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ABSTRACT Objective: To compare the safety of low-dose cyclophosphamide and high-dose cyclophos-
phamide in the treatment of systemic lupus erythematosus (SLE). Methods; A total of 1 022 patients
with systemic lupus erythematosus from 24 hospitals in China between March 2017 to July 2018 were en-
rolled. Their clinical manifestations, laboratory tests, adverse events, reasons for stopping receiving
intravenous cyclophosphamide and comorbidities were collected. Among them, 506 SLE patients received
short-interval low-dose intravenous cyclophosphamide therapy ( SILD IV-CYC, 400 mg every two
weeks) , and 256 patients underwent high-dose cyclophosphamide therapy ( HD IV-CYC, 500 mg/m’ of
body surface area every month) , the side effects between the two groups were compared, the remaining
260 SLE patients were treated with IV-CYC irregularly. Moreover, a total of 377 patients in SILD IV-
CYC group and 214 patients in HD IV-CYC group had medical records of the reasons for stopping recei-
ving IV-CYC. The reasons for stopping receiving IV-CYC in these two groups were analyzed. Results; In
this study, only 40.27% (238/591 ) of the SLE patients stopped receiving intravenous cyclophosphamide
for the causes of disease improvement, however, up to 33.67% (199/591) of the patients for the reason
of drug-related side effects. There were 83 patients out of 214 (38.79% ) with high-dose intravenous cy-
clophosphamide treatment who stopped receiving IV-CYC for the drug-related side effects, which was sig-
nificantly higher than that in the low-dose cyclophosphamide group (30.77% , 116/337, P =0.048).
Of theses 506 patients in SILD IV-CYC group, 88 (17.39% ) patients experienced gastrointestinal reac-
tions, 66 (13.04% ) suffered from infections, 49 (9.68% ) had myelosuppression and 68 (13.44% )
had alopecia, respectively. Among the 256 patients in the HD IV-CYC group, 80 (31.25% ) experi-
enced gastrointestinal reactions, 57 (22.27% ) suffered from infections, 51 (19.92% ) had myelosup-
pression and 49 (19.14% ) had alopecia. Moreover, 71 (25.18% ) of 282 female patients with age be-
tween 16 to 45 years in SILD IV-CYC group had abnormal menstruation, while menstrual disorder oc-
curred in 39.72% (56/141) patients of HD IV-CYC group. There was no difference of drug-induced he-
patic injury, hemorrhagic cystitis and fatigue between the two groups. Conclusion: Low-dose cyclophos-
phamide showed a lower prevalence of adverse events than high-dose cyclophosphamide in systemic lupus
erythematosus patients.
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Reasons for stopping cyclophosphamide
SILD IV-CYC, short-interval low-dose intravenous cyclophosphamide;
HD IV-CYC, high-dose intravenous cyclophosphamide; SLE, systemic
lupus erythematosus. * P <0.05.
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Figure 1 Comparison of reasons for stopping intravenous cyclophosphamide
in SLE patients with SILD IV-CYC and HD-IV-CYC management
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Table 1 Characteristics of SLE patients in the study

Items SILD IV-CYC(n =506) HD IV-CYC(n =256) P value
Female/male, n 463/43 234/22 1.000
Age/years, M(P,s,P;5) 40 (31, 51) 39 (30, 50) 0.699
Age/years, M(Pys ,P75) 32 (24, 43) 31.5 (23.0, 42.0) 0.421
CYC course/months, M( P,5,P5s) 6.0 (3.0, 10.63) 6.0 (4.0, 8.75) 0.471
Accumulated dose of CYC/g, M(P,5,P;5) 4.8 (2.4, 8.4) 5.6 (3.2,8.0) 0.139
Lupus nephritis, M( Pys ,Pss) 269 (53.16) 149 (58.20) 0.187
NPSLE, M( Py ,P;s5) 70 (13.83) 30 (11.72) 0.414
Respiratory system, M( Py ,Pss) 65 (12.85) 23 (8.98) 0.115
Hematologic system, M( P,s,P;s) 136 (26.88) 58 (22.66) 0.206
Diabetes mellitus, M( Pys ,P55) 19 (3.75) 10 (3.91) 0.918
Hypertension, M( P,s,P5) 92 (18.18) 60 (23.43) 0.086
Coronary heart disease, M( P,s,P;s) 12 (2.37) 4 (1.56) 0.462
Hyperlipemia, M( P,s,P;s) 24 (4.74) 17 (6.64) 0.273
Glucocorticoid dose/ (mg/d), M(Pys,Ps5) 20.0 (10.0, 45.0) 18.75 (10.0, 35.0) 0.089
HCQ, n (%) 450 (88.93) 221 (86.33) 0.295
SLEDAIL, M(P,s,P55) 6.0 (2.0,9.0) 6.0 (2.0,9.0) 0.316

