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Abstract
Due to advances in the systemic and local treatment, e.g., targeted therapy, immune checkpoint inhibitors,
and stereotactic radiotherapy, an increasing proportion of patients with brain metastases now survive for
several years. However, long-term survival is not synonymous to permanent local control in the brain. Both
local and distant brain relapse sometimes necessitate additional radiotherapy to prevent death from
neurologic causes. Prescribing more than two courses of radiotherapy to the same target volume or, in this
case, brain metastasis, is a controversial approach. The present review summarizes the results of clinical
studies, that included patients treated with whole-brain radiotherapy (WBRT) and two courses of
stereotactic radiotherapy to the same, locally recurrent metastasis, and with two courses of WBRT and an
additional stereotactic radiotherapy.
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Introduction And Background
Fundamental progress in systemic and local treatment, e.g., targeted therapy, immune checkpoint
inhibitors, and stereotactic radiotherapy [1-7], has resulted in improvement of long-term survival after the
diagnosis of brain metastases, a condition historically associated with a median survival of only a few
months [8-9]. Mainly, these advances have been realized through spatial cooperation (extracranially active
drugs, local brain radiotherapy); however, an increasing number of drugs is also active in the brain. Survival
estimates, though not perfectly accurate for each individual patient, are provided by several prognostic
tools, which may assist in clinical decision making [10]. Importantly, long-term survival is not synonymous
to permanent local control of the brain metastases. Both local and distant brain relapse can occur after
variable time intervals, resulting in the demand for additional radiotherapy, if death from neurologic causes
is to be prevented. Prescribing more than two courses of radiotherapy to the same target volume or, in this
case, a brain lesion is a controversial approach [11-13]. Opponents have questioned the radiosensitivity of
recurrent tumors and pointed toward a lack of consensus regarding the dose constraints for organs at risk
(safety concerns). Nevertheless, several clinicians who offered such treatment have published their
experience. The present review summarizes the results of clinical studies, which included patients treated
with whole-brain radiotherapy (WBRT) and two courses of stereotactic radiotherapy (SRT) to the same,
locally recurrent metastasis, and with two courses of WBRT and additional SRT.

Review
The study is based on a systematic literature search using PubMed and Embase. It is limited to adult patients
having received treatment for parenchymal brain metastases. The keywords used were “brain metastases”,
“metastatic brain tumor”, "secondary brain tumor" and “cerebral metastases” in combination with
"reirradiation", "re-irradiation", “repeat radiotherapy” and “salvage”. The keywords were applied in the same
manner, and for all variations in both databases, one combination at a time, e.g. [brain metastases AND
reirradiation] or [cerebral metastases AND re-irradiation]. The time interval was 2005-2018, and the final
search was performed on August 31, 2018. It also included the reference lists of all articles and the
appropriate chapters in textbooks on brain metastases, neuro-oncology, and radiation oncology. Only
studies with a minimum number of five patients were included in the review.

We identified and reviewed six retrospective clinical studies of sequential WBRT and two courses of SRT [14-
19]. Balermpas et al. reported on 31 patients with 32 recurrent brain metastases (31% each with breast and
non-small cell lung cancer [NSCLC]) [14]. Even if the median number of lesions treated in both SRT series
was one, up to 10 lesions were irradiated in the initial course and up to three in the second one. The median
planning target volume (PTV) size was 2.0 and 2.5 cc, respectively. The median time interval was 12 months
(minimum three months). Five patients also received WBRT, i.e., three courses in total, and formed the group
of interest, as displayed in Table 1. However, the detailed results were not reported for these individual
patients. For all patients, the median follow-up was 11.9 months. One-year survival and local control was
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62% and 80%, respectively. Twenty-five patients experienced no toxicity, while five had radiological signs of
necrosis. 

Authors Number of
patients Sequence Treatment

details Local failure outcome Toxicity

Balermpas et
al. [14] 4 WBRT+SRS+SRS SFRT if

GTV >3 cm Not reported 1 Radionecrosis

 1 SRS+SRS+WBRT    

Kim et al. [15] 6 SRS+SRS+WBRT Not
reported Not reported Not reported

Koffer et al.
[16] 8 WBRT+SRS+SRS No SFRT Previous WBRT increased local

failure risk (trend) 3 Radionecrosis

McKay et al.
[17] 8 WBRT+SRS+SRS No SFRT Previous WBRT not sign.

associated with local failure
Radionecrosis observed,
unknown number

 3 SRS+SRS+WBRT    

Rana et al.
[18] 10 WBRT+SRS+SRS SFRT

included*
Previous WBRT not sign.
associated with local failure 1 Radionecrosis

 1 SRS+SRS+WBRT    

Moreau et al.
[19] 22 WBRT+SRS+SRS No SFRT Previous WBRT decreased local

failure risk (p = 0.003) 4 Radionecrosis

 2 SRS+SRS+WBRT    

Son et al. [20] 5 WBRT+SRS+WBRT Not
reported Not reported 1 Radionecrosis

 6 WBRT+WBRT+SRS    

Ozgen et al.
[21] 10 WBRT+SRS+WBRT No SFRT Not reported No radionecrosis

TABLE 1: Studies included in the review
SRS: stereotactic radiosurgery, WBRT: whole brain radiotherapy, SFRT: stereotactic fractionated radiotherapy, GTV: gross tumor volume

*selection criteria not specified

Kim et al. [15] included 114 patients with 176 locally recurrent metastases (59% NSCLC). Eighty percent had
a single recurring metastasis. For the few patients who received WBRT as their third course, no separate
outcome data were provided. By contrast, Koffer et al. [16] reported more details about their eight patients
who received additional WBRT. Overall, their study included 22 patients with 24 radiosurgery (SRS)-
managed lesions (41% NSCLC). The median target volume size was 2.25 and 3.3 cc, respectively, while the
median dose was 18 and 15.5 Gy, respectively. The median time interval was 13.4 months (median follow-up
was 8.8 months, identical to the median survival). One-year survival and local control was 38% and 61%,
respectively. Out of eight patients, three each developed local failure or radionecrosis (75% combined),
meaning that only 25% achieved an optimal outcome. Stratified by prior WBRT, local failure rates were 37.5%
and 12.5%, respectively (p = 0.15). The corresponding figures for radionecrosis were 37.5 and 6.3% (p = 0.05),
respectively.

The fourth eligible study included 32 patients with 46 lesions treated with repeated SRS (50% NSCLC) [17].
The median time interval was 19 months (minimum two months). The median tumor volume was 1.3 and 1
cc, respectively (median dose 20 + 20 Gy). One-year survival and local control was 70% and 79%, respectively
(not available for the subgroup of interest). Prior WBRT was not significantly associated with local failure
(neither with radionecrosis). However, details and percentages were not reported. Based on all 46 lesions,
the rate of radiation necrosis was 30%.

The fifth eligible study included 11 patients of interest (a total number of 28 patients with 32 metastases,
mainly melanoma [39%]) [18]. The median gross tumor volume (GTV) size was 0.5 and 1.4 cc, respectively
and the median dose was 24 and 26.5 Gy, respectively. The median time interval was 10 months. In case of
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previous WBRT, the median time to first SRT was 11 months (minimum three months). One-year survival
and local control was 91% and 88%, respectively (not available for the patients of interest). Prior WBRT was
not significantly associated with local failure (neither with radionecrosis). However, details and percentages
were not reported. Based on all 32 lesions, six (18.8%) developed radionecrosis. 

Moreau et al. [19] have published the largest dataset of interest (n = 24), extracted from their analysis of 30
patients with 36 lesions (50% lung cancer, not stratified by histology). None of the patients had a
neurological deficit at the time of second SRS. Minimum Karnofsky performance status (KPS) was 70. The
maximum diameter of local recurrence was 3 cm and it was located >5 mm away from the brainstem, optic
nerves, chiasm, and outside the motor area. The median PTV size was 1.5 and 4.8 cc, and the median dose
was 18 Gy at the isocenter (all 30 patients). Median follow-up from final SRS was 14 months. WBRT was
standardized, always 10 fractions of 3 Gy. For all 30 patients, one-year local control was 68%. Previous WBRT
was associated with a better local control (hazard ratio: 0.25, 0.1 to 0.64, p = 0.003). One-year survival was
66%. Four out of the 22 patients (18%) with initial WBRT developed radionecrosis, five hemorrhages, and
five radiologic signs of edema. These patients did not develop neurologic deficits (Radiation Therapy
Oncology Group (RTOG) grade one or two adverse effects).

