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New?

• First reports of re-irradiation 1920-ties

Nieder 2017

Unknown necessary dose
Difficult to define target

• Prospective trials since 1990-ties

But

Rapported data of ”various” quality and

size

• Phase 3 trials in the 2000First guidelines



To be considered – before decision

Previous treatment

• Dose (EQD2)

• Volume

• Medical treatment

Time elapsed

Tox after previous RT

Which organs are affected

Alternative treatments

The potential advantage of re-irradiation should be weighted
against the potential impact on quality of life



• Dose constraints
for critical
complications

• Which organs 
have preserved
function?

• Can we perserve
function in some
tissues/organs?

To be considered – dose plan
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• Regeneration is mitigated by migration of
stemcells from non-irradiated/low dose
regions

Toxicity - radiobiology

• Tissue architechture and the supply of stem
cells is important



Skin
Good regeneration but dependent of initial dose

• Single fraction – allmost full regeneration after 2 months

• High initial dose – increased time to regeneration ca 6 months

Early toxicity

Terry et al. (1989) 

Supported by later trials
De Crevoisier et al. 1998; 
Montebello et al. 1993; 
Harms et al. 2004; 
Tada et al. 2005; 
Langendijk et al. 2006; 
Würschmidt et al. 2008 



Oral mucosa
Like skin in low dose
regions

Earlier and more
pronounced toxicity
(incresed grade 3-4) if
high previous dose

Early toxicity

Dörr et al.; Nieder, Langedijk 2011



Bone marrow
• Highly correlated to toxicity at first RT

• Highly correlated to volumes previously treated, caution for previous
whole body radiation (!)

• Effect more pronouced the younger the patient at first RT

Early toxicity

Clinical basic Radiobiology 2009 



Skin
Tolerated EQD2 
lowered by ca 50- 70%

Late toxicity

Brown and Probert (1975) 



Lung
Pneumonitis and fibrosis 
phase

Risk for pneumonitis reduced 
with lower dose per fraction

During fibrosis phase (>6mo) 
tendency to lower tolerance

High volume dependency for 
preserved function

Dose to the heart probably of 
importance

Late toxicity

Terry et al. (1988) 

First treatment



Lung
The risk for pneumonitis seems to be limited at re-irradiation

Jackson and Ball 1987 22 patients, 20-30 Gy after previous 55 Gy 
(median) after 15 m (median) no symptomatic
pneumonitis

Tada et al. 2005 15 patients, 50 Gy (median) after 50-60Gy 1 grade 
3 pneumonitis, 3 grade 2 esophagitis

Late toxicity



Kidney
Very radiosensitive

Slowly progressive deterioration of 
function

Re-irradiation in the previous dose 
span of >14-18 Gy does not result in 
further loss of function

Significance of low doses?

Late toxicity

Stewart et al. (1989) 



Bladder
Mainly trials in animals – limited
regeneration if symptomatic injury
has occured

Late toxicity



Bowel
Lingareddy et al. 1997 52 pat 30 Gy after 50,4 Gy (median after 24m)+5Fu

grad 3-4 SAE: small bowel strictures 9 (17%), 
cystitis 3 (6%), fistula 4 (8%)

Mohiuddin et al. 2002 Conventional fractionation 1,8-2 Gy/fr
results in higher toxicity vs. hyper fractionation
1,2 Gy/fr (HR 3,9)

Haque et al. 2009 13 pat, 30 Gy after 45 Gy, no grade 3 SAE, 1 grade
4 bleeding

Late toxicity

Generally good regeneration after > 6 months 

A 50% reduction of tolerance should be considered



Medulla spinalis
Best studied

Data from animal- and clinical trials

Evidence of considerable long-term 
regeneration

Late toxicity

44 Gy

Stewart et al. (1989); Ang et al. (2001) 

50% -risk for paresis



Medulla spinalis Data from clinical trials (man)

Kirkpatrick et al. 2010 46 Gy in 2-Gy fractions can be followed by 23–24 
Gy in 2-Gy fractions (50% of tolerance dose) after 1 
or 2 years

Verified by Schiff et al. 1995; Grosu et al. 2002 (palliative patients)

