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Abstract Purpose: The purpose of the present analysis was to assess whether adding a 1 mm margin to the gross tumour volume (GTV) improves the control rate of brain metastasis treated with radiosurgery (RS). Patients and methods: All the patients had one or two brain metastases, 30 mm or less in diameter, and only one isocentre was used for RS. There were 23 females and 38 males. The median age was 54 years (34 – 76). The median Karnofsky performance status was 80 (60– 100). At the time of RS, 23 patients had no evidence of extracranial disease and 38 had a progressive systemic disease. Thirty-eight patients were treated up-front with only RS. Twenty-three patients were treated for relapse or progression more than 2 months after whole brain radiotherapy. From January 1994 to July 1995, clinical target volume (CTV) was equal to GTV without any margin (33 metastases). From August 1995 to August 2000, CTV was defined as GTV plus a 1 mm margin (45 metastases). A dose of 20 Gy was prescribed to the isocentre and 14 Gy at the margin of CTV. Results: The median follow-up was 10.5 months (1 – 45). The mean minimum dose delivered to GTV was 14.6 Gy in the group without a margin and 16.8 Gy in the group with a 1 mm margin (P , 0:0001). The response of 11 metastases was never assessed because patients died before the first follow-up. Ten metastases recurred, eight in the group treated without a margin and two in the group treated with a 1 mm margin (P ¼ 0:01). Two-year local control rates were 50.7 ^ 12.7% and 89.7 ^ 7.4% (P ¼ 0:008), respectively. Univariate analysis showed that the treatment group (P ¼ 0:008) and the tumour volume (P ¼ 0:009) were prognostic factors for local control. In multivariate analysis, only the treatment group with a 1 mm margin was an independent prognostic factor for local control (P ¼ 0:04, RR: 5.8, 95% CI [1.08– 31.13]). There were no significant differences, either in overall survival rate or in early and late side effects, between the two groups. Conclusion: Adding a 1 mm margin to the GTV in patients treated with RS significantly improves the probability of metastasis control without increasing the side effects. q 2003 Elsevier Science Ireland Ltd. All rights reserved. Keywords: Radiosurgery; Brain metastases; Clinical target volume; Dose-effect



1. Introduction Brain metastasis, owing to its non-infiltrative nature, provides a well-defined target for radiosurgery (RS). High local control rates and minimal treatment side effects have been reported with RS in patients presenting with one or two brain metastases, 3 cm or less in diameter. These results were obtained by delivering a high single dose to a limited target volume. Most of these studies recommend that the * Corresponding author. Centre de Protonthe´rapie d’Orsay, BP 65, 91402 Orsay Cedex, France.



clinical target volume (CTV) (and planning target volume (PTV)) should only include the contrast-enhancing tumour [4,12,36]. Others recommend that a 1 or 2 mm safety margin should be added to this gross tumour volume (GTV) [9,11,28] to take into account the possible presence of tumour cells outside of the lesion (as defined by the contrast enhancement) [8], as well as uncertainty in the design of the contours, and errors related to magnetic resonance imaging (MRI) determination of the target and radiation technique. Shaw et al. analyzed the maximal tolerated RS doses according to the tumour diameter for recurrent or previously irradiated primary and metastatic brain tumours. They
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reported that unacceptable central nervous system toxicity was more likely to be observed in patients with larger tumours [34,35]. By contrast a dose-effect relationship has been observed in some non-randomized series [4,12,21,22, 28,36]. However, the validity of this relationship may be debated because data (prescribed dose, delivered doses, reference isodose…) were non-uniform [1 –4,6,14,15,17, 19 – 22,31,32,36,37], and furthermore prescribed doses often varied inversely with the diameter of the collimator used or the diameter of metastasis [2 –4,19,21]. The purpose of this present analysis was to assess whether adding a 1 mm margin to GTV, thereby increasing the minimal dose delivered to GTV, would improve the local control rate in a series of consecutive patients treated for brain metastasis by RS.



2. Patients and methods RS was performed with a modified linear accelerator using the technique previously described elsewhere [18,24]. A Leksell stereotactic head frame (Leksell model G, Elektra Instrumente, Tucker, GA) was installed under local anaesthesia and was supported by a floor stand. The floor stand was fixed to a specially designed base, which could be mounted accurately, rigidly and quickly to the plate of the couch floor bearing. We used a gantry-mounted linear accelerator (linac) (Saturne, General Electrice), delivering 10 MV photons. A series of brain MRI slices taken every 1.5 mm was transferred to an ISIS 3D treatment planning system (Technologie Diffusione 1997). The GTV was outlined manually, slice by slice, and the margin was added to the GTV automatically by the ISIS 3D treatment planning system using a volumetric expansion of 1 mm. The diameter and volume of the metastasis (target) were measured using the imaging system and specific software (ISIS 3D, Technologie Diffusione 1997). For spherically or irregularly shaped lesions, RS was delivered using a five- to six-non-coplanar arc technique with circular-shaped collimators. In the present series, overall the metastases were treated with one isocentre. Collimator sizes ranged from 10 to 30 mm in 2 mm steps. A dose of 14 Gy was prescribed to the 70% isodose line, meaning that the centre of the metastasis received 20 Gy. Between January 1994 and August 2000, 197 patients with 378 brain metastases were treated with RS at Pitie´Salpeˆtrie`re Hospital in Paris. Until August 1995, CTV was defined in each 1.5 mm section by the area of contrast enhancement in MRI and the 70% isodose line encompassed it. Since August 1995, CTV has been defined by the area of contrast enhancement plus a 1 mm margin, and encompassed by the 70% isodose line. For brainstem metastases or metastases surrounding the brainstem, the 70% isodose line encompassed the area of contrast enhancement without any margin. The addition of a margin of 1 mm led to an increase



