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Abstract
Purpose Many publications report laser-interstitial thermal therapy (LITT) as a viable alternative treatment to craniotomy 
for radiation necrosis (RN) and re-growing tumor occurring after stereotactic radiosurgery (SRS) for brain metastases. No 
studies to-date have compared the two options. The aim of this study was to retrospectively compare outcomes after LITT 
versus craniotomy for regrowing lesions in patients previously treated with SRS for brain metastases.
Methods Data were collected from a single-institution chart review of patients treated with LITT or craniotomy for previ-
ously irradiated brain metastasis.
Results Of 75 patients, 42 had recurrent tumor (56%) and 33 (44%) had RN. Of patients with tumor, 26 underwent cra-
niotomy and 16 LITT. For RN, 15 had craniotomy and 18 LITT. There was no significant difference between LITT and 
craniotomy in ability to taper off steroids or neurological outcomes. Progression-free survival (PFS) and overall survival 
(OS) were similar for LITT versus craniotomy, respectively: %PFS-survival at 1-year = 72.2% versus 61.1%, %PFS-survival 
at 2-years = 60.0% versus 61.1%, p = 0.72; %OS-survival at 1-year = 69.0% versus 69.3%, %OS-survival at 2-years = 56.6% 
versus 49.5%, p = 0.90. Craniotomy resulted in higher rates of pre-operative deficit improvement than LITT (p < 0.01). On 
subgroup analysis, the single factor most significantly associated with OS and PFS was pathology of the lesion. About 40% 
of tumor lesions needed post-operative salvage with radiation after both craniotomy and LITT.
Conclusions LITT was as efficacious as craniotomy in achieving local control of recurrent irradiated brain metastases and 
facilitating steroid taper, regardless of pathology. Craniotomy appears to be more advantageous for providing symptom relief 
in those with pre-operative symptoms.
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Introduction

Stereotactic radiosurgery (SRS) is now being used as first 
line treatment for oligometastatic brain metastases and is 
becoming increasingly commonplace as focal treatment of 
multiple brain metastases, with acceptable rates of response 
and morbidity. Despite its success, it is now known that in 

5–15% of patients with longer survival, regrowth of tumor 
or development of lesion regrowth devoid of tumor cells, 
considered adverse radiation effect but more commonly 
termed radiation necrosis, can occur. In both scenarios, for 
those lesions that are easily surgically amenable, craniot-
omy for surgical resection allows for (1) accurate differen-
tial diagnosis between tumor and radiation necrosis and (2) 
removal of the offending lesion aiding in rapid resolution 
of perilesional edema, local mass effect and any associated 
neurological symptoms. For patients with more deep-seated 
lesions where surgical management complications may lead 
to further decline in neurological function, or in patients 
in whom craniotomy is not an acceptable option, few good 
alternative treatments have been available.

MRI-guided laser interstitial thermotherapy (LITT) 
is an emerging procedure which can achieve both 
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pathological diagnosis and ablative therapy. Its use has 
been reported particularly for those lesions that are sub-
optimal for conventional surgical resection due to lesion 
location. With its increasing availability, however, the 
choice of using LITT for treatment of these lesions rather 
than craniotomy has also become an issue of patient pref-
erence. Previous studies by multiple groups, including 
those at our institution, have demonstrated the safety and 
efficacy of LITT [1–5]. Recently, a multicenter retrospec-
tive study encompassing 30 patients across four centers by 
Chaunzwa et al. [6] demonstrated relatively low complica-
tion rates, short hospitalization stays, and effective reduc-
tion of perilesional edema in the majority of LITT-treated 
patients [6]. However, to date there are no studies that 
have compared the efficacy of LITT to standard surgical 
resection or analyzed the factors that make one approach 
more favorable over the other. To address this question, 
we performed a single institution retrospective review of 
patients who were previously treated with SRS for brain 
metastases and subsequently underwent either LITT or 
surgical resection for SRS-treated lesion regrowth.