Data were presented as median ( interquartile range) or count ( percentage). SLE, systemic lupus erythematosus; CYC, cyclophosphamide;
NPSLE, neuropsychiatric SLE; SILD IV-CYC, short-interval low-dose intravenous cyclophosphamide; HD IV-CYC, high-dose intravenous cyclophospha-
mide; HCQ, hydroxychloroquine; SLEDAI, systemic erythematosus disease activity index.
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Table 2  Adverse effects of SILD IV-CYC and HD IV-CYC treatment in SLE patients

Patients(n =762)

SILD IV-CYC (n =506)

HD IV-CYC (n =256)

Adverse events P values
n % n % n %

Infection 123 16. 14 66 13.04 57 22.27 0.001 "
Gastrointestinal reaction 168 22.05 88 17.39 80 31.25 <0.001"
Myelosuppression 100 13.12 49 9.68 51 19.92 <0.001"
Abnormal menstruation 127° 30.02 710 25.18 56° 39.72 0.001 "
Drug-induced hepatic injury 46 6.04 27 5.34 19 7.42 0.253
Hemorrhagic cystitis 4 0.52 3 0.59 1 0.39 1.000
Fatigue 46 6.04 33 6.52 13 5.08 0.429
Alopecia 117 15.35 68 13.44 49 19.14 0.039"
Rash 12 1.57 10 1.98 2 0.78 0.355

Data were presented as count ( percentage). #* P <0.05. a, a total of 423 female patients aged between 16 and 45 were included in 762 patients
with SLE; b, a total of 282 female patients with age between 16 and 45 were included in SILD IV-CYC group; c, a total of 141 female patients with age
between 16 and 45 were included in HD IV-CYC group. SILD IV-CYC, short-interval low-dose intravenous cyclophosphamide; HD IV-CYC, high-dose

intravenous cyclophosphamide; SLE, systemic lupus erythematosus.

3 itie

WM — MhBe AL, H RTS8 2 N T
SLE f9fy5 o NIH AR IE R i R I 167
FosE 1 SLE BAERPUS , e UARE AR,
A RBEUAT o R LRI NR  AY PR B I
i iR YT SLE (177 %8, Horh ELNT fF5E 45 1488 T
JL IR 0/ IN R R PR I R R 7 AR 1R R R 8 S
G PABEIE N 780 24, 5 Hoad o 10 AR Y Bl A
B, J 131/ N R0 8 BRI I T AR AL T AR
LV G PNl R R VES 8 5 -3 S
BEAh , A PRI R LA TS 45 A IR 4R/, B R ]
/NG PR IBE IR 7 AE TS AR P P R gk i
(997280 5 K B SR R AR 4 AR AR T
PR IR BERE NG IR YT J7 58 T SLE fE 525 )5,
B LR DR 17 e sy By O e 452 245 4 LA
8

W5 OB 22 OIS B 7 P R IR IBE Y 16 7 7
ESTE ) euk= GUN IPIR F V) | PSEEI R0 iR N S Y
Lo ERBRMENE H UL BN BLROSAT 8 AR A |
Z 1 A e PRI | R B D 5 AR
5o WRAEMFTTAE AR, J 18] 301 /N5 45k 14 B A T
TEIFA R, & A 0 F R A e o 3R
WARTBE I 5 DL AR 18 M T AR Ry A s (K 9 22 56, ST
HRARE SLE 58 25 W K50 2 i 1 e 15 o 280 S 7

HHRIE9. 00% ~31.82% i), B i &5 /N
U ) BB B T e VA 97 4L F9 0. 00% ~ 11, 119% 7%,
AT 45 55 B A4 SOk — 3%

AR BE 1R BE LA BE BT FE 45 5 Bos ™, A
S PR IE NGV 2 A0 ek 2D B A= 4 (19..80% )
BT /NF R IR W4 (9. 73% ) . ASBFFE 3R
R 1 A I e 4 A B s 0 o] % XS B 8 v T/
B IR IERELH (9. 68% ) , i — 2 UESE T /Nl & 3R
WL AT T S AR08/ D a0 ) XS T T A AT 35