in the minimum dose (to the periphery of the tumour) but the maximum dose (at the isocentre) remained unchanged. In this study, all the patients had only one or two brain metastases that were 30 mm or less in diameter. Overall, 61 patients presenting with 78 metastases were reviewed. Follow-up included MRI or computed tomography (CT) scans and clinical evaluation every 3 months. Maximum diameters were compared. Criteria for responses after RS were: (i) complete response, defined as complete resolution of the enhancing lesion on follow-up imaging studies; (ii) partial response, i.e. . 50% reduction in the surface of the treated lesion; (iii) stabilization, no change in the lesion on serial imaging studies, or , 50% reduction or , 25% increase in the surface; (iv) progressive disease, . 25% increase in the surface of the treated lesion. For the purpose of analysis, local control was considered to be achieved if the metastases regressed or were stable at the last follow-up. Intracranial disease control was considered to be obtained if metastases had regressed or were stable at the last follow-up and no new metastasis had appeared.



3. Statistical methods Data were analyzed using standard statistical descriptions (enumeration, mean, median, and range). The significance of the differences between groups of data was assessed by means of non-parametrical tests (Mann – Whitney, x 2 tests). The overall survival rate was calculated from the date of RS to last follow-up or death and intracranial disease-free survival and local control rates were calculated from the date of RS to last radiological follow-up or intracranial disease progression using the Kaplan – Meier method and are given with 95% confidence intervals [16]. Multivariate analysis was performed with respect to possible predictors of survival and local control using the Cox proportional hazards regression analysis [7] and the log-rank test was used to compare survival curves.



4. Results In this study group, 23 patients were females and 38 were males. The mean age was 55.6 years (34 – 76). The Karnofsky performance status (KPS) ranged between 60 and 100 (60: 2 patients, 70: 13 patients, 80: 27 patients, 90: 17 patients, and 100: 2 patients, mean ¼ 80). The primary tumour was located in the lung in 36 patients (59%). Histology was adenocarcinoma in 36 cases (59%). At the time of RS, 23 patients had their primary tumour and extracranial metastases controlled and 38 patients had progressive extracranial disease. According to recursive partitioning analysis (RPA) [13], 16 patients were class I, 43 patients were class II, and two patients were class III. According to the Score Index for Radiosurgery in Brain



G. Noe¨l et al. / Radiotherapy and Oncology 68 (2003) 15–21



Metastases (SIR) [38], 27 patients were SIR 1, three patients were SIR 2 and 31 patients were SIR 3. Thirty-eight patients had only RS up-front. Twenty-three patients were treated with RS for relapse or progression of brain metastases more than 2 months after whole brain radiotherapy (WBRT). The WBRT doses ranged from 24 to 40 Gy (mean 30 Gy) and were given in 1.8– 3 Gy fractions. Forty-four patients were treated for one metastatic lesion, and 17 patients for two lesions. Three patients treated for two metastases were treated with a margin for one of the metastases and without a margin for the other lesion because of the proximity of the brainstem. The characteristics of patients according to the group of treatment are shown in Table 1. The two groups were comparable for all the criteria. The mean diameter of the metastases was 2.0 mm (7 – 30 mm). The mean volume of the metastases was 1.96 ml (0.09 – 6 ml). The metastases were supra-tentorial in 47 patients, infra-tentorial in ten patients and both
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supra- and infra-tentorial in four patients. Overall, there were 62 supra-tentorial and 16 infra-tentorial metastases. The mean collimator size was 22 mm (10 –30). Overall, the mean minimum dose delivered to CTV (covered by the 70% isodose line) was 14.6 Gy (10 Gy, 19 Gy), and the mean maximum dose (at the isocentre) was 19.9 Gy (14 Gy, 23 Gy). The characteristics of metastases according to treatment group, i.e. with or without a 1 mm margin, are described in Table 2. The two groups were well matched for primary tumour, histology, GTV diameter and volume and type of RS, i.e. up-front or for relapse. There were significantly more supra-tentorial metastases in the group with a margin than in those without a margin, 89% and 67%, respectively (P ¼ 0:03). As expected, the mean CTV diameter and volume were significantly smaller in the first group than in the second one (1.99 cm and 1.9 ml vs. 2.26 cm and 3.3 ml; P ¼ 0:04 and P ¼ 0:003). The average minimum dose delivered to the GTV was 14.6 Gy in the first group and 16.8 Gy in the second (P , 0:0001) and the average GTV isodose was 74% in the first group and 84% in the second (P , 0:0001).



