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endations for pretreatment evaluation, treatment,
and dosimetric issues for thoracic brachytherapy for lung cancer.
METHODS AND MATERIALS: Members of the American Brachytherapy Society with exper-
tise in thoracic brachytherapy updated recommendations for thoracic brachytherapy based on liter-
ature review and clinical experience.
RESULTS: The American Brachytherapy Society consensus guidelines recommend the use of en-
dobronchial brachytherapy for disease palliation in patients with central obstructing lesions, partic-
ularly in patients who have previously received external beam radiotherapy. The use of interstitial
implants after incomplete resection may improve outcomes and provide enhanced palliation. Early
reports support the use of CT-guided intratumoral volume implants within clinical studies. The use
of brachytherapy routinely after sublobar resection is not generally recommended, unless within the
confines of a clinical trial or a registry.
CONCLUSIONS: American Brachytherapy Society recommendations for thoracic brachytherapy
are provided. Practitioners are encouraged to follow these guidelines and to develop further clinical
trials to examine this treatment modality to increase the evidence base for its use. � 2016 American
Brachytherapy Society. Published by Elsevier Inc. All rights reserved.
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Introduction

Lung cancer is the most common cause of cancer and is
a leading cause of cancer mortality worldwide. The esti-
mated incidence in the United States in 2013 of lung
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cancer was 228,190 with 159,480 deaths from the disease
(1). Lung cancer is often advanced at diagnosis and many
patients present with a poor performance status. These fac-
tors may preclude the need for surgery or alter the extent
of surgical resection to compensate for poor cardiopulmo-
nary reserve. The risk of close or positive margins in-
creases with limited lung resections. Furthermore, with
advanced presentation, the treatment intention may be
palliative, with the need to alleviate symptoms from cen-
tral airway obstruction, such as cough, dyspnea, and
hemoptysis.

The use of brachytherapy for thoracic tumors has the po-
tential to improve local control by delivering a highly local-
ized dose of radiation using a conformal technique with
normal tissue sparing. Endobronchial brachytherapy can
be used in the palliative setting to relieve symptoms in pa-
tients with endoluminal lesions, usually nonesmall cell
hed by Elsevier Inc. All rights reserved.
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Summary of updated recommendations
- CT simulation recommended for endobronchial brachytherapy.

- CT planning with three-dimensional target definition recommen-

ded over point prescription for endobronchial brachytherapy.

- High dose rate or pulsed dose rate brachytherapy with the ability

to optimize dose are recommended over low dose rate brachy-

therapy for endobronchial treatment.

- Radical endobronchial brachytherapy (alone or as a boost) is rec-

ommended generally within confines of clinical trials.

- Interstitial seed treatment after sublobar lung resection is recom-

mended generally within the confines of clinical trials.

- Postoperative CT planning should be performed for interstitial

implants with reporting of dose to organs at risk.

- New dose/fractionation recommendations for thoracic brachy-

therapy.
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lung cancer, but use in other histologic subtypes and in
benign conditions has been described (2e5). It has also
been described as a boost to radical external beam radio-
therapy (EBRT) for patients with central tumors (6, 7). Per-
manent iodine (125I) seed implantation has been described
in the treatment of malignant thoracic tumors when resec-
tion margins are macroscopically or microscopically
involved with tumor (8e22) and for the palliation of inop-
erable disease (23). Use of Cesium (131Cs) has also been
described (24, 25). Previously irradiated patients with
recurrence may benefit from brachytherapy, and it may be
useful in selected cases as initial management for patients
with a high-performance status and limited disease burden.
Members of the American Brachytherapy Society (ABS)
with expertise in thoracic brachytherapy examined the evi-
dence base for these treatments and developed recommen-
dations for pretreatment evaluation, treatment, and
dosimetric issues. Previous ABS guidelines from 1993
covered aspects of endobronchial brachytherapy (26) with
more detailed guidelines on thoracic brachytherapy issued
in 2001 (27).
Endobronchial brachytherapy

In 1922, Yankauer (28) described the use of radium
placed endobronchially to treat lung cancer. Brachytherapy
continues to be used to deliver radical or palliative endolu-
minal therapy to the bronchus. Local treatment can be
important to improve the quality of life for lung cancer pa-
tients. Endobronchial brachytherapy can be used as sole
treatment, particularly for palliation, or in addition to
EBRT, especially when used as radical treatment or if the
disease is more bulky. Endobronchial brachytherapy can
be combined with other modalities, such as endobronchial
resection, laser therapy, stenting, and photodynamic ther-
apy. The 2011 American Society of Radiation Oncology
guidelines (29) state that there is currently no evidence to
support the routine use of endobronchial brachytherapy as
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a first-line palliative treatment of endobronchial obstruc-
tion. However, brachytherapy was recommended if there
is collapsed lung at the first presentation because of
improved re-expansion rates using endobronchial brachy-
therapy over EBRT as observed in a randomized trial
(30). Brachytherapy was also recommended in the Amer-
ican Society of Radiation Oncology guidelines for retreat-
ment of patients who previously received EBRT,
particularly if there is endoluminal obstruction or
hemoptysis.
Patient selection

