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GİRİŞ

Radyoterapi (RT) beyin tümörlerinin tedavisinde 
tek başına ya da cerrahi eksizyon ve kemoterapi ile 
kombine edilerek kullanılmaktadır (1). Yüksek dere-
celi glial tümörlerde RT uygun hastalarda tümörün 
maksimum güvenli rezeksiyonun ardından kemo-
terapi ile kombine olarak kullanılmakta iken beyin 
metastazlarının tedavisinde tek başına stereotak-
tik radyocerrahi (stereotactic radiosurgery-SRS) ya 
da tüm beyin RT (whole brain radiotherapy-WBRT) 
şeklinde uygulanabilmektedir (2,3). Ayrıca ekstra-
aksiyel baş boyun tümörleri ve intrakranial ekstra-
akisyel tümörlerin tedavisinde uygulanan RT de 
lezyonun lokalizasyonuna ve ışınlama sahasına 
bağlı olarak beyinde radyasyon hasarına neden 
olabilmektedir (4).

Radyoterapi tekniklerindeki gelişmelerle birlikte 
beyin tümörü olan hastaların sağ kalımı uzamak-
ta ve bu da daha fazla hastanın radyasyonun geç 

dönem etkileri ile karşılaşmasıyla sonuçlanmakta-
dır. Amerika Birleşik Devletleri’nde her yıl yaklaşık 
100.000 primer beyin tümörü ve beyin metastazı 
hastası herhangi bir düzeyde radyasyon ilişkili be-
yin hasarı gelişecek sağkalıma (6 aydan fazla) sa-
hip olmaktadır (5).

Beyinde radyasyona bağlı gelişen değişiklikler 
farklı zaman aralıklarında farklı mekanizmalarla 
ortaya çıkmaktadır. Bu değişikliklerin radyolojik 
bulgularının doğru şekilde değerlendirilmesi teda-
vinin bir sonraki basamağının doğru şekilde plan-
lanabilmesi için oldukça önemlidir.

Manyetik Rezonans Görüntüleme (MRG) beyin 
tümörü olan hastaların takibinde en sık kullanı-
lan görüntüleme yöntemidir. Beyinde radyasyona 
ikincil değişikliklerin tümör rekürrensinden ayırt 
edilmesinde MRG ile birlikte Pozitron Emisyon To-
mografi/ Bilgisayarlı Tomografi (PET/BT) ve Tek 
Foton Emisyon Bilgisayarlı Tomografi (SPECT) 
‘den de faydalanılmaktadır.



  809  

Radyoterapi Sonrası Beyinde Radyolojik Değişiklikler Tümör Psödoprogresyonu ve Radyasyon Nekrozu

Tablo 2: Radyasyon nekrozu ve tümör 
progresyonu ayrımı

Görüntüleme 
Yöntemi

Radyasyon 
Nekrozu

Tümör 
Progresyonu

Konvansiyonel 
MRG

T1/T2 
uyumsuzluğu T1/T2 uyumu

DAG/DTG

Difüzyon 
kısıtlanması yok
ADC daha 
yüksek
FA düşük

Difüzyon 
kısıtlanması var 
ADC daha düşük
FA yüksek

Perfüzyon MRG rCBV ↓ rCBV↑
Ktrans ↑

MRS NAA/Cr ↑,
Cho/Cr↓

Cho/Cr ve
Cho/NAA ↑

LQ <0.3 >0.6

PET/SPECT

Metabolik 
aktivite yok/ 
radyofarmasötik 
tutulumu yok

Metabolik 
aktivite/ 
radyofarmasötik 
tutulumu ↑

DAG:difüzyon ağırlıklı görüntüleme, DTG: difüzyon 
tensor görüntüleme, ADC: görünür difüzyon katsayısı, 
FA: fraksiyonel anizotropi, MRG: manyetik rezonans 
görüntüleme, rCBV: rölatif beyin kan volümü, NAA: 
N-asetil aspartat, Cho:kolin, Cr: kreatin, LQ: lezyon 
katsayısı MRS: manyetik rezonans spektroskopi, PET: 
pozitron emisyon tomografi, SPECT: tek foton emisyon 
bilgisayarlı tomografi