Two additional studies involved patients managed with repeated WBRT rather than repeated SRS. Son et al.
reported on 17 patients treated with repeated WBRT, 11 of whom also received SRS [20]. The median WBRT
dose was 35 and 21.6 Gy, respectively. The median time interval between the WBRT series was 18 months
(minimum 3.6 months). Median survival after second WBRT was 5.0 months. Unfortunately, detailed
outcomes for the patients of interest are lacking. Ozgen et al. reported on 28 patients treated with repeated
WBRT, 10 of whom also received SRS [21]. The median WBRT dose was 30 and 25 Gy, respectively. The
median SRS dose was 14 Gy. The median time interval from WBRT to SRS was 11 months (minimum four
months), and the median interval from SRS to second WBRT was eight months (minimum four months).
Median survival after second WBRT was three months (not significantly different if SRS had been given).
Symptomatic response after second WBRT was relatively uncommon if SRS also had been administered (30%
vs. 64% without previous SRS, p = 0.36).

The present review did not identify any large and/or prospective clinical studies. Summarized, the patient
numbers ranged from five to 24. For the first scenario (two series of SRT and one WBRT), six studies were
eligible [14-19]. The typical sequence of radiotherapy (RT) was WBRT first, followed by SRT (overall 52
patients), while 13 patients finished their RT sequence with WBRT. Figure 1 shows a hypothetical patient
case. 

FIGURE 1: Scenario with initial whole-brain radiotherapy

Most studies failed to provide useful data for the patients treated with three courses. Only one reported all
the time intervals between the three series (10 and 11 months) [18]. The others reported only one interval
(median: 10, 12, 13, and 19 months). Occasionally, patients were re-irradiated after two or three months.
Only one study reported the WBRT dose/fractionation regimen [19]. Thus, the dose recommendations or
constraints cannot be provided. Likewise, an individual patient data meta-analysis cannot be performed.
Median follow-up was not reported in all studies (if available, maximum 14 months). The one-year survival
rates were reported for all patients rather than those who were treated with three courses. It ranged from
38% to 91%, with the median being 62%. Except for one study with eight patients [16], local control was only
reported for all study patients and not those of interest. The one-year local control rates ranged from 68% to
88% (median 79%). However, it was lower in the one study with separate data (62.5%). These conflicting
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data indicated that initial WBRT could either decrease or increase the risk of local failure, while two studies
found no significant association. However, it is important to emphasize that the statistical power of these
studies was low, meaning that clinically important differences were unlikely to be detected. In the study with
the best quality of data reporting (and at the same time largest size) [19], the rate of radionecrosis was 18%
after WBRT and two courses of SRS. The other studies reported 10% to 37.5%. If pooled, the overall rate was
20% (nine of 46 patients). This figure is difficult to put in context due to the lack of dosimetric and
volumetric information. Moreover, it remains unknown if the risk was higher in patients re-irradiated after
shorter time intervals or given potentially sensitizing systemic treatment. Nevertheless, one would not
expect radionecrosis rates in the order of 20% after just a single SRS treatment, unless large lesions are
treated with high-dose single fraction [22-26]. In the setting of brain glioma, SRS re-irradiation after the
initial fractionated radiotherapy has resulted in radionecrosis rates of ≥20% [27].