Methods

Patient selection

Institutional review board approval was obtained to retro-
spectively review the clinical information for all patients 
who underwent craniotomies or LITT procedures for brain 
metastases after failing SRS between 2007 and 2016 at 
Yale University. Lesional regrowth was defined as an 
increase in 20% in any single dimension of the lesion as 
defined by RECIST criteria. Lesion volume was measured 
utilizing the ABC/2 formula measuring greatest dimen-
sions in the axial, coronal, and sagittal planes. In all cases 
of LITT, stereotactic brain biopsy was obtained prior to 
the laser thermal ablation. Final pathological diagnosis 
was determined based on review of samples by neuro-
pathologists. Lesions considered to be radiation necro-
sis demonstrated no viable tumor cells after histological 
analysis. Samples comprised of a mixture of necrosis and 
viable tumor cells were classified as recurrent tumor in 
this study. The electronic medical records of the included 
patients were retrospectively reviewed for demographic 
data, clinical outcomes including survival measures, and 
all records of medical, radiation, and surgical treatments 
prior to and after LITT or craniotomy. The decision to 
pursue craniotomy versus LITT was based upon surgeon 
judgment and patient preference on a case-by-case basis, 
the details of which are discussed later.

Surgical technique and management

All LITT procedures were performed in an intraoperative 
3.0T MR scanner (IMRIS, Mannitoba, Canada) using the 
NeuroBlate laser system produced by Monteris Medical 
Inc. (Minnesota, USA), as well as navigation guidance 
with the ClearPoint system produced by MRI Interven-
tions Inc. (California, USA). Each LITT procedure was 
carried out in standard fashion, as previously described in 
our earlier studies [1, 6].

Post‑operative management

Follow-up MRIs and clinical outpatient visits typically 
occurred at 1, 3, and 6 months after surgery. Failure of the 
surgical procedure was defined as regrowth of the ablated 
or resected lesion on T1-weighted post-contrast MRI with 
associated increased surrounding fluid-attenuated inver-
sion-recovery (FLAIR), regardless of whether there was 
symptom recurrence.

Results

Patient demographics and clinical features

Seventy-five patients were included in this study with a 
mean age at time of surgery of 60.2 ± 11.2 years. Gender 
breakdown was 41 females (54.7%) and 34 males (45.3%). 
Among the 75 patients, 41 underwent craniotomy and 34 
underwent LITT. Subjects were further sub-divided into 
one of four cohorts based on treatment modality and final 
pathology. Of the 41 treated with craniotomy, 15 patients 
had radiation necrosis and 26 had recurrent tumor. Among 
the 34 treated with LITT, 18 patients had radiation necro-
sis and 16 had recurrent tumor. There were no statistically 
significant differences in gender or age at time of surgery 
among the four cohorts (Table 1).

The most common primary pathology was lung can-
cer (33/75, 44%) followed by melanoma (27/75, 36%) 
and breast cancer (7/75, 9.3%). The remaining cases were 
comprised of embryonal germ cell tumor (n = 2), blad-
der cancer (n = 1), renal cell cancer (n = 1), mesothelioma 
(n = 1) and colorectal cancer (n = 3). The lesions were 
located in the frontal lobe (n = 34), parietal lobe (n = 11), 
temporal lobe (n = 10), occipital lobe (n = 10), cerebellum 
(n = 8), thalamus (n = 1), and basal ganglia (n = 1). The 
mean volume of the target lesions was 6.29 cm3 and was 
significantly larger for the craniotomy group versus the 
LITT group (8.1 versus 4.1 cm3, p = 0.02). The mean dose 
of radiation delivered to the lesion margin was 20.4 Gy 
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(range 16 to 30 Gy) and was similar across all cohorts 
(p > 0.99) (Table 2).

At the time of surgery, 46 (61.3%) patients had active/
progressive systemic disease while 29 (38.7%) patients had 
controlled systemic disease (N.S. across cohorts). Among 
the 41 patients treated with craniotomy, 23 (56.1%) had 
active/progressive systemic disease, while 18 (43.9%) had 
controlled systemic disease. In the 34 patients who under-
went LITT, 23 (67.6%) had active/progressive systemic 
disease, while 11 (32.4%) had controlled systemic disease 
(Table 1). Of the 75 lesions, 15 had previously been treated 
with WBRT (20.0%) and 9 had been previously treated with 
SRS (12.0%) to the same lesion. Among the 15 previously 
treated with WBRT, 6 (40.0%) had recurrent tumor, and 9 
(60.0%) had radiation necrosis, while among the 9 previ-
ously treated with SRS, 6 (66.6%) had recurrent tumor, and 
3 (33.3%) had radiation necrosis (Table 1). Five patients had 
previously had craniotomy for their lesion before undergo-
ing SRS and subsequently were included in our study via 
repeat craniotomy (n = 1) or LITT (n = 4). The average time 
from SRS to surgery was 1.14 years among all patients and 
was significantly longer in patients who harbored radiation 
necrosis (1.5 years) versus recurrent tumor (0.85 years) 
(p < 0.01).

