
Escalating High-dose Carboplatin and ABMT 1403 

24. Coppiu CML, Bamett MJ, Murray N, et cl. High-dose chemo- 

25. 

26. 

27. 

therapy with autologous marrow rescue as consolidation for extreme 
risk non setninoma. ProcAm Sot Clin Onco11990,9,139 (Abstr.). 
Rosti G, Albertazi L, Salvioni R, et al. High-dose chemotherapy 
supported with autologous bone marrow transplantation in germ 
cell tumors. A phase II study. Ann Onco11992,10,809-812. 
Lotx JP, Machover D, Malassagne B, et al. Phase I-II study of two 
consecutive courses of highdose epipodophyllotoxin, ifosfamide 
and carboplatin with autologous bone marrow transplantation for 
treatment of adult patient with solid tumors. J Clin Oncoll991,9, 
1860-1870. 
Siegert W, Beyer J, Weisbach V, et al. High-dose carboplatin, 
etoposide and ifosfamide with autologous sterm cell rescue for 
relapsed and refractory non-seminomatous germ cell tumors. Proc 
Am Sot Clin Oncol1991,10,163 (Abst.). 

Ewf Cancer, Vol. .29A, No. IO,@. 1403-14051993 
Prinud in Gmr Brimn 

28. 

29. 

30. 

Mulder POM, Wiiemse PHB, Aalders JG, et al. High-dose chemo- 
therapy with autologous bone marrow transplantation in patients 
with refractory ovarian cancer. EurJ Cancer Clin Oncoll989,25, 
645-649. 
Wallersteio R, Huau S, Spitxer G, Deisseroth AB. Autologous bone 
marrow transplantation for solid tumors. