of her diagno-
sis and the need for treatment, outlin-
ing various options including surgery, 
stereotactic radiosurgery (SRS), and 
whole-brain radiation (WBRT). Sur-
gery was not considered as the patient 
had multiple brain metastases. A dis-
cussion was held on the benefit of SRS 
vs. WBRT. Given that SRS is associ-
ated with a higher risk of distant brain 
failure lending to a higher likelihood 
of retreatment during her pregnancy 
and the contraindication to administer-
ing gadolinium contrast, which further 
complicated accurate determination of 
the number of lesions and treatment 
targeting with SRS, WBRT alone was 
presented as the safest and most con-
servative management. The patient 
was also presented with the option of 
terminating her pregnancy to allow 
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for more accurate staging, although 
termination was not a prerequisite to 
WBRT and subsequent systemic ther-
apy. The patient expressed her desire 
for continuing her pregnancy unless 
doing so would jeopardize her life. 
The risks and benefits of WBRT were 
described in detail, including poten-
tial harms to the patient’s fetus. These 
included but were not limited to risks 
of mental retardation, organ malfor-
mations, and subsequent secondary 

malignancy in the child.1,2 Literature 
was referenced regarding case reports 
of healthy babies following head radia-
tion. Magne et al highlighted a case of 
WBRT for a brain metastasis second-
ary to NSCLC, which exemplified 
the importance of discussing risks 
vs. benefits of therapy and respect-
ing the patient’s desires regarding 
her pregnancy.3 In Magne’s case, the 
patient was faced twice with making 
the decision of accepting radiation 

therapy while pregnant or terminat-
ing the pregnancy. In the first instance 
she chose to terminate her pregnancy 
and sought radiation, while in the 
second she continued her pregnancy 
while receiving radiation therapy. Our 
patient continued her pregnancy and 
underwent WBRT at 14 weeks gesta-
tion to 3,750 cGy in 15 fractions with 
opposed lateral fields using 6MV 
photons. Figure 1 illustrates the fields 
used.

Report Number 50 of American 
Association of Physicists in Medicine 
(AAPM) Task Group 36 presents data 
and techniques to minimize radiation 
dose delivered to the fetus for radiation 
treatment delivered during pregnancy.1 
In radiotherapy photon treatments, 
the dose outside the geometrical field 
size is caused by photons originat-
ing from either external scatter, which 
results from head leakage and scatter-
ing off high-Z materials used for the 
collimation system and beam modi-
fiers, or internal scatter. Sneed et al 
has reported that 0.04% to 0.09% of 
the target dose is received by the fetus 
when implementing opposed lateral 
fields and bicoronal wedged arc fields 
to treat intracranial tumors.4 Compared 
to external scatter, internal scatter is a 
lesser contributor of the dose received 
by the fetus. Sneed et al reported inter-
nal scatter contributes to 13% to 20% 

FIGURE 2. Representation of abdominal shielding set-up during WBRT.

FIGURE 1. (A) Right lateral beam arrangement. (B) Left lateral beam arrangement.
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of total fetal dose. This is consistent 
with the AAPM’s report, which states 
that at distances > 30 cm from the field 
edge, external scatter from head leak-
age becomes the greatest contributor of 
fetal dose. Internal scatter remains an 
unavoidable contributor to the periph-
eral dose, however dose to the fetus 
originating from head leakage can be 

minimized by implementing shielding 
during treatment.1 In this case, a 2-inch 
thick lead plate, representing 3.4 half-
value layers, was positioned above 
the patient’s abdomen as illustrated in 
Figure 2.  Other considerations include 
using the smallest radiation field, mini-
mizing the use of secondary blocking, 
and maximizing the use of the primary 

block in the inferior aspect of the field, 
which all together minimizes external 
scatter. Also, the lowest energy was 
used to minimize neutron contamina-
tion seen with higher-beam energies.

To approximate the dose delivered to 
the fetus, thermoluminescent dosimeter 
(TLD) measurements were obtained 
during radiation delivery with the 

Table 1. TLD measurements with abdominal shielding on 3rd treatment day 

Location	 Dose on fraction #3 (cGy)	 Percent of fraction dose (%)	 Percent standard deviation (%)

Mid abdomen	 0.16 	 0.064	 5.89
Waist	 0.12	 0.048 	 5.23
Under table at	 0.19	 0.076	 5.4 
level of abdomen

Table 2. TLD measurements with abdominal shielding on 6th treatment day 

Location	 Dose on fraction #3 (cGy)	 Percent of fraction dose (%)	 Percent standard deviation (%)

Mid abdomen	 0.18	 0.07	 2.93
Waist	 0.12	 0.05	 5.67
Under table at	 0.18	 0.07	 4.51 
level of abdomen

Table 3. Summary of reported cases of pregnant patients treated with brain radiotherapy 

RT Technique	 Prescribed Dose 	 Fetal dose (cGy)	 Shielding	 Gestational Age	 Delivery	 Reference

3DCRT	 45 Gy to pituitary	 2.0 ± 0.08 cGy	 Absent	 6-7 weeks 		  5 
	 adenoma

GK radiosurgery	 25 Gy to single brain	 0.15-0.31		  25 weeks		  6 
	 metastasis from  
	 melanoma

WBRT	 30 Gy single brain 	 0.3	 Present	 24 weeks	 Healthy boy at	 3 
	 metastasis from NSCLC 				    age 3 years

Opposed	 68 Gy to atypical	 6	 Absent 	 ~30 weeks	 Healthy girl at	 4 
lateral beams	 ependymoma				    age 2.5 years

Bicoronal 	 78.2 Gy to anaplastic	 3.0	 Absent	 ~29 weeks	 Healthy girl at	 4	 
110° arcs	 astrocytoma				    age 1.5 years	

IMRT	 60 Gy to glioblastoma	 1.6	 Present	 27 weeks	 Healthy baby 	 7		
				    delivered at	  
					     35 weeks
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abdominal shield in place. Nine TLDs 
were positioned, 3 each at the level of the 
midabdomen, waist, and under the table 
at the level of the abdomen. The aver-
age of the 3 TLD readings at each level 
was recorded for a given fraction. This 
data is summarized in Tables 1 and 2. 
AAPM Task Group 36 reported a small 
change in peripheral dose with depth 
ranging from 2 to 15 cm; therefore, aver-
age TLD measurements were used to 
extrapolate an estimated dose delivered 
to the fetus.1 The estimated fetal dose 
of 2.4 cGy (0.064% of target dose) is in 
keeping with previously reported data. 
Other reports of brain irradiation dur-
ing pregnancy are summarized in Table 
2, all of which remain below the gener-
ally accepted threshold of 10 cGy, above 
which fetal harm is associated.1 

Upon completing radiation therapy, 
the patient met with her treating medi-
cal oncologist to consider systemic 
therapy. After discussing the risks and 
benefits of treatment she decided to 
accept adjuvant chemotherapy con-
sisting of cisplatin and gemcitabine 
at 23 weeks gestation. The FDA has 
classified cisplatin and gemcitabine 
as pregnancy category D, yet reports 
have suggested that cisplatin and gem-
citabine can be given without acute 
fetal toxicity, although no long-term 
follow-up exists for these children.8,9 

The patient had a spontaneous rup-
ture of membranes at 37 6/7 weeks 

gestation and vaginally delivered a 
healthy baby girl without complica-
tions. At last follow-up, marking 5 
years following initial WBRT, the 
patient’s child had met all develop-
mental milestones consistent with a 
healthy 5-year-old child. After ini-
tial therapy, the patient progressed 
to develop subsequent brain metasta-
ses, which were treated with Gamma 
Knife radiosurgery. The patient had 
no neurological sequelae from her 
disease.

CONCLUSION
In conclusion, we highlight a case 

of a 14-week pregnant female with 
newly diagnosed metastatic lung 
adenocarcinoma with brain metas-
tases who was treated with WBRT 
and is now 5 years post therapy with 
a healthy 5-year-old girl. Our esti-
mated cumulative fetal dose of 2.4 
cGy delivered during treatment is con-
sistent with data previously reported. 
We describe how with careful shield-
ing, attempts can be made to reduce 
fetal dose to as low as is reasonably 
achievable. While a thorough discus-
sion of the risks and benefits of any 
radiation exposure during pregnancy 
is vital prior to undergoing therapy, in 
our experience WBRT to a pregnant 
woman can be performed using tech-
niques to minimize unnecessary radia-
tion exposure to the fetus. 
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CASE SUMMARY
In July 2013, a 48-year-old Cau-

casian female presented to the emer-
gency department with rapid-onset 
fatigue, shortness of breath and pal-
pitations. Her medical history was 
remarkable for early stage Hodgkin’s 
lymphoma (HL) diagnosed at age 19 
(1984) for which she underwent doxo-
rubicin, bleomycin, vinblastine and 
dacarbazine chemotherapy, then man-
tle-field radiation to 40 Gy (port films 
unavailable) with a complete response. 
During the late-1990s, she was diag-
nosed with hypothyroidism and a 
prolactinoma, both managed medi-
cally. She had regular surveillance of 

the breasts and thyroid. In early 2012, 
she was diagnosed with a Stage IA 
T1aN0M0 invasive tubular carcinoma 
in the upper outer quadrant of the right 
breast. After consideration of risks 
from re-irradiation as part of breast 
conservation therapy, she opted for 
bilateral mastectomy with flap recon-
struction. In July, 2012, surveillance 
ultrasound of the thyroid revealed the 
growth of a nodule. Fine-needle aspi-
rate was suspicious and she underwent 
total thyroidectomy, revealing a T1a 
follicular papillary microcarcinoma. 

