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GENETIC BASIS OF INHERITED FORMS OF
RENAL CARCINOMA

1. Von Hippel Lindau (VHL)
Histology: Clear Cell RCC
Gene: VHL Gene

2. Hereditary Papillary Renal Carcinoma (HPRC)
Histology: Papillary Type 1 RCC
Gene: MET Gene

3. Birt Hogg Dubé (BHD)
Histology: Chromophobe RCC/Oncocytoma
Gene: FLCN Gene

4. Hereditary Leiomyomatosis RCC (HLRCC)
Histology: Papillary Type 2 RCC
Gene: FH Gene

S. Succinate Dehydrogenase Familial Renal Cancer
Histology: Clear Cell and Chromophobe RCC

. Gene: Succinate Debydrogenase D Gene

6. Tuberous Sclerosis Complex (TSC)

Histology: Angiomyolipoma, Clear Cell and Chromophobe
REG

Gene: TSC1/TSC2 Genes
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Syndrome Chromosom | Predisposing Histology Frequency of Gene Mutation
e Location Gene
Germline | Sporadic RCC
(ref.) (ref.)
VON Hippel-Lidau 3p25 VHL Clear cell 100% (13) 92% (14)
(VHL)
Hereditary papillary 7931 MET Type 1 papillary 100% 13% (17)
renal carcinoma (9,15,16)
type 1 (HPRC)
Birt-Hogg-Dudé 17p11.2 FLCN Chromophobe, hybrid 90% (18) 11% (19)
syndrome (BHD)
hereditary 1q42—43 FH Type 2 papillary 93% (20) TBD*
leiomyomatosis
renal carcinoma
(HLRCC)
succinate 1p35—36 SDHB Clear cell, TBD TBD
dehydrogenase Chromophobe
(SDH)-associated 11923 SDHD
familial renal cancer
tuberous sclerosis 9934 TSC1 Angiomyolipoma, Clear TBD TBD
complex (TSC) cell, Chromophobe,
16p13 TSC2 papillary, oncocytoma

* TBD: to be determined
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WHO, SAKK, ECOG, Zubrod Grade  Karnofsky Index
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No symptoms; fully active 0 Normal activity; no complaints; no 100%
symptoms of disease
Symptoms; moderate reduction in 1 Slight reduction in normal activity; 90%
physical activity and capacity to minor symptoms of disease
work; not bed-ridden Normal activity only with effort; 80%
some symptoms of disease
Unable to work; cares for self; 2 Cares for self; unable to carry on 70%
increasing need for assistance, normal activity or to do active work
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ing hours assistance
Rapid progression of disease; 4 Severely disabled; hospitalization 30%
confined to bed is indicated although death not
imminent
Very sick; hospitalization neces- 20%
sary; active supportive treatment
necessary
Moribund; fatal processes progress- 10%
ing rapidly
Dead 5 Dead 0%
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Survival by the MSKCC risk factor model ™

Proportion surviving
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Median survival

0 risk factors (n=80) 30 months
1 or 2 risk factors (n=269) 14 months
3, 4 or 5 risk factors (n=88) 5 months

+ Riskfactors associated with worse outcome 191192

« Karnofsky progression status <80%

« Low serum haemoglobin (<LLN)

« High corrected calcium (>2.5 mmol/L[10 mg/dL])
« High LDH (>1.5X ULN)

« Time from diagnosis to IFN-a <1 year
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Practical Study Abstract.

Title: Pazopanib efficacy in the treatment of recurrent & \ or metastatic Clear
Cell Renal Carcinoma at Al Bairuni University Hospital.

Background: Pazopanib is a multikinase inhibitor of VEGFR, PDGFR, and
c-Kit. In previous studies, Pazopanib has showed an improved response rate
(RR) and progression free survival (PFS) in clear cell renal carcinoma patients.
This is a single institute study to assess the clinical benefit.

Patients and methods: A total of 44 patients were enrolled. Adults with good
performance status, measurable and locally advanced or metastatic RCC were
receive Pazopanib 800 mg daily. The primary end point was evaluation was the
objective response rate (complete response + partial response) using RECIST
guidline. Secondary end point was progression free survival (PFS).

Results: Objective response rate was 34%. Clinical benefit rate was 84% for at
least 3 months. A delay of progression of more than 6 months was noted in
59% of the study population. Median time to progression was 9 months.

Conclusion: In this single institute study, Pazopinib benefits the clinical
outcome in the treatment of recurrent or metastatic renal cell carcinoma (RCC).
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WHO, SAKK, ECOG, Zubrod Grade  Karnofsky Index
Definition Definition
No symptoms; fully active 0 Normal activity; no complaints; no 100%
symptoms of disease
Symptoms; moderate reduction in 1 Slight reduction in normal activity; 90%
physical activity and capacity to minor symptoms of disease
work; not bed-ridden Normal activity only with effort; 80%
some symptoms of disease
Unable to work; cares for self; 2 Cares for self; unable to carry on 70%
increasing need for assistance, normal activity or to do active work
needs to be in bed < 50% of wak- Requires occasional assistance; 60%
ing hours mainly cares for self
Cannot care for self; requires 3 Requires considerable assistance 50%
permanent care or hospitalization; and frequent medical care
needs to be in bed > 50% of wak- Disabled; requires special care and 40%
ing hours assistance
Rapid progression of disease; 4 Severely disabled; hospitalization 30%
confined to bed is indicated although death not
imminent
Very sick; hospitalization neces- 20%
sary; active supportive treatment
necessary
Moribund; fatal processes progress- 10%
ing rapidly
Dead 5 Dead 0%
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Response Evaluation Criteria in Solid Tumors "%4lall al ;5% A Laiud) ali sulaa

(RECIST)

RECIST guideline, version 1.1
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ala 10> CR
el Jghall aa 4 lia Adagiowal) AN alic¥) bl Jgha e % 30 < gl i | Aijadl Aladuy)
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h,m&ws%viJMiﬁidﬁygdé‘z\@ge.&.aswsmﬁ)%205341,15 ENIW]
FDG- Gk (& WAL oy Bagan 481 ) g¢s o) Uil Janna jhad JokaY 8953 jiualy PD

PET

Neither PR nor PD uaall (35 5 435 Alaiad) G

da gl ABY) il
SD

Non-target lesions 4dgimall & cidY)

doa ol il U dsmuda il gluca g ABagiunal) & BV S o LETA

L) iy
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O Ao da o) Cilanl g1 il e pliy ol \ g ABaginall & CBYY (pa ST of dal g ey | ALalS & Al
dagalal) 3 gaal) 48wl IR
SD 4zl
Tl g gmra b5 gl AS) g Baaa ) ek | Al (s el
PD

2 AR Al Bl g ¢ ASY (5 ghacall B By 3 ¢ uldll LB A8Y) cuils Sl b
PR 5/ SD daabad) 48Y) cils Jla A s ddagioad)

4 jliall ALLAY d5dial) dpa ol jalaall A& 305N G (bl JAA 8 a0l Jla B
) Gluall (8 5 :JUa) PD (A g e 2529 o Rl L 5 Sl S JSy
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CR: complete response; IR: incomplete response; PD: progressive disease; SD: stable

disease




57

References ) Al

1. Grawitz VP. Die sogenannten lipome der niere. Virchows Arch Pathol Anat Histopathol 1883;93:39.
2. Doderlein A, Birch-Hirschfeld FV. Embryonale drusengeschwulst der nierengegend im kindesalter.
Sex Organe 1894;3:88.

3. Rini B I, Campbell S C, Escudier B. Renal cell carcinoma. Lancet 2009;373:1119.

4. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2009. CA Cancer J Clin 2009;59:225.

5. Kovacs G, Akhtar M, Beckwith BJ, et al. The Heidelberg classification of renal cell tumours. J Pathol
1997;183:131.

6. Linehan WM, Walther MM, Zbar B. The genetic basis of cancer of the kidney. J Uro/ 2003;170(6 Pt
1):2163.

7. Linehan WM, Srinivasan R, Schmidt LS. The genetic basis of kidney cancer: a metabolic disease.
Nat Rev Urol 2010;7:277.

8. Latif F, Tory K, Gnarra J, et al. Identification of the von Hippel-Lindau disease tumor suppressor
gene. Science 1993;260:1317.

9. Schmidt L, Duh FM, Chen F, et al. Germline and somatic mutations in the tyrosine kinase domain
of the MET protooncogene in papillary renal carcinomas. Nat Genet 1997;16:68.

10. Tomlinson IP, Alam NA, Rowan AJ, et al. Germline mutations in FH predispose to dominantly
inherited uterine fibroids, skin leiomyomata and papillary renal cell cancer. Nat Genet 2002;30:406.
11. Nickerson ML, Warren MB, Toro JR, et al. Mutations in a novel gene lead to kidney tumors, lung
wall defects, and benign tumors of the hair follicle in patients with the Birt-Hogg-Dubé syndrome.
Cancer Cell 2002;2:157.

12.Vanharanta S, Buchta M, McWhinney SR, et al. Early-onset renal cell carcinoma as a novel
extraparaganglial component of SDHB-associated heritable paraganglioma. Am J Hum Genet
2004;74:153.

13.Cho HJ, Ki CS, Kim JW. Improved detection of germline mutations in Korean VHL patients by
multiple ligation-dependent probe amplification analysis. J Korean Med Sci 2009;24:77.