Reasons for choosing LITT over craniotomy were: patient 
preference when both craniotomy and LITT offered (n = 21), 
concern for greater risk of additional neurological morbid-
ity with surgical approach in deep seated lesions (n = 9), 
primary intent of surgery was to obtain tissue diagnosis in 
asymptomatic patient and therefore minimally invasive pro-
cedure preferred (n = 2), not a suitable open surgical candi-
date due to wound healing issues (n = 1), and smaller inci-
sion thought to limit time off from systemic therapy (n = 1).

Clinical outcomes

The mean length of hospital stay after LITT was 3.1 days, 
compared to 3.9 days for craniotomy (p = 0.03). The mean 
duration of the surgical procedure including anesthesia 
induction and extubation was 7.6 h for LITT, significantly 
longer than 4.5 h for craniotomy (p < 0.001) (Table 3). All 

Table 1  Patient demographics

Total number of patients 75
Sex, female (%) 41 (54.7%)
Mean age, years (SD) 60.2 (11.2)
Number of patients treated with craniotomy, n (%) 41 (54.7%)

  Pathology—tumor 26 (63.4%)
  Pathology—radiation necrosis 15 (36.6%)

Number of patients treated with LITT, n (%) 34 (45.3%)
  Pathology—tumor 16 (47.1%)
  Pathology—radiation necrosis 18 (52.9%)

Systemic disease status at time of surgery, n (%)
 Craniotomy
  Active/progressive 23 (56.1%)
  Controlled or absent 18 (43.9%)

 LITT
  Active/progressive 23 (67.6%)
  Controlled or absent 11 (32.4%)

 Radiation history, n (%)
  Previous WBRT 15 (20.0%)
  Previous SRS 9 (12.0%)

 Surgical history, n (%)
  Previous craniotomy 1 (1.3%)
  Previous LITT 4 (5.3%)

 Primary pathology, n (%)
  Lung 33 (44.0%)
  Melanoma 27 (36.0%)
  Breast 7 (9.3%)
  Other 8 (10.7%)

 Lesion location, n (%)
  Frontal 34 (45.3%)
  Parietal 11 (14.7%)
  Temporal 10 (13.3%)
  Occipital 10 (13.3%)
  Cerebellum 8 (10.7%)
  Other 2 (2.7%)

Table 2  SRS dosing and post-
operative therapies

Craniotomy for RN Craniotomy for tumor LITT for RN LITT for tumor

SRS dose range (Gy) 20.0 (16 to 24) 20.2 (16 to 24) 19.7 (16 to 24) 21.6 (18 to 30)
% receiving adjuvant therapy
 Additional radiation 1/15 (6.7%) 11/26 (42.3%) 0/18 (0%) 6/16 (37.5%)
 Immunotherapy 8/15 (53.3%) 8/26 (30.8%) 3/18 (16.7%) 6/16 (37.5%)
 Targeted mutation 

therapy/chemo-
therapy

6/15 (40%) 15/26 (57.7%) 7/18 (38.9%) 6/16 (37.5%)

 Bevacizumab 3/15 (20%) 5/26 (19.2%) 7/18 (38.9%) 1/16 (6.3%)
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lesions treated via craniotomy achieved gross total resection 
or near total resection (> 90% radiographic removal of the 
targeted lesion). Likewise, all lesions treated with LITT were 
ablated to encompass 100% of the targeted tumor volume 
using standard computing software from Monteris Medical 
Inc.

At time of surgery, 23 patients were asymptomatic while 
the remaining 52 patients were symptomatic. Chief com-
plaints included: headaches (n = 17), seizures (n = 14), motor 
deficits (n = 11), dysphasia (n = 5), visual deficits (n = 3), 
and sensory changes (n = 2). There were no significant dif-
ferences between LITT (23/34, 67.6%) versus craniotomy 
(29/41, 70.7%) groups in prevalence of pre-operative symp-
tomatology (p = 0.81). Degree of post-operative symptom 
relief was further analyzed based on lesion size and treat-
ment modality. Among the 34 lesions treated with LITT, 
20 (58.8%) were < 2 cm in greatest dimension, 11 (32.4%) 
were 2–3 cm, and 3 (8.8%) were > 3 cm while among the 41 
lesions treated with craniotomy, 12 (29.3%) were < 2 cm, 
18 (43.9%) were 2–3 cm, and 11 (26.8%) were > 3 cm. As 
expected, percentage of symptomatic patients increased with 
lesion size − 17/32 patients (53%) for lesions < 2 cm, 22/29 
(76%) for 2–3cm lesions, and (13/14) 93% for lesions > 3 cm.