E R Ah— R 55 R B, By 2 5 i SLE &
FHET AL =R EE R 2 0 SLE
DA 1A B 88 S N PR e B RGBS, o T R I
Yl U T A E R 3 A L T 1R — 25 ER g XL
B ERBEBEM A N SLE G ST B A EA
STy, LB KRS — B 32 e H . AR TR BE A
BEHLX BRI ST 4 RAR R, /N R W I 34 97 4Lk
e o NBUD T R M MGA T 4™ o ELNT
WFIEEE R W, 52 NIH R 2 Rk e i6 )7 /Y
SLE S8 2k e XU B A2 5[] 3] /8 37 3 97 4 Y 2
00 AN, —T0 meta 43 B AR, /N ER B
Wi yT 2l % A ™ E I N BUIR T R = A I R iR
SRIERHE Y AT L RS R RGE — B, I
Z b KRR R I, N BB IR 5 K
FIEIRYT 7 AR, o] LARRARR £ 5 B XU o

SLE 4% T8 W 399 Lo 1, 1o e A 400 ) 2 21wl Tk



A NI S S
JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES)  Vol.54 No.6 Dec. 2022

- 1116 -

B W)

i 55— BN RSN, AT 5 SLE % H 4 &
W 2SR R N % A 255 R R E B
B, EA T AH 56 10y B 657 58 JXURG BHL A5 T oA SLE
RPN S SRR , PRI | R SR
TR A RAE 11.00% ~54.00% 28" . A#F5E
ZERLE R /N IR BE RS L T R B0 1 A R
TE 25. 18% , i 35 1% T K 390 Bl IOk e A 6 14 A 28
RS 4 /N A IO I 1T LAl A0 YA T A S B
SRS

AN ASHIFFE 45 AA S , /N BB e 1 |l
It % F) 2 A A0 I AR T 32 R PR S e 7
I ERE S DRI .= 01 RS A B
KRIF TG L, PRI 4 B T
WX e DERS AT 1 B 40 M A B, AT 51 H o
PRMBEIE 48 S5 A8 BB (A AEABFTE Fp oA I 4 A
PRI 58 64 8

FI AR W e I F RT3 48 2 SLE % i T 4%
A T YT BT 5, U HOR fETAE SLE B . ACHE
FE i 4 [ 2 L BE S HE— A IE S, ) /N
PR B VA T 7 R PRI ) L 8 M 1 R L
B 2507 THT B AR BL IS 2 M 246 T R ) 5 PR P i
G, BRI, X — 6 2 2 A S S B o XL 26 K 14
SLE fH 1M 5, /N S W B 1) 3R Bl B e v )7 7 6
(SILD J528) AlVE AL AeE BEmia T I %o

AWFFEUAFTE—E B BRPE: (1) 380 19 17
T RE S I80 A 5 g XU , ARBIFE S [ B PRI 5, %o
T 0 BRI -8 0 S R TG v R R G 20
B (2) BEAE W 52 4% 3R 22 W W0 ol A [ 51 6 14 B Wl e
VA YT SLE JFROHS > Bt , ASBIFSE IR X 3 il
I [R5 255 0 AT A B B A3 # 5 (3) [ T
IS v B 1 99 191 9 TT B A7 76 0 A B 42 £ O
i, 1 RS SRR, PRBREIERG 0 SEPRAS B O A A %6
AATRETH

STLD BABUBFE AL H At 200 3 B FC T AR B4 b 50k
s N B B K S 08 B Y S 2B AT B R B
B 8 B 2k 05 B B e XL S R 1 9 5 T
BRI 585 W I g MO S R s B T L P A A
PR 5 SR S5 T B M 5 05 2 585 — B 5 e R e
REIER SUTF 25 3k PR e 55— B 2 Bt KR S e e £ 2
T B BRI | ACHS s bR VI I KGR S e
S P BB T A — AR B B KR S R R
PR3 32 S B A 5 B XIS e R /N o A R i
T B R S L G I B PO KGR 3K B 13 48
TR PR R B e K S R 25 5 i A R EE B K
S L VAR ;o A R ZE T 0 2 s S A 05 L — % g
VPR £13 5 % TR E B ROE SERE R AR

SC 5 B W R RS2 5 — BT 2 B KU S e B 38 it i
IH BT~ T 2 1 I B A R AR ik 5 I it R [ o I e
IR ABERATHEA 5 175 BERR RS2 5 — B g MR S e} e g
y&o

[ 1 ] Fanouriakis A, Kostopoulou M, Alunno A, et al. 2019 update of
the EULAR recommendations for the management of systemic lupus
erythematosus [ J]. Ann Rheum Dis, 2019, 78(6) ; 736 —745.