14. Nickerson ML, Jaeger E, Shi Y, et al. Improved identification of von Hippel-Lindau gene alterations

in clear cell renal tumors. Clin Cancer Res 2008;14:4726.



58

15.Schmidt L, Junker K, Weirich G, et al. Two North American families with hereditary papillary renal
carcinoma and identical novel mutations in the MET proto-oncogene. Cancer Res 1998;58:1719.
16.Schmidt LS, Nickerson ML, Angeloni D, et al. Early onset hereditary papillary renal carcinoma:
germline missense mutations in the tyrosine kinase domain of the met proto-oncogene. J Urol
2004;172:1256.

17.Schmidt L, Junker K, Nakaigawa N, et al. Novel mutations of the MET proto-oncogene in papillary
renal carcinomas. Oncogene 1999;18:2343.

18.Toro JR, Wei MH, Glenn GM, et al. BHD mutations, clinical and molecular genetic investigations of
Birt-Hogg-Dubé syndrome: a new series of 50 families and a review of published reports. J Med
Genet 2008;45:321.

19.Gad S, Lefevre SH, Khoo SK, et al. mutations in BHD and TP53 genes, but not in HNFlbeta gene,
in a large series of sporadic chromophobe renal cell carcinoma. Br J Cancer 2007;96:336.

20.Wei MH, Toure O, Glenn GM, et al. Novel mutations in FH and expansion of the spectrum of
phenotypes expressed in families with hereditary leiomyomatosis and renal cell cancer. J Med Genet
2006;43:18.

21. Nordstrom-O'Brien M, van der Luijt RB, van Rooijen E, et al. Genetic analysis of von Hippel-
Lindau disease. Hum Mutat 2010;31(5):521.

22.Zbar B, Brauch H, Talmadge C, Linehan WM. Loss of alleles of loci on the short arm of
chromosome 3 in renal cell carcinoma. Nature 1987;327:721.

23.Stolle C, Glenn G, Zbar B, et al. Improved detection of germline mutations in the von Hippel-
Lindau disease tumor suppressor gene. Hum Mutat 1998;12:417.

24.Cho HJ, Ki CS, Kim JW. Improved detection of germline mutations in Korean VHL patients by
multiple ligation-dependent probe amplification analysis. J Korean Med Sci 2009;24:77.

25.Cohen AJ, Li FP, Berg S, et al. Hereditary renal-cell carcinoma associated with a chromosomal
translocation. N Engl J Med 1979;301:592.

26.Schmidt L, Li F, Brown RS, et al. Mechanism of tumorigenesis of renal carcinomas associated with
the constitutional chromosome 3;8 translocation. Cancer J Sci Am 1995;1:191.

27.Meléndez B, Rodriguez-Perales S, Martinez-Delgado B, et al. Molecular study of a new family with
hereditary renal cell carcinoma and a translocation t(3;8)(p13;q924.1). Hum Genet 2003;112:178.
28.Bodmer D, Van Den Hurk W, van Groningen 1], et al. Understanding familial and non-familial

renal cell cancer. Hum Mol Genet 2002;11:2489.



59

29.Gnarra JR, Tory K, Weng Y, et al. Mutations of the VHL tumour suppressor gene in renal
carcinoma. Nat Genet 1994;7:85.

30. Nickerson ML, Jaeger E, Shi Y, et al. Improved identification of von Hippel-Lindau gene alterations
in clear cell renal tumors. Clin Cancer Res 2008;14:4726.

31.Kaelin WG Jr. The von Hippel-Lindau tumor suppressor protein: O2 sensing and cancer. Nat Rev
Cancer 2008;8:865.

32.Stebbins CE, Kaelin WG Jr, Pavletich NP. Structure of the VHL-ElonginC-ElonginB complex:
implications for VHL tumor suppressor function. Science 1999;284:455.

33.Kondo K, Kico J, Nakamura E, Lechpammer M, Kaelin W. Inhibition of HIF is necessary for tumor
suppression by the von Hippel-Lindau protein. Cancer Cell 2002;1:237.

34. Maranchie JK, Vasselli JR, Riss J, et al. The contribution of VHL substrate binding and HIF1-alpha
to the phenotype of VHL loss in renal cell carcinoma. Cancer Cell 2002;1:247.

35. Srirangalingam U, Walker L, Khoo B, et al. Clinical manifestations of familial paraganglioma and
phaeochromocytomas in succinate dehydrogenase B (SDH-B) gene mutation carriers. Clin Endocrinol
(Oxf) 2008;69:587.

36.Henderson A, Douglas F, Perros P, Morgan C, Maher ER. SDHB-associated renal oncocytoma
suggests a broadening of the renal phenotype in hereditary paragangliomatosis. Fam Cancer
2009;8:257.