Table 1 Characteristics of patients according to treatment group Characteristics



Total number Sex Female Male Mean age (years) No. of metastases Patient with one metastasis Patient with two metastases Primary tumour Lung Others sites Histology Adenocarcinoma Others Metastases Supra-tentorial Infra-tentorial Both RS Up-front For relapse after WBRT RPA class I II þ III SIR classification 1þ2 3 Karnofsky index # 70 . 70 Local and systemic disease Controlled Uncontrolled



4.1. Local control



GTV without margin (%)*



GTV þ 1 mm margin (%)*



25



33



10 (40) 15 (60) 53.6 [34–76]



12 (36) 21 (64) 55.9 [37–74]



20 (80) 5 (20)



24 (73) 9 (27)



13 (52) 12 (48)



21 (64) 12 (36)



10 (40) 15 (60)



13 (39) 20 (61)



18 (72) 6 (24) 1 (4)



29 (88) 3 (9) 1 (3)



17 (68) 8 (32)



18 (55) 15 (45)



10 (40) 15 (60)



6 (18) 27 (82)



4.2. Intracranial disease-free survival



11 (44) 14 (56)



16 (47) 17 (53)



8 (32) 17 (68)



5 (15) 28 (85)



10 (40) 15 (60)



12 (36) 21 (64)



Eight patients developed new brain metastasis, leptomeningeal carcinomatosis in five, and both new brain metastasis and leptomeningeal carcinomatosis relapses in two. The median intracranial disease-free interval was 25 months after RS. One-, 2-, and 3-year intracranial disease-free survival rates were 71.4 ^ 8%, 60.4 ^ 9% and 42 ^ 11%, respectively. According to univariate analysis, no prognostic factor for intracranial disease-free survival could be demonstrated.



*Three patients were excluded because they were treated for two metastases, one with a margin and one without a margin.



The median follow-up was 10.5 months (1 –45). The response of 11 metastases could not be evaluated because patients died before the first follow-up MRI or CT-scan. Ten metastases recurred 3– 11 months after RS. Eight of them had been treated in the group without a margin and two in the group with a 1 mm margin. The overall crude local control rate was 89.7% and the 12- and 24-month local control rates were 71.8 ^ 7.9% and 71.8 ^ 7.9%, respectively. In the univariate analysis, the primary tumour site, histology, tumour diameter, and metastasis location were not significantly correlated with local control rate. Prognostic factors significant for local control were the margin around the GTV (P ¼ 0:008) and the tumour volume (P ¼ 0:009). Multivariate analysis showed that treatment group was an independent prognostic factor for local control (P ¼ 0:04, RR: 5.8, 95% CI [1.08 – 31.13]). Two-year local control rates were 50.7 ^ 12.7% in the group without a margin and 87.7 ^ 8.9% in the group with a margin (Fig. 1).
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Table 2 Characteristics of metastases and dosimetry according to treatment group Characteristics



GTV without margin (%)



GTV þ 1 mm margin (%)



Total number Primary tumour Lung Others sites RS Up-front For relapse after WBRT Mean GTV diameter (cm) Mean GTV volume (ml) Mean GTV isodose Mean GTV minimum dose (Gy) Mean CTV diameter (cm) Mean CTV volume (ml) Mean CTV isodose Mean CTV minimum dose (Gy)



33



45



18 (54) 15 (46)



28 (62) 17 (38)



0.5



24 (73) 9 (27) 1.99 [0.9–2.8] 1.9 [0.2– 5.9] 74% [53–90] 14.6 [11– 18] 1.99 [0.9–2.8] 1.9 [0.2– 5.9] 74% [53–90] 14.6 [11– 18]



28 (62) 17 (38) 2.0 [0.7–3] 1.9 [0.1–6] 84% [73–92] 16.8 [15–19] 2.26 [0.1–3.3] 3.3 [0.3–8.9] 74% [62–97] 14.7 [10–19]



0.3



P value



0.85 0.9 ,0.0001 ,0.0001 0.04 0.003 0.7 0.3



4.3. Overall survival



4.4. Complications



No patient was lost for follow-up. For the calculation of overall survival according to the margin factor, three patients treated for two metastases were excluded because a lesion was treated without a margin and the other with a 1 mm margin. At the time of the analysis, 39 patients had died. The median survival was 10 months. One-, 2- and 3-year overall survival rates were 45.2 ^ 7%, 42.7 ^ 7.1% and 20.5 ^ 7.8%, respectively. There was no statistical difference in overall survival between the group without a margin and the group with a margin, with 1-, 2-, and 3-year overall survival rates of 32.7 ^ 9.9% and 55.8 ^ 9.3%, 32.7 ^ 9.9% and 50.8 ^ 9.8%, and 17.5 ^ 8.4% and 25.4 ^ 13.6%, respectively (P ¼ 0:25). According to univariate analysis, KPS (P ¼ 0:0035) and SIR score (P ¼ 0:02) were prognostic factors for overall survival. According to multivariate analysis, only KPS was an independent prognosticator for overall survival (P ¼ 0:001, RR: 2.6, 95% CI [1.25 –5.54]).