Magrini et al. 1990 30 Gy in 1.7 Gy fractions (plus chemo), after 1–3 
years up to 40 Gy in 2 Gy fraktions (2–3 vertebral
segments) – no myelopathy

Late toxicity



Late toxicity

Medulla spinals Data from clinical trials (man)

Nieder et al. (2005b, 2006a) Prediction model

Damast et al. (2010) retrospektive, pat previously recieving 30 Gy 
(palliative fractionated 4Gy/fr and doses of 14-16 
Gy in the medulla without myelopathy (median FU 
12m)



Brain
Basically no animal data

Data mainly from glioblastoma patients – short FU due to prognosis 

Nieder et al. 2006b, 2008; Fogh et al. 2010 re-irradiation of glioblastoma, 
low toxicity

Flickinger et al. (1989) 9 patients, cumulative doses 
70-89 Gy (EQD2), >5y FU, only 
one serious loss of vision

(Combs et al. 2005; Fogh et al. 2010) 30–40 Gy in fractions of <4 Gy 
low toxicity

Late toxicity



Brain
SBRT/SRS

Shepherd et al. (1997) 5 fr/w, 5 Gy/fr after median dose of 55 Gy 
all total doses >40Gy 

Late toxicity 25% in patients with doses 30-40Gy

Shaw et al. 1996, 2000 SRS, 18 Gy for ≤20 mm, 15 Gy 21–30mm, 12 Gy för
31–40 mm, followed by dose escalation

156 pat, 36% previously 60 Gy, 64% previously 30 
Gy

intervall median 11 m

radionecrosis in 5, 8, 9, 11% at 6, 12, 18, 24 month

Late toxicity



• Re-irradiation can be considered when the dose tolerance to the critical 
organs will not be exceeded

• Potential gain has to be weighted against the impact on the patients 
quality of life

• Re-irradiation trials – mainly heavily selected patients

• There is evidence of regeneration of several tissues after previous 
treatment

• Acute reacting tissues (skin, mucosa and even to some extent medulla) 
regenerate within months

• Late reacting tissues (kidney, heart, bladder) show little signs of 
regeneration 

• Fibrosis, altered perfusion and late tissue damage in man can progress 
during years/decennia

General



Re-irradiation

Clinical outcomes



• Rectal cancer – local 
recurrence 4,4-11%

• Cervix cancer – pelvic or 
lymph node in up to 25%

Local recurrences – different 
growth pattern than primary 
(due to previous surgical 
removal of fascias) – most 
commonly pre-sacral growth

Restricted possibility for surgery 
– growth dependant

Pelvis

Dresen et al. 2008 

Following non-radical surgery <10% 
OS at 3 years and 0 at 5  (Suzuki et al. 
1995) 



• Curative intent (CRT +/- surgery)

• Palliative intent

Pelvis – rectal cancer

Ten ”reasonable” trials. Limited amount of patients. Previously mainly “long”. Both 
gyno- and rectal cancer patients, Ng oligometastatic patients.



Over time 
Increased dose per fraction, increased total dose, reduced volumes, kept 5-Fu

Pelvis – rectal cancer

• Generally hyper fractionated, to 30-40 Gy
• R0 resection in 39–89% of operated patients 
• Local recurrence in 50% of operated patients 
• Median OS 39 – 60 months of operated patients, 12 - 16 

months in palliative cases

• Palliative patients had good and lasting effect
• Complete or partial symptomatic control in 83% to 94%
• Rectal bleeding ceased in 100% 



Toxicity decreases with volume (both grade and frequency)

Pelvis – rectal cancer - toxicity



Recent trials – brachy
• Mahantshetty et al. (2014) 30 patients central recurrences, brachy alone; 

76% CR och 52% OS efter  2 år; LC (52% >42Gy vs 34% < 42 Gy (P 1⁄4 0.05) 
); grade ≥3 SAE 20%

• Martinez-Monge et al. (2014), 2 year LC 71.5%, grade ≥3 SAE 20%

• Mabuchi et al. (2014)  LC 67% in 52 patients; grade ≥3 SAE 25%

• Liu et al.(2016) Cumulative dose: median total 2cc (EQD3) bladder 86 Gy, 
rectum 72 Gy, sigmoid 70 Gy. Median tumour dose (EQD210) of D90 52Gy 
and D100 28 Gy, CR in 38% and PR in 44% 

