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ABSTRACT Objective: Immunosuppressive therapy is the treatment for aplastic anemia patients ineligible for transplantation. The
role of granulocyte colony stimulating factor (G-CSF) and granulocyte-monocyte colony stimulating factor (GM-CSF) as adjunct to treat-
ment in these patients is unclear. Methods: All randomized controlled trials on the effect of G-CSF or GM-CSF on severe aplastic anemia
obtained by searching MEDLINE, Cochrane Library, EMBASE, CNKI and CBM were included. Meta analysis was done by Review
Manager 4.2 Software. Results: Four trials with totally 466 severe aplastic anemia patients were included. (O The addition of colony stim-
ulating factor yielded no difference in overall survival [OR 1.15, 95%CI (0.73-1.82), P=0.54]. There was no difference in overall hemato-
logic response, complete remission. @ There was no difference in the occurrence of infections. (3)Colony stimulating factor significantly
decreased the risk for relapse [OR 0.57,95%CI 0.35,0.93 ,P=0.02 . @Colony stimulating factor were not associated with higher occur-
rence of myelodysplastic syndrome and acute myeloid leukemia OR 0.90, 95%CI  0.41,1.99 , P=0.79 or paroxysmal nocturnal
hemoglobinuria OR 1.48, 95%CI 0.65,3.33 , P=0.35 . Conclusion: The addition of colony stimulating factor does not affect mortality,
response rate or infections occurrence. Well designed double blind and randomized controlled trials with large sample size and long-term
follow-up are needed for further evaluation of the efficacy and safety of the colony stimulating factor therapy.
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Table 1 Inclusion criteria and definitions of response criteria and time for assessment of included trials
Study ref Inclusion eriteria Deﬁnitions' ot" complete Deﬁnitior.ls (')f partial Time for survival Time for respons
remission remission assessment assessment
Tichelli, SAA as defined by Transfusion Transfusion independence 6y 1m, 2m, 3m, 4m,
international criteria independence
Hbz 110g/L Disease no longer severe 6m, 9m, ly
Neut> 1.5x 10°/L
Plt= 150% 10°/L
Teramura, SAA as defined by Neut.>1.5% 10°L, Transfusion independence 3m, 6m, 12m, 4y 3m,6m, 12m,4y

2007 Plt>150% 107L,

Hb>11 g/dL

international criteria
Age 18-75

No specific prior therapy

Disease no longer severe
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Zheng,
2006

Gluckman,
2002

international criteria

SAA as defined by
international criteria,

Age >1 year

Neut>1.5% 10%/L
PIt>100% 10%L

Neut>1.5% 10%L
Plt>1 5 0% 10%L
Hb>110g/L

Hb>110g/L

Transfusion independence Transfusion independence

Neut>0.5% 10%/L
P1t>20x 10%/L
Hb>80g/L
Neut>0.5% 10%L
Plt>20x 10%/L

Transfusion independence

3m, ly, 5y

3m, 6m, 5y

3m, 6m

3m, Sy

Note: SAA international criteria : hypoplastic BM (cellularity< 25% or 30%) and at least 2 of the 3 following: Neut<0.5%

10°/L; and/or Plt <20% 10°%L; and/or corrected Ret. Count of less than 1%;

CR: complete response; PR: partial response.

2

Table 2 Characteristics of included trials

Study Intervention pts Age(yrs.) N. of pts. Allocation generation
ref median(range) with SAA/VSAA concealment
Tichelli, Horse ATG+CsA 95 44 7-80 56/39 B,B
2011 Horse ATG+CsA+G-CSF 97 47 2-81 66/31
s.c 150 ug/m2/d,
from day 8 till day 240
Teramura, Horse ATG+CsA 47 54(19-75) 36/11 B,B
2007 Horse ATG+CsA+G-CSF 48 53(19-74) 29/19
1V filgastrim 400 y g/day
or lenograstim 50 p g/day,
every other day till day 28
and then once or twice a week
till day 84
Zheng, Horse ATG+CsA 47 35(8-71) 33/14 A A
2006 Horse ATG+CsA+G-CSF 30 36(5-68) 19/11
s.c GM-CSF5ug/kg/d+
EPO 100U/ kg/d
3d in a week for first mo,
2d in a week for second mo
and 1 d in a week for third mo
Gluckman, ATG Horse or rabbit +CsA 49 22(1-82) 30/19 B.B
2002 ATCiCIi(:izorCrsa:bit 53 26(2-71) 27/26
(s.c. lenograstim Sug/kg/d for
98 days)
2) 3 G-CSF (6.18.20] 1 5 5 B
GM-CSF™ 2, 1 A
3) 4 . 2.3
N N -3 (1) 4 (6.18-20]
s, ! : 6 4 5 5
<20%., G-CSF/GM-CSF P=0.95 - Meta

G-CSF/GM-CSF
2.2

o

0.73 1.82 P=0.54
¢ Do

OR=1.15 95%CI

G-CSF/GM-CSF
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Review: Al
Comparison: 01 IRITIE versus X4H3H
Outcome: o ﬂﬁ“ﬂfﬂm#i@!