Radionecrosis was observed after treatment of nine metastases (11.5%) in a high-dose area of RS. Five of them were observed in the first group (GTV alone) and four in the second group (GTV þ 1 mm margin). Two patients in each group were operated upon; there was no evidence of residual tumour. Three patients developed cerebral oedema that was controlled with corticosteroids, two in the group without a margin and one in the group with a 1 mm margin. Furthermore, one patient in each group had one seizure within the 24 h after RS. Overall, there were no differences in the incidence of complication between the two groups.



Fig. 1. Local control according to treatment group.



5. Discussion Intuitively, one would expect dose to have a major influence on local control and possibly on the duration of survival. Dose selection to obtain the best therapeutic ratio for the radiosurgical treatment of brain metastasis remains an unresolved issue. Besides, it has been clearly established that achieving local control in the brain increases length of survival [25,26] and a dose response relationship for local control of brain metastases has been suggested by the results of the Radiation Therapy Oncology Group (RTOG) 85-28 study [10], and by the retrospective study by Nieder et al. [23]. For RS, however, this dose relationship remains controversial. In a series of 100 patients treated by RS for 219 metastases, Shiau et al. specifically evaluated the role of dose and found that higher doses resulted in improved local control and a longer period free of disease progression [36]. They observed significantly higher local control with doses of 18 Gy or above. Pirzkall et al. [28] prescribed the treatment dose to the volume of tumour plus 1 or 2 mm margin that was encompassed by the 80% isodose line. The dose varied
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according to the indication of the treatment; less for metastases that appeared in a previously irradiated area than for those treated up-front. The metastasis control rate was higher after 25 Gy than with a lower dose for metastases treated with RS alone. There was longer median survival in the group of patients treated with 20 Gy than in the group treated with less, 13.2 months compared to 5.4 months, but the difference was not significant [28]. In reference to 208 metastases, Breneman et al. [4] reported a longer median time to failure with 18 Gy or more (median time to failure, 52 weeks vs. 25 weeks; P ¼ 0:008). In a series of 118 metastases of melanoma, Mori et al. [22] observed seven relapses when the dose was 16 Gy or less and none when the periphery of the lesion received more than 16 Gy. Matsuo et al. [21] compared two groups with a total of 92 patients with 162 metastases. The first group was irradiated with a minimum dose of 20 Gy delivered to the 80% isodose line and the second group with a minimum dose of 25 Gy to the 50% isodose line. They found that a higher dose was correlated with higher local control in both univariate and multivariate analysis. In a series of 31 metastases of unknown primary cancer, Maesawa et al. [19] showed a trend towards increased tumour control when the peripheral dose was 16 Gy or more (24-month local control rates, 77.8 vs. 100%; P ¼ 0:069). Shirato et al. [37] reported a trend towards a higher local control rate with a higher dose and furthermore did not find any correlation between dose and overall survival. Other authors reviewed the impact of dose on local control and they failed to show any dose-effect relationship [2,3,5,6,12,14,17,20,29]. In general, larger tumours are treated at a lower dose, resulting in some size-dependent loss in the local control rate. A local control-dose relationship has sometimes been shown [4,21,22,28,36]. Interpretation of these retrospective results is difficult because the dose was not reported according to similar criteria; prescription doses were either minimum dose [4,36], or median dose or an arbitrarily specified dose covered by an isodose line [4,28]. This implies that the dose delivered by RS was directly related to lesion size with improvement of local control for patients with smaller lesions [4,21]. There was also a tendency to prescribe a lower dose for metastases arising in areas such as the brainstem [36]. In some series, the prescribed doses were not standardized and could be chosen at the discretion of the radiation oncologist [4,36]. Therefore, it is difficult to draw a conclusion about the role of dose in local control and to be precise as to which dose parameter (mean, median, minimum, maximum, treatment, prescribed) would be the most relevant prognostic factor for local control. In our study, the maximal prescribed dose did not change (20 Gy in definitive treatment), and only the peripheral dose and isodose varied between the two groups because of the addition of a 1 mm margin. This report presents a single-institution experience with RS for patients with brain metastases treated primarily with or without a 1 mm margin. A tight margin around a