For the second scenario (two courses of WBRT and one SRS), two studies were eligible [20-21]. These small
studies reported shorter survival after third RT than the ones included in the first scenario. As only one
patient developed radionecrosis, the overall risk appears lower, consistent with the fact that cumulative
equivalent dose was lower. The rate of symptomatic response after second WBRT was relatively low (30%).
Yet, this result is derived from only 10 patients. Given that many institutions currently delay WBRT and offer
two or more courses of SRS or other focal treatments instead, the utilization rates of repeated WBRT are
expected to decline. We could not identify data related to neurocognitive function or quality of life in the
literature on repeat re-irradiation. Due to the limitations of all studies reviewed here and a lack of
information about the causes of death and other relevant endpoints, prospective collection of additional
data is necessary before any strong recommendations can be made. In the meantime, individual concepts
including repeated SRS and salvage WBRT should be discussed with eligible patients.

Conclusions
The rates of adverse effects appear not clearly prohibitive when three courses of radiotherapy have to be
considered because occasional patients have run out of other options. Eventually, such patients must decide
and consent on an individual basis and the present review provides the best available clinical evidence to
support decision making, also for clinicians participating in tumor boards where all treatment options
should be discussed. The available data is not sufficient to determine how many patients experience local
control and/or symptomatic improvement without high-grade treatment-induced adverse events, or in other
words, the unequivocal net benefit from three courses of radiotherapy.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Sperduto PW, Deegan BJ, Li J, et al.: Effect of targeted therapies on prognostic factors, patterns of care, and

survival in patients with renal cell carcinoma and brain metastases. Int J Radiat Oncol Biol Phys. 2018,
101:845-853. 10.1016/j.ijrobp.2018.04.006

2. Ramakrishna N, Temin S, Chandarlapaty S, et al.: Recommendations on disease management for patients
with advanced human epidermal growth factor receptor 2-positive breast cancer and brain metastases:
ASCO clinical practice guideline update. J Clin Oncol. 2018, 36:2804-2807. 10.1200/JCO.2018.79.2713

3. Tallet AV, Dhermain F, Le Rhun E, Noël G, Kirova YM: Combined irradiation and targeted therapy or
immune checkpoint blockade in brain metastases: toxicities and efficacy. Ann Oncol. 2017, 28:2962-2976.
10.1093/annonc/mdx408

4. Nieder C, Marienhagen K, Dalhaug A, Aandahl G, Haukland E, Pawinski A: Impact of systemic treatment on
survival after whole brain radiotherapy in patients with brain metastases. Med Oncol. 2014, 31:927.
10.1007/s12032-014-0927-2

5. Murovic J, Ding V, Han SS, Adler JR, Chang SD: Impact of CyberKnife radiosurgery on median overall
survival of various parameters in patients with 1-12 brain metastases. Cureus. 2017, 9:e1926.
10.7759/cureus.1926

6. Bilger A, Bretzinger E, Fennell J, et al.: Local control and possibility of tailored salvage after
hypofractionated stereotactic radiotherapy of the cavity after brain metastases resection. Cancer Med. 2018,
7:2350-2359. 10.1002/cam4.1486

7. Oehlke O, Wucherpfennig D, Fels F, et al.: Whole brain irradiation with hippocampal sparing and dose
escalation on multiple brain metastases: local tumour control and survival. Strahlenther Onkol. 2015,
191:461-469. 10.1007/s00066-014-0808-9

8. Cacho-Díaz B, Spínola-Maroño H, González-Aguilar A, Arrieta O: Factors associated with long-term survival
in central nervous system metastases. J Neurooncol. 2018, 140:159-164. 10.1007/s11060-018-2946-x

9. Gogineni E, Vargo JA, Glaser SM, et al.: Long-term survivorship following stereotactic radiosurgery alone for
brain metastases: risk of intracranial failure and implications for surveillance and counseling.