The presence of endoluminal disease suitable for
brachytherapy is determined at bronchoscopy. CT scanning
is also recommended to determine whether there is a signif-
icant extrabronchial extent of the tumor, in which case
brachytherapy may be chosen as a boost to EBRT or held
in reserve for future relapse. The bronchoscope is used to
traverse the tumor within the trachea or bronchus. It is
recommended that the tumor is photographed to aid
radiotherapy planning and to assess treatment response.
A narrow bore brachytherapy tube is placed using the side
port of the bronchoscope with at least 2 cm passing distal to
the lesion. If the catheter is not marked externally by the
manufacturer, it may help to make 1-cm interval markings
at the distal end with indelible ink before insertion into the
bronchoscope. The position of the tube in relation to the tu-
mor should be documented in the notes to aid treatment
planning. The tube is firmly secured at the nostril with tape
and the position of the nostril marked on the tube. A marker
wire is placed in the tube to identify the position accurately.
For a carinal or nonbulky subcarinal lesion, 2 catheters
clearly labeled and with distinct radio-opaque identifiers
may be used, one in each bronchus, to give a cumulative
dose to the central area. The use of mini-tracheostomy
has been described for patients undergoing multiple frac-
tions to decrease the requirement for multiple bronchos-
copies (31).
Planning and postimplant management

High dose rate (HDR) endobronchial brachytherapy is
often delivered weekly but can safely be delivered as a sin-
gle fraction or as a fractionated treatment with a single
catheter insertion as long as there is a minimum interval
of 6 h between fractions (see Table 1). Pulsed dose rate
(PDR) treatment can be used (32), although the patient will
have the catheter in place for longer. Therefore, a single
catheter insertion would usually be preferred when using
PDR. Low dose rate (LDR) brachytherapy is very rarely
used for endobronchial cancer and an alternative approach
with PDR or HDR is recommended to allow the opportu-
nity to sculpt the dose using optimization. All reported
HDR and PDR experience for endobronchial brachytherapy
is currently using 192Ir.
AEL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
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Table 1

Summary of recent published data on endobronchial brachytherapy, see 2001 ABS guidelines for summaries of older series (27)

Type of study, author, year

Number

of patients Dose/fractionation Treatment planning comments Comments

Endobronchial brachytherapy alone

Niemoeller et al. (44), 2013

RCT

142 14.4 Gy in two fractions vs. 15.2 Gy

in four fractions

Prescribed at 1 cm Local tumor response higher in 2 fraction

vs 4 fraction group-12 vs 6 wk ( p 5 0.015)

OS similar, fatal hemoptysis trend toward

lower rates with 2 fractions, patients with

squamous cell carcinoma had higher risk of

bleeding.

Higher PS at time of brachy correlated with

survival

De Aquino Gorayeb

et al. (79), 2013

Prospective

78 22.5 Gy in three fractions Lower doses used if vessels close Improvement of bronchial obstruction in 73.4%

Dagnault et al. (5), 2010

Prospective

81 20 Gy in four fractions Individually planned on X-ray

according to depth of tumor

85% Improved dyspnea by end of brachy; 95%

stable or improved cough

Skrowonek et al. (43), 2009

Retrospective

648 22.5 Gy in three fraction vs. 10 Gy

in one fraction

1e2 catheters. Prescribed at 1 cm Similar efficacy and no difference in OS

Nag et al., 2001

ABS recommendations (27)

LDR-30 Gy Prescribed at 1 cm, usuallyO1 Gy/h

HDR-22.5 Gy in three fractions,

20 Gy in two fractions,

24 Gy in four fractions

Prescribed at 1 cm (distal treatments

may decrease prescribing point

to 5 mm)

Recommendations based on Level 1 and 2

evidence

EBRT and endobronchial

brachytherapy

Mallick et al. (45), 2006

RCT

45 HDR 15 Gy in one fraction or EBRT 30 Gy

in 10 fractions þ
HDR 16 Gy in two fractions or 10 Gy in

one fraction

Prescribed at 1 cm using orthogonal

imaging

No difference in OS or symptoms.