IMAGING FINDINGS
As part of her workup, chest com-

puted tomography and angiography 
(CTA) was performed, and demon-
strated a 6.7 cm mass filling the right 
ventricle (RV). Cardiac magnetic reso-
nance imaging confirmed this mass, 
which seemed adherent to endocardial 
surface and tricuspid leaflets (Figure 1). 
Echocardiography showed severe RV 
inflow obstruction and dysfunction. 

DIFFERENTIAL 
DIAGNOSIS

Primary sarcoma, metastasis, myx-
oma, papillary fibroelastoma, lipoma, 
paraganglioma

DISCUSSION
The patient underwent radical 

resection of the tumor, tricuspid bio-
prosthesis replacement with pace-
maker implantation, and was placed on 
the cardiac transplant list. Pathology 
revealed undifferentiated pleomor-
phic sarcoma (Figure 2). Postoperative 
imaging showed residual tumor along 
the RV wall. She was started on lipo-
somal doxorubicin but developed an 
anaphylactic reaction. 

In August 2013, the patient devel-
oped profound shortness of breath with 
chest pain and fatigue. Echocardiog-
raphy confirmed interval mass growth 
with near-complete RV obstruction. 
Extensive multidisciplinary discus-
sion yielded recommendations for pal-
liative radiation for a bridge to heart 
transplant. Combined modality ther-
apy was not advocated due to her frag-
ile clinical status. After a single 300 
cGy fraction of radiation, however, 
she developed progressive multi-organ 
failure. She decided to pursue comfort 
care measures, and radiation was dis-
continued. She was transferred to hos-
pice care and died shortly after.

In the early decades of combined 
modality therapy for HL, large radia-
tion fields (eg., mantle field, Figure 3) 

Postradiation cardiac sarcoma and other 
secondary cancers more than 25 years after 
chemotherapy and mantle-field radiation for 
Hodgkin’s lymphoma
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were routinely used to cover all at-risk 
nodal stations. The combined effects 
of large-field radiation and chemo-
therapy have resulted in considerable 
long-term risk for secondary cancers 
(SC), with over 20% risk for develop-
ing a solid tumor at 25 years after HL 
diagnosis.1,2 The risks are highest for 
survivors of younger age-at-diagnosis 
and older attained-age.3

The majority (≥ 75%) of SC after 
radiation for HL develop within or 
adjacent to previously irradiated fields 

with increasing risks of development 
associated with increased dose, espe-
cially ≥ 35 Gy.4,5 Over 20% of these 
tumors are lung cancers, > 10% are 
breast cancer, with thyroid cancers 
(2%) and sarcomas (1.3%) occurring 
more rarely.1

Postradiation sarcomas are defined 
by a history of radiation exposure, no 
prior sarcoma, and histologic features 
distinct from any previously treated 
primary. These tumors have signifi-
cantly worse prognosis than sporadic 

sarcomas regardless of histologic 
type.6 Postradiation cardiac sarcomas 
(PCS) are exceedingly rare and have 
yet to be reported in HL survivors.

For sporadic cardiac sarcomas (SCS), 
complete resection is the only curative 
treatment, with reported median survival 
of up to 23.5 months after definitive 
resection,7 but many cases are unre-
sectable due to extensive myocardial 
involvement. Multimodality therapy 
(palliative debulking surgery, anthra-
cycline-based chemotherapy, and/or 

FIGURE 1. Cardiac magnetic resonance imaging (A, B) showing a large 7 cm right ventricle mass.

FIGURE 2. Pathologic features of right ventricle undifferentiated pleomorphic sarcoma on lower (A) and higher (B) power microscopic imag-
ing of hematoxylin and eosin stained sections: hypercellular, vaguely fascicular growth pattern with bizarre and spindled cells. 
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radiation) has been advocated in cases 
of unresectable and recurrent tumors, 
although the value of this treatment 
approach is unknown due to the pau-
city of data.8 There is limited evidence 
for orthotopic cardiac transplantation 
in otherwise unresectable SCS, provid-
ing survival of up to 3 years in selected 
patients.9 Due to the scarcity of PCS 
cases, management strategies are 
extrapolated from evidence for SCS.

CONCLUSION
We report a 48-year-old woman 

with history of HL at age 18, treated 
with chemotherapy and mantle-field 
radiation to 40 Gy, who subsequently 
developed early stage breast cancer, 
thyroid cancer, and ultimately died of 

a cardiac sarcoma. The mantle field 
used to treat this patient to 40 Gy would 
have covered her thyroid, upper outer 
quadrants of bilateral breasts, and heart, 
likely contributing to each of her sec-
ondary malignancies. This case reflects 
the importance of early screening and 
management of radiation-induced sec-
ondary malignancies in long-term HL 
survivors and is, to our knowledge, the 
first reported case of cardiac sarcoma 
following mantle-field radiation.   
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FIGURE 3. Example of a mantle field. Coverage includes the bilateral cervical necks, bilateral axillae and the mediastinum. Stars indicate 
sites of secondary tumors (thyroid, right upper outer breast, cardiac) in patient case.
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