2018 Nieder et al. Cureus 10(12): e3712. DOI 10.7759/cureus.3712 4 of 5

https://dx.doi.org/10.1016/j.ijrobp.2018.04.006
https://dx.doi.org/10.1016/j.ijrobp.2018.04.006
https://dx.doi.org/10.1200/JCO.2018.79.2713
https://dx.doi.org/10.1200/JCO.2018.79.2713
https://dx.doi.org/10.1093/annonc/mdx408
https://dx.doi.org/10.1093/annonc/mdx408
https://dx.doi.org/10.1007/s12032-014-0927-2
https://dx.doi.org/10.1007/s12032-014-0927-2
https://dx.doi.org/10.7759/cureus.1926
https://dx.doi.org/10.7759/cureus.1926
https://dx.doi.org/10.1002/cam4.1486
https://dx.doi.org/10.1002/cam4.1486
https://dx.doi.org/10.1007/s00066-014-0808-9
https://dx.doi.org/10.1007/s00066-014-0808-9
https://dx.doi.org/10.1007/s11060-018-2946-x
https://dx.doi.org/10.1007/s11060-018-2946-x
https://dx.doi.org/10.1093/neuros/nyx376


Neurosurgery. 2018, 83:203-209. 10.1093/neuros/nyx376
10. Nieder C, Mehta MP, Geinitz H, Grosu AL: Prognostic and predictive factors in patients with brain

metastases from solid tumors: a review of published nomograms. Crit Rev Oncol Hematol. 2018, 126:13-18.
10.1016/j.critrevonc.2018.03.018

11. Nieder C, Langendijk JA, Guckenberger M, Grosu AL: Preserving the legacy of reirradiation: a narrative
review of historical publications. Adv Radiat Oncol. 2017, 2:176-182. 10.1016/j.adro.2017.02.005

12. Nieder C, Langendijk JA, Guckenberger M, Grosu AL: Second re-irradiation: a narrative review of the
available clinical data. Acta Oncol. 2018, 57:305-310.

13. Nieder C, Yobuta R, Mannsåker B: Second re-irradiation: clinical examples of worthwhile treatment .
Cureus. 2018, 10:e2813. 10.7759/cureus.2813

14. Balermpas P, Stera S, Müller von der Grün J, et al.: Repeated in-field radiosurgery for locally recurrent brain
metastases: feasibility, results and survival in a heavily treated patient cohort. PLoS One. 2018,
13:e0198692. 10.1371/journal.pone.0198692

15. Kim IY, Jung S, Jung TY, et al.: Repeat stereotactic radiosurgery for recurred metastatic brain tumors . J
Korean Neurosurg Soc. 2018, 61:633-639. 10.3340/jkns.2017.0238

16. Koffer P, Chan J, Rava P, et al.: Repeat stereotactic radiosurgery for locally recurrent brain metastases . World
Neurosurg. 2017, 104:589-593. 10.1016/j.wneu.2017.04.103

17. McKay WH, McTyre ER, Okoukoni C, et al.: Repeat stereotactic radiosurgery as salvage therapy for locally
recurrent brain metastases previously treated with radiosurgery. J Neurosurg. 2017, 127:148-156.
10.3171/2016.5.JNS153051

18. Rana N, Pendyala P, Cleary RK, et al.: Long-term outcomes after salvage stereotactic radiosurgery (SRS)
following in-field failure of initial SRS for brain metastases. Front Oncol. 2017, 7:279.
10.3389/fonc.2017.00279

19. Moreau J, Khalil T, Dupic G, et al.: Second course of stereotactic radiosurgery for locally recurrent brain
metastases: safety and efficacy. PLoS One. 2018, 13:e0195608. 10.1371/journal.pone.0195608

20. Son CH, Jimenez R, Niemierko A, Loeffler JS, Oh KS, Shih HA: Outcomes after whole brain reirradiation in
patients with brain metastases. Int J Radiat Oncol Biol Phys. 2012, 82:e167-172.
10.1016/j.ijrobp.2011.03.020

21. Ozgen Z, Atasoy BM, Kefeli AU, Seker A, Dane F, Abacioglu U: The benefit of whole brain reirradiation in
patients with multiple brain metastases. Radiat Oncol. 2013, 8:186. 10.1186/1748-717X-8-186

22. Sneed PK, Mendez J, Vemer-van den Hoek JG, et al.: Adverse radiation effect after stereotactic radiosurgery
for brain metastases: incidence, time course, and risk factors. J Neurosurg. 2015, 123:373-386.
10.3171/2014.10.JNS141610