37.Ricketts C, Woodward ER, Killick P, et al. Germline SDHB mutations and familial renal cell
carcinoma. J Natl Cancer Inst 2008;100:1260.

38. Astuti D, Douglas F, Lennard TW, et al. Germline SDHD mutation in familial pheochromocytoma.
Lancet 2001;357:1181.

39.Pawlu C, Bausch B, Neumann HPH. Mutations of the SDHB and SDHD genes. Fam Cancer
2005;4:49.

40. Astuti D, Latif F, Dallol A, et al. Gene mutations in the succinate dehydrogenase subunit SDHB
cause susceptibility to familial pheochromocytoma and to familial paraganglioma. Am J Hum Genet
2001;69:49.

41.Ricketts CJ, Forman JR, Rattenberry E, et al. Tumor risks and genotype-phenotype-proteotype
analysis in 358 patients with germline mutations in SDHB and SDHD. Hum Mutat 2010;31:41.
42.Pollard PJ], Briere 1], Alam NA, et al Accumulation of Krebs cycle intermediates and over-
expression of HIFlalpha in tumours which result from germline FH and SDH mutations. Hum Mol

Genet 2005;14:2231.



60

43.Crino PB, Nathanson KL, Henske EP. The tuberous sclerosis complex. N Engl J Med
2006;355:1345.

44. Van Slegtenhorst M, de Hoogt R, Hermans C, et al. Identification of the tuberous sclerosis gene
TSC1 on chromosome 9q34. Science 1997;277:805.

45.The European Chromosome 16 Tuberous Sclerosis Consortium. Identification and characterization
of the tuberous sclerosis gene on chromosome 16. Cell 1993;75:1305.

46.Inoki K, Corradetti MN, Guan KL. Dysregulation of the TSC-mTOR pathway in human disease. Nat
Genet 2005;37:19.

47.Inoki K, Li Y, Xu T, Guan KL. Rheb GTPase is a direct target of TSC2 GAP activity and regulates
mMTOR signaling. Genes Dev 2003;17:1829.

48.Shaw RJ, Bardeesy N, Manning BD, et al. The LKB1 tumor suppressor negatively regulates mTOR
signaling. Cancer Cell 2004;6:91.

49, Bissler 1], McCormack FX, Young LR, et al. Sirolimus for angiomyolipoma in tuberous sclerosis
complex or lymphangioleiomyomatosis. N Engl/ J Med 2008;358:140.

50.Heck JE, Charbotel B, Moore LE, et al. Occupation and renal cell cancer in Central and Eastern
Europe. Occup Environ Med 2010;67:47.

51. Mellemgaard A, Engholm G, McLaughlin JK, Olsen JH. Risk factors for renal cell carcinoma in
Denmark. I. Role of socioeconomic status, tobacco use, beverages, and family history. Cancer
Causes Control 1994;5:105.

52. Maclure M, Willett W. A case-control study of diet and risk of renal adenocarcinoma. Epidemiology
1990;1(6):430.

53.Yu MC, Mack TM, Hanisch R, Cicioni C, Henderson BE. Cigarette smoking, obesity, diuretic use,
and coffee consumption as risk factors for renal cell carcinoma. J Nat/ Cancer Inst 1986;77(2):351.
54. Lowrance WT, Thompson RH, Yee DS, Kaag M, Donat SM, Russo P. Obesity is associated with a
higher risk of clear-cell renal cell carcinoma than with other histologies. BJU Int 2010;105(1):16-20.
55.Shapiro JA, Williams MA, Weiss NS. Body mass index and risk of renal cell carcinoma.
Epidemiology 1999;10(2):188.

56.Tavani A, La Vecchia C. Epidemiology of renal-cell carcinoma. J Nephrol 1997;10(2):93.
57.Vogelzang NJ, Scardino PT, Shipley WU, Coffey DS. Epidemiology of renal cell carcinoma. In:
Comprehensive textbook of genitourinary oncology . 2nd ed.Baltimore: Williams & Wilkins, 1998.

58. Gago-Dominguez M, Yuan JM, Castelao JE, Ross RK, Yu MC. Regular use of analgesics is a risk

factor for renal cell carcinoma. Br J Cancer 1999;81(3):542.



61

59.Brauch H, Weirich G, Hornauer MA, et al. Trichloroethylene exposure and specific somatic
mutations in patients with renal cell carcinoma. J Nat/ Cancer Inst 1999;91(10):854.

60. Ross RK, Paganini-Hill A, Landolph J, Gerkins V, Henderson BE. Analgesics, cigarette smoking,
and other risk factors for cancer of the renal pelvis and ureter. Cancer Res 1989;49:1045.
61.deKernion JB, Smith RB. The kidney and adrenal glands. In: Paulson DF, ed. Genitourinary
surgery. New York: Churchill, Livingston, 1984:1.

