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Abstract: Objective The influences of bisphosphonates on the incidence rate of nephrotoxicity, creatinine (Cr) and blood urea
nitrogen (BUN) of patients were studied by system evaluation method. Methods Randomized controlled trials (RCTs) and
prospective non randomized controlled trials which were published in English or Chinese were systematically retrieved by computer
in the Pubmed, Embase, Cochrane Library, China National Knowledge Infrastructure (CNKI), China Biology Medicine disc (CBM),
VIP and Wanfang Datebase from the establishment of the datebase to January 25, 2018. The literatures were screened and data were
extracted, the system evaluation was performed by Stata 12.0. Results A total of 8 RCTs and 8 prospective non randomized
controlled trials involving 11 240 patients were finally included in this study. The Meta-analysis results showed that bisphosphonates
significantly increased the risk of nephrotoxicity of patients in comparison with control groups [OR=1.58, 95%CI (1.28, 1.95), P <
0.000 1]. However, there was no significant difference of Cr and BUN between bisphosphonates and control groups [MD=-1.06,
95%CI (- 5.43, 3.30), P=0.63; MD=-0.07, 95%CI (-0.32, 0.19), P=0.61]. According to the subgroup analysis of types of
bisphosphonates, underlying diseases, average age of the patients, different types of trials and administration route, there were no
statistical differences of creatinine value between bisphosphonates and control groups. Conclusion Bisphosphonates significantly
increased the risk of nephrotoxicity, but there were no significant differences in Cr and BUN. It is suggested that more indicators of

nephrotoxicity should be included in the future application of bisphosphonate to help early detection of renal damage of patients.
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Table 1 Characteristics of included articles
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% 2 i
Lison™",2010 1026/1020 56.5 —/2046 W HH LRI R Ik FESE MR R -
Bian'"?',2010 25/42 45.1 -/67 Y028 J5 I THMCHE  6H
Cui'™,2017 17/17 70.1 8/26  HRETIA 7k B R 1d
Henry"¥,2011 886/890  60.5 1140/636 R MIFLERIE/HT 5 AR 5 R KR MR IR >2
Henry"¥,2013 800/797 60 1029/568  SARMUR B R CRLIRIE AR BR AN K FE S MR R 1
Huang"'*’,2017 37/37 70.6 27/47  BEF G 2 AR TR 1
Jiang!'”,2010 100/100 59 —200 LA TR 25 /B TR R 1
Kim""*',2005 22/22 8.5 28/16  WERERH B TEMUKEER —4 3 H
Norio™’,2005 114/114 53.8 —/228 WL R 75 [ /SR IR R 1
Pecherstorfer™, 16/46 55.5 -/62 e HA S 1 e /PRI 4
2006
Qin",2013 23/23 19 10/13 B A2 S 25 /B T R 1
Stanley'®*’,2000 12/14 51.5 26/- BB TEMUOKBER =48 2
Steven™’,2008  2338/2320 73 —/4 658 A% o B 75 /MR IR IR 1
Tang",2017 93/93 56 100/86 B HiAA THMCHE  6H
Telma'’,2015 18/18 9.5 1620  HEKE R TEMUKBERR —4 1
Wang,2012 80/80 58 —/160  HZ 5B TGS /B IR 1

—-RPE S CAIR AL T- ik 21

—-not noted; T-test group; C-control group
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Fig. 1 Quality evaluation of included RCTs articles
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Table 2 Quality evaluation of non-randomized controlled trials
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Bian"?’,2010 1 1 0 1 1 1 1 1 7 A
Cui'"’,2017 1 1 0 1 1 1 1 1 7 A
Huang"*',2017 1 1 0 1 1 1 1 1 7 A
Jiang"”,2010 1 1 0 1 1 1 1 1 7 A
Kim"*',2005 1 1 0 1 2 1 1 1 8 A
Qin?",2013 1 1 0 1 1 1 1 1 7 A
Telma™’,2015 1 1 0 1 2 1 1 1 8 A
Wang™*,2012 1 1 0 1 1 1 1 1 7 A
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% Cl M-H, Fixed. 95% CI
Alison 2010 86 926 50 970 31.6% 1.88 [1.31, 2.70] &
Body 2005 3 149 6 151 4.2% 0.50[0.12, 2.02]
Henry 2011 25 868 20 850 14.0% 1.23[0.68, 2.23] -
Henry 2013 81 729 56 744 35.1% 1.54[1.07, 2.19] i
Steven 2008 42 3073 19 2327 15.2% 1.68 [0.98, 2.90] [
Total (95% Cl) 5745 5042 100.0% 1.58 [1.28, 1.95] ’
Total events 237 151 | | | |