Study HGF Cortrol OR (fixed) Weight OR (fixed)

or sub-category niN N 95% Cl % 95% CI

Gluckman 2002 40/53 36/49 26.75 1.11 [0.46, 2.71]
Zheng 2006 24/30 38/47 17.26 0.95 [0.30, 3.00]
Teramura 2007 44/48 41/47 10.07 1.61 [0.42, 6.12)
Tichelii 2011 76/97 72/9% 45.92 1.16 [0.59, 2.27]
Total (35% CI) 228 238 100.00 1.15 [0.73, 1.82)

Total events: 184 (HGF), 187 (Control)
Test for heterogenetty. Chi?= 0.36, df =3 (P = 0.95), I7=0%
Test for overall effect: Z =061 (P=054)

01 02 05 1 2 s 10
Favours treatment  Favours control

1

Fig.l Overall survival comparing between patients treated with IST and HGF and those treated with IST and control

(2)IST 2 16201 0.78 1.74 P=0.45 OR=1.20 95% CI
3 4 0.71 2.02 P=0.50 -Meta
> 1 - Meta G-CSF/GM-CSF SAA
G-CSF/GM-CSF OR=1.61 95%CI ( 24,
0.85 3.03 P=0.14 OR=1.17 95%CI
Review:

AA
Comparison: 01 J8Y74H versus 31M4H
Outcome: 02 fEth3 B SFAFER

Study Treatment Control OR (fixed) Weight OR (fixed)
or sub-category niN ni 85% Cl % 5% Cl
Gluckman 2002 46/53 37/49 . 33.45 2.13 [0.76, 5.96]
Teramura 2007 28/48 24/47 —— 66.55 1.34 [0.60, 3.02)
Total (95% C1) 101 96 e 100.00 1.61 [0.85, 3.03)

Total events: 74 (Treatment), 61 (Control)
Test for heterogenetty: Chi?= 0.48, df =1 (P = 0.49), 1?7= 0%
Test for overall effect Z=1.47 (P=0.14)

01 02 05 1 2 5 10
Favours treatment  Favours control

2
Fig.2 Overall response comparing between patients treated with IST and HGF and those treated with IST and control at 3 months
Review:

AA
Comparison: 01 38IT4H versus 34 8B4H
Outcome: 03 KRB SH AT WA

Study Treatment Cortrol OR (fixed) Weight OR (fixed)

or sub-category niN N 95% Cl % 85%Cl
Gluckman 2002 31/83 31/49 —_— 29.86 0.82 (0.37, 1.82]
Zheng 2006 22/30 37/47 —_— 17.17 0.74 [0.26, 2.16]
Teramura 2007 37/47 31/46 —_ 14.88 1.79 (0.71, 4.55)
Tichelli 2011 71797 63/98 T 38.09 1.39 (0.75, 2.58)
Total (95% CI) 227 237 * 100.00 1.17 [0.78, 1.74)
Total events: 161 (Treatment), 162 (¢

Test for heterogenetty: Chi?= 2,56, df = 3 (P = 0.47), I?= 0%

Test for overall effect Z =0.76 (P =045)

01 02 05 1 2 s 10
Favours treatment  Favours control

3

Fig.3 Overall response comparing between patients treated with IST and HGF and those treated with IST and control of long-term survivors

Review.

Comparison 011&'3'.”!5\'&'8“3 HRE

Outcome: 14 U ERNE T2 EMER

Study Treatment Control OR (fixed) Weight OR (fixed)
or sub-category niN N 95% C1 % 95% Cl
Gluckman 2002 22/38 21/34 —_—-— 30.90 1.08 (0.40, 2.77)
Zheng 2006 18/30 28/47 _— 34.08 1.02 [0.40, 2.59]
Teramura 2007 3/47 1/41 » 3.90 2.73 10.27, 27.29)
Tichelli 2011 12/97 9/958 . 31.12 1.35 [0.54, 3.37)
Total (85% CI) 209 217 e 100.00 1.20 (0.71, 2.02)
Total events: 55 (Treatmert), 59 (Control)