SONUÇ

Tedavi sonrası görüntülemelerin doğru şekilde 
değerlendirilmesi RT alan beyin tümörü hastala-
rında tedavinin yönlendirilmesi açısından oldukça 
önemlidir. RT alan hastalarda tedavi sonrasında 
yeni kontrastlanma alanları sıklıkla görülmektedir. 
Bu görünüm radyasyon nekrozu, psödoprogres-
yon, tümör progresyonu ya da bunların bir arada 
bulunduğu durumları işaret edebilir. Tanı için ta-
nımlanan kriterler bulunmakla birlikte konvansi-
yonel görüntüleme yöntemleri ile doğru tanıya git-
mek genellikle zordur. Altın standart tanı yöntemi 
biyopsi ve histopatolojik analizdir. Ancak teknik 
olarak ve hasta açısından zorlukları göz önüne 
alındığında sık tercih edilmemektedir. MR spekt-
roskopi, DAG, perfüzyon MR, PET ve SPECT kendi 
kısıtlılıklarına rağmen tanıya büyük katkıda bulun-
maktadır. Bu yöntemlerin güçlü ve zayıf yanlarını 

göz önünde bulundurarak olgu bazında değerlen-
dirme yapılmalıdır.

AKILDA TUTULACAKLAR

• Psödoprogresyon; tedavi sonrasında genellikle 
3-6 ayda ortaya çıkarken radyasyon nekrozu 
ise genellikle tedaviden 6-12 ay sonra gelişir.

• Korpus kallozum tutulumu ve primer kontrast-
lanan lezyonun >1 cm uzağında subependimal 
kontrast tutulumunun olması gerçek progres-
yon lehinedir.

• Tedavi öncesi kontrastlanmayan lezyonun 
kontrastlanması, cerrahi alanın uzağında lez-
yon gelişimi, korpus kallosum ve periventrikü-
ler beyaz cevher tutulumu, “İsviçre peyniri”, ya 
da “sabun köpüğü” şeklinde nodüler kontrast-
lanma paternleri ise radyasyon nekrozunu akla 
getirmelidir.

• Tümör progresyonunda neoanjiyogeneze bağ-
lı perfüzyon artışı (rCBV, Ktrans) beklenirken 
psödoprogresyon ve radyasyon nekrozunda 
beklenmez.

• Tümör progresyonunda Cho/Cr ve Cho/NAA 
artarken NAA/Cr azalır, psödoporgresyonda 
ise NAA, Cho, Cho/NAA ve Cho/Cr azalır.

• ADC tümör progresyonunda azalır. Ancak te-
davi sonrası değişikliklerin tanısında tek başına 
yeterli değildir.

KAYNAKLAR
1. Verma N, Cowperthwaite MC, Burnett MG, et al. Dif-

ferentiating tumor recurrence from treatment nec-
rosis: A review of neuro-oncologic imaging strate-
gies. Neuro Oncol. 2013;15(5):515–34.

2. Kotecha R, Gondi V, Ahluwalia MS, et al. Recent ad-
vances in managing brain metastasis. F1000Res. 
2018;7:F1000 Faculty Rev-1772.

3. Wick W, Osswald M, Wick A, et al. Treatment of 
glioblastoma in adults. Ther Adv Neurol Disord. 
2018;11:1–7.

4. Shah R, Vattoth S, Jacob R, et al. Radiation nec-
rosis in the brain: Imaging features and differen-
tiation from tumor recurrence. Radiographics. 
2012;32(5):1343–59.

5. Osborn AG, Hedlung GL, Salzman KL. (2017). Os-



  810  

Radyasyon Maruziyeti

born’s Brain. (Second Edit). Elseiver.
6. Sheline GE, Wara WM, Smith V. Therapeutic irradi-

ation and brain injury. Int J Radiat Oncol Biol Phys. 
1980;6(9):1215–28.

7. Fink J, Born D, Chamberlain MC. Radiation necrosis: 
Relevance with respect to treatment of primary and 
secondary brain tumors. Curr Neurol Neurosci Rep. 
2012;12(3):276–85.

8. Greene-Schloesser D, Robbins ME, Peiffer AM, et al. 
Radiation-induced brain injury: A review. Front On-
col. 2012;2:73.

9. Sundgren PC, Cao Y. Brain irradiation: effects on 
normal brain parenchyma and radiation injury. 
Neuroimaging Clin N Am. 2009;19(4):657-668.

10. Lumniczky K, Szatmári T, Sáfrány G. Ionizing Radia-
tion-Induced Immune and Inflammatory Reactions 
in the Brain. Front Immunol. 2017;8:517.

11. Kumar AJ, Leeds NE, Fuller GN, et al. Malignant 
gliomas: MR imaging spectrum of radiation therap-
y-and chemotherapy-induced necrosis of the brain 
after treatment. Radiology. 2000;217(2):377–84.

