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Biology of “Dose” in SABR 
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Dose calculation algorithms



Dose-Volume-Response
 analysis in stereotactic Radiotherapy 

for Early Lung Cancer

Osamu	S.	Radiotherapy	and	Oncology	2014		

u 	To	render	actually	given	doses	comparable	between	two	different	

approaches	(	Japanese	&	Western)	“a	Gy	in	Japan	is	not	a	Gy	in	

Western	series”	

	

u 	Japanese	prescripCon	to	PTV	isocenter	vs	peripheral	PTV	for	Western	

u 	Western	type	A	algorithm	vs	type	B	for	Japanese	

	

u 	Different	fracConaCon	

u 	Replanning	with	same	peripheral	prescripCon	&	LC	analysis	



Western	(isodose	80%)	prescrip4on	
-  20	Gy	x	3	(i.e.	75	Gy	to	isocentre)	

-  12	Gy	x	5	

-  7.5	Gy	x	8	or	5	Gy	x	12			

	

	

	

Japanese	(isocentre)	prescrip4on	
-  12	Gy	x	4	(i.e.	48	Gy	to	isocentre)	

-  6	Gy	x	10	

	

	



Dose & Local Tumor Control
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Risk adapted fractionation
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Dose prescriptions



Dose coverage parameters



Dose constraints
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TIME
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Concurrent Stereotactic Radiotherapy and 
target therapy or immunotherapy

Kroeze	et	al.	Cancer	Treat	Rev	2017	



Treatment

Treatment of dermatologic toxicity, including dermatitis,
hyperproliferative cystic reaction, or both, involves pre-
dominately topical agents (Table 2). The mainstay of
treatment involves barrier creams and topical corticoste-
roids, although silvadene may be considered for moist
desquamation (19). In addition to discomfort, the dis-
figuration associated with proliferative skin reactions (eg,
CVG) can cause psychological stress, and in some cases
the lesions may not resolve (23, 31). In severe cases,
either RT (21) or vemurafenib (31) have been held
(Table 2), although most reports involve continuation of
both therapies (22). Salicylic acid (21) and ammonium
lactate (33) have been mentioned in the treatment for
hyperkeratosis reactions, but no benefit for either was

described. Many skin reactions are painful, so analgesics
may be required.

Mucosal Toxicity

Mucosal toxicity, occasionally severe, has been reported
along the length of the gastrointestinal (GI) tract
involving the pharynx (32), esophagus (22, 34), and
rectum (26) (Table 1). In 1 case, after receiving vemur-
afenib concurrently with RT to the neck and whole brain
(32), grade 3 dermatitis developed 1 month later,
involving yellow-white papules and crusting lesions over
all irradiated skin extending into the oral cavity. The oral
cavity received at most 12 Gy, a dose not expected to
cause such severe toxicity (personal communication with
Dr Fox, January 2016). Despite continuation of vemur-
afenib, over the next several weeks the patient’s oral
mucosal and skin toxicities improved significantly, with
no specific treatment described. Merten et al (34) reported
a patient who received RT for spine metastases concur-
rently with vemurafenib, resulting in grade 2 dermatitis
and grade 3 esophagitis. Hospitalization for total paren-
teral nutrition was required, and solid foods were not
tolerated for 2 months (Tables 1 & 2). The retrospectively
determined mean esophageal dose of 31 Gy was lower
than a commonly accepted dose limit of 34 Gy for RT
courses given over about 6 weeks (53). However, because
the patient’s RT was hypofractionated over 2 weeks, the
corresponding delivered biological equivalent dose (BED)
of 39 Gy10 was actually higher than the BED of 38 Gy10
that corresponds to the 34 Gy physical dose limit.
Therefore, RT alone, not vemurafenib, may be the cause
of this toxicity. Hecht et al (22) reported a dysphagia rate
of only 2% (2 patients) in their series that included RT to
the spine (22), 1 of which was the case reported by
Merten et al (personal communication with Dr Hecht,
May 2015). Although it is not specified how many people

Fig. 1. Cystic proliferation and underlying brisk derma-
titis noted over right flank and axilla 1 month after palliative
radiation therapy given concurrently with vemurafenib.