Improvement in dyspnea 91%, cough 85%,

hemoptysis 94%, and obstruction 83%

Very small number, possibly underpowered

to show a difference

Sur et al. (80), 2004

RCT

65 EBRT either 30 Gy in 10 fractions/36 Gy in 18

fractions/40 Gy in 20 fractions then

randomized to EBRT 20 Gy in 10 fractions

or 12 Gy in two fractions

Prescribed at 1 cm Updated data in published in abstract form only

EBRT boost provided significantly longer

symptom free survival than brachytherapy

boost, but no difference in hemoptysis, chest

pain, or dyspnea-free survival. No difference

in OS

Langendijk et al. (30), 2001

RCT

95 EBRT 60 Gy in 30 fractions or 30 Gy in 10

fractions þ/� brachytherapy 15 Gy in two

fractions

Prescribed at 1 cm, no optimization Patients stratified for palliative (21%) or radical

(79%) EBRT schedules. No difference in OS

or symptoms but higher rates of re-expansion

of collapsed lungs when brachytherapy added

Rochet et al. (7) 2013

Retrospective

35 Median 15 Gy in three fractions after median

EBRT 50 Gy

Prescribed at 1 cm 2-y OS 61%, 5-y OS 28%

Grade 3 hemoptysis 6%

Skrownek et al. (43), 2013

Retrospective

34

(25 Brachy

only, 9 boost)

30 Gy in four fractions or 12 Gy in two

fractions with EBRT 50 Gy in 25 fractions

18.8-mo OS

All patients after resection 13 stump

recurrence, 21 positive margins

(Continued)
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Although fluoroscopy can be used (33), these ABS
guidelines recommend that it is best practice where it is
available to obtain a CT scan of the patient to identify
the applicator position. This way proximity to organs at
risk, particularly blood vessels, can be determined. Using
this approach may result in decreased complications,
particularly massive hemoptysis (34). Comparison of
two- vs. three-dimensional planning demonstrated that
reference doses with 100% coverage of PTV were 31%
higher with three-dimensional than with two-dimensional
planning, in addition to minimizing doses to critical
normal tissues (35). It is important to treat the patient in
the same position as used for CT scanning so that appli-
cator position can be as closely replicated as possible. If
using multiple catheter insertions for multiple fractions,
repeat CT scanning at each insertion is recommended.
When administering multiple fractions using the same
catheter insertion, consideration can be given to repeat im-
aging by X-ray or CT, to ensure that no catheter displace-
ment or kinking has occurred between fractions,
particularly if the patient has experienced prolonged
coughing.

In the era of CT planning, the orientation of the catheter
within the bronchus has been identified as an area of
concern. The dose to the bronchial mucosa may be higher
in some cases, particularly in the segmental bronchus
because of smaller diameter, degree of curvature, and the
dependent position of the catheter. In addition, high local-
ized doses to surrounding blood vessels are demonstrated
when the catheter position is not centered within the
lumen. This may be overcome using placement methods
that stabilize the catheter centrally (36, 37) or by individu-
alized dose prescription, with planning studies suggesting
if using a fixed prescription point that a prescription radius
of 4 mm is safer (38). This is important because fatal he-
moptysis rates have ranged from 7% to 22% in randomized
trials.

Use of a fixed prescription point can result in underdos-
age of the gross tumor volume with a planning study
showing coverage with a 90% isodose ranging from 15%
to 35%, which was improved to 85%e100% when using
CT target definition (39). Thus, these updated ABS guide-
lines recommend individualized CT-based treatment plan-
ning with careful selection of a prescription point based
on the target volume and doses delivered to surrounding or-
gans at risk. Use of simple straight-line calculations with a
fixed prescription radius is not recommended unless the
treatment volume lies solely within the trachea. In regions
of pronounced curvature, the effect of an increase in pre-
scribed dose in the concave curvature and a decrease in
dose over the convex curvature should be noted and may
be used to biologic advantage depending on tumor position
(40). The effect of a metallic stent should be considered
with studies of esophageal stents showing that mucosal
doses are increased by 5% at 0.5 mm from the stent surface
and up to 245% in the immediate vicinity of the stent (41).
EL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.
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To standardize dose reporting and comparison, the dose
should be reported not only to the target volume but also
at 1 cm from the center of the catheter with reporting of
dose to surrounding organs at risk being recommended.
The dose prescription should be to the target volume. As
heterogeneity-corrected treatment planning modules
become available, it will be possible to correct for metallic
seed artifacts and the variance of dose absorption in tissues
with differing electron densities (42).
Palliative dose schemes