12. Strauss SB, Meng A, Ebani EJ, et al. Imaging Gliob-
lastoma Posttreatment: Progression, Pseudoprog-
ression, Pseudoresponse, Radiation Necrosis. Ra-
diol Clin North Am [Internet]. 2019;57(6):1199–216.

13. Ostrom QT, Gittleman H, Xu J, et al. CBTRUS Statisti-
cal Report: Primary Brain and Other Central Nervous 
System Tumors Diagnosed in the United States in 
2009-2013. Neuro Oncol. 2016;18(suppl_5):v1-v75.

14. Wen PY, Macdonald DR, Reardon DA, et al. Upda-
ted response assessment criteria for high-grade 
gliomas: Response assessment in neuro-oncology 
working group. J Clin Oncol. 2010;28(11):1963–72.

15. Wen PY, Chang SM, Van den Bent MJ,et al. Respon-
se Assessment in Neuro-Oncology Clinical Trials. J 
Clin Oncol. 2017;35(21):2439-2449.

16. Noh T, Walbert T. Brain metastasis: clinical manifes-
tations, symptom management, and palliative care. 
Handb Clin Neurol. 2018;149:75-88.

17. Lin NU, Lee EQ, Aoyama H, et al. Response assess-
ment criteria for brain metastases: Proposal from 
the RANO group. Lancet Oncol. 2015;16(6):e270–8.

18.Topkan E, Topuk S, Oymak E, et al. Pseudoprogres-
sion in patients with glioblastoma multiforme after 
concurrent radiotherapy and temozolomide. Am J 
Clin Oncol Cancer Clin Trials. 2012;35(3):284–9.

19. Thust SC, van den Bent MJ, Smits M. Pseudoprog-
ression of brain tumors. J Magn Reson Imaging. 
2018;48(3):571–89.

20. Radbruch A, Fladt J, Kickingereder P, et al. Pseu-
doprogression in patients with glioblastoma: Clini-
cal relevance despite low incidence. Neuro Oncol. 
2015;17(1):151–9.

21. Brandes AA, Franceschi E, Tosoni A, et al. MGMT pro-
moter methylation status can predict the incidence 
and outcome of pseudoprogression after concomi-

tant radiochemotherapy in newly diagnosed gliob-
lastoma patients. J Clin Oncol. 2008;26(13):2192–7.

22. Zikou A, Sioka C, Alexiou GA, et al. Radiation Nec-
rosis, Pseudoprogression, Pseudoresponse, and 
Tumor Recurrence: Imaging Challenges for the 
Evaluation of Treated Gliomas. Contrast Media Mol 
Imaging. 2018;2018:6828396.

23. Ali FS, Arevalo O, Zorofchian S, et al. Cerebral Radi-
ation Necrosis: Incidence, Pathogenesis, Diagnostic 
Challenges, and Future Opportunities. Curr Oncol 
Rep. 2019;21(8).

24. de Wit MC, de Bruin HG, Eijkenboom W, et al. Im-
mediate post-radiotherapy changes in malignant 
glioma can mimic tumor progression. Neurology. 
2004;63(3):535-537.

25. Yoo RE, Choi SH, Kim TM, et al. Independent Poor 
Prognostic Factors for True Progression after Radi-
ation Therapy and Concomitant Temozolomide in 
Patients with Glioblastoma: Subependymal Enhan-
cement and Low ADC Value. AJNR Am J Neuroradi-
ol. 2015;36(10):1846-1852.

26. Mullins ME, Barest GD, Schaefer PW, et al. Radiati-
on necrosis versus glioma recurrence: conventional 
MR imaging clues to diagnosis. AJNR Am J Neuro-
radiol. 2005;26(8):1967-1972.

27. Kleinberg L, Yoon G, Weingart JD, et al. Imaging after 
GliaSite brachytherapy: prognostic MRI indicators of 
disease control and recurrence. Int J Radiat Oncol 
Biol Phys. 2009;75(5):1385-1391.

28. Young RJ, Gupta A, Shah AD, et al. Potential uti-
lity of conventional MRI signs in diagnosing 
pseudoprogression in glioblastoma. Neurology. 
2011;76(22):1918-1924.

29. Prager AJ, Martinez N, Beal K, et al. Diffusion and 
perfusion MRI to differentiate treatment-related 
changes including pseudoprogression from re-
current tumors in high-grade gliomas with his-
topathologic evidence. AJNR Am J Neuroradiol. 
2015;36(5):877-885.