Improvement (complete or partial) in symptoms was 
seen in 87% (20/23) of LITT patients and 90% (26/29) 
craniotomy patients. Complete resolution of pre-operative 
symptoms, however, was reported in 21/29 (72.4%) of those 
treated with craniotomy compared with 6/23 (26.1%) treated 
with LITT (p < 0.01). Symptoms that significantly improved 
included headaches (n = 13), seizures (n = 7), motor deficits 
(n = 3), dyphasia (n = 2), visual deficits (n = 1), and sensory 
changes (n = 1). Partial improvement in pre-operative symp-
toms were seen in 5/29 (17.2%) in the craniotomy group 
and in 14/23 (60.9%) in the LITT group (p < 0.01). These 
symptoms included motor deficits (n = 7), seizures (n = 6), 
dysphasia (n = 3), headache (n = 1), visual deficits (n = 1), 
and sensory change (n = 1). These data are summarized in 
Supplementary Table 1.

Prior to surgery, 19 patients (46%) in the craniotomy 
group required steroids for symptom control, compared to 
23 patients (68%) in the LITT group. At 1-month follow-
up, despite a significant difference in the amount of symp-
tom reduction between the two groups, an equivalent 9/19 
(47.4%) patients in the craniotomy group and 8/23 (34.8%) 

in the LITT group had been able to be weaned off steroids 
(p = 0.53) (Table 3).

There were no significant differences in the rate of peri-
operative complications (within 30 days of surgery) between 
the LITT (12/34, 35.3%) and craniotomy (10/41, 24.4%) 
groups (p = 0.32). In the craniotomy group, complications 
included worsened visual deficits (n = 2), motor weakness 
(n = 3), seizures (n = 2), dysphasia (n = 2) and hyperglycemia 
(n = 1). For the LITT group, complications included motor 
weakness (n = 3), hyperglycemia (n = 2), thrombocytopenia 
(n = 1), deep venous thrombosis (n = 1), dysphasia (n = 1), 
visual disturbance (n = 2), and seizure (n = 2) (Table 3).

As expected, post-operatively, patients harboring recur-
rent tumor pathology underwent additional radiation, at 
significantly higher rates (17/42; 40.5%) compared to those 
with radiation necrosis (1/33; 3.0%) (p < 0.003). There were 
no significant differences in rates of post-operative radiation 
for patients with recurrent tumor between those treated with 
LITT, 6/16 (37.5%) versus those who underwent craniot-
omy, 11/26 (42.3%) (p > 0.99). In patients who had radiation 
necrosis, there were likewise no significant differences in 
rates of post-operative bevacizumab therapy between those 
treated with LITT, 7/18 (38.9%), compared to those treated 
with craniotomy, 3/15 (20%) (p = 0.28) (Table 2).

Local control and survival outcomes

Local progression free survival (PFS) was measured as the 
length of time from surgery to the radiographic evidence 
of local progression and/or recurrence. In the craniotomy 
group, PFS rates were 70.5% at 6 months and remained 
61.1% at 12, 18, and 24 months. In the LITT group, PFS 
rates were not significantly different and were 75.6% at 6 
months, 72.2% at 12 months, 66.6% at 18 months, and 60.0% 
at 24 months (p = 0.722) (Fig. 1a). When analyzed for final 
pathology, PFS for patients with radiation necrosis was sig-
nificantly longer than those with recurrent tumor: 87.4% at 
6, 12, and 18 months and 81.5% at 24 months compared to 
61.5% at 6 months, 48.8% at 12 months, and 44.7% at 18 and 
24 months, respectively (p < 0.01) (Fig. 1b). Among patients 
treated for radiation necrosis, PFS was similar between those 
undergoing craniotomy (86.7% at 6, 12, 18, and 24 months) 
and those who had LITT (87.8% at 6, 12, and 18 and 73.2% 
at 24 months) (p = 0.68). Likewise, in patients who had 

Table 3  Clinical outcomes LITT Craniotomy p value

Mean length of hospital stay 3.1 3.9 0.03
Mean duration of surgical procedure 7.6 4.5 < 0.001
Symptom improvement 20/23 (87.0%) 26/29 (89.7%) > 0.99
Ability to wean off steroids at 1 month follow-up 8/23 (34.8%) 9/19 (47.4%) 0.53
Rate of peri-operative complications 12/34 (35.3%) 10/41 (24.4%) 0.32
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recurrent tumor, PFS for craniotomy (61.0% at 6, 44.4% at 
12, 18, and 24 months) was similar to LITT (62.5% at 6, 
54.7% at 12, 43.8% at 18 and 24 months) (p = 0.99) (Fig. 1c).