23. Amsbaugh M, Pan J, Yusuf MB, et al.: Dose-volume response relationship for brain metastases treated with
frameless single-fraction linear accelerator-based stereotactic radiosurgery. Cureus. 2016, 8:e587.
10.7759/cureus.587

24. Song YP, Colaco RJ: Radiation necrosis - a growing problem in a case of brain metastases following whole
brain radiotherapy and stereotactic radiosurgery. Cureus. 2018, 10:e2037. 10.7759/cureus.2037

25. Maranzano E, Trippa F, Casale M, et al.: Reirradiation of brain metastases with radiosurgery . Radiother
Oncol. 2012, 102:192-197. 10.1016/j.radonc.2011.07.018

26. Minniti G, Scaringi C, Paolini S, et al.: Single-fraction versus multifraction (3 × 9 Gy) stereotactic
radiosurgery for large (2 cm) brain metastases: a comparative analysis of local control and risk of radiation-
induced brain necrosis. Int J Radiat Oncol Biol Phys. 2016, 95:1142-1148. 10.1016/j.ijrobp.2016.03.013

27. Nieder C, Andratschke NH, Grosu AL: Re-irradiation for recurrent primary brain tumors . Anticancer Res.
2016, 36:4985-4995. 10.21873/anticanres.11067

2018 Nieder et al. Cureus 10(12): e3712. DOI 10.7759/cureus.3712 5 of 5

https://dx.doi.org/10.1093/neuros/nyx376
https://dx.doi.org/10.1016/j.critrevonc.2018.03.018
https://dx.doi.org/10.1016/j.critrevonc.2018.03.018
https://dx.doi.org/10.1016/j.adro.2017.02.005
https://dx.doi.org/10.1016/j.adro.2017.02.005
https://www.ncbi.nlm.nih.gov/pubmed/29187033
https://dx.doi.org/10.7759/cureus.2813
https://dx.doi.org/10.7759/cureus.2813
https://dx.doi.org/10.1371/journal.pone.0198692
https://dx.doi.org/10.1371/journal.pone.0198692
https://dx.doi.org/10.3340/jkns.2017.0238
https://dx.doi.org/10.3340/jkns.2017.0238
https://dx.doi.org/10.1016/j.wneu.2017.04.103
https://dx.doi.org/10.1016/j.wneu.2017.04.103
https://dx.doi.org/10.3171/2016.5.JNS153051
https://dx.doi.org/10.3171/2016.5.JNS153051
https://dx.doi.org/10.3389/fonc.2017.00279
https://dx.doi.org/10.3389/fonc.2017.00279
https://dx.doi.org/10.1371/journal.pone.0195608
https://dx.doi.org/10.1371/journal.pone.0195608
https://dx.doi.org/10.1016/j.ijrobp.2011.03.020
https://dx.doi.org/10.1016/j.ijrobp.2011.03.020
https://dx.doi.org/10.1186/1748-717X-8-186
https://dx.doi.org/10.1186/1748-717X-8-186
https://dx.doi.org/10.3171/2014.10.JNS141610
https://dx.doi.org/10.3171/2014.10.JNS141610
https://dx.doi.org/10.7759/cureus.587
https://dx.doi.org/10.7759/cureus.587
https://dx.doi.org/10.7759/cureus.2037
https://dx.doi.org/10.7759/cureus.2037
https://dx.doi.org/10.1016/j.radonc.2011.07.018
https://dx.doi.org/10.1016/j.radonc.2011.07.018
https://dx.doi.org/10.1016/j.ijrobp.2016.03.013
https://dx.doi.org/10.1016/j.ijrobp.2016.03.013
https://dx.doi.org/10.21873/anticanres.11067
https://dx.doi.org/10.21873/anticanres.11067

	Second Re-irradiation of Brain Metastases: A Review of Studies Involving Stereotactic Radiosurgery
	Abstract
	Introduction And Background
	Review
	TABLE 1: Studies included in the review
	FIGURE 1: Scenario with initial whole-brain radiotherapy

	Conclusions
	Additional Information
	Disclosures

	References


