
Objective

The purpose of this protocol is to facilitate 
prescribing of cyclophosphamide for the treatment of 
corticosteroid-dependent, or corticosteroid-resistant 
minimal change disease (MCD), or focal segmental 
glomerulosclerosis (FSGS); the following document 
summarizes the scientific evidence supporting the 
recommendations. 

1. Role of cyclophosphamide
First-line therapy for treating MCD and FSGS is 
corticosteroids (refer to the BCR corticosteroid 
protocol), unless the patient is at high risk for 
corticosteroid-associated toxicity. In patients 
who have uncontrolled diabetes, a psychiatric 
condition, severe osteoporosis, morbid obesity, or 
another reason to not prescribe a corticosteroid, 
alternative first-line therapy would be calcineurin 
inhibitors (CNIs) for treating both FSGS and MCD 
(refer to the BCR CNI protocol). Cyclophosphamide 
is reserved for patients, who are corticosteroid 
sensitive, but either corticosteroid-dependent 
or have frequently relapsing disease. One study 
found that cyclophosphamide was not effective in 
patients with corticosteroid-resistant disease, and 
therefore cyclophosphamide should not be used in 
this population.1

2. Frequently relapsing or corticosteroid-
dependent MCD and FSGS
In about 30% of patients, proteinuria will 
increase while prednisone is being tapered 
despite previously achieving complete or partial 
remission.2 For these corticosteroid-dependent 
patients, we recommend stopping the taper, 

temporarily maintaining the current prednisone 
dose and adding a CNI, or cyclophosphamide.3 
In patients with steroid-dependent MCD, both 
cyclophosphamide and CNIs induce remission 
in about 75% of patients.2,4–8 However, patients 
treated with cyclophosphamide have a higher 
likelihood of achieving sustained remission;9,10 
at the expense of being exposed to a more 
unfavorable side effect profile. 

In a prospective trial of 66 children and adults, 
11 adults with frequently relapsing or steroid-
dependent MCD were randomly assigned to 
cyclophosphamide (2.5 mg/kg/day for 8 weeks) 
or cycloSPORINE (5 mg/kg/day for 9 months, 
then tapered off by month 12).11 All of the adults 
achieved remission; 3 patients in each group 
eventually relapsed, occurring in the first year 
following therapy with cyclophosphamide, and 
earlier after discontinuation of cycloSPORINE. 
Among children, the rate of stable disease 
at two years was significantly higher with 
cyclophosphamide (68 vs. 20%). Two other 
studies confirmed a high relapse rate (about 
60%) following cessation of a short cycloSPORINE  
courses.9,12

In a second retrospective study of 14 patients with 
MCD treated with cyclophosphamide (2 mg/kg/day 
for 8 weeks), 4 of 5 frequently relapsing patients, 
and 4 of 9 corticosteroid-dependent patients 
experienced complete, relapse-free remission.5 
The remaining 5 corticosteroid-dependent patients 
were able to be weaned off corticosteroids but 
had subsequent relapses. At final follow-up, 79% 
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of patients were in complete remission.5

In patients with frequently relapsing or 
corticosteroid-dependent FSGS, data for 
cyclophosphamide is limited to a few retrospective 
observational studies.1,13–22 However, it is fairly 
established that patients with corticosteroid-
resistant FSGS don’t respond well to 
cyclophosphamide.¹ Although cyclophosphamide 
is considered an option, treatment with a CNI in 
patients with frequently relapsing or corticosteroid-
dependent FSGS may be preferred to avoid toxicity 
associated with cyclophosphamide.

3. Definition of corticosteroid resistance in 
a patient with MCD or FSGS
There are conflicting opinions regarding the 
duration of prednisone therapy that defines 
corticosteroid-resistance. Some literature suggests 
the use of alternative immunosuppressive therapy 
after only 4 to 8 weeks of prednisone, whereas 
others define resistance as persistent nephrotic 
syndrome after 4 months of prednisone at a dose 
of 1 mg/kg/day.23–26

The 2012 KDIGO guidelines defines corticosteroid-
resistance as persistent nephrotic syndrome after 
4 months of prednisone.3  

4. Short- and long-term cyclophosphamide 
adverse reactions 
Short-term risks while on therapy include 
leukopenia, infection, and hemorrhage cystitis.27 
Long-term risks include infertility, bladder cancer, 
solid organ cancers and hematologic cancers. 
The risk of cancer is associated with cumulative 
doses over 20 g (there is a 6 fold increase in risk of 
bladder cancer after 20 to 49 g of exposure, and 
a 14.5 fold increase in risk after more than 50 g 
of exposure);28 as such we have recommended a 
maximum daily dose of 175 mg which would result 

in a cumulative cyclophosphamide exposure of 
15.75 grams with one cycle. 

When diagnosed early, the majority of bladder 
cancers are superficial. However, there is no high-
quality evidence that screening for bladder cancer 
improves outcomes compared to no screening 
in high risk populations.29 In a patient who has 
received at least one cycle of cyclophosphamide, 
we recommend screening for bladder cancer 
annually with urine cytology as long as the patient 
understands there is uncertainty about the benefits 
and harms. Based on one systematic review, urine 
cytology has a sensitivity of 34% and a specificity 
of up to 99%.30

Lower cumulative doses of cyclophosphamide 
(compared to those associated with cancer) 
may result in gonadal toxicity in both males and 
females. A full review of this adverse reaction is 
available at BCRenalAgency.ca.

5. Cyclophosphamide maximum dose
Controversy exists as to whether to use actual 
body weight, ideal body weight or to cap the dose 
when determining the cyclophosphamide dose in 
obese patients.31 The American Society of Clinical 
Oncology recommends using actual body weight 
when selecting chemotherapy doses regardless 
of obesity status, as there is no evidence that 
short-or long-term toxicity is increased among 
obese patients receiving full weight-based 
chemotherapy doses.32 The recommended 
maximum cyclophosphamide dosage of 175 mg 
per day found in this protocol is based on opinion 
to keep cumulative doses under 20 g (see point 5 
on cyclophosphamide adverse reactions).

6. Cyclophosphamide dosage adjustment
Based on pharmacokinetic studies and data 
from ANCA vasculitis studies, we recommend a 
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dosage reduction of cyclophosphamide to avoid 
bone marrow toxicity in patients over 70 years 
old, when eGFR is less than 30 ml/min/1.73 m2 or 
if the WBC nadir is less than 3.5 x 109/L. These 
recommendations are in line with the KDIGO 
guidelines3 but empiric dosage reductions of 
alkylating agents were not described in any of the 
original MCD or FSGS studies.

7. Prevention of glucocorticoid-induced 
osteoporosis, gastrointestinal 
complications and Pneumocystic jiroveci 
infections
Supporting evidence for prevention of 
glucocorticoid-induced osteoporosis and 
gastrointestinal complications has previously been 
summarized and can be found at BCRenalAgency.
ca.

For Pneumocystic jiroveci pneumonia (PCP) 
prophylaxis in immunocomprimised patients 
without HIV, the American Thoracic Society 
recommends prophylaxis in patients with 
inflammatory conditions being treated with 
immune suppressive therapy and in patients using 
higher doses of prednisone for over 1 month, 
especially if concurrently receiving other cytotoxic 
drugs.33

In a recent Cochrane review of 13 randomized or 
quasi-randomized trials evaluating prophylaxis 
against PCP in 1,412 immunocomprimised 
patients (892 adults and 520 children) without 
HIV infection, trimethoprim-sulfamethoxazole 
reduced PCP infection [RR 0.15 (95% CI: 0.01-0.62)] 
with a NNT of 18 to 44 and reduced PCP-related 
mortality [RR 0.17 (95% CI: 0.03-0.94)] with a NNT 
of 58 to 926 compared to placebo, no treatment 
or antibiotics inactive against PCP. There was 
no significant difference in all-cause mortality or 
adverse events.34

For patients intolerant to trimethoprim-
sulfamethoxazole, dapsone, a sulfone antibiotic 
(distinct from sulfonamide antibiotics) is an option. 
It is unclear if dapsone displays cross-reactivity in 
patients with a sulfonamide allergy so it should 
be avoided in patients who have had a serious 
reaction such as Stevens-Johnson syndrome.35 
Hemolytic anemia is a dose dependent side effect 
of dapsone; the risk is low with doses used for PCP 
prophylaxis unless the patient has a Glucose-6- 
Phosphate Dehydrogenase (G6PD) deficiency.35 We 
recommended testing for G6PD prior to starting 
dapsone and avoiding its use if the patient is found 
to be deficient.

8. Laboratory
The recommended laboratory measurements 
monitor known adverse drug reactions caused 
by cyclophosphamide and is in line with the 
recommendations made by the KDIGO guidelines.3 
Frequency and type of monitoring can be 
individualized based on patient tolerability and 
clinical response. 

BC Renal Agency • BCRenalAgency.ca                                Page 3 of 5       January 2019

http://www.BCRenalAgency.ca
http://www.BCRenalAgency.ca


References

1. Heering P, Braun N, Müllejans R, et al. Cyclosporine A and 
chlorambucil in the treatment of idiopathic focal segmental 
glomerulosclerosis. Am J Kidney Dis Off J Natl Kidney Found. 
2004;43(1):10-18.