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metastasis volume could be designed due to the absence of tumour infiltration of the surrounding brain in metastatic lesions [8]. Few authors have reported the use of a margin to define CTV for metastases treated with RS, and it was always in the range of 1– 2 mm [9,11,28]. In our centre, until recently, only 10– 30 mm collimators were available for RS. Therefore, only those metastases with a diameter less than 3 cm could be treated with one isocentre [11]. The use of a single isocentre decreases inhomogeneity of the dose delivered to the GTV [27]. The number of metastases further affects survival and patients with one or two metastases live longer than those presenting more metastases [15,17]. In this study, margin was the only independent prognostic factor that was significant in multivariate analysis (P ¼ 0:04). There was a decrease in the 24-month local control rate between the two groups according to minimum GTV treatment dose, 50.7 ^ 12.7% and 89.7 ^ 7.4% for metastases treated respectively with a mean GTV minimum dose of 14.6 Gy and 16.8 Gy (P , 0:001). This observation can be explained in several ways: considering the volume explanations or considering the dose. The quality of delineation of the target volume is related to the contouring of the target by the physician, and the type of radiological exam, MRI or CT-scan technique. It is thus possible to argue that the role of the margin is to correct uncertainties of manual delineation. However, in our series, the radiation oncologist, neurologist and radiologist concurred on the definition of the target. A second explanation is that we used 1.5 mm MRI slices. The uncertainly in the vertical direction of GTV definition could be thus compensated, at least partially, by the 1 mm margin. The third explanation is related to the stereotactic system set-up accuracy, which is typically 1 mm. This margin of accuracy is rarely added to the target volume or even if done, it is not always specified. The 1 mm margin would encompass, at least, a PTV margin usually designed for the radiation treatment. Another explanation could be that the margin prophylactically treats a volume of the tumour cells which did not present as contrast enhancement in MRI or CT scans. By contrast, local control rates are excellent after surgical extirpation, always performed without a margin. The comparable local control rates obtained by other RS series without using a margin are in contrast to the results of this study. However, the method of target delineation is rarely specified, in particular the use of automatic enlargement of a manually determined GTV outline. While it is customary in RS to prescribe the dose to a certain isodose line, the periphery of the target volume, we have chosen to prescribe 20 Gy to the centre and to choose a collimator to obtain 70% of this dose to an isodose line encompassing a CTV defined with or without a 1 mm margin from the GTV. The addition of a 1 mm margin led to an increase of only the delivered dose to the margin of the metastasis from 14.2 to 17 Gy without a change to the dose at the isocentre. To obtain the same result in terms of dose, it
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is also possible to increase the dose to the isocentre and to keep the same isodose at the periphery or to increase the isodose of prescription at the periphery of the metastases and keep the same dose at the isocentre. However, we believe that 20 Gy to the isocentre was high enough and therefore only one parameter, the dose at the periphery, was changed. It could be argued that the increase in dose resulted in improved local control, because as shown by Matsuo et al. [21], after RS viable cells are always at the periphery of the lesion. Thus, the observed difference in local control is possibly related to the change in the peripheral doses between the two groups. However, other explanations previously alluded to have to be considered. In this series, despite low treatment doses, the crude local control rate of 89.7% and 2-year local control rate of 71.8 ^ 7.9% were comparable to previously published results, as well as the 1-, 2-, and 3-year overall survival rates of 45.2 ^ 7%, 42.7 ^ 7.1% and 20.5 ^ 7.8% [1,2,3,9, 12,19,20,28,30,36,37]. In the results of the final report of RTOG protocol 90-05, which studied the tolerated dose in primary brain tumours or brain metastases treated with RS after previous irradiation, it has been found that the maximum tolerated dose was correlated with tumour size [34,35]. The authors defined the maximal tolerated doses after steps of irradiation as 24, 18 and 15 Gy for tumours , 20, 21 –30, and 31 –40 mm in maximal diameter, respectively. Unacceptable central nervous system toxicity was more likely for patients with larger tumours, whereas local tumour control was mostly dependent on the type of recurrent tumour and on the treatment institution [34,35]. In most series, complications appeared in 1 –10% of the cases [2,5,9,15,23], of which approximately 10% were radionecrosis and 5% were oedema. The nine cases of necrosis and five cases of oedema in this study were comparable with these previous reports. As in a report by Adler et al. [1], complications were related to the dose delivered to the normal brain tissue. There was no difference in the incidence of complication between the two study groups. Complications (oedema or radionecrosis) were associated with treatment of metastasis with a higher diameter than in those with smaller lesions. But the CTV margin was not a factor related to complications. A RTOG report emphasizes a more important aspect of dose distributions: to what extent can the target volume be covered while sparing normal tissue? The RTOG protocol requires normal tissue included in the prescription isodose surface to be less than or equal to the volume of the target volume itself, and the isodose surface used to meet this criterion to be 50% or more of the maximum dose. Although this protocol is not a universal standard, it does focus attention on the need to restrict the volume of normal tissue that is irradiated with the high doses in RS [33]. Results of the series of Shiau et al. [36], however, suggested that inadequate coverage of the tumour volume by the prescribed isodose surface increased the local failure rate. In our series, there were no differences in the incidence of complication



between the two groups despite a significant difference in the minimum GTV dose. In contrast, there was a significant difference in local control.