Overall survival (OS) was measured as length of time 
from surgery to time of death from any cause. In the crani-
otomy group, OS rates were 92.7% at 6 months, 69.3% at 12 
months, 52.4% at 18 months, and 49.5% at 24 months, which 
was not significantly different from the LITT group with OS 
rates of 79.4% at 6 months, 69.0% at 12 months, 65.3% at 18 
months, and 56.6% at 24 months (p = 0.904) (Fig. 1d). Like 
PFS, OS was significantly greater for patients with radia-
tion necrosis versus those with tumor regrowth (97.0% at 
6 months, 83.5% at 12 months, 72.1% at 18 months, and 
63.3% at 24 months versus 78.6% at 6 months, 57.5% at 
12 months, 46.4% at 18 months, and 43.5% at 24 months, 
respectively) (p < 0.01) (Fig. 1e). When analyzed by cohort, 
differences in OS trended towards but did not achieve sta-
tistical significance (p = 0.071). Overall survival for patients 
undergoing craniotomy for radiation necrosis was 100% at 6 
months, 93.3% at 12 months, 71.8% at 18 months, and 64.6% 
at 24 months, those undergoing LITT for radiation necrosis 
was 94.4% at 6 months, 73.8% at 12 and 18 months, and 
63.2% at 24 months, craniotomy for tumor was 88.5% at 6 
months, 54.3% at 12 months, 40.2% at 18 and 24 months, 
and LITT for tumor was 62.5% at 6 and 12 months, 55.6% 
at 18 months, and 48.6% at 24 months (Fig. 1f). Survival 
outcomes were also analyzed based on cancer type, grouped 
into melanoma, NSCLC, breast, and other. There were no 
significant differences in PFS (p = 0.0735) or OS (p = 0.437) 
across all the cancer types together. Within melanoma and 
NSCLC, for which there were enough samples to analyze 

for statistical significance, there were no differences in PFS 
when comparing LITT versus craniotomy (p = 0.431 and 
p = 0.193, respectively). Interestingly, however, it was noted 
that patients with melanoma (88.7% at 6 months, 83.8% at 
12 months, 78.6% at 18 and 24 months) demonstrated sig-
nificantly longer PFS rates than those with NSCLC (60.0% 
at 6 months, 56.7% at 12, 18, and 24 months) or breast can-
cer (80.0% at 6 months, 53.3% at 12 and 18 months, and 
26.7% at 24 months) (p = 0.0434). This was not dependent 
upon RN pathology, as there were no significant differ-
ences in prevalence of RN between patients with melanoma 
(14/27, 51.9%), NSCLC (12/33, 36.4%), breast cancer (4/7, 
57.1%), or other cancers grouped as a whole (3/8, 37.5%) 
(p = 0.55). On sub-analysis of melanoma patients, patients 
who underwent craniotomy had significantly higher rates of 
radiographically decreased or resolved peri-lesional edema 
at 1-month follow-up (10/16, 62.5%) compared to those 
treated with LITT (1/11, 9.1%) (p < 0.01). However, there 
were no significant differences in rates of steroid cessation 
at 1-month follow-up between the two treatment modali-
ties (craniotomy: 13/16, 81.3% versus LITT: 9/11, 81.8%; 
p > 0.99). Likewise, there were no differences between cra-
niotomy and LITT in the ability to initiate or resume immu-
notherapy post-operatively (craniotomy: 10/16, 62.5% versus 
LITT: 8/11, 72.7%; p = 0.69).