Fig. 2. Images of cutis verticis gyrata appearance obtained 2 weeks after starting vemurafenib; the BRAFi was started
4 days after whole brain radiation therapy. (A) Lateral view with biopsy site circled, showing follicular hyperkeratosis and
syringosquamous metaplasia (B) Posterior view.
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Critical Review

Avoiding Severe Toxicity From Combined BRAF
Inhibitor and Radiation Treatment: Consensus
Guidelines from the Eastern Cooperative
Oncology Group (ECOG)
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BRAF kinase gene V600 point mutations drive approximately 40% to 50% of all melanomas, and BRAF inhibitors
(BRAFi) have been found to significantly improve survival outcomes. Although radiation therapy (RT) provides effec-
tive symptom palliation, there is a lack of toxicity and efficacy data when RT is combined with BRAFi, including ve-
murafenib and dabrafenib. This literature review provides a detailed analysis of potential increased dermatologic,
pulmonary, neurologic, hepatic, esophageal, and bowel toxicity from the combination of BRAFi and RT for melanoma
patients described in 27 publications. Despite 7 publications noting potential intracranial neurotoxicity, the rates of
radionecrosis and hemorrhage from whole brain RT (WBRT), stereotactic radiosurgery (SRS), or both do not appear
increased with concurrent or sequential administration of BRAFis. Almost all grade 3 dermatitis reactions occurred
when RT and BRAFi were administered concurrently. Painful, disfiguring nondermatitis cutaneous reactions have been
described from concurrent or sequential RT and BRAFi administration, which improved with topical steroids and time.
Visceral toxicity has been reported with RT and BRAFi, with deaths possibly related to bowel perforation and liver
hemorrhage. Increased severity of radiation pneumonitis with BRAFi is rare, but more concerning was a potentially
related fatal pulmonary hemorrhage. Conversely, encouraging reports have described patients with leptomeningeal
spread and unresectable lymphadenopathy rendered disease free from combined RT and BRAFi. Based on our review,

NotedAn online CME test for this article can be taken at http://
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ACUTE RADIATION SKIN TOXICITY ASSOCIATED WITH
BRAF INHIBITORS

Introduction
BRAF inhibitors, vemurafenib and dabrafenib, are the mainstay

of treatment for BRAF-mutant metastatic melanoma. Cutaneous tox-
icities are the most frequent adverse effects, particularly hyperkeratosis
(6% to 51% with vemurafenib), as well as cutaneous squamous cell
carcinoma and keratoacanthoma (4.3% to 31% with vemurafenib,
6% to 11% with dabrafenib).1 Photosensitivity can occur in 52% of
patients treated with vemurafenib.1

Radiation therapy plays an important role in the treatment of
patients with metastatic melanoma. In this report, we describe five
patients who experienced unanticipated increased in-field skin toxic-
ity while undergoing radiotherapy with the concomitant use of
BRAF inhibitors.

Case 1
A 71-year-old man with widespread metastatic melanoma in-

volving a solitary asymptomatic brain and multiple subcutaneous and
nodal metastases was found to have the V600K BRAF mutation on
biopsy of a chest wall lesion. The patient was enrolled onto the phase II
GlaxoSmithKline BREAK MB study (A Study of GSK2118436 in
BRAF Mutant Metastatic Melanoma to the Brain [also known as study
BRF113929]) of dabrafenib in BRAF-mutant metastatic melanoma
involving the brain.2 Disease progression in the left axilla was treated
with palliative radiotherapy of 36 Gy in 12 fractions without bolus for
increasing pain. Dabrafenib was continued concurrently with radio-
therapy. A thermoluminescent dosimeter placed at the center of the
radiotherapy field demonstrated a total dose of 24 Gy (2 Gy per
fraction) on skin for the entire course of treatment.

After only seven fractions of treatment (21 Gy to the dose prescrip-
tionpoint,14Gytoskin), thepatientdevelopedaEuropeanOrganisation

for Research and Treatment of Cancer/Radiation Therapy Oncology
Group3 grade 2 radiation reaction in the form of an erythematous macu-
lar rash pattern with features of coalescence, as shown in Figures 1A and
1B. After nine fractions of treatment (27 Gy to the dose prescription
point, 18 Gy to skin), the erythema became more intense and confluent
with features of early, patchy, dry desquamation posteriorly, as shown in
Figure 2. Clinical photographs taken 2 weeks after the completion of
radiotherapy showed clear evidence of extensive dry desquamation of the
skin within the radiation field (Figs 3A and 3B). These changes were
unanticipated increased in-field radiation skin toxicity.

Case 2
A 39-year-old man with widespread metastatic melanoma in-

volving multiple bony metastases was found to have the V600E BRAF
mutation on biopsy of a rib lesion. The patient received palliative
radiotherapy (8 Gy in a single fraction) to painful bony metastases in
the left humerus, left ribs, and sacrum, resulting in reduction of pain.
After radiotherapy, he began receiving dabrafenib at a dose of 150 mg
twice per day. After 8 weeks of treatment with dabrafenib, he devel-
oped new painful metastases affecting the right second rib, right iliac
crest, and right pubis. He underwent additional palliative radiother-
apy (8 Gy in a single fraction) to these new sites of metastatic disease,
concurrently with dabrafenib. There was no overlap with his previous
radiotherapy fields.