Test for heterogenetty. Chi?=0.74, df = 3 (P = 0.86), I?= 0%

Test for overall effect: Z = 067 (P =0.50)

01 02 05 1 2 5 10
Favours treatment  Favours control

4

Fig.4 Complete remission comparing between patients treated with IST and HGF and those treated with IST and control
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Comparison: 01 J&JT4E versus H#4H
Outcome: 04 SRR

G-CSF/GM-CSF 02 ( 5)

OR=0.57 95%CI 0.35 0.93 P=0.
G-CSF/GM-CSF

o

Study Treatment Coritrol OR (fixed) ‘Weight OR (fixed)

or sub-category niN N 95% Cl % 85% Cl
Gluckman 2002 9/53 17/49 —_— 33.82 0.39 (0.15, 0.97)
Teramura 2007 6/48 15/47 —_— 30.58 0.30 (0.11, 0.87]
Tichelii 2011 19/97 19/98 —— 35.60 0.97 [0.48, 1.98]
Total (35% CI) 198 191 e 100.00 0.57 [0.35, 0.93)
Total everts: 34 (Treatment), 51 (Control)

Test for heterogeneity: Chi?=4.24, df = 2 (P = 0.12), 7= 52.8%

Test for overall effect: Z = 2.26 (P =0.02)

01 02 05 1 2 5 10
Favours treatment  Favours control

5

Fig.5 Risk for relapse comparing between patients treated with IST and HGF and those treated with IST and control

(4)IST @IST 2 f6201 (1) 2 .
IST 3 Meta N -
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OR=1.41 95%CI 0.78 2.57 P=0.25 N °
OR=0.87 95%CI 0.44 1.71 P=0.68 @IST ) 4
2 (6191 . Meta MDS AML
Meta OR=2.80 95% OR=0.90 95% CI
CI 0.71 11.10 P=0.14 , Meta 0.41 1.99 P=0.79 6 PNH
G-CSF/GM-CSF SAA IST OR=1.48 95%CI 0.65 3.33 P=0.35 7 . Meta
- G-CSF/GM-CSF
2.4 .
Review: AA
Comparisor: 01 J&974H versus 3 84H
Outcome: 05 (ERATIERR
Study Treatment Control OR (fixed) Weight OR (fixed)
or sub-category nn nmn 95% Cl % 85% C1
Gluckman 2002 1/39 1/37 + » 7.79 0.9 (0.06, 15.72]
Zheng 2006 0/30 0/47 Not estimable
Teramura 2007 2/48 1747 > 7.54 2.00 (0.18, 22.83]
Ticheli 2011 10/97 12/95 84.67 0.80 [0.33, 1.94]
Total (35% CI) 214 226 ¢ 100.00 0.90 (0.41, 1.99)

Total events: 13 (Treatment), 14 (Control)

Test for heterogenety: Chi?=0.49, df =2 (P = 0.78), I?7= 0%

Test for overall effect Z=027 (P =0.79)

01 02 05 1 2 s 10
Favours treatment  Favours control

Fig.6 Risk for secondary clonal disorders comparing between patients treated with IST and HGF and those treated with IST and control

Review: AA
013

Comparison: &IT4H versus XM4H

Outcome: 08 3R APNH

Study Treatment Control OR (fixed) Weight OR (fixed)

or sub-category niN N 95% C1 % 95% Cl
Gluckman 2002 3/39 0/37 —_—e) 4.84 7.19 (0.36, 144.17)
Zheng 2006 3/30 1747 —_—) 7.26 §.11 [0.51, 51.62)
Teramura 2007 l/48 1747 + » 10.24 0.98 [0.06, 16.12)
Tichelli 2011 /97 8/95% 77.68 0.85 [0.29, 2.43]
Total (95% CI) 214 226 100.00 1.48 10.6S, 3.33)

Total events: 14 (Treatmert), 10 (Control)

Test for heterogenetty. Chi?= 3.33, df = 3 (P = 0.34),17= 9.9%

Test for overall effect: Z = 0.94 (P =0.35)

01 02 05 1 2 5 10
Favours treatment  Favours control

7 PNH

Fig.7 Risk for PNH comparing between patients treated with IST and HGF and those treated with IST and control



- 3558 «

www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.18 JUN.2012

4 466
Meta
o IST
G-CSF/GM-CSF .
IST

SAA

SAA

N o

G-CSF/GM-CSF SAA
MDS.AML  PNH

Bl 840 SAA
G-CSF(-)

G-CSF(-)

G-CSF(+)
, ©  G-CSF(+)
. 4
Meta G-CSF/GM-CSF
IST .