The 2001 ABS guidelines recommended the use of en-
dobronchial brachytherapy for palliation, particularly for
endobronchial lesions not amenable to laser therapy or
stenting (27). Suitable patients are able to tolerate bron-
choscopy, have significant intraluminal disease, and have
predicted survival over 2 months, to allow time for treat-
ment response. Patients who are unable to undergo EBRT
or who have already received EBRT will also be particu-
larly suitable. Performance status, overall disease burden,
and predicted survival should be used to determine dose
fractionation. The potential advantage of a larger number
of fractions with regard to the possibility of reduced late ef-
fects requires balance with the cost and impact of multiple
bronchoscopies to the patient. However, a retrospective re-
view has shown no difference in efficacy or overall survival
for patients treated with fractionated treatment vs. a single
fraction (43), and a randomized trial of endobronchial
brachytherapy fractionation has shown no difference in ef-
ficacy and a trend toward lower rates of complication with a
reduced number of fractions (44). In a randomized trial,
there was no significant difference in survival or symptom
relief for patients receiving either EBRT plus a brachyther-
apy boost vs. a single fraction of endobronchial brachyther-
apy (45), although duration of relief of hemoptysis was
shorter with brachytherapy alone. This could support the
use of a single endobronchial brachytherapy fraction of
15 Gy for palliation in patients unable to tolerate EBRT,
although small patient numbers mean this study is likely
to be underpowered. Stout et al. (46) suggested that patients
with a poor prognosis may benefit from endobronchial
brachytherapy 15 Gy in one fraction but that in all other pa-
tients EBRT would be preferable as first-line treatment.

When endobronchial brachytherapy (15 Gy in three frac-
tions at weekly intervals prescribed at 0.5 cm) was added to
Nd-YAG laser resection of tumor, patients experienced pro-
longed relief of symptoms with significantly better
progression-free survival and less bronchoscopic interven-
tions (47). Overall, this resulted in lower costs of treatment.
This could be a useful approach in patients with obstructive
symptoms and a poor prognosis or who are unsuitable for
EBRT. A small randomized trial (19 patients) available on-
ly in abstract form described patients receiving 14.4 Gy in
two fractions of endobronchial brachytherapy randomized
to receive concomitant etoposide chemotherapy or no
Downloaded for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISRA
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further intervention (48). This showed no survival benefit
with the addition of chemotherapy and no difference in
symptoms, but trial numbers were probably too small to
draw reasonable conclusions and the chemotherapy used
would not be considered optimal at the current time.
Radical dose schemes

Endobronchial brachytherapy has been used as a boost
after radical radiotherapy. This gives the benefit of delivery
of a highly localized boost with rapid dose fall off and pre-
cise localization. Meta-analysis of randomized trials has
not shown a significant benefit with the addition of endo-
bronchial brachytherapy to EBRT (49); however, a trend to-
ward improvement in symptoms and in radiographic
findings has been seen. In retrospective analysis, radically
treated patients with positive surgical margins or localized
recurrence at the stump receiving brachytherapy, either
alone or as a boost combined with EBRT, had improved
control over expected rates (50). Endobronchial brachyther-
apy may be useful in highly selected cases with significant
predominantly endobronchial or endotracheal tumors but
should not be part of the routine treatment plan for radical
lung radiotherapy patients.
Discussion

A 2010 international practice survey on palliative lung
radiotherapy presented the results of 279 online survey re-
spondents who treat lung cancer as part of their practice
(51). Endobronchial brachytherapy was a component of
treatment in 15% and 60% in the initial and salvage setting
for patients with metastatic disease and endobronchial
obstruction. In patients with metastatic disease and symp-
tomatic endobronchial disease, ~73% of respondents rec-
ommended external beam radiation treatment, 7%
recommended brachytherapy, and 9% recommended both
modalities. However, in the case of a patient with metasta-
tic lung cancer and endobronchial disease after external
beam radiation treatment, approximately 25% of respon-
dents recommended further external beam radiation,
whereas 55% recommended intracavitary brachytherapy
and 5% of respondents recommended both modalities. Of
note, approximately 58% of respondents did not have ac-
cess to endobronchial brachytherapy at their centers.

Initial randomized trials of brachytherapy vs. EBRT may
have shown poor results for brachytherapy possibly because
of the lack of modern pretreatment imaging, for example,
Stout et al. (46) completed recruitment in 1993 to discern
the presence of bulky extrabronchial disease, which was
not encompassed in the brachytherapy field. A 2012 Co-
chrane meta-analysis (49) examined 14 randomized trials
that used endobronchial brachytherapy, either alone or in
combination with other therapies, such as EBRT, chemo-
therapy, or laser therapy. This showed that a variety of dose
and fractionation schedules used were similar in overall
EL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.



Table 3

Table to show the physical properties of commonly used radionuclides for

permanent thoracic interstitial brachytherapy

Radionuclide Half-life (d)

Therapeutic

energy (keV)

Half-value layer

(mm of lead)

Iodine, 125I 59.4 28 0.025

Palladium, 103Pd 17.0 21 0.004

Cesium, 131Cs 9.7 30 Minimal

6 A. Stewart et al. / Brachytherapy 15 (2016) 1e11
survival with 14.8 Gy at 1 cm in two fractions showing su-
periority for improved local control and less hemoptysis
over 15.2 Gy in four fractions (52)dnote the subsequent
full manuscript described a dose of 14.4 Gy in two fractions
used within that trial (44). Also, previous radiation treat-
ment should be taken into consideration when determining
the dose and fractionation schedule with HDR endobron-
chial brachytherapy.

Although Huber et al. (53) showed a survival advantage
to adding endobronchial brachytherapy to EBRT, the Co-
chrane meta-analysis showed no advantage in disease-free
or overall survival. When brachytherapy was used as sole
therapy, 50% of cases proceeded to EBRT with a median
time to treatment of 4 months, compared with under a third
requiring brachytherapy after EBRT, with a median time to
treatment of 10 months. Unplanned analysis subsequently
showed a survival advantage to EBRT with a relative risk
reduction of 61% (46). The Cochrane review concluded
that endobronchial brachytherapy can be considered for
palliation in patients previously treated with EBRT with
symptoms secondary to central obstruction. The Cochrane
review did not recommend use in radical treatment sched-
ules. Recent ACR guidelines recommend that endobron-
chial brachytherapy can be used for palliation of patients
with symptomatic endobronchial tumors (54). No outcome
data have been published for the use of PDR endobronchial
brachytherapy, and users are encouraged to publish their re-
sults. Further research in this area is required although the
early closure of a Medical Research Council study because
of lack of patient accrual (55) demonstrates some of the dif-
ficulties in recruiting to large randomized trials of endo-
bronchial brachytherapy.

These ABS guidelines recommend the dose fraction-
ation schemes in Table 2, although other schemes may be
considered based on institutional experience and calculated
Table 2

The ABS dose recommendations for endobronchial brachytherapy

Brachytherapy alone

PDR 30 Gy in one insertion (using pulses that offer biological

equivalence to LDR)

HDR 10 Gy in one fraction

15 Gy in one fraction

14.2e20 Gy in two fractions

22.5 Gy in three fractions

24 Gy in four fractions

30 Gy in six fractions (high dose palliation)

Brachytherapy as a boost following EBRT (although note Cochrane

guidance to not use routinely)

PDR 15e20 Gy in one insertion (using pulses that offer biologic

equivalence to LDR)

HDR 10-15 Gy in two to three fractions (following up to 60 Gy in

30 fractions)

ABS 5 American Brachytherapy Society; CTV 5 clinical target vol-

ume; EBRT 5 external beam radiotherapy; HDR 5 high dose rate;

LDR 5 low dose rate; PDR 5 pulsed dose rate.

Note. Prescription depth has traditionally been at 1 cm although with

three-dimensional CT planning, prescription to cover a CTV isodose is

appropriate.
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biologic equivalence (56). There are few studies examining
the most appropriate dose for endobronchial brachytherapy,
and therefore, the doses given in Table 2 are generally from
clinical experience. Further studies examining the most
appropriate dose should be encouraged. The use of appro-
priate dose reporting, such as the equivalent dose in 2 Gy
per fraction (EQD2), should be encouraged when reporting
results, particularly when EBRT and brachytherapy, are
used in combination. This allows more accurate compari-
son between studies.
Interstitial thoracic seed brachytherapy

Interstitial brachytherapy in the thoracic cavity has been
described since the 1950s (9). Since then, seed manufacture
and dosimetry have improved, but many of the same prin-
ciples of seed placement remain. Table 3 describes the
characteristics of radionuclides commonly used in intersti-
tial thoracic brachytherapy. Seeds can be implanted into a
tumor as a volume implant or placed directly onto an area
at risk, often in a grid pattern, as a planar implant. Seeds
can be placed in most anatomic locations in the thorax,
such as the mediastinum, within the lung parenchyma
(57), on the lung surface after sublobar resection, onto
the thoracic wall or the paraspinal area (58). Use in a vari-
ety of histologic subtypes has been reported with palliation
of symptoms and improvement of outcomes over those pre-
dicted (59). Preliminary results of local control and toxicity
using 131Cs in lung are promising (25, 60). No RTOG (Ra-
diation Therapy Oncology Group) Grade 1e4 radiation
toxicity was observed.