30. Cha J, Kim ST, Kim HJ, et al. Differentiation of tumor 
progression from pseudoprogression in patients 
with posttreatment glioblastoma using multipara-
metric histogram analysis. AJNR Am J Neuroradiol. 
2014;35(7):1309-1317.

31. Patel P, Baradaran H, Delgado D, et al. MR perfusi-
on-weighted imaging in the evaluation of high-grade 
gliomas after treatment: a systematic review and 
meta-analysis. Neuro Oncol. 2017;19(1):118-127.

32. Gaddikeri S, Gaddikeri RS, Tailor T, et al. Dynamic 
contrast-enhanced MR imaging in head and neck 
cancer: Techniques and clinical applications. Am J 
Neuroradiol. 2016;37(4):588–95.

33. Sundgren PC, Cao Y. Brain irradiation: effects on nor-
mal brain parenchyma and radiation injury. Neuroi-
maging Clin N Am. 2009;19(4):657-668.

34. Yun TJ, Park CK, Kim TM, et al. Glioblastoma treated 



  811  

Radyoterapi Sonrası Beyinde Radyolojik Değişiklikler Tümör Psödoprogresyonu ve Radyasyon Nekrozu

with concurrent radiation therapy and temozolomi-
de chemotherapy: differentiation of true progressi-
on from pseudoprogression with quantitative dy-
namic contrast-enhanced MR imaging. Radiology. 
2015;274(3):830-840.

35. Lee WJ, Choi SH, Park CK, et al. Diffusion-weighted 
MR imaging for the differentiation of true progressi-
on from pseudoprogression following concomitant 
radiotherapy with temozolomide in patients with 
newly diagnosed high-grade gliomas. Acad Radiol. 
2012;19(11):1353-1361.

36. Reimer C, Deike K, Graf M, et al. Differentiation of 
pseudoprogression and real progression in glioblas-
toma using ADC parametric response maps. PLoS 
One. 2017;12(4):e0174620.

37. Bobek-Billewicz B, Stasik-Pres G, Majchrzak H, et al. 
Differentiation between brain tumor recurrence and 
radiation injury using perfusion, diffusion-weighted 
imaging and MR spectroscopy. Folia Neuropathol. 
2010;48(2):81-92.

38. Bulik M, Kazda T, Slampa P, et al. The Diagnostic 
Ability of Follow-Up Imaging Biomarkers after Tre-
atment of Glioblastoma in the Temozolomide Era: 
Implications from Proton MR Spectroscopy and Ap-
parent Diffusion Coefficient Mapping. Biomed Res 
Int. 2015;2015:641023.

39. Hein PA, Eskey CJ, Dunn JF, et al. Diffusion-weigh-
ted imaging in the follow-up of treated high-grade 
gliomas: tumor recurrence versus radiation injury. 
AJNR Am J Neuroradiol. 2004;25(2):201-209.

40. Song YS, Choi SH, Park CK, et al. True progressi-
on versus pseudoprogression in the treatment of 
glioblastomas: a comparison study of normalized 
cerebral blood volume and apparent diffusion co-
efficient by histogram analysis. Korean J Radiol. 
2013;14(4):662-672.

41. Moffat BA, Chenevert TL, Lawrence TS, et al. Functi-
onal diffusion map: a noninvasive MRI biomarker for 
early stratification of clinical brain tumor response. 
Proc Natl Acad Sci U S A. 2005;102(15):5524-5529.

42. Agarwal A, Kumar S, Narang J, et al. Morphologic 
MRI features, diffusion tensor imaging and radiation 
dosimetric analysis to differentiate pseudo-progres-
sion from early tumor progression. J Neurooncol. 
2013;112(3):413-420.

43. Wang S, Martinez-Lage M, Sakai Y, et al. Differentia-
ting Tumor Progression from Pseudoprogression in 
Patients with Glioblastomas Using Diffusion Tensor 
Imaging and Dynamic Susceptibility Contrast MRI. 
AJNR Am J Neuroradiol. 2016;37(1):28-36.

44. Sawlani V, Taylor R, Rowley K, et al. Magnetic Re-
sonance Spectroscopy for Differentiating Pseu-
do-Progression from True Progression in GBM on 
Concurrent Chemoradiotherapy. Neuroradiol J. 
2012;25(5):575-586.

45. Weybright P, Sundgren PC, Maly P, et al. Differentiati-
on between brain tumor recurrence and radiation in-

jury using MR spectroscopy. AJR Am J Roentgenol. 
2005;185(6):1471–6.