Pelvis - gynocological



Nieder, Langedijk 2011

Pelvis



Re-irradiation in the pelvis median 66 Gy (RBE) (45-76)

Pelvis



Pelvis – proton/photon combined



Recurrence site (distal, regional, local)

>6,000 patients with local recurrence, reoperation possible 1–1.7%

23% 2-year OS (Pairolero et al. 1984), later trials 15,5% 5-year OS (Voltolini et 
al. 2000) 

In previously operated patients – high dose RT standard (Nieder, Langedijk
2011, Jeremic and Bamberg (2002)) OS 28.5m and 5-y survival 31.5% 

RT after RT – limited amount of trials, ca 300 patients, cumulative doses  43 -
150 Gy 

Palliative cases control of haemoptysis 83%, cough 65%, dyspnoea 60%, pain 
64%

Lung



Re-irradiation with SBRT

Lung

OS 1y 59%
2y 43%



Chen et al 2017

43 patients, cumulative dose to plexus 60-150 Gy

Symptoms (12 patients):

• Ipsilateral pain (54%) 

• Anaesthesia (31%)

• Motor impact (15%) 

1-year freedom of symptoms

67% cumulative Dmax >95 Gy

86% cumulative Dmax <95 Gy

(P=.05) 

Tolerance – plexus brachialis



Tolerance – esophagus

Katano et al. 2017 



Tolerance – esophagus

Garg et al. 2016 



>30 000 patients with
HN-tumours

Head-neck

20% second cancer 

80% in HN, lung or 
esophagus

Hashibe et al., 2005 



Locoregional recurrence in H&N cancer patients treated with surgery 
and/or radiotherapy varies from 20-57%. 

SEER analysis shows 15 year incidence of 2nd H&N CA 7.7% for those treated 
with RT and 10.5% for those treated without RT. 
H&N chemoprevention trials show a 4%/year rate of second primary 
neoplasm. 

50% of H&N CA patients who die from H&N cancer have local and/or 
regional as the sole site of failure. 
90% of pts who develop DM also have locally persistent or recurrent 
disease. 

Rusthoven et al.  IJROBP 2008. 

Head-neck

Rusthoven et al., 2008 

50% of HN cancer 
patients dying of their
cancer have local or 
regional reccurence
alone



Taussky et al. Head and Neck 2005 
Retrospective analysis 75 patients with locoregional reccurrence after RT +/-
chemo for H&N cancer. 

 17(23%) salvage surgery

 Median survival after reccurrence 44 months efter salvage surgery vs. 11 
months if no surgery (p=0.001) 

Head-neck

Retrospective analysis of 75 patients with locoregional 
recurrence after RT +/- chemo for H&N cancer. 

17 had salvage surgery 

Median post-recurrence survival was 44 months for 
salvage surgery vs. 11 months for no surgery (p=0.001). 

Taussky et al.  Head and Neck 2005. 



Temam et al. 
 16/69 recurrence of oropharyngeal cancer after RT had

surgical salvage. 
▪ 3-year OS 20%, 5-year OS 11% for those with surgery
McLaughlin et al. Head and Neck 1996. 
 23/26 LR Laryngeal cancer after RT for T1-2 SCC glottic larynx. 
▪ 59% had no recurrent cancer for at least 2 years after surgery. 
Parsons et al. IJROBP 1995. 
 30/46 LR after RT for SCC of the SGL had salvage surgery. 

50% with no recurrence in first 2 years.
▪ 5-year OS 20% for all LR, 29% for those with salvage surgery. 

Head-neck – salvage surgery

Generally DFS ≈36% after 2 years and OS ≈36% after 5 
years



Salama et al. IJROBP 2006 (Chicago)
• 115 patients with loco regional recurrences after RT 

• 49 surgery followed by CRT

• 66 CRT only 

• Large variation in doses and volumes

• Spinal cord och brainstem dose max 50 Gy from both treatments

• No constraints to soft tissue, bone and vessels

• 2Gy/d or 1.5 Gy BID

Head-neck – re-irradiation



Salama et al. IJROBP 2006 
(Chicago)
Outcomes

• Median composite RT dose 131 Gy 

• Median FU 67.4 months

• Median OS 11 months,  3-year OS 22% 

• 3-year LR controll 51%

Toxicity

• 19 patients died due to treatment induced
toxicity (median 7 months efter treatment)

• 9 patients died during CRT and 10 after
completing

Head-neck – re-irradiation
Outcomes 

Median composite RT dose was 131 
Gy 
Median FU 67.4 months 
Median OS 11 months, with 3-year 
OS 22% 
3-year LR controll 51%. 

Toxicity 
19 patients died of treatment 
related toxicity (median of 7 
months after treatment). 
9 patients died during CRT and 10 
died after completing treatment. 



Langer et al. JCO 2007 
RTOG 99-11
 105 patients (23% second primary, 
40% oropharynx). Median previous dose 
65.4 Gy, median RT interval 40 months

 1.5 Gy BID till 60 Gy med 
Cisplatin/Taxol

 Median FU 23.6 months

 Median Survival 12.1 months 

 2-y OS 25.9% 

• Grad >= 4 toxicity 28% 

• osteoradionekrosis 4% 

• 8 Grad 5 tox (5 acute and 3 late – 2 
carotid blowout) 

Head-neck

RTOG 99-11 results 

Median f/u 23.6 months 

Median Survival 12.1 months 

2-year OS 25.9% 

Toxicity 

Grade >= 4 toxicity 28% 

▪ Delayed osteoradionecrosis 4% 

▪ 8 fatal Grade 5 toxicities (5 acute 
and 3 late – 2 carotid blowout). 

RTOG 04-21 attempt to randomise patients between chemo alone and CRT failed due to 
poor recruitment



Tolerans – carotis

Garg et al. 2016 

Risk for blow-out

6 months

4,6% < 120 Gy

13,3%>120 Gy

12 moths

5,9% < 120 Gy

25% > 120 Gy



Results 
Significant difference in locoregional control 
in favor of the RT arm (HR 2.73 p < 0.001). 
Significant difference in DFS in favor of RT 
arm on MVA (HR 1.68 p = 0.01). 
No significant difference in OS. 

Toxicity 
28% of RT arm experienced Grade 3-4 acute 
toxicity 
3 early and 2 late treatment related deaths. 
Late Grade 2-3 toxicity 
▪ At 12 months: 26% in RT vs. 9% in WS (p = 0.06) 
▪ At 24 months: 39% in RT arm vs. 10% in WS arm 

(p = 0.06) 

Head-neck
Janot et al. JCO 2008 
CRT vs. BSC/other medical treatment

Significant advantage in DFS and LC, but not OS

• 28% Grade 3-4 acute tox (RT-arm)

• 3 early and 2 late treatment related deaths



Head-neckInherent advantages in the re-irradiation setting. 
Data are heterogeneous and retrospective. 

Wang et al.  Seminars in Radiation Oncology 2012. 

Wang et al. Seminars in Radiation Oncology 2012 

Retrospective, single-
institution review of 105 
patients with recurrent H&N 
cancer after RT 

75 had chemo with reirradiation 
Median initial RT dose 62 Gy, 
median reirradiation dose 59.4 
Gy 
70% of reirradiation plans used 
IMRT 
2-year locoregional PFS 42%; 
2-year OS 37% 

Lee et al.  IJROBP 2007. 

Lee et al. IJROBP 2007



Head-neck

• 7 centres - 412 patients

• Median dos re-IMRT 60 Gy (overlap with previous >40Gy), concomitant 
chemo 44%

• Median RT-interval 2.4 years

• Grade ≥3 19%, grade ≥4 4,4% and grade 5 1,2% (acute toxicity)

• 2-års cumulative incidence of grade ≥3 late toxicity 14.2% 



Most common causes of death 

• Loco regional and distal 
progression 70%

• 14 carotid blowout of which 9 
due to tumour progression

• Time to blowout median 2,4 years 
(4mån-11,7 years)

Head-neck



Head-neck

Median OS all patients 16.5 months and 2-year OS 40.0%





Head-neck



Head-neck - protons



Thank you