For patients with nonesmall cell lung cancer who were
not fit for lobar resection because of poor cardiopulmonary
reserve, the addition of brachytherapy to sublobar resection
was shown in retrospective review to lower the expected
local recurrence rates but with no effect on distant disease
or overall survival (58). However, the ACOSOG (American
College of Surgeons Oncology Group) Phase III random-
ized trial of sublobar resection with or without brachyther-
apy showed that there was no difference in local recurrence
rates at 5 years (16.7% with brachytherapy vs 14% without,
p 5 0.59) with the addition of brachytherapy. There was no
significant difference in disease-free or overall survival.
There was a trend toward favoring brachytherapy in pa-
tients with positive staple line cytology. It was proposed
that the trial was underpowered to detect a small difference
AEL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
 Copyright ©2019. Elsevier Inc. All rights reserved.
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given that better than expected rates of negative margins
were achieved. Therefore, this would not be routinely rec-
ommended outside the confines of a clinical trial (61, 62).
Patient evaluation and selection

Ideally, a patient suitable for intraoperative thoracic seed
brachytherapy should be identified before tumor resection,
although it may be possible to perform a two-stage proce-
dure and place the brachytherapy implant soon after the
time of initial resection. If the surgeon has concern that
there will be incomplete tumor resection or close margins
intraoperatively, the patient should be consented for
brachytherapy in advance. It is important to review all
available preoperative imaging and to obtain details of
any previous radiotherapy fields, dose, and fractionation.
The brachytherapy team should be available for the surgical
procedure. It is helpful for the brachytherapist to see the
anatomic area at risk intraoperatively and to discuss
frozen section findings where appropriate with the
histopathologist.

Patient suitability for a volume implant is determined us-
ing CT imaging. The tumor location and size are defined,
and the position of organs at risk, including vessels, is
determined. The patient is consented for the procedure,
including for the risk of pneumothorax and carefully moni-
tored for pneumothorax after procedure.
Planning and postimplant management

After incomplete resection or close margins, reported
doses vary widely. This reflects the heterogeneity of this pa-
tient group in both histology and tumor location. The dose
chosen must also take into account the type of operation
performed and any disruption of natural spacers or vascular
supply in the area. Certain operative procedures may be a
contraindication for brachytherapy, such as extensive
dissection of the subcarinal space that carries an increased
risk of fistula (21).

125I has traditionally been used for permanent lung im-
plants. The prescription doses have not been standardized
by any randomized prospective trial, but a dose of 80e
120 Gy at 0.5e1 cm from the wedge line has been used with
success and minimal toxicity (8, 14, 16, 63). Use of Palla-
dium (103Pd) has been described (64, 65), but problems with
availability havemeant that its use as an alternative to 125I has
generally been superseded by 131Cs. 131Cs radioactive seed
has been recently introduced into clinical practice (Isoray,
Richmond, WA) for permanent seed implant for cancer. It
is a 4.5 � 0.8-mm titanium encased seed with goldwire.
These radionuclides emit therapeutic energies in the 20e
30 keV range. 131Cs is Food and Drug administration
approved for permanent seed implant for all cancers,
including lung, head and neck, and colorectal cancers.

Because 131Cs is a new source to be used in clinical
practice, no standard of prescriptions has been established.
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As far as the radial dose distribution is concerned, this
source is very similar to 125I. Therefore, the technical
placement of seeds, that is, the needle positions, and the
number of seeds should be very similar to 125I seed place-
ment (66). The 131Cs-prescribed dose determination is
based on the linear-quadratic formulation where assump-
tions are made regarding the a/b ratios for late responding
and lung tissue, tissue repair constant, average tumor
doubling time, repopulation rates, etc. If the a/b for lung
cancer is !5 as assumed, and given the relative effective-
ness of 125I in lung cancer cell killing in the literature, then
a prescribed dose of 60e80 Gy (60e70 Gy used for lesions
!1 cm) is assumed to be reasonable especially because of
significantly higher dose rate (67). The comparatively short
half-life of 131Cs allows for a higher dose rate, which may
allow for a total dose reduction compared with 125I. 131Cs
will deposit 90% of its dose in 32 vs. 196 days for 125I.