6. Conclusion We found a relationship between CTV (and consequently the minimal dose delivered at the GTV) and the local control rate, which was significantly higher when a 1 mm margin was added to the GTV. This increase in local control did not lead to an improvement in overall survival while it had no influence on the complication rate. The results obtained with this increased CTV compare favourably with those reported in the literature, in terms of the local control rate, as well as in terms of side effects. We recommend that metastases 3 cm or less in diameter should receive 20 Gy at the isocentre of the GTV with the 70% isodose encompassing the GTV plus a 1 mm margin.



References [1] Adler JR, Cox RS, Kaplan I, Martin DP. Stereotactic radiosurgical treatment of brain metastases. J Neurosurg 1992;76:444–9. [2] Alexander III E, Moriarty TM, Davis RB, et al. Stereotactic radiosurgery for the definitive non invasive treatment of brain metastasis. J Natl Cancer Inst 1995;87:34 –40. [3] Auchter RM, Lamond JP, Alexander III E, et al. A multi-institutional outcome and prognostic factor analysis of radiosurgery for resectable single brain metastasis. Int J Radiat Oncol Biol Phys 1996;35:27 –35. [4] Breneman JC, Warnick RE, Albright RE, et al. Stereotactic radiosurgery for the treatment of brain metastases. Cancer 1997;79:551–7. [5] Buatti JM, Friedman WA, Bova FJ, Mendenhall WM. Treatment selection factors for stereotactic radiosurgery of intracranial metastases. Int J Radiat Oncol Biol Phys 1995;32:1161 –616. [6] Chen JCT, Petrovich Z, O’Day S, et al. Stereotactic radiosurgery in the treatment of metastatic disease to the brain. Neurosurgery 2000; 47:268–81. [7] Cox DR. Regression models and life tables. J R Stat Soc Ser B 1972; 34:187–220. [8] Engebraaten O, Schwachenwald R, Valen HEO. Effects of high and low single dose irradiation on glioma spheroid invasion into normal rat brain tissue in vitro. Anticancer Res 1992;12:1501–6. [9] Engenhart R, Kimmig BN, Hover K, et al. Long-term follow-up for brain metastases treated by percutaneous single high-dose radiation. Cancer 1993;71:1353 –61. [10] Epstein BE, Scott CB, Sause WT, et al. Improved survival duration in patients with unresected solitary brain metastasis using accelerated hyperfractionated radiation therapy at total doses of 54.4 Gy and greater. Cancer 1993;71:1362– 7. [11] Feuvret L, Germain I, Cornu P, et al. Traitement premier des me´tastases ce´re´brales par irradiation en condition ste´re´otaxique. Bull Cancer 1999;86:666 –71. [12] Flickinger JC, Konziolka D, Lunsford LD, et al. A multi-institutional experience with stereotactic radiosurgery for solitary brain metastasis. Int J Radiat Oncol Biol Phys 1994;28:797– 802. [13] Gaspar L, Scott C, Rotman M, et al. Recursive partitioning analysis (RPA) of prognostic factors in three Radiation Therapy Oncology Group (RTOG) brain metastases trials. Int J Radiat Oncol Biol Phys 1997;37:745–51. [14] Goyal LK, Suh JH, Reddy CA, Barnett GH. The role of whole brain



G. Noe¨l et al. / Radiotherapy and Oncology 68 (2003) 15–21



[15]



[16] [17]



[18]



[19]



[20]



[21]



[22]



[23]



[24]



[25]



[26]



radiotherapy and stereotactic radiosurgery on brain metastases from renal cell carcinoma. Int J Radiat Oncol Biol Phys 2000;47:1007–12. Joseph J, Adler JR, Cox RS, Hancock SL. Linear accelerator-based stereotactic radiosurgery for brain metastases: the influence of number of lesions on survival. J Clin Oncol 1996;14:1085–92. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am Stat Assoc 1958;53:457–81. Kim DG, Chung HT, Gwak HS, et al. Gamma knife radiosurgery for brain metastases: prognostic factors for survival and local control. J Neurosurg 2000;93(Suppl 3):23–9. Lutz W, Winston KR, Maleki N. A system for stereotactic radiosurgery with a linear accelerator. Int J Radiat Oncol Biol Phys 1988;14:373–81. Maesawa S, Kondziolka D, Thompson TP, Flickinger JC, Lundsford LD. Brain metastases in patients with no known primary tumor. The role of stereotactic radiosurgery. Cancer 2000;89:1095–101. Maor MH, Dubey P, Tucker SL, et al. Stereotactic radiosurgery for brain metastases: results and prognostic factors. Int J Cancer 2000;90: 157–62. Matsuo T, Shibata S, Yasunaga A, et al. Dose optimization and indication of linac radiosurgery for brain metastases. Int J Radiat Oncol Biol Phys 1999;45:931–9. Mori Y, Kondziolka D, Flickinger J, Kirkwood JM, Agarwala S, Lunsford LD. Stereotactic radiosurgery for cerebral metastatic melanoma: factors affecting local disease control and survival. Int J Radiat Oncol Biol Phys 1998;42:581–9. Nieder C, Berberich W, Nestle U, Niewald M, Walter K, Schnabel K. Relation between local result and total dose of radiotherapy for brain metastases. Int J Radiat Oncol Biol Phys 1995;33:349 –55. Noe¨l G, Proudhom MA, Vale´ry CA, et al. Radiosurgery for re-irradiation of brain metastasis: results in 54 patients. Radiother Oncol 2001;60:61–7. Noordijk EM, Vecht CJ, Haaxma-Reiche H, et al. The choice of treatment of single-brain metastasis should be made based on extracranial tumor activity and age. Int J Radiat Oncol Biol Phys 1994;29:711– 7. Patchell RA, Tibbs PA, Walsh JW, et al. Randomized trial of surgery in the treatment of single metastases to the brain. N Engl J Med 1990; 322:494–500.