2. Tse K-C, Lam M-F, Yip P-S, et al. Idiopathic minimal change 
nephrotic syndrome in older adults: steroid responsiveness 
and pattern of relapses. Nephrol Dial Transplant Off Publ Eur 
Dial Transpl Assoc - Eur Ren Assoc. 2003;18(7):1316-1320.

3. KDIGO. KDIGO Clinical practice guideline for 
glomerulonephritis. Kidney Int. 2012;2(2). http://www.kdigo.
org/clinical_practice_guidelines/pdf/KDIGO-GN-Guideline.pdf.

4. Nolasco F, Cameron JS, Heywood EF, Hicks J, Ogg C, Williams 
DG. Adult-onset minimal change nephrotic syndrome: a long-
term follow-up. Kidney Int. 1986;29(6):1215-1223.

5. Mak SK, Short CD, Mallick NP. Long-term outcome of 
adult-onset minimal-change nephropathy. Nephrol Dial 
Transplant Off Publ Eur Dial Transpl Assoc - Eur Ren Assoc. 
1996;11(11):2192-2201.

6. Arneil GC, Lam CN. Long-term assessment of steroid therapy 
in childhood nephrosis. Lancet Lond Engl. 1966;2(7468):819-
821.

7. Waldman M, Crew RJ, Valeri A, et al. Adult minimal-change 
disease: clinical characteristics, treatment, and outcomes. 
Clin J Am Soc Nephrol CJASN. 2007;2(3):445-453. 

8. Huang JJ, Hsu SC, Chen FF, Sung JM, Tseng CC, Wang MC. 
Adult-onset minimal change disease among Taiwanese: 
clinical features, therapeutic response, and prognosis. Am J 
Nephrol. 2001;21(1):28-34. 

9. Meyrier A, Condamin MC, Broneer D. Treatment of adult 
idiopathic nephrotic syndrome with cyclosporin A: minimal-
change disease and focal-segmental glomerulosclerosis. 
Collaborative Group of the French Society of Nephrology. Clin 
Nephrol. 1991;35 Suppl 1:S37-42.

10. Lee HY, Kim HS, Kang CM, Kim SG, Kim MJ. The efficacy of 
cyclosporine A in adult nephrotic syndrome with minimal 
change disease and focal-segmental glomerulosclerosis: a 
multicenter study in Korea. Clin Nephrol. 1995;43(6):375-381.

11. Ponticelli C, Edefonti A, Ghio L, et al. Cyclosporin versus 
cyclophosphamide for patients with steroid-dependent 
and frequently relapsing idiopathic nephrotic syndrome: 
a multicentre randomized controlled trial. Nephrol Dial 
Transplant Off Publ Eur Dial Transpl Assoc - Eur Ren Assoc. 
1993;8(12):1326-1332.

12. Melocoton TL, Kamil ES, Cohen AH, Fine RN. Long-term 
cyclosporine A treatment of steroid-resistant and steroid-

dependent nephrotic syndrome. Am J Kidney Dis Off J Natl 
Kidney Found. 1991;18(5):583-588.

13. Cattran DC, Rao P. Long-term outcome in children and adults 
with classic focal segmental glomerulosclerosis. Am J Kidney 
Dis Off J Natl Kidney Found. 1998;32(1):72-79.

14. Banfi G, Moriggi M, Sabadini E, Fellin G, D’Amico G, Ponticelli 
C. The impact of prolonged immunosuppression on the 
outcome of idiopathic focal-segmental glomerulosclerosis 
with nephrotic syndrome in adults. A collaborative 
retrospective study. Clin Nephrol. 1991;36(2):53-59.

15. Duncan N, Dhaygude A, Owen J, et al. Treatment of focal 
and segmental glomerulosclerosis in adults with tacrolimus 
monotherapy. Nephrol Dial Transplant Off Publ Eur Dial 
Transpl Assoc - Eur Ren Assoc. 2004;19(12):3062-3067. 

16. McCauley J, Shapiro R, Ellis D, Igdal H, Tzakis A, Starzl TE. 
Pilot trial of FK 506 in the management of steroid-resistant 
nephrotic syndrome. Nephrol Dial Transplant Off Publ Eur 
Dial Transpl Assoc - Eur Ren Assoc. 1993;8(11):1286-1290.

17. Segarra A, Vila J, Pou L, et al. Combined therapy of 
tacrolimus and corticosteroids in cyclosporin-resistant or 
-dependent idiopathic focal glomerulosclerosis: a preliminary 
uncontrolled study with prospective follow-up. Nephrol Dial 
Transplant Off Publ Eur Dial Transpl Assoc - Eur Ren Assoc. 
2002;17(4):655-662.