[ 2 ] Donadio JV, Holley KE, Ferguson RH, et al. Treatment of diffuse
proliferative lupus nephritis with prednisone and combined predni-
sone and cyclophosphamide [ J]. N Engl J Med, 1978, 299
(21): 1151 - 1155.

[ 3 ] Boumpas DT, Austin HA, Vaughn EM, et al. Controlled trial of
pulse methylprednisolone versus two regimens of pulse cyclophos-
phamide in sever lupus nephritis [ J]. Lancet, 1992, 340
(8822) . 741 -745.

[ 4] Austin HA, Klippel JH, Balow JE, et al. Therapy of lupus
nephritis. Controlled trial of prednisone and cytotoxic drugs [J].
N Engl J Med, 1986, 314 (10) . 614 -619.

[ 5] Houssiau FA, Vasconcelos C, D’ Cruz D, et al. Immunosuppres-
sive therapy in lupus nephritis; The Euro-Lupus Nephritis Trial, a
randomized trial of low-dose wversus high-dose intravenous cyclo-
phosphamide [ J]. Arthritis Rheum, 2002, 46(8) : 2121 -2131.

[ 6 ] Hussenbocus YA, Jin ZY, Pan WY, et al. Low dosage use of
cyclophosphamide improves the survival of patients with systemic
lupus erythematosus [ J ]. Clin Rheumatol, 2022, 41 (7).
2043 -2052.

[ 7] Durcan L, O’ Dwyer T, Petri M. Management strategies and fu-
ture directions for systemic lupus erythematosus in adults [ J].
Lancet, 2019, 393(10188) : 2332 —2343.

[ 8 ] Zhang XW, Li C, Ma XX, et al. Short-interval lower-dose intra-
venous cyclophosphamide as induction and maintenance therapy for
lupus nephritis: A prospective observational study [ J]. Clinical
Rheumatol , 2014, 33(7) : 939 —945.

[ 9 ] Hanaoka H, Kiyokawa T, Tida H, et al. Comparison of renal
response to four different induction therapies in Japanese patients
with lupus nephritis class Il or IV: A single-centre retrospective
study [J]. PLoS One, 2017, 12 (4): e0175152.

[10] Thomas G, Mancini J, Jourde-Chiche N, et al. Mortality associa-
ted with systemic lupus erythematosus in France assessed by multi-
ple-cause-of-death analysis [ J]. Arthritis Rheumatol, 2014, 66
(9): 2503 -2511.

[11] Wang Z, Wang Y, Zhu R, et al. Long-term survival and death
causes of systemic lupus erythematosus in China: A systemic
review of observational studies [ J]. Medicine( Baltimore) , 2015,
94(17) : €794.

[12] Wang H, Zhou Y, Yu L, et al. Major infection in newly diag-
nosed systemic lupus erythematosus: An inception cohort study
[J]. Lupus Sci Med, 2022, 9(1) : e000725.

[13] Ghobadi MZ, Izadi S, Teymoori-RM, et al. Potential role of viral
infection and B cells as a linker between innate and adaptive im-
mune response in systemic lupus erythematosus [ J]. Immunol
Res, 2021, 69(2) . 196 —204.

[14] Mok CC, Tse SM, Chan KL, et al. Effect of immunosuppressive
therapies on survival of systemic lupus erythematosus: A propensity
score analysis of a longitudinal cohort [ J]. Lupus, 2018, 27(5) :
722 -727.

[15] Tian M, Song XH, Dong LP, et al. Systematic evaluation of
different doses of cyclophosphamide induction therapy for lupus
nephritis [ J]. Medicine (Baltimore) , 2017, 96(51) : €9408.

[16] Giambalvo S, Garaffoni C,Silvagni E et al. Factors associated with
fertility abnormalities in women with systemic lupus erythematosus :
A systematic review and meta-analysis [ J]. Autoimmun Rev,
2022, 21(4) . 103038.

[17] Katsifis GE, Tzioufas AG. Ovarian failure in systemic lupus ery-
thematosus patients treated with pulsed intravenous cyclophospha-
mide [J]. Lupus, 2004, 13(9) . 673 -678.

[18] Ponticelli C, Escoli R, Moroni G. Does cyclophosphamide still
play a role in glomerular diseases? [J]. Autoimmun Rev, 2018,
17(10) : 1022 - 1027.

(2022-08-15 Wfi)
(AT G X )