Heterogeneity: Chi2 = 4.27, df = 4 (P = 0.37); 2= 6% ' ' ! '

0.2 05 1 2 5
Test for overall effect: Z = 4.26 (P < 0.0001) Favours experimental

BEHRERILKH Meta- S HT R HE

Favours control

&2

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI

Bian 2010 467 122 42 476 162 25 12.0% -0.09[-0.82,0.64] -

Jiang 2010 6.9 3 100 68 21 100 126% 0.10[0.62,0.82] T

Kim 2005 10.857 3.979 22 105 3.02 22 15% 0.36[1.73,2.44] - 1

Qin 2013 694 61 23 677 43 23 07% 1.70[-1.35,4.75]

Tang 2017 72 099 93 735 123 93 63.1% -0.15[-0.47,0.17]

Wang 2012 6.9 3 80 68 21 8 10.1% 0.10[-0.70,0.90]

Total (95% CI) 360 343 100.0% -0.07 [-0.32, 0.19]

Heterogeneity: Chi2 = 2.08, df = 5 (P = 0.84); 12 = 0% : : ! : :
-4 2 0 2 4

Fig.2 Forest plot of Meta-analysis in comparison on nephrotoxicity ratio
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Mean Difference
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Test for overall effect: Z=0.50 (P = 0.61)

3

Favours experimental

PR R R LB Meta-23 47 R AR E

Fig.3 Forest plot of Meta-analysis in comparison on BUN

Favours control

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Bian 2010 77.41 9.57 42 70.84 7.79 25 8.6% 6.57 [2.36, 10.78] -
Cui 2017 4856 10.347 17 51.81 10387 17 75%  -3.25[-10.22,3.72] T
Huang 2017 67.22 154 37 6237 1138 37 7.8% 4.85[-1.32,11.02] T
Jiang 2010 66.3 10.6 100 68.4 124 100 8.9% -2.10[-5.30, 1.10] -
Kim 2005 46.32 13.08 22 4738 10.78 22 7.5% -1.06 [-8.14, 6.02] 1
Norio 2005 79.56 4.42 46  76.91 4.42 16 9.0% 2.65[0.14, 5.16] ™
Pecherstorfer 2006 68.95 442 114 7514 442 113 9.2% -6.19 [-7.34, -5.04] -
Qin 2013 62 10.6 23 64 112 23 7.8% -2.00 [-8.30, 4.30] /1
Stanley 2000 149 4.42 13 169 4.42 12 8.8% -20.00 [-23.47, -16.53] -
Tang 2017 12215  13.91 93 112.08 13.8 93  8.6% 10.07 [6.09, 14.05] -
Telma 2015 36.24 9.72 18 35.36 11.49 18 7.5% 0.88 [-6.07, 7.83] -
Wang 2012 66.3 10.6 80 68.4 121 80 8.8% -2.10 [-5.63, 1.43] -
Total (95% Cl) 605 556 100.0% -1.06 [-5.43, 3.30] ?
Heterogeneity: Tau? = 53.32; Chi? = 207.80, df = 11 (P < 0.00001); I* = 95% : : ! : :

-20 -10 0 10 20

Test for overall effect: Z = 0.48 (P = 0.63)

Favours experimental Favours control

4 MiEAEHER LB Meta-53 #T ZR MR B

Fig.4 Forest plot of Meta-analysis in comparison on Cr
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Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight

2.1.2 alendronate

Bian 2010 77.41 9.57 42 7084 779 25 8.6%
Huang 2017 67.22 15.4 37 6237 1138 37 7.8%
Jiang 2010 66.3 10.6 100 68.4 124 100 8.9%
Qin 2013 62 10.6 23 64 11.2 23 7.8%
Tang 2017 12215 1391 93 112.08 13.8 93  8.6%
Wang 2012 66.3 10.6 80 68.4 12.1 80 8.8%
Subtotal (95% CI) 375 358 50.4%

Heterogeneity: Tau? = 27.23; Chi? = 34.19, df = 5 (P < 0.00001); I> = 85%
Test for overall effect: Z = 1.09 (P = 0.28)