62. Enterline PE, Viren J]. Epidemiologic evidence for an association between gasoline and kidney
cancer. Environ Health Perspect 1985;62:303.

63. McLaughlin JK, Blot W], Mehl ES, et al. Petroleum-related employment and renal cell cancer. J
Occup Med 1985;9(27):672.

64. Doublet JD, Peraldi MN, Gattegno B, Thibault P, Sraer JD. Renal cell carcinoma of native kidneys:
prospective study of 129 renal transplant patients. J Uro/ 1997;158(1):42.

65. Brennan JF, Stilmant MM, Babayan RK, Siroky MB. Acquired renal cystic disease: implications for
the urologist. Br J Urol Int 1991;67:342.

66. Grantham JJ, Levin E. Acquired cystic disease: replacing one kidney disease with another. Kidney
Int 1985;28:99.

67.Golimbu M, Joshi P, Sperber A, et al. Renal cell carcinoma: survival and prognostic factors.
Urology 1986;27:291.

68.Maldazys JD, deKernion JB. Prognostic factors in metastatic renal carcinoma. J Urol
1986;136:376.

69. Ritchie AWS, Kemp IW, Chisholm GD. Is the incidence of renal carcinoma increasing? Br J Urol Int
1984;56:571.

70.Evans BK, Fagan C, Arnold T, Dropcho EJ, Oh SJ. Paraneoplastic motor neuron disease and renal
cell carcinoma: improvement after nephrectomy. Neurology 1990;40:960.

71.Thiede MA, Strewler GJ, Nissenson RA, Rosenblatt M, Rodan GA. Human renal carcinoma
expresses two messages encoding a parathyroid hormone-like peptide: evidence for the alternative
splicing of a single-copy gene. Proc Natl Acad Sci U S A 1988;85:4605.

72.Walther MM, Patel B, Choyke PL, et al. Hypercalcemia in patients with metastatic renal cell
carcinoma: effect of nephrectomy and metabolic evaluation. J Urol 1997;158(3 Pt 1):733.

73.1Israel GM, Bosniak MA. Renal imaging for diagnosis and staging of renal cell carcinoma. Urol Clin

North Am 2003;30(3):499.



62

74.Edge SB, Byrd DR, Compton CC, et al., eds. AJCC cancer staging manual . 7th ed.New York:
Springer, 2010.

75. Walther MM, Yang JC, Pass HI, Linehan WM, Rosenberg SA. Cytoreductive surgery before high
dose interleukin-2 based therapy in patients with metastatic renal cell carcinoma. J Urol
1997;158(5):1675.

76.Montie JE, Stewart BH, Straffon RA, et al. The role of adjunctive nephrectomy in patients with
metastatic renal cell carcinoma. J Urol 1977;117:272.

77.deKernion JB, Ramming KP, Smith RB. The natural history of metastatic renal cell carcinoma: a
computer analysis. J Urol 1978;120(2):148.

78.Flanigan RC, Salmon SE, Blumenstein BA, et al. Nephrectomy followed by interferon alfa-2b
compared with interferon alfa-2b alone for metastatic renal-cell cancer. N Engl J Med
2001;345(23):1655.

79. Mickisch GH, Garin A, Van Poppel H, de Prijck L, Sylvester R. Radical nephrectomy plus
interferon-alfa-based immunotherapy compared with interferon alfa alone in metastatic renal-cell
carcinoma: a randomised trial. Lancet 2001;358(9286):966.

80. Walther MM, Lyne JC, Libutti SK, Linehan WM. Laparoscopic cytoreductive nephrectomy as
preparation for administration of systemic interleukin-2 in the treatment of metastatic renal cell
carcinoma: a pilot study. Urology 1999;53(3):496.

81. Middleton RG. Surgery for metastatic renal cell carcinoma. J Urol 1967;97:973.

82.van der Poel HG, Roukema JA, Horenblas S, van Geel AN, Debruyne FM. Metastasectomy in renal
cell carcinoma: a multicenter retrospective analysis. Eur Urol 1999;35(3):197.

83.Flanigan RC, Mickisch G, Sylvester R, et al. Cytoreductive nephrectomy in patients with
metastatic renal cancer: a combined analysis. J Uro/ 2004;171(3):1071.

84.Murthy SC, Kim K, Rice TW, et al. Can we predict long-term survival after pulmonary
metastasectomy for renal cell carcinoma? Ann Thorac Surg 2005;79(3):996.

85. Pfannschmidt J, Hoffmann H, Muley T, et al. Prognostic factors for survival after pulmonary
resection of metastatic renal cell carcinoma. Ann Thorac Surg 2002;74(5):1653.