To eliminate part of the size bias in our cohort, namely 
that lesions over 3 cm in diameter were more likely to 
undergo craniotomy than LITT, outcomes were further 
analyzed for only lesions that were less than or equal 
to 3 cm in diameter. This group was comprised of 31 
patients who underwent LITT (16 for RN, 15 for recurrent 

Fig. 1  Kaplan–Meier survival curves comparing progression-free 
survival for patients grouped by a treatment modality—LITT versus 
craniotomy, b lesion pathology—radiation necrosis versus tumor, and 
c subgroup analysis—LITT for radiation necrosis, LITT for tumor, 
craniotomy for radiation necrosis, craniotomy for tumor. Kaplan–

Meier survival curves comparing overall survival for patients grouped 
by d treatment modality—LITT versus craniotomy, e lesion pathol-
ogy—radiation necrosis versus tumor, and f subgroup analysis—
LITT for radiation necrosis, LITT for tumor, craniotomy for radiation 
necrosis, craniotomy for tumor
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tumor) and 30 patients treated with craniotomy (14 for 
RN, 16 for recurrent tumor). Again, there were no sig-
nificant differences in PFS in patients who underwent 
LITT (80.6% at 6 months, 77.0% at 12 months, 69.3% at 
18 and 24 months) versus craniotomy (76.7% at 6 months, 
73.2% at 12 months, 69.7% at 18 months, and 65.6% at 24 
months) (p = 0.92) (Fig. 2a). OS likewise did not different 
between LITT (83.9% at 6 months, 77.4% at 12 and 18 
months, and 73.3% at 24 months) and craniotomy (100% 
at 6 months, 90.0% at 12 months, 80.0% at 18 months, and 
66.7% at 24 months) (p = 0.81) (Fig. 2b). Among patients 
treated for radiation necrosis, PFS was similar between 
those undergoing craniotomy (85.7% at 6, 12, 18, and 24 
months) and those who had LITT (86.2% at 6, 12, and 18 
and 71.8% at 24 months) (p = 0.67) (Fig. 2c). Likewise, 
in patients who had recurrent tumor, PFS for craniotomy 
(55.6% at 6, 47.6% at 12, 18, and 24 months) was similar 
to LITT (51.4% at 6 and 12 months, 38.6% at 18 and 
24 months) (p = 0.82) (Fig. 2d). As expected, PFS and 
OS were significantly greater for patients with radiation 
necrosis versus those with tumor regrowth (PFS: 86.0% 
at 6, 12, and 18 months, and 79.9% at 24 months versus 
53.6% at 6 months, 49.5% at 12 months, 44.0% at 18 and 
24 months, respectively; p < 0.01) (Fig. 2e) (OS: 96.7% at 
6 months, 89.1% at 12 months, 76.3% at 18 months, and 
71.5% at 24 months versus 74.1% at 6 months, 50.5% at 
12 months, 40.1% at 18 months, and 36.5% at 24 months, 
respectively; p < 0.01) (Fig. 2f).

Discussion

Laser thermocoagulation for brain tumor treatment was first 
explored by Sugiyama et al. in animal models and small 
cohort of patients using a computed tomography-stereotac-
tic technique [7] and subsequently recapitulated by various 
other groups in the 1990s for treatment of both primary and 
metastatic brain tumors [8–10]. Initially hindered by a lack 
of ability to accurately and precisely monitor heat delivery 
to targeted tissues, the advent of MRI-guided thermometry, 
based on changes in gradient echo MR signal, has allowed 
for real-time monitoring of tissue temperature. In addition, 
the availability of an intraoperative MRI within the operat-
ing room has facilitated pre-thermocoagulation biopsy of the 
tissue followed by stereotactic placement of the laser fiber 
and subsequent adjustment and repositioning of the fiber tip 
with MRI confirmation making laser treatment more con-
trollable. We first described our experience utilizing these 
practices in a case series of six patients undergoing LITT 
for treatment of radiographically regrowing deep lesions 
following SRS [1]. Subsequently, we along with other insti-
tutions recently reported a multicenter retrospective study 
of MRI-guided LITT for brain metastases failing SRS and 
recapitulated this technology as a safe and viable alterna-
tive to traditional treatment options in this patient popula-
tion [6]. As one of the first centers in the United States to 
adopt LITT, the cases performed during the first few years 
of development of the technology were fraught with soft-
ware challenges provided by the combination of use of a 
new intra-operative MRI system, the evolving Monteris 

Fig. 2  Kaplan–Meier survival curves for lesions < 3  cm in diameter 
comparing a progression-free survival and b overall survival grouped 
by treatment modality—LITT versus craniotomy, comparing c pro-
gression-free survival and d overall survival based on subgroup anal-

ysis—LITT for radiation necrosis, LITT for tumor, craniotomy for 
radiation necrosis, craniotomy for tumor, and comparing e progres-
sion-free survival and f overall survival based on lesion pathology—
radiation necrosis versus tumor
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NeuroBlate system and the development of the adaptation 
of the Clearpoint navigation system for use in tumors rather 
than functional cases. As such, the increased operating times 
for LITT reported here, compared to the current literature 
[11, 12], reflects these challenges and a learning curve both 
for the surgeon as well as involved assistants and staff. As 
the number of centers with intraoperative MRI technology 
grows around the country, further reports detailing outcomes 
after MRI-guided LITT are expected to emerge and guide 
future applications of this technology. Likewise, there is an 
ongoing multicenter prospective observational cohort study 
registered as a clinical trial (NCT02392078), analyzing out-
comes after laser thermocoagulation for both primary and 
metastatic brain tumors.