2.1.3 zoledronic acid

Cui 2017 48.56 10.347 17 51.81 10.387 17  7.5%
Norio 2005 79.56 442 46 76.91 4.42 16 9.0%
Subtotal (95% CI) 63 33 16.5%

Heterogeneity: Tau? = 10.26; Chi? = 2.44, df =1 (P = 0.12); I> = 59%
Test for overall effect: Z =0.23 (P = 0.82)

2.1.4 pamidronate

Kim 2005 46.32 13.08 22 4738 10.78 22 7.5%
Stanley 2000 149 442 13 169  4.42 12 8.8%
Telma 2015 36.24 9.72 18 3536 11.49 18  7.5%
Subtotal (95% Cl) 53 52  23.8%

Heterogeneity: Tau? = 169.08; Chi? = 41.78, df = 2 (P < 0.00001); I = 95%

Mean Difference

IV. Random. 95% CI

Mean Difference
IV, Random. 95% CI

6.57 [2.36, 10.78]
4.85[-1.32, 11.02]
-2.10 [-5.30, 1.10]
-2.00 [-8.30, 4.30]
10.07 [6.09, 14.05]
210 [-5.63, 1.43]
2.54 [-2.04,7.12]

-3.25[-10.22, 3.72]
2.65[0.14, 5.16]
0.63 [-4.85, 6.12]

-1.06 [-8.14, 6.02]

-20.00 [-23.47, -16.53]

0.88 [-6.07, 7.83]
-6.97 [-22.09, 8.15]

—_
A

Test for overall effect: Z = 0.90 (P = 0.37)

2.1.5 ibandronate sodium

Pecherstorfer 2006 6895 442 114 7514 442 113
Subtotal (95% Cl) 114 13

Heterogeneity: Not applicable
Test for overall effect: Z = 10.55 (P < 0.00001)

Total (95% Cl) 605

Test for overall effect: Z = 0.48 (P = 0.63)

9.2% -6.19 [-7.34, -5.04]
9.2% -6.19 [-7.34, -5.04] ‘

556 100.0%
Heterogeneity: Tau? = 53.32; Chi? = 207.80, df = 11 (P < 0.00001); I> = 95%

-1.06 [-5.43, 3.30] ?

-50 -25 0 25 50

Favours experimental Favours control

5 xfIm i BLET 2 ) I 48 53 47 B 7R AR
Fig.5 Forest plot of Meta-analysis in bisphosphonate effects on Cr
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random. 95% CI IV, Random., 95% CI
2.2.1 Osteoporosis
Bian 2010 77.41 9.57 42 7084 7.79 25 101% 6.57 [2.36, 10.78] -
Cui 2017 48.56 10.347 17 51.81 10.387 17  87% -3.25[-10.22, 3.72] -
Huang 2017 67.22 15.4 37 6237 11.38 37 91% 4.85[-1.32, 11.02] I
Jiang 2010 66.3 106 100 68.4 124 100 10.5% -2.10[-5.30, 1.10] ™
Kim 2005 46.32 13.08 22 47.38 10.78 22 8.6% -1.06 [-8.14, 6.02] B
Stanley 2000 149  4.42 13 169  4.42 12 10.4% -20.00 [-23.47,-16.53] -
Tang 2017 112.15 13.91 93 112.08 13.8 93 10.2% 0.07 [-3.91, 4.05] T
Wang 2012 66.3 10.6 80 684 121 80 10.4% -2.10[-5.63, 1.43] T
Subtotal (95% CI) 404 386 78.1% -2.22 [-8.61, 4.17] ‘
Heterogeneity: Tau? = 78.60; Chi* = 120.86, df = 7 (P < 0.00001); I* = 94%
Test for overall effect: Z = 0.68 (P = 0.50)
2.2.2 bone metastases of cancer
Norio 2005 79.56  4.42 46 76.91 4.42 16 10.8% 2.65[0.14, 5.16] ™
Pecherstorfer 2006 68.95 442 114 7514 442 113 11.1% -6.19 [-7.34, -5.04] N
Subtotal (95% Cl) 160 129 21.9% -1.84 [-10.51, 6.82] ’
Heterogeneity: Tau? = 38.08; Chi? = 39.27, df = 1 (P < 0.00001); I? = 97%
Test for overall effect: Z=0.42 (P = 0.68)