18. Loeffler K, Gowrishankar M, Yiu V. Tacrolimus therapy 
in pediatric patients with treatment-resistant nephrotic 
syndrome. Pediatr Nephrol Berl Ger. 2004;19(3):281-287. 

19. Choi MJ, Eustace JA, Gimenez LF, et al. Mycophenolate 
mofetil treatment for primary glomerular diseases. Kidney Int. 
2002;61(3):1098-1114. 

20. Day CJ, Cockwell P, Lipkin GW, Savage COS, Howie AJ, 
Adu D. Mycophenolate mofetil in the treatment of resistant 
idiopathic nephrotic syndrome. Nephrol Dial Transplant Off 
Publ Eur Dial Transpl Assoc - Eur Ren Assoc. 2002;17(11):2011-
2013.

21. Montané B, Abitbol C, Chandar J, Strauss J, Zilleruelo 
G. Novel therapy of focal glomerulosclerosis with 
mycophenolate and angiotensin blockade. Pediatr Nephrol 
Berl Ger. 2003;18(8):772-777. 

22. Cattran DC, Wang MM, Appel G, Matalon A, Briggs W. 
Mycophenolate mofetil in the treatment of focal segmental 
glomerulosclerosis. Clin Nephrol. 2004;62(6):405-411.

23. Meyrier A, Noël LH, Auriche P, Callard P. Long-term renal 
tolerance of cyclosporin A treatment in adult idiopathic 
nephrotic syndrome. Collaborative Group of the Société de 
Néphrologie. Kidney Int. 1994;45(5):1446-1456.

BC Renal Agency • BCRenalAgency.ca                                Page 4 of 5       January 2019



24. Korbet SM. Treatment of primary focal segmental 
glomerulosclerosis. Kidney Int. 2002;62(6):2301-2310.

25. Cattran DC, Alexopoulos E, Heering P, et al. Cyclosporin in 
idiopathic glomerular disease associated with the nephrotic 
syndrome : workshop recommendations. Kidney Int. 
2007;72(12):1429-1447. 

26. Shiiki H, Nishino T, Uyama H, et al. Clinical and morphological 
predictors of renal outcome in adult patients with focal 
and segmental glomerulosclerosis (FSGS). Clin Nephrol. 
1996;46(6):362-368.

27. McQuarrie EP, Stirling CM, Geddes CC. Idiopathic 
membranous nephropathy and nephrotic syndrome: 
outcome in the era of evidence-based therapy. Nephrol Dial 
Transplant Off Publ Eur Dial Transpl Assoc - Eur Ren Assoc. 
2012;27(1):235-242.

28. Mahr A, Heijl C, Le Guenno G, Faurschou M. ANCA-associated 
vasculitis and malignancy: current evidence for cause and 
consequence relationships. Best Pract Res Clin Rheumatol. 
2013;27(1):45-56. 

29. Moyer VA, U.S. Preventive Services Task Force. Screening 
for bladder cancer: U.S. Preventive Services Task Force 
recommendation statement. Ann Intern Med. 2011;155(4):246-
251. 

30. Lotan Y, Roehrborn CG. Sensitivity and specificity of 
commonly available bladder tumor markers versus cytology: 
results of a comprehensive literature review and meta-
analyses. Urology. 2003;61(1):109-118; discussion 118.

31. Pai MP. Drug dosing based on weight and body surface area: 
mathematical assumptions and limitations in obese adults. 
Pharmacotherapy. 2012;32(9):856-868. 

32. Griggs JJ, Mangu PB, Anderson H, et al. Appropriate 
Chemotherapy Dosing for Obese Adult Patients With Cancer: 
American Society of Clinical Oncology Clinical Practice 
Guideline. J Clin Oncol. 2012;30(13):1553-1561. 

33. Limper AH, Knox KS, Sarosi GA, et al. An Official American 
Thoracic Society Statement: Treatment of Fungal Infections in 
Adult Pulmonary and Critical Care Patients. Am J Respir Crit 
Care Med. 2011;183(1):96-128. 

34. Stern A, Green H, Paul M, Vidal L, Leibovici L. Prophylaxis 
for Pneumocystis pneumonia (PCP) in non-HIV 
immunocompromised patients. Cochrane Database Syst Rev. 
2014;10:CD005590. 

35. Brayfield A. Martindale: The Complete Drug Reference. 38th 
ed. United Kingdon: Pharmaceutical Press; 2014.

BC Renal Agency • BCRenalAgency.ca                                Page 5 of 5       January 2019