G-CSF  GM-CSF

N HSCT
° 1 G-CSF
G-CSF/GM-CSF
G-CSF  GM-CSF
SAA IST

. Meta

SAA
SAA
SAA

G-CSF 5 2002
MDS

G-CSF

G-CSF
G-CSF
120
120 4.4
4 G-CSF(+)
o Imashuku © 112
3.7 G-CSF

SAA

G-CSF(-)
SAA
SAA

Bl Teramura [ 101

Meta G-CSF/GM-CSF
SAA o
Meta G-CSF
GM-CSF SAA IST
IST
o G-CSF

GM-CSF IST SAA

3 - IST

SAA G-CSF  GM-CSF

G-CSF/GM-CSF IST

G-CSF/GM-CSF .

References

[1] Bronchud MH, Potter MR, Morgenstern G, et al. In vitro and in vivo
analysis of the effects of recombinant human granulocyte
colony-stimulating factor in patients[J]. Br J Cancer, 1988, 58: 64-69

[2] Crawford J, Ozer H, Stoller R, et al. Reduction by granulocyte
colony-stimulating factor of fever and neutropenia induced by
chemotherapy in patients with small-cell lung cancer [J]. N Engl J
Med, 1991, 325: 164-170

[3] Socie G, Mary JY, Schrezenmeier H, et al. Granulocyte-stimulating
factor and severe aplastic anemia: a survey by the European Group for
Blood and Marrow Transplantation (EBMT) [J]. Blood, 2007, 109:

2794-2796

—
~
=

Saracco P, Quarello P, Iori AP, et al. Cyclosporin A response and de-

pendence in children with acquired aplastic anaemia: a multicentre

retrospective study with long-term observation follow-up [J]. Br J

Haematol, 2008, 140: 197-205

[5] Kojima S, Ohara A. Tsuchida M, et al. Risk factors for evolution of ac-
quired aplastic anemia into myelodysplastic syndrome and acute
myeloid leukemia after immunosuppressive therapy in children [J].
Blood, 2002, 100: 786-790

[6] Teramura M, Kimura A, Iwase S, et al. Treatment of severe aplastic
anemia with antithymocyte globulin and cyclosporin A with or with-
out G-CSF in adults: a multicenter randomized study in Japan [J].
Blood, 2007, 110: 1756-1761

[7] Locasciulli A, Bruno B, Rambaldi A, et al. Treatment of severe aplastic
anemia with antilymphocyte globulin, cyclosporine and two different
granulocyte colony-stimulating factor regimens: a GITMO prospec-
tive randomized study[J]. Haematologica, 2004, 89: 1054-1061

[8] Kojima S, Hibi S, Kosaka Y, et al. Immunosuppressive therapy using
antithymocyte globulin, cyclosporine, and danazol with or without
human granulocyte colony-stimulating factor in children with acquired
aplastic anemia[J]. Blood, 2000, 96: 2049-2054

[9] Imashuku S, Hibi S, Bessho F, et al. Detection of myelodysplastic syn-
drome/acute myeloid leukemia evolving from aplastic anemia in chil-
dren, treated with recombinant human G-CSF [J]. Haematologica,
2003, 88: e136-c141

[10] Bacigalupo A, Bruno B, Saracco P, et al. Antilymphocyte globulin,
cyclosporine, prednisolone, and granulocyte colony-stimulating factor
for severe aplastic anemia: an update of the GITMO/EBMT study on
100 patients. European Group for Blood and Marrow Transplantation
(EBMT) Working Party on Severe Aplastic Anemia and the Gruppo
Italiano Trapianti di Midollo Osseo (GITMO) [J]. Blood, 2000, 95:
1931-1934

[11] Hord JD, Gay JC, Whitlock JA, et al. Long-term granulocyte-
macrophage colony-stimulating factor and immunosuppression in the
treatment of acquired severe aplastic anemia [J]. J Pediatr Hematol
Oncol, 1995, 17:140-144

[12] Locasciulli A, Arcese W, Locatelli F, et al. Treatment of aplastic
anaemia with granulocyte-colony stimulating factor and risk of malig-
nancy. Italian Aplastic Anaemia Study Group [J]. Lancet, 2001, 357:
43-44

[13] Symeonidis A, Kouraklis-Symeonidis A, Seimeni U, et al. Ticlopi-

dine-induced aplastic anemia: two new case reports, review, and

meta-analysis of 55 additional cases [J]. Am J Hematol, 2002, 71:

24-32 3583



www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.18 JUN.2012

- 3583 -

Nephrol Dial Transplant, 2010, 25(1):212-218

[15] Chauveau P, Nguyen H, Combe C, et al. Dialyzer membrane perme-
ability and survival in hemodialysis patients [J]. Am J Kidney Dis,
2005, 45(3):565-571

[16] Krane V, Krieter DH, Olschewski M, et al. Dialyzer membrane char-
acteristics and outcome of patients with type 2 diabetes on mainte-
nance hemodialysis[J]. Am J Kidney Dis, 2007, 49(2):267-275

[17] Greene T. What did we learn from the HEMO Study? Implications of
secondary analyses[J]. Contrib Nephrol, 2005, 149:69-82

[18] Locatelli F, Martin-Malo A, Hannedouche T, et al. Effect of mem-
brane permeability on survival of hemodialysis patients [J]. ] Am Soc
Nephrol, 2009, 20(3):645-654

[19] Canaud B, Bragg-Gresham JL, Marshall MR, et al. Mortality risk for
patients receiving hemodiafiltration versus hemodialysis: European
results from the DOPPS[J]. Kidney Int, 2006, 69(11):2087-2093

[20] Panichi V, Rizza GM, Paoletti S, et al. Chronic inflammation and
mortality in haemodialysis: effect of different renal replacement ther-

apies results from the RISCAVID study [J]. Nephrol Dial Transplant,

2008, 23(7):2337-2343

[21] Penne EL, van der Weerd NC, van den Dorpel MA, et al. Short-term
effects of online hemodiafiltration on phosphate control: a result from
the randomized controlled Convective Transport Study (CONTRAST)
[J]. Am J Kidney Dis, 2010, 55(1):77-87

[22] Vilar E, Fry AC, Wellsted D, et al. Long-term outcomes in online
hemodiafiltration and high-flux hemodialysis: a comparative analysis
[J]. Clin J Am Soc Nephrol, 2009, 4(12):1944-1953

[23] s R . N

Y [J]. ,2010, 26(11):

1116-1118
Song J, Li H, Zhang XD. Influence of different blood purification
treatment on the serum leptin and neuropeptide Y levels in patients
with chronic renal failure [J]. Journal of Cellular and Molecular Im-
munology. 2010, 26(11):1116-1118(In Chinese)

[24] Vanholder R, Eloot S, Van Biesen W. Do we need new indicators of
dialysis adequacy based on middle molecule removal? [J]. Nat Clin

Pract Nephrol, 2008, 4(4):174-175

3558

[14] Dincol G, Aktan M, Diz-Kucukkaya R, et al. Treatment of acquired
severe aplastic anemia with antilymphocyte globulin, cyclosporin A,
methyprednisolone, and granulocyte colony-stimulating factor[J]. Am
J Hematol, 2007, 82: 783-786

[15] Fuhrer M, Rampf U, Baumann I, et al. Immunosuppressive therapy
for aplastic anemia in children: a more severe disease predicts better
survival[J]. Blood, 2005, 106: 2102-2104

[16] Bessho M, Hirashima K, Asano S, et al. Treatment of the anemia of
aplastic anemia patients with recombinant human erythropoietin in
combination with granulocyte colony-stimulating factor: a multicen-
ter randomized controlled study. Multicenter Study Group [J]. Eur J
Haematol, 1997, 58: 265-272

[17] Doney K, Pepe M, Storb R, et al. Immunosuppressive therapy of
aplastic anemia: results of a prospective, randomized trial of antithy-

mocyte globulin (ATG), methylprednisolone, and oxymetholone to

ATG, very high-dose methylprednisolone, and oxymetholone [J].
Blood, 1992, 79: 2566-2571

[18] Tichelli A, Schrezenmeier H, Socie G, et al. A randomized controlled
study in patients with newly diagnosed severe aplastic anemia receiv-
ing antithymocyte globulin (ATG), cyclosporine, with or without
G-CSF: a study of the SAA Working Party of the European Group for
Blood and Marrow Transplantation[J]. Blood, 2011, 117: 4434-4441

[19] Zheng Y, Liu Y, Chu Y. Immunosuppressive therapy for acquired
severe aplastic anemia (SAA): a prospective comparison of four dif-
ferent regimens[J]. Exp Hematol, 2006, 34: 826-831

[20] Gluckman E, Rokicka-Milewska R, Hann I, et al. Results and follow-
up of a phase III randomized study of recombinant human-granulo-
cyte stimulating factor as support for immunosuppressive therapy in
patients with severe aplastic anaemia [J]. Br J Haematol, 2002, 119:
1075-1082