86. Mekhail TM, bou-Jawde RM, Boumerhi G, et al. Validation and extension of the Memorial Sloan-
Kettering prognostic factors model for survival in patients with previously untreated metastatic renal
cell carcinoma. J Clin Oncol 2005;23(4):832.

87.Elson PJ, Witte RS, Trump DL. Prognostic factors for survival in patients with recurrent or

metastatic renal cell carcinoma. Cancer Res 1988;48(24 Pt 1):7310.



63

88. Palmer PA, Vinke ], Philip T, et al. Prognostic factors for survival in patients with advanced renal
cell carcinoma treated with recombinant interleukin-2. Ann Oncol 1992;3(6):475.

89. Motzer RJ, Mazumdar M, Bacik ], et al. Survival and prognostic stratification of 670 patients with
advanced renal cell carcinoma. J Clin Oncol 1999;17(8):2530.

90.deForges A, Rey A, Klink M, et al. Prognostic factors of adult metastatic renal carcinoma: a
multivariate analysis. Semin Surg Oncol 1988;4(3):149.

91.Neves RJ], Zincke H, Taylor WF. Metastatic renal cell cancer and radical nephrectomy:
identification of prognostic factors and patient survival. J Uro/ 1988;139(6):1173.

92. Motzer RJ, Bacik J, Murphy BA, Russo P, Mazumdar M. Interferon-alfa as a comparative treatment
for clinical trials of new therapies against advanced renal cell carcinoma. J Clin Oncol
2002;20(1):289.

93. Atzpodien ], Royston P, Wandert T, Reitz M. Metastatic renal carcinoma comprehensive
prognostic system. Br J Cancer 2003;88(3):348.

94.Buccheri G, Ferrigno D, Tamburini M. Karnofsky and ECOG performance status scoring in lung
cancer: a prospective, longitudinal study of 536 patients from a single institution. Eur J Cancer
1996;32A:1135-41

95. Mor V, Laliberte L, Morris JN et al. The Karnofsky Performance Status Scale. An examination of its
reliability and validity in a research setting. Cancer 1984;53:2002-7

96. Lopez Hanninen E, Kirchner H, Atzpodien J. Interleukin-2 based home therapy of metastatic renal
cell carcinoma: risks and benefits in 215 consecutive single institution patients. J Uro/ 1996;155:19.
97.Ljungberg B, Grankvist K, Rasmuson T. Serum acute phase reactants and prognosis in renal cell
carcinoma. Cancer 1995;76(8):1435.

98. Fossa SD, Kramar A, Droz JP. Prognostic factors and survival in patients with metastatic renal cell
carcinoma treated with chemotherapy or interferon-alpha. Eur J Cancer 1994;30A(9):1310.

99.Heng DY, Xie W, Regan MM, et al. Prognostic factors for overall survival in patients with
metastatic renal cell carcinoma treated with vascular endothelial growth factor-targeted agents:
results from a large, multicenter study. J Clin Oncol 2009;27(34):5794.

100. Motzer et al. Validation and Extension of the MSKCC prognostic factors model for survival in
patients with previous untreated metastatic renal cell carcinoma. J Clin Oncol 2002; 20:289-96.

101. Fossa SD, Karmer A, Droz JP: Prognostic factors & survival in Patients with Metastatic Renal

Carcinoma treated with Chemotherapy or Interferon-alpha. Eur J Cancer 30A: 1310-1314.1994.



64

102. Motzer RJ], Bacik J, Murphy Ba, et al: Interferon-alpha as a comparative treatment for clinic

trails of new therapies against advanced renal cel carcinoma. J Clin Oncol 20:289-296, 2002.

103. Shweiki D, Itin A, Soffer D, Keshet E. Vascular endothelial growth factor induced by hypoxia
may mediate hypoxia-initiated angiogenesis. Nature 1992;359(6398):843.

104. Motzwe RJ, Escudier B, Tomczack P, et al: Axitinib versus sorafinib as second line treatment for

advanced renal cell carcinoma: over all survival analysis and updated result from randomized phase

3 trail. Lancet Oncol 14(6): 553-63, 2010.

105. NCCN Guidelines version 1.2013 Kidney Cancer : 2013;19.

106. Sonpavde et al. Expert Opin Investig Drugs 2008;17:253-61.

107. Sternberg CN, Davis ID, Mardiak ], et al. Pazopanib in locally advanced or metastatic renal cell

carcinoma: results of a randomized phase III trial. J Clin Oncol 2010;28:1061-1068.

108. Husten TE, Davis ID, Machiels JP, et al. efficacy and safety of pazopanib (GW786034) in

patients wuth metastatic renal cell carcinoma. J Clin Oncol 2010;28(3):475-480.