Total (95% CI) 564 515 100.0% -2.19 [-6.53, 2.16] ﬁ
1 1
Heterogeneity: Tau? = 44.04; Chi = 161.38, df = 9 (P < 0.00001); I> = 94% ! ! ! ! '

25 50
Test for overall effect: Z = 0.99 (P = 0.32) Favours control
VOou

Favours experimental

Bl 6 Eatim X miE BLET 25080 I 4H 53 47 AR AR B

Fig. 6 Forest plot of Meta-analysis in basic diseases effects on Cr

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV. Random, 95% ClI IV. Random, 95% ClI
2.3.1 <18 years old
Kim 2005 46.32 13.08 22 4738 10.78 22 7.3% -1.06 [-8.14, 6.02] T
Telma 2015 36.24 9.72 18 3536 11.49 18 7.3% 0.88 [-6.07, 7.83] -
Subtotal (95% CI) 40 40 14.6% -0.07 [-5.03, 4.89] ’
Heterogeneity: Tau? = 0.00; Chi? = 0.15, df = 1 (P = 0.70); I = 0%
Test for overall effect: Z = 0.03 (P = 0.98)
2.3.2 18~65 years old
Bian 2010 77.41 9.57 42 70.84 7.79 25 8.6% 6.57 [2.36, 10.78] -
Jiang 2010 66.3 106 100 68.4 124 100 9.0% -2.10 [-5.30, 1.10] -
Norio 2005 79.56 4.42 46  76.91 4.42 16 9.2% 2.65[0.14, 5.16] ™
Pecherstorfer 2006 68.95 442 114 7514 4.42 113 9.5% -6.19 [-7.34, -5.04] -
Qin 2013 62 10.6 23 64 11.12 23 7.7% -2.00 [-8.28, 4.28] T
Stanley 2000 149 4.42 13 169 4.42 12 8.9% -20.00 [-23.47, -16.53] -
Tang 2017 11215 13.91 93 112.08 138 93 87% 0.07 [-3.91, 4.05] T
Wang 2012 66.3 10.6 80 68.4 121 80 8.9% -2.10[-5.63, 1.43] -
Subtotal (95% CI) 511 462  70.4% -2.95 [-7.77, 1.87] ‘
Heterogeneity: Tau? = 44.74; Chi? = 152.30, df = 7 (P < 0.00001); I> = 95%
Test for overall effect: Z = 1.20 (P = 0.23)
2.3.3 >65 years old
Cui 2017 48.56 10.347 17 51.81 10.387 17 7.3% -3.25[-10.22, 3.72] e
Huang 2017 67.22 15.4 37 6237 11.38 37 7.7% 4.85[-1.32, 11.02] ]
Subtotal (95% CI) 54 54 15.0% 0.97 [-6.96, 8.90] ’
Heterogeneity: Tau? = 21.53; Chi? = 2.91, df = 1 (P = 0.09); I> = 66%
Test for overall effect: Z = 0.24 (P = 0.81)
Total (95% CI) 605 556 100.0% -1.95 [-5.85, 1.95] ﬁ
Heterogeneity: Tau? = 41.43; Chi? = 163.97, df = 11 (P < 0.00001); I = 93% : ; ' : :

20 10 0 10 20

Test for overall effect: Z = 0.98 (P = 0.33)

Favours experimental Favours control
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Fig. 7 Forest plot of Meta-analysis in patients age effects on Cr
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV. Random. 95% CI
241RCT
Norio 2005 7956 442 46 76.91 4.42 16 9.0% 2.65[0.14, 5.16] "
Pecherstorfer 2006 6895 442 114 7514 442 113  92% -6.19 [-7.34, -5.04] "
Stanley 2000 149 4.42 13 169  4.42 12 8.8% -20.00[-23.47,-16.53] -
Tang 2017 12215 13.91 93 112.08 13.8 93 8.6% 10.07 [6.09, 14.05] -
Subtotal (95% CI) 266 234  35.7% -3.40 [-12.68, 5.88] ‘

Heterogeneity: Tau? = 87.33; Chi? = 166.55, df = 3 (P < 0.00001); I = 98%
Test for overall effect: Z=0.72 (P = 0.47)