21



[27] Philips MH, Stelzer KJ, Griffin TW, Mayberg MC, Winn R. Stereotactic radiosurgery: a review and comparison of methods. J Clin Oncol 1994;12:1085 –99. [28] Pirzkall A, Debus J, Lohr F, et al. Radiosurgery alone or in combination with whole-brain radiotherapy for brain metastasis. J Clin Oncol 1998;16:3663–9. [29] Sansur CA, Chin LS, Ames JW, et al. Gamma knife radiosurgery for the treatment of brain metastasis. Stereotact Funct Neurosurg 2000; 74:37–51. [30] Scho¨ggl A, Kitz K, Reddy M, et al. Defining the role of stereotactic radiosurgery versus microsurgery in the treatment of single brain metastases. Acta Neurochir (Wien) 2000;142:621–6. [31] Serizawa T, Iuchi T, Ono J, et al. Gamma knife treatment for multiple metastatic brain tumors compared with whole brain radiation therapy. J Neurosurg 2000;93(Suppl 3):32–6. [32] Seung SK, Sneed PK, McDermott MW, et al. Gamma knife radiosurgery for malignant melanoma brain metastases. Cancer J Sci Am 1998;4:103–9. [33] Shaw E, Kline R, Gillin M, et al. Radiation Therapy Oncology Group: radiosurgery quality assurance guidelines. Int J Radiat Oncol Biol Phys 1993;27:1231 –9. [34] Shaw E, Scott C, Souhami L, et al. Single dose radiosurgical treatment of recurrent previously irradiated primary brain tumor and brain metastases: final report of RTOG protocol 90-05. Int J Radiat Oncol Biol Phys 2000;47:291–8. [35] Shaw E, Scott C, Souhami L, et al. Radiosurgery for the treatment of previously irradiated recurrent primary brain tumors and brain metastases: initial report of Radiation Therapy Oncology Group protocol 90-05. Int J Radiat Oncol Biol Phys 1996;34:647–54. [36] Shiau CY, Sneed PK, Shu H-KG, et al. Radiosurgery for brain metastases: relationship of dose and pattern of enhancement to local control. Int J Radiat Oncol Biol Phys 1997;37:375–83. [37] Shirato H, Takamura A, Tomita M, et al. Stereotactic irradiation without whole-brain irradiation for single brain metastasis. Int J Radiat Oncol Biol Phys 1997;37:385 –91. [38] Weltman E, Salvajoli JV, Brandt RA, et al. Radiosurgery for brain metastases: a score index for predicting prognosis. Int J Radiat Oncol Biol Phys 2000;46:1155–61.



























des documents recommandant







[image: alt]





Impact of deep brain stimulation on upper limb 

been recently shown to be impaired in PD, suggesting a possible mechanism for ..... Table 3. Summary of Reaction Time Test Results: STN Group. Task Measure. Stimulators OFF ...... physiological basis of tremor and rigidity. They may.










 


[image: alt]





Impact of Rhinitis on Asthma Control in Children ... - Nicolas Molinari 

J Asthma Downloaded from informahealthcare.com by INSERM on 07/21/10. For personal use ..... scribed that the level of maximal airway response in patients.










 


[image: alt]





NDPK family: from metastasis control to 

Apr 22, 2009 - Alexander S, Srinivasan S, Alexander H (2003) Proteomics opens doors ..... Janin J, Dumas C, Morera S, Xu Y, Meyer P, Chiadmi M,. Cherfils J ...










 


[image: alt]





Robotically guided radiosurgery for children 

algorithm to produce the conformal plan specified by the .... 25. Stable. 1 year. 38. Meckel's. (bed). Stable. (4 months). 306. Giller et al. ..... Murphy MJ, Cox RS.










 


[image: alt]





Local Flow Control I 

BY BRIEN SEELEY AND THE CAFE BOARD ..... CAFE Foundation is strictly prohibited. .... A very simple, cheap type of air extractor is a sharp-edged de-.