Ever since the landmark study by Patchell et al. [13] dem-
onstrating that surgical resection plus radiation resulted in 
reduced rates of local recurrence, improved functional out-
comes, and increased overall survival, compared to radia-
tion alone [13], surgical resection has become part of the 
standard options for treatment for patients with a sympto-
matic isolated lesion or oligometastases both at initial pres-
entation as well as at time of salvage. Likewise, LITT has 
grown in its application towards a variety of pathologies, 
including primary and metastatic brain tumors, radiation 
necrosis, and epilepsy among others [2–5, 14]. However, 
our study remains the first to compare outcomes between 
surgical resection and LITT for recurrent tumor or radiation 
necrosis after radiosurgery, and we found similar efficacy 
between the two treatment modalities.

This study shows that both progression free survival and 
overall survival in our patient cohort were determined more 
by pathology than surgical treatment tool used. Similarly, 
ability to wean off steroids was not significantly different 
between craniotomy and LITT. However, our data shows that 
craniotomy may be more effective than LITT in symptom 
relief as a greater portion of patients treated with craniotomy 
experienced significant improvement of their preoperative 
deficits compared to those treated with LITT with no dif-
ference in complication rates between the two procedures. 
Although we found that the majority of symptomatic patients 
who underwent LITT still experienced mild improvement 
of their preoperative deficits, craniotomy may be the more 
effective treatment modality in patients for whom symp-
tom relief is the primary aim of operative intervention. In 
addition, a minority (23/75, 30.7%) of the lesions treated 
in this study was in asymptomatic patients, most measur-
ing < 3 cm in size, and were equally distributed among the 
LITT (n = 11) and craniotomy (n = 12) groups (Supplemen-
tary Table 1). Although there was no single guiding para-
digm in the decision to treat these patients, these lesions 
were generally observed to be increasing in size with serial 
surveillance MRI, and a tissue diagnosis was needed in order 
to guide future systemic therapy. In particular, over half of 

the asymptomatic patients were comprised of melanoma 
patients (13/23, 56.5%) who were either undergoing or were 
in consideration for immunotherapy and were not on steroids 
at the time. As such, tissue diagnosis of the regrowing lesion 
was needed, given a presumed diagnosis of radiation necro-
sis would have necessitated cessation of immunotherapy and 
initiation of steroid therapy.

As discussed by the recent multicenter study by Chaun-
zwa et al., a common indication for use of LITT in a lesion 
regrowing after radiosurgery was steroid resistance. An ina-
bility to come off steroids after radiosurgery brings about 
a multitude of medical complications including infections, 
hypertension, hyperglycemia, weight gain, poor wound heal-
ing, and gastrointestinal ulcers and, for cancers like mela-
noma and increasingly for lung cancer, an inability to be 
treated using immunotherapy. In the current study, we found 
that almost half of all patients had been successfully weaned 
off steroids within 1 month after their procedure with no 
significant differences existing between the LITT and crani-
otomy groups despite differences in pre-treatment lesion size 
or completeness of symptom relief post-treatment. These 
findings suggest that the ability to wean off steroids may be 
affected by factors other than symptoms. Examples of this 
could include scenarios such as (1) patients with headaches 
that are not necessarily caused by the LITT lesion who feel 
better on steroids, (2) patients with overall appetite improve-
ment on steroids or (3) patients and/or physicians who feel 
uncomfortable weaning steroids given lack of change in 
FLAIR signal lesion size on MRI regardless of symptoma-
tology. Lastly, we further sub-analyzed melanoma patients 
in our cohort to investigate whether treatment modality 
may affect adjuvant immunotherapy in the post-operative 
period. Despite lesions treated with LITT demonstrating 
significantly lower rates of post-operative edema resolution 
or reduction, this did not impact the ability to wean steroids 
off by 1-month follow-up compared to those treated with 
craniotomy. Likewise, treatment modality did not seem to 
affect the ability to initiate or resume immunotherapy in the 
post-operative period. Together, our data suggest that LITT 
may be as effective as craniotomy in perioperative steroid 
cessation and facilitation of immunotherapy shortly after 
operative intervention.