109. Husten TE, Davis ID, Machiels JH, et al: Biomarker analysis and final efficacy and safety results

of a phase II renal cell carcinoma trail with pazopanib (GW786034), a multi-kinase angiogenesis

inhibitor. J Clin Oncol 26:261s, 2008 (abstr 5046).

110. Mendel DB, Laird AD, Xin X, et al. In vivo antitumor activity of SU11248, a novel tyrosine

kinase inhibitor targeting vascular endothelial growth factor and platelet-derived growth factor

receptors: determination of a pharmacokinetic/pharmacodynamic relationship. Clin Cancer Res

2003;9(1):327.

111. Motzer RJ, Michaelson MD, Redman BG, et al. Activity of SU11248, a multitargeted inhibitor of

vascular endothelial growth factor receptor and platelet-derived growth factor receptor, in patients

with metastatic renal cell carcinoma. J Clin Oncol 2006;24(1):16.

112. Motzer RJ], Rini BI, Bukowski RM, et al. Sunitinib in patients with metastatic renal cell

carcinoma. JAMA 2006;295(21):2516.

113. Motzer RJ], Hutson TE, Tomczak P, et al. Sunitinib versus interferon alfa in metastatic renal-cell

carcinoma. N Engl J Med 2007;356(2):115.

114. Motzer RJ, Hutson TE, Tomczak P, et al. Overall survival and updated results for sunitinib

compared with interferon alfa in patients with metastatic renal cell carcinoma. J Clin Oncol

2009;27(22):3584.

115. Lyons JF, Wilhelm S, Hibner B, Bollag G. Discovery of a novel Raf kinase inhibitor. Endocr Relat

Cancer 2001;8(3):219.



65

116. Wilhelm SM, Carter C, Tang L, et al. BAY 43-9006 exhibits broad spectrum oral antitumor
activity and targets the RAF/MEK/ERK pathway and receptor tyrosine kinases involved in tumor
progression and angiogenesis. Cancer Res 2004;64(19):7099.

117. Ratain MJ, Eisen T, Stadler WM, et al. Phase II placebo-controlled randomized discontinuation
trial of sorafenib in patients with metastatic renal cell carcinoma. J Clin Oncol 2006;24(16):2505.
118. Presta LG, Chen H, O'Connor SJ], et al. Humanization of an anti-vascular endothelial growth
factor monoclonal antibody for the therapy of solid tumors and other disorders. Cancer Res
1997;57(20):4593.

119. Bukowski RM, Kabbinavar FF, Figlin RA, et al. Randomized phase II study of erlotinib combined
with bevacizumab compared with bevacizumab alone in metastatic renal cell cancer. J Clin Oncol
2007;25(29):4536.

120. Yang JC, Haworth L, Sherry RM, et al. A randomized trial of bevacizumab, an anti-vascular
endothelial growth factor antibody, for metastatic renal cancer. N Engl J Med 2003;349(5):427.

121. Escudier B, Pluzanska A, Koralewski P, et al. Bevacizumab plus interferon alfa-2a for treatment
of metastatic renal cell carcinoma: a randomised, double-blind phase III trial. Lancet
2007;370(9605):2103.

122. Motzer RJ, Bacik J, Murphy BA, Russo P, Mazumdar M. Interferon-alfa as a comparative
treatment for clinical trials of new therapies against advanced renal cell carcinoma. J Clin Oncol
2002;20(1):289.

123. Mekhail TM, bou-Jawde RM, Boumerhi G, et al. Validation and extension of the Memorial Sloan-
Kettering prognostic factors model for survival in patients with previously untreated metastatic renal
cell carcinoma. J Clin Oncol 2005;23(4):832.

124. Motzer RJ, Escudier B, Oudard S, et al. Efficacy of everolimus in advanced renal cell carcinoma:
a double-blind, randomised, placebo-controlled phase III trial. Lancet 2008;372:1432.

125. Motzer RJ, Hutson TE, Cella D, et al. Pazopanib versus sunitinib in metastatic renal-cell
carcinoma. N Engl J Med 2013;369:722-731.

126. Eisenhauer E, et al. New response evaluation criteria in solid tumers Revised RECIST guideline

(versionl.1). Eur J Cancer 2009; 45:228.



dadial) ad £ 5 gall
o R Ay Aty Ayl
2 e —————— A1) G pead 4y Sl L g gl 10 5Y) Juail
2 et ————————————————————— s iy U daal -1
2 eeerereeeeseeeereeraeeeeeeesneeeeesssnreeeesaneeeessaneeeeesannneeeannns il sl -2
T A (el Appeadl) JalaY) -3
B oeeeeee e s sttt ne e ananaans Al s ped 450501 JLEY) -4
S S e (0 AT (31 Jaalll pcall Al il ikl -5
S Von Hippel — Lindau (VHL) :¢di) 40<l) ¢la yu -1-5
S Von Hippel — Lindau <Ulyg -1-1-5
6 .. 3D Aall B £l8)) aa A<l (la o Aliaal) cdlilal) gl Adiad) 54kl -2-1-5
T e ——— LAY (38, 408 ¢l s &) 9o -3-1-5