The patient developed a significant skin reaction after this second
course of radiotherapy with brisk erythema, desquamation, and hy-
perpigmentation within the irradiated field, as demonstrated in Figure
4, approximately 4 weeks after treatment. The patient did not develop
such an intense reaction with the first course of radiotherapy.

Cases 3, 4, and 5
A 39-year-old woman (patient 3), a 41-year-old man (patient 4),

and a 54-year-old man (patient 5), developed multiple brain
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Avoiding Severe Toxicity From Combined 
BRAF Inhibitor and Radiation Treatment: 
Consensus Guidelines from ECOG 
 
 •  Combination of BRAFi and RT for melanoma 27 

pubblications 
•   7 pubblications noted potential intracranial neurotoxicity 
•   Rates of radionecrosis, hemorrhage from WBRT, SRS, 

or both do not appear increased with concurrent or 
sequential administration of BRAFi 

Hold BRAFi 3 days before & after fractionated RT 
Hold BRAFi 1 day before and after SRS 
 
 

“Timing” to avoid toxicity
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Movement  can influence the outcomes?  

38% (n = 5) LRs that were classified as in-field and 62% (n = 8) mar-
ginal (p = 0.5, Fisher’s Exact test).

Re-contouring by the same and a second observer yielded Dice
similarity coefficients of respectively 0.80 ± 0.08 (intra-observer;
mean ± SD) and 0.76 ± 0.10 (inter-observer). It is generally
accepted that a Dice coefficient greater than 0.7 signifies good
agreement [16].

Liver and lung metastases were at a highest risk of LR by
displaying a 1 year local control of 53% (95% CI: 38–67%). In
contrast, for lesions in areas less prone to respiratory motion,
79% (95% CI: 32–95%) was observed for lymph nodes, and 56%
(95% CI: 9–87%) for other metastases (Table 2 and Fig. 2B). On
multivariate analysis this agrees with a six-fold increased risk
for liver and lung metastases compared to lymph nodes
(p = 0.01, Table 3).

MVA revealed 4 independent risk factors that were associated
with significantly worse LC: (1) location of the metastasis in liver
or lung, (2) GTV size, (3) male gender and (4) synchronic onset of
metastatic disease (Table 3).

Discussion

The main asset of helical tomotherapy in SBRT of oligometasta-
ses is the possibility to treat multiple metastases in one treatment
plan (a single helical delivery), which is especially convenient
when multiple targets are located in the same plane. At that time,
Tomotherapy provided also the most reliable dose calculation in
lung tissue and the best on-board soft tissue imaging available in
our department. On the other hand, we did not have access to 4D
planning CT in order to define an internal target volume (ITV).
Therefore planning was performed with a regular planning CT
and relatively large PTV-margins of 10, 10 and 12 mm in the anter-
oposterior, laterolateral and craniocaudal direction, respectively,
were applied in all patients. Unfortunately, our research yielded
a disappointing 1-year lesion-based LC of 59% and 53% in the group
of 10 ! 4 Gy and 10 ! 5 Gy, respectively [9,10]. There are 2 possi-
ble explanations for the high incidence of LR: (1) the biological
effective dose (BED) was insufficient, which would give rise to
in-field recurrences and/or (2) the dose was inadequately delivered

Fig. 1. Diagnostic 18FDG-PET–CT scans with an in-field recurrence (A) and a marginal recurrence. (B) Recurrence volumes were contoured in yellow. Original GTV (red) and
95% planning isodose (green dose wash) were superimposed on the diagnostic scans.

Fig. 2. (A) Lesion-based local control (LC) among the group of 10 ! 4 Gy (blue, n = 52) and 10 ! 5 Gy (red, n = 53). (B) Lesion-based LC of lymph nodes (blue, n = 22), compared
to metastases in liver and lung (red, n = 64, p = 0.01 on multivariate analysis), and other metastases (green, n = 19, p = 0.2).

Table 2
Local failures according to the anatomical location of the metastases (n = 105).

Irradiated Relapsed (IF/MF) % Relapsed Actuarial LC at 1 year (95% CI)

Liver and lung metastases 64 25 (13/12) 39 53% (38–67%)
Other soft tissue and bone metastases 19 3 (2/1) 16 56% (9–87%)
Mediastinal and abdominal lymph nodes 22 2 (0/2) 9 79% (32–95%)

Total 105 30 (15/15) 28.6

IF = in field failure; MF = marginal failure; LC = local control; CI = confidence interval.

R. Van den Begin et al. / Radiotherapy and Oncology 113 (2014) 235–239 237
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Strategies 



Technical goal in lung SABR: reduce ITV 
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Lung S. SPS 
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“Volume” delineation



4DCT -“Volume” 
(composite) recostruction



“Volume” delineation