In a study comparing 131Cs plus wedge resection (to
high-risk wedge resections) vs. wedge resections alone
(not high risk) vs. stereotactic radiation for early-stage lung
cancer, local control and overall survival were similar in the
three arms ( p value 5 NS) (68). This is significant because
high-risk wedge resections are expected to have higher
local recurrence compared with regular wedge resections.

A table can be used to determine the seed strength and
spacing required, either individual to an institution or a
published alternative (10, 13, 69, 70), depending on the
preference of local physicists and physicians. A nomogram
was developed for 131Cs implants using the Variseed soft-
ware (Varian Medical Systems, Palo Alto, CA) with source
data from American Association of Physicists in Medicine
TG43 report (71). As the row or column spacing is
changed, activity and number of seeds are changed to main-
tain the prescribed dose. Doses are calculated using the
TG43 formalism. Any reduction in the prescribed dose is
based on clinical judgment especially the location of the
implant to critical structures, such as pulmonary vessels
and aorta (see Table 4). The nomogram was developed by
Parashar et al. (24) for a prescription dose at 0.5 cm from
the wedge line.

The curvature of the implant should also be assessed as
it is important to be aware that, over a curved surface, dose
penetration is asymmetric compared with a linear implant
(72). Isodoses on the convex side of a curvature tend to
be drawn toward the implant reducing the range of the pre-
scription isodose line. Conversely, there is a focusing and
enhanced penetration of dose on the concave surface of
the implant. These phenomena can be used with therapeutic
advantage, giving locally increased doses around the tumor
on a concave surface. Normal tissue at risk of toxicity must
be identified using preoperative imaging and intraoperative
findings. A spacer can be used to decrease the dose to sur-
rounding normal tissue. This can be a natural substance,
such as omentum or muscle flap, or a manufactured prod-
uct, such as gelfoam or bone wax. It is important that such
spacer materials have a biological absorption rate
EL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.



Table 4

Nomogram for131Cs planar implants, assuming 1-cm spacing between seed centers along the strands and between the strands (24)

Prescription dose (Gy) Covered length (cm) Covered width (cm)

Air kerma strength for �0.5 cm

thickness at implant center (U) V100 cm3

9.5 1.9 3.25 14.66

(10 seeds) (2 strands)

100 9.5 3.8 2.70 32.02

(10 seeds) (4 strands)

9.5 5.8 2.40 46.34

(10 seeds) (6 strands)

9.5 1.9 2.60 14.66

(10 seeds) (2 strands)

80 9.5 3.8 2.15 31.94

(10 seeds) (4 strands)

9.5 5.8 1.95 47.58

(10 seeds) (6 strands)

9.5 1.9 1.95 14.66

(10 seeds) (2 strands)

60 9.5 3.8 1.60 31.78

(10 seeds) (4 strands)

9.5 5.8 1.45 46.94

(10 seeds) (6 strands)
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compatible with the selected radionuclide half-life. The
dose an implant delivers can be altered by changing the
spacing of the strands or lines of seeds within the delivery
platform or by varying the seed activity used, and a lower
activity seed at 1-cm spacing delivers a lower total dose
than a higher activity seed at the same spacing. Institutions
with a large volume of implants may hold a standing order
of seeds giving a range of available seed activities to allow
the implanting physician greater ability to vary the dose
that an implant delivers. If the seeds are ordered at a spe-
cific activity on a ‘‘per case’’ basis, then the seed spacing
can be altered as described to change the dose delivered.
Satisfactory dosimetric outcomes can be achieved using
125I in the 0.4e0.5 cGy cm2/h per seed range.

All commonly used seeds are gamma emitters. 103Pd and
131Cs have shorter half-lives, so deposit dose more quickly
than 125I, which may be radiobiologically more efficacious
in tumors with a high alpha/beta ratio, such as squamous
cell carcinoma (67), and provide a quicker return to back-
ground levels of radiation providing increased safety to
family members and mitigating against other social impli-
cations, such as air travel security. However, it must be
remembered that more rapid dose delivery to the tumor
bed also results in more rapid dose delivery to critical
normal tissues and the risk of increased late side effects.

For 125I seeds, the average activity on implantation within
the thorax is 0.4e0.6 cGy cm2/h. As an example, a planar
implant comprising 0.6 cGy cm2/h seeds will give a dose
of$100 Gy (very lowedose rate [vLDR]) at 0.5 cm for a flat
target. Most commercially produced iodine seeds are 0.5 cm
in length and can be set into suture at regular intervals, typi-
cally 1-cm spacing between the center of each seed.