46. Gocmen R, Karli Oguz K. Intrakraniyal Tumörlerin Te-
daviye Yanitinin Radyolojik Olarak Degerlendirilmesi. 
Türk Radyoloji Semin. 2016;4(1):149–60.

47. van Dijken BRJ, van Laar PJ, Holtman GA, et al. Di-
agnostic accuracy of magnetic resonance imaging 
techniques for treatment response evaluation in pa-
tients with high-grade glioma, a systematic review 
and meta-analysis. Eur Radiol. 2017;27(10):4129-
4144.

48. Rizzo S, Botta F, Raimondi S, et al. Radiomics: the fa-
cts and the challenges of image analysis. Eur Radiol 
Exp. 2018;2(1):36.

49. Chen X, Wei X, Zhang Z, et al. Differentiation of 
true-progression from pseudoprogression in gliob-
lastoma treated with radiation therapy and conco-
mitant temozolomide by GLCM texture analysis of 
conventional MRI. Clin Imaging. 2015;39(5):775-
780.

50. Lee J, Wang N, Turk S, et al. Discriminating pseu-
doprogression and true progression in diffuse in-
filtrating glioma using multi-parametric MRI data 
through deep learning. Sci Rep. 2020;10(1):20331.

51. Lohmann P, Elahmadawy MA, Gutsche R, et al. FET 
PET Radiomics for Differentiating Pseudoprog-
ression from Early Tumor Progression in Glioma 
Patients Post-Chemoradiation. Cancers (Basel). 
2020;12(12):3835.

52. Kebir S, Khurshid Z, Gaertner FC, et al. Unsuper-
vised consensus cluster analysis of [18F]-fluoro-
ethyl-L-tyrosine positron emission tomography 
identified textural features for the diagnosis of 
pseudoprogression in high-grade glioma. Oncotar-
get. 2017;8(5):8294-8304.

53. Rahmathulla G, Marko NF, Weil RJ. Cerebral radiati-
on necrosis: A review of the pathobiology, diagnosis 
and management considerations. J Clin Neurosci 
[Internet]. 2013;20(4):485–502.

54. Ruben JD, Dally M, Bailey M, et al. Cerebral radiation 
necrosis: Incidence, outcomes, and risk factors with 
emphasis on radiation parameters and chemothe-
rapy. Int J Radiat Oncol Biol Phys. 2006;65(2):499–
508.

55. Flickinger JC, Kondziolka D, Lunsford LD, et al. De-
velopment of a model to predict permanent symp-
tomatic postradiosurgery injury for arteriovenous 
malformation patients. Arteriovenous Malformation 
Radiosurgery Study Group. Int J Radiat Oncol Biol 
Phys. 2000;46(5):1143-1148.

56. Miller JA, Bennett EE, Xiao R, et al. Association 
Between Radiation Necrosis and Tumor Biology 
After Stereotactic Radiosurgery for Brain Me-
tastasis. Int J Radiat Oncol Biol Phys [Internet]. 
2016;96(5):1060–9.

57. Tofilon PJ, Fike JR. The radioresponse of the cent-
ral nervous system: A dynamic process. Radiat Res. 



  812  

Radyasyon Maruziyeti

2000;153(4):357–70.
58. Tsuruda JS, Kortman KE, Bradley WG, Wheeler DC, 

Van Dalsem W, Bradley TP. Radiation effects on ce-
rebral white matter: MR evaluation. AJR Am J Ro-
entgenol. 1987;149(1):165-171.

59. Dequesada IM, Quisling RG, Yachnis A, et al. Can 
standard magnetic resonance imaging reliably 
distinguish recurrent tumor from radiation nec-
rosis after radiosurgery for brain metastases? A 
radiographic-pathological study. Neurosurgery. 
2008;63(5):898-904.

60. Kano H, Kondziolka D, Lobato-Polo J, et al. T1/T2 
matching to differentiate tumor growth from radiati-
on effects after stereotactic radiosurgery. Neurosur-
gery. 2010;66(3):486-492.

61. Barajas RF, Chang JS, Sneed PK, et al. Distinguis-
hing recurrent intra-axial metastatic tumor from 
radiation necrosis following gamma knife radiosur-
gery using dynamic susceptibility-weighted cont-
rast-enhanced perfusion MR imaging. AJNR Am J 
Neuroradiol. 2009;30(2):367-372.

62. Nael K, Bauer AH, Hormigo A, et al. Multiparametric 
MRI for Differentiation of Radiation Necrosis From 
Recurrent Tumor in Patients With Treated Glioblas-
toma. AJR Am J Roentgenol. 2018;210(1):18-23.