Six-month PFS rates for LITT (75.6%) and craniotomy 
(70.5%) demonstrated by this study are similar to the 
reported 75.8% by Rao et al. in their study of 16 patients 
undergoing LITT for recurrent lesions after SRS for brain 
metastasis [3]. While these rates are diminished compared 
to the overall 92.9% local control rate reported in our recent 
multicentered retrospective study [6], this likely reflects dif-
ferences in prevalence of radiation necrosis pathology in 
our previous study (19/24 lesions, 79%) compared to the 
current study (33/75 lesions, 44%) since PFS for those with 
RN was significantly longer than those with recurrent tumor, 
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regardless of treatment modality (87.4% versus 61.5% at 
6-months, respectively.

This study has a number of limitations, related to the 
retrospective nature of the data. We acknowledge that the 
heterogeneity of treatments administered prior to and after 
surgical intervention for the previously irradiated brain 
metastasis makes conclusions regarding the effects of crani-
otomy versus LITT difficult in assessing impact on survival 
outcomes, particularly overall survival. Furthermore, we rec-
ognize that a biopsy, particularly in LITT cases, is limited 
by sampling of only a small part of the regrowing lesion and 
thus, those cases considered radiation necrosis in our cohort 
may be over-represented and would have constituted recur-
rent tumor had further parts of the lesion been histopatho-
logically analyzed. As such, the outcomes of patients in our 
radiation necrosis cohort may be under-estimated. Although 
additional pre-operative modalities, such as MR perfusion, 
are routinely utilized at our institution, these factors did not 
impact the decision to classify a regrowing lesion as recur-
rent tumor versus radiation necrosis in this study. However, 
we did analyze rates of postoperative adjuvant therapy in 
our patients and did not find significant differences between 
the craniotomy and LITT cohorts, further strengthening our 
conclusions of equal efficacy in local control with either 
treatment modality. We also acknowledge that the lesions 
treated with craniotomy tended to be significantly larger in 
volume than those with LITT (8.1 versus 4.1 cm3, p = 0.02). 
These measured volumes may have been further limited by 
the relative inaccuracies of the ABC/2 method, but further 
methods were deferred given the heterogeneity of imaging 
techniques in our patient cohort, often comprised of scans 
from outside institutions. Of the 34 lesions treated with 
LITT, only 5 (14.7%) were larger than the mean volume of 
the lesions treated with craniotomy with the largest lesion 
treated with LITT measuring 14.9 cm3. The smaller size of 
the lesions treated with LITT likely reflects surgeon bias 
in treatment modality preference, and it remains to be seen 
whether comparably sized lesions treated with LITT dem-
onstrate comparable outcome measures to those resected via 
craniotomy. Our sub-analysis of outcomes for both PFS and 
OS in tumors with diameters under 3 cm did not demonstrate 
any significant differences between treatment modalities. A 
randomized study would be needed to ensure valid direct 
comparison.

The results of this study continue to endorse LITT as a 
viable alternative to standard of care craniotomy in patients 
with brain metastases regrowing after SRS treatment. Based 
on this study, craniotomy should continue to be considered 
for surgically easily-accessible lesions in patients for whom 
symptom relief remains a priority with operative interven-
tion. Likewise, craniotomy should also remain an option 
for local disease control in those with a strong preoperative 
suspicion for radiation necrosis. In cases of recurrent tumor 

however, LITT should be considered as one of the first line 
options in asymptomatic patients given the equal opportu-
nity to come off steroids with shorter hospitalization and 
recovery times without significant difference in PFS, OS or 
complication rates. Given the small, retrospective and single 
institution nature of this study, however, our findings need to 
be confirmed with further multicenter studies.

Our single institution retrospective analysis of craniotomy 
versus LITT for regrowing lesions in previously irradiated 
brain metastases showed comparable results between the two 
modalities. Specifically, LITT appears to be as efficacious 
as craniotomy in achieving desirable functional outcomes, 
the ability to wean off steroids, and for local control of brain 
metastases regrowing tumor after radiosurgery with similar 
overall survival and local control rates. Further prospective 
studies are needed to confirm these findings and to help 
determine if overall survival is improved by craniotomy in 
those with radiation necrosis.
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