7 A VHL protein (pVHL) ¢shigsn 4y -4-1-5
9 .... Succinate Dehydrogenase (SDH) 4 a 1 Ailad) 4318 oa jui -2-5
9 e SDH U D 5B 8aa gl cuad &l jdda 1 Ailad) 43080 ol s <) 9 -1-2-5
. T SDH Subunit B & D < ikl 4:d8 1) o) gal) -2-2-5
10 ....... Tuberous Sclerosis Complex (TSC) (il cilasl) oS jal) -3-5
11 .. Aol ciiaaill g Ujlga Adadl) Jal gadl oy paad) A lBal) ccilpppnad) 1 SN Sl
o e Etiology <) -1

42 e eeeeeereeeaas—ereaaaanrereaaanaeeaaaneeraaannereaasnrerans 4 g ped) 4 J8al) -2



o < T pusll e daiiall Ll Adladl) Jal gal) -3

I TR Sl adill 4
L SRR A s jal) Ciieatl) 5
o I (AL A U je e 1N Juail)
o A cytoreductive a8l seall paldly Adalil) Juaiind) -1
(I A AN A8 Lo g S i (B a8l pd) (aldlY A4Sl Juaiiv) -1-1
- JAL Juaiivl -2-1
g £ T Debulking Nephrectomy (As! 43 Juaiiv) -3-1
g T A 2ol ) ) Juatiuy) -4-1
1 40 Jal gl -2
7] 0 SR Ay ) Jal g2l =1-2
72 POt Ay pdall &l plaal) 2222
7 X K J)ATY) ahdal) -3-2
23 e VEGF 4 M Al 5 jlghall alall Jalal) Adagl dadlaal) -3
. Pazopanib «sibsitd -1-3
7 U Sunitinib iy gud) -2-3
p ] - J Sorafenib il gud) -3-3
27 e ————————————— Bevacizumab e jmlinl) -4-3
. (S Temsirolimus o« sad g el -5-3
7 X SR Everolimus wusads Y -6-3
29 e —————————————————— dalend) duad )
30 e —————————— Alaad) Al il adla
X g Practical Study Abstract

Y 2SRRI Al Al 4pan -1



. 7 Al pall (B Lplee iy s -3
¥ SRR decd) A1) pyana -4
X A ) £ 55 -1-4
B T JAIA) G -2-4
3 Ao JAl) a3y S -3-4
T P du o) & -4-4
33 o ——— Inclusion Criteria Jwis) jutas -1-4-4
34 e ——— Exclusion Criteria Sagiwy) julaa -2-4-4
B POt Jard) Jal 0 - -5
X, S sllacy) 44, b -1-5
K Al al) elgl ) -2-5
K ULl Jalas -3-5
K Cad) (pablaa -6
BB i ———————————————— BNAY) @ iy .7
Y AT Zoill) -8
X (PR ) Clia -1-8
3 S ) A ary Alaiay) Jaad apfi -2-8
38 s el pea A el 3y Alaia) haad ads -1-2-8
T S 3 3 Llatia) Jaaly Adlatal) Jal g2l -2-2-8
40 ....... Progression Free Survival (PFS) oaSill ¢y 4dlad) 5 sdl) anidsi -3-8
40 .o, @l g sl (PFS) ousill ¢ &R0 5 al) 5 58l apdl -1-3-8
7 (PFS) sl (o 4llald) 3 ) 3 dlly ddlatial) Jal all -2-3-8

B5 .o AS) (pa AR B jall B8l et haad 48N au5 -4-8



BB ...ttt a e p e e e R nnae e ae e nane LB -9
. A pazopanib 3 J 3)_aall dpallal) il jal) milis -1-9
. A VEG102616 4wl -1-1-9
S Sternberg et al. 4wl -2-1-9
A8 ...ttt ae s s aeeae e e e nean COMPARZ 4wl 2 -3-1-9
L Aallal) ciliad pally (g ) dia dunsd jo il 45 e -4-1-9
Y | T A JAll &laaaa 410
L5 | ZUiwy) =11
Y | a5} =12
3 TN Gl -13
3 T B plieaal) 428) gl -1-13
2 AJCC s TNM 4lsh) ¢l puad (s jal) ciiiail) -2-13
Y Cal) 3 jlaiud -3-13
L S dalad) Al Karnofsky s 4allal) daal) daliia (b -4-13
56 ............. RECIST sas cua 4liall al ) ¥ A zdladl o Llaiud) anli 513