63. Zhang H, Ma L, Shu C, et al. Diagnostic accuracy of 
diffusion MRI with quantitative ADC measurements 
in differentiating glioma recurrence from radiation 
necrosis. J Neurol Sci. 2015;351(1-2):65-71.

64. Alcaide-Leon P, Cluceru J, Lupo JM, et al. Centrally 
Reduced Diffusion Sign for Differentiation between 
Treatment-Related Lesions and Glioma Progres-
sion: A Validation Study. AJNR Am J Neuroradiol. 
2020;41(11):2049-2054.

65. Kashimura H, Inoue T, Beppu T, et al. Diffusion 
tensor imaging for differentiation of recurrent 
brain tumor and radiation necrosis after radiothe-
rapy--three case reports. Clin Neurol Neurosurg. 
2007;109(1):106-110.

66. Xu JL, Li YL, Lian JM, et al. Distinction between 
postoperative recurrent glioma and radiation injury 
using MR diffusion tensor imaging. Neuroradiology. 
2010;52(12):1193-1199.

67. Sundgren PC, Fan X, Weybright P, et al. Differentia-
tion of recurrent brain tumor versus radiation injury 
using diffusion tensor imaging in patients with new 
contrast-enhancing lesions. Magn Reson Imaging. 
2006;24(9):1131-1142.

68. Zeng QS, Li CF, Liu H, et al. Distinction between re-
current glioma and radiation injury using magnetic 
resonance spectroscopy in combination with diffu-
sion-weighted imaging. Int J Radiat Oncol Biol Phys. 
2007;68(1):151-158.

69. Smith EA, Carlos RC, Junck LR, et al. Developing a cli-
nical decision model: MR spectroscopy to differen-
tiate between recurrent tumor and radiation change 
in patients with new contrast-enhancing lesions. 
AJR Am J Roentgenol. 2009;192(2):W45-W52.

70. Schlemmer HP, Bachert P, Herfarth KK, et al. Proton 
MR spectroscopic evaluation of suspicious brain 
lesions after stereotactic radiotherapy. AJNR Am J 
Neuroradiol. 2001;22(7):1316-1324.

71. Kim EE, Chung SK, Haynie TP, et al. Differentiation 
of residual or recurrent tumors from post-treat-
ment changes with F-18 FDG PET. Radiographics. 
1992;12(2):269-279.

72. Valk PE, Budinger TF, Levin VA, et al. PET of malig-
nant cerebral tumors after interstitial brachytherapy. 
Demonstration of metabolic activity and correlation 
with clinical outcome. J Neurosurg. 1988;69(6):830-
838.

73. Di Chiro G, Oldfield E, Wright DC, et al. Cerebral nec-
rosis after radiotherapy and/or intraarterial chemo-
therapy for brain tumors: PET and neuropathologic 
studies. AJR Am J Roentgenol. 1988;150(1):189-
197.

74. Terakawa Y, Tsuyuguchi N, Iwai Y, et al. Diagnostic 
accuracy of 11C-methionine PET for differentiation 
of recurrent brain tumors from radiation necrosis 
after radiotherapy. J Nucl Med. 2008;49(5):694-699.

75. Guo J, Higashi K, Ueda Y, et al. Microvessel den-
sity: correlation with 18F-FDG uptake and prognos-
tic impact in lung adenocarcinomas. J Nucl Med. 
2006;47(3):419-425.

76. Yomo S, Oguchi K. Prospective study of 11C-met-
hionine PET for distinguishing between recurrent 
brain metastases and radiation necrosis: limitations 
of diagnostic accuracy and long-term results of sal-
vage treatment. BMC Cancer. 2017;17(1):713.

77. Tsuyuguchi N, Sunada I, Iwai Y, et al. Methionine po-
sitron emission tomography of recurrent metastatic 
brain tumor and radiation necrosis after stereotac-
tic radiosurgery: is a differential diagnosis possib-
le?. J Neurosurg. 2003;98(5):1056-1064.

78. Chen W, Cloughesy T, Kamdar N, et al. Imaging proli-
feration in brain tumors with 18F-FLT PET: compari-
son with 18F-FDG. J Nucl Med. 2005;46(6):945-952.

79. Zhang H, Ma L, Wu C,et al. Performance of SPECT in 
the differential diagnosis of glioma recurrence from 
radiation necrosis. J Clin Neurosci. 2015;22(2):229-
237.