For open sublobar resection and placement of a custom
made mesh, Santos et al. (17) showed that the brachytherapy
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procedure added approximately 15 minutes to the anesthesia
time. Using good practice, radiation exposure during the pro-
cedure to the implanting radiation oncologist and surgeon is
very low with the seeds being deployed only as required (24,
73). Occupational radiation exposure levels are comparable
with those felt to be safe in interventional radiology (74)
and well within occupational radiation exposure guidelines
(75). When the implant has been placed and the wound
closed, the operating room is surveyed for the presence of re-
sidual radiation. This is to ensure that no seeds have fallen
outside the patient or in the suction canister. The patient
should be surveyed at the outer body surface over the
implant, at 0.5 and 1 m, and the results documented. In the
immediate postoperative period, no change in patient care
is required, subject to the usual post-vLDR implant precau-
tions of preventing exposure to children or pregnant women.
Data regarding postoperative distant radiation exposure after
125I thoracic seed implants have not been published. Data
from patients after 125I vLDR prostate implants show mini-
mal exposure rates at the skin surface (76) and to family
members and pets (77). However, prostate implants gener-
ally lie deeper within the body in a less anatomically exposed
area than an implant on the anterior chest wall, and pelvic tis-
sues may attenuate radiation more than lung tissue. There-
fore, data from prostate patients may not be suitably
applied to thoracic implants, and exposure rates should be
considered individually.

Preoperative CT imaging and treatment planning can be
used for volume implant dose estimation. For planar im-
plants, the area at risk of positive margin is generally deter-
mined intraoperatively. These guidelines recommend that
postoperative CT-based dosimetry is performed for dose
estimation to the tumor and with contouring of organs at
risk and reporting of the dose they receive.
AEL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
 Copyright ©2019. Elsevier Inc. All rights reserved.
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HDR and PDR interstitial treatment

For institutions that do not offer interstitial seed implan-
tation, HDR catheter placement within the thorax can be
considered. When placed intraoperatively, a postoperative
planning CT can be performed and the target defined using
imaging and intraoperative information. HDR or PDR
radiotherapy can then be delivered to the target volume
and the catheters removed. In addition to 45e50 Gy EBRT,
either preceding or subsequent to surgery, previously rec-
ommended ABS doses of 15e20 Gy in three to four frac-
tions HDR or 30 Gy for PDR treatment (previously
recommended for LDR) can be used (27). The catheters
can also be placed percutaneously using image guidance
(78), and a single palliative fraction of 20 Gy has been
described. Some institutions use intraoperative HDR, and
a boost dose of 10e15 Gy in a single fraction is recommen-
ded. The advantage to this form of treatment is that radio-
sensitive tissues can be shielded or displaced during
treatment, thus lowering organ at risk doses. This method
cannot be CT planned, but intraoperative placement allows
accurate target volume definition. There is little published
data regarding this technique, so publication of prospec-
tively collected data is encouraged by these guidelines.
Discussion

Studies demonstrate that permanent seed implantation
can be useful during thoracic surgery in areas of incomplete
tumor resection or close or microscopically positive mar-
gins. Interstitial seed implantation can also give sustained
disease palliation. It is difficult to examine interstitial seed
implants used for residual disease within the confines of a
randomized trial because of the individualized nature of
the treatment. However, further research is important, as
is reporting of prospective case series with detailed exami-
nation of toxicity to guide future treatments. Many early
studies were conducted in the era before CT-based dosim-
etry. Toxicity was documented, but the relationship of seeds
to critical structures could not be correlated with late ef-
fects. This is important, so that rules can be generated to
Table 5

The ABS dose recommendations for very lowedose rate interstitial

thoracic brachytherapy

As sole therapy
125I 100e125 Gy
103Pd 80e125 Gy
131Cs 80e100 Gy

As a boost/re-irradiation
125I 50e80 Gy
103Pd 50e80 Gy
131Cs 50e80 Gy

ABS 5 American Brachytherapy Society.

Note. 131 Cs boost dose is similar to 103Pd and is a conservative esti-

mate based on clinical outcomes (unpublished) using these doses with

external beam radiotherapy.
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suggest seed positioning and late complications can be
avoided.

These ABS guidelines recommend the dose schemes in
Table 5 for vLDR interstitial brachytherapy, although other
schemes may be considered based on institutional experi-
ence and calculated biological equivalence (56, 71). The
guidance for HDR or PDR interstitial catheter treatment re-
mains unchanged from previous guidelines and is detailed
earlier.
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