 


[image: alt]





Local Flow Control I 

shock wave forma- tion at the wing root. They also serve to in- crease lift and ..... O. Leading edge stall strip on Grumman. Albatross. Rudder tufts on a Sea Fury.










 


[image: alt]





An Investigation of the Impact of the Local Labour 

Jun 1, 2012 - In 1996, the General Labour Market (GLM) method which uses .... regression on the ln wage of non manual female workers (excluding nurses and teachers). They ...... Those rates should converge20 by 201821. For other ...










 


[image: alt]





The Fitness Function And Its Impact On Local ... - David DUVIVIER 

fitness of the current point and the fitness of the neighbor- ... other quantity, that is, it has to provide new information. In the .... here the simple JSP where J jobs, each composed of M ..... the genotype level, two individuals might seem diff e










 


[image: alt]





Learning to control a brain-machine interface for 

Oct 13, 2003 - JEO and CSH contributed Beowulf cluster simulations and analyses. REC contributed the initial stages of this study. JMC, DMS, and MAL.










 


[image: alt]





Impact of Transmit Array Geometry on Downlink 

Simulations of Broadband Radio Access Systems,â€� in IEEE International ... 693-707. [12] J. Kermola et al, â€œA Stochastic MIMO Radio Spatial Channel Model.










 


[image: alt]





Impact of Dynamics on Situated and Global 

category and then we compare them according to the accuracy of the estimated aggregates and the efficiency of the decision making process. Key words: ...










 


[image: alt]





Impact of oculomotor retraining on the visual 

errorlessly, from one point to another on the curve, the eye would have to execute a purely .... the head, body, or limbs while wearing such ... von Hoist (1954).










 


[image: alt]





Pneumococcal vaccines: mechanism of action, impact on 

sists of the country of origin, the serotype (in superscript) and a consecutive number ... cal peptides along with MHC II complexes to naive CD4+. T-cells in the ...










 


[image: alt]





Delusions of alien control in the normal brain 

by an external object or agent, and distinguishes it from sen- ..... that represent a statistical assessment of condition-specific effects [17]. ..... A similar theory that attempts ... a review of brain imaging data and single-neuron responses. Jour










 


[image: alt]





On Loudspeaker Implementation for Feedback Control ... - CiteSeerX 

Nov 19, 1999 - A review of frequency domain control system design is ...... In order to develop the model for the electrical impedance, knowledge of motor systems ...... be built using relatively inexpensive and common integrated circuits.










 


[image: alt]





On the impact of interaction functions on foodchain stability 

formation of chaos. Using the methods of qualitative analysis we show how this stabilization occurs in tri-trophic foodchains. Furthermore we demonstrate that ...










 


[image: alt]





Case-control study of the association between malignant brain 

risk in the following latency groups, but again increasing risk with latency >15-20 years. Ipsilateral use resulted in a higher risk than contralateral mobile and ...










 


[image: alt]





On Loudspeaker Implementation for Feedback Control ... - CiteSeerX 

Nov 19, 1999 - Figure 1.2 Optimal ANR headset feedback control solution. Unfortunately, the ..... materials have very different mechanical resonance properties, and each has a unique. "sound". The cone ...... Fifth Edition. Chichester,.










 


[image: alt]





On the Impact of the Prototype Filter on FBMC 

vantages over CP-OFDM system such as the improved spec- tral efficiency by not using a redundant CP and by having ..... 48, no. 11, pp. 3052 â€“3061, Nov. 2000. [8] M.G. Bellanger, â€œSpecification and Design of a Prototype Filter for. Filter Bank ..










 


[image: alt]





GAMMA KNIFE RADIOSURGERY OF ACOUSTIC NEURINOMAS A 

Pneumoencephalography in 1968 revealed that she, too, had the disease with bilateral acoustic neurino- mas with some bilateral sensorineural hearing loss.










 


[image: alt]





radiosurgery of cerebral arteriovenous malformations in children 

pediatric cAVM on the basis of the results reported in the literature and ... Table 1. Cerebral topography in 49 pediatric AVMs. Topography. Number. Frequency.










 


[image: alt]





Active control of bias for the control of posture and 

posture a passive feedback process, or (2) movement and posture result from a .... A solution to this task .... In summary, the goal of this study is to show that a control principle that is ..... 3E; Fig. 3A,B in Loram et al. 2005a);. 4. Adjustments










 


[image: alt]





On the impact of interaction functions on foodchain stability References 

Foodchain models with constant boundary conditions are often found to ... Many conceptional foodchain models have been proposed [1]. ... the top predator.










 


[image: alt]





Impact of On-line Handwriting Recognition Performance on Text 

International Journal on Document Analysis and Recognition manuscript No. ..... newswires were collected using a digital pen and Anoto pa- per. Figure 5 ...










 














×
Report Radiosurgery for brain metastasis: impact of CTV on local control





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