2.4.2 Prospective non-randomControlled trial

Bian 2010 77.41 9.57 42 70.84 7.79 25 8.6% 6.57 [2.36, 10.78] -
Cui 2017 48.56 10.347 17  51.81 10.387 17 7.5% -3.25[-10.22, 3.72] -
Huang 2017 67.22 15.4 37 6237 11.38 37 7.8% 4.85[-1.32, 11.02] I
Jiang 2010 663 106 100 684 124 100 8.9% -2.10 [-5.30, 1.10] ™
Kim 2005 46.32 13.08 22 4738 10.78 22 75% -1.06 [-8.14, 6.02] T
Qin 2013 62 10.6 23 64 112 23 7.8% -2.00 [-8.30, 4.30] -
Telma 2015 36.24 9.72 18 3536 11.49 18  7.5% 0.88 [-6.07, 7.83] T
Wang 2012 66.3 10.6 80 684 121 80 8.8% -2.10 [-5.63, 1.43] T
Subtotal (95% CI) 339 322 64.3% 0.26 [-2.50, 3.02] 0
Heterogeneity: Tau? = 8.35; Chi? = 16.13, df = 7 (P = 0.02); I> = 57%
Test for overall effect: Z=0.18 (P = 0.85)
Total (95% CI) 605 556 100.0% -1.06 [-5.43, 3.30] *

1 1 1 1

Heterogeneity: Tau? = 53.32; Chi2 = 207.80, df = 11 (P < 0.00001); I2 = 95% ! ! ! ! !

Test f Il effect: Z = 0.48 (P = 0.63 %00 2 90
est for overall effect: Z = 0. =0.
( ) Favours experimental Favours control

B 8 X502 BY 3 i iF AILET 2 0 i A 28 53 47 AR 4R
Fig. 8 Forest plot of Meta-analysis in trial type effects on Cr

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% CI IV. Random. 95% CI
2.5.1 intravenous injection
Cui 2017 48.56 10.347 17 51.81 10.387 17 7.5% -3.25[-10.22, 3.72] e
Norio 2005 68.95 442 114 7514 442 113 9.2% -6.19 [-7.34, -5.04] -
Pecherstorfer 2006 79.56  4.42 46 76.91 4.42 16 9.0% 2.65[0.14, 5.16] ™
Stanley 2000 149 442 13 169  4.42 12 8.8% -20.00[-23.47,-16.53] -
Telma 2015 36.24 9.72 18 3536 11.49 18  7.5% 0.88 [-6.07, 7.83] I
Subtotal (95% CI) 208 176 421%  -5.36 [-12.56, 1.83] "’
Heterogeneity: Tau? = 61.71; Chi2 = 112.28, df = 4 (P < 0.00001); I = 96%
Test for overall effect: Z=1.46 (P = 0.14)
2.5.2 Orally
Bian 2010 77.41 9.57 42 7084 7.79 25  8.6% 6.57 [2.36, 10.78] -
Huang 2017 67.22 15.4 37 6237 11.38 37 7.8% 4.85[-1.32, 11.02] T
Jiang 2010 66.3 106 100 684 124 100 8.9% -2.10 [-5.30, 1.10] -
Kim 2005 46.32 13.08 22 4738 10.78 22 7.5% -1.06 [-8.14, 6.02] T
Qin 2013 62 10.6 23 64 112 23 7.8% -2.00 [-8.30, 4.30] B
Tang 2017 12215 13.91 93 112.08 138 93  8.6% 10.07 [6.09, 14.05] -
Wang 2012 66.3  10.6 80 684 121 80 8.8% -2.10 [-5.63, 1.43] -
Subtotal (95% CI) 397 380 57.9% 2.12[-2.03, 6.26] ’
Heterogeneity: Tau? = 24.92; Chi? = 34.88, df = 6 (P < 0.00001); I> = 83%
Test for overall effect: Z=1.00 (P = 0.32)
Total (95% Cl) 605 556 100.0% -1.06 [-5.43, 3.30] ?

1 1 1 1

Heterogeneity: Tau? = 53.32; Chi? = 207.80, df = 11 (P < 0.00001); I> = 95% ! ! ! ! !

Test f Il effect: Z = 0.48 (P = 0.63 20 1000 10 20
est for overall effect: Z = 0. =0.
v ( ) Favours experimental Favours control
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Fig. 9 Forest plot of Meta-analysis in administration route effects on Cr
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B 10 RFRmEEaERE
Fig. 10 Inverted funnel plot of nephrotoxicity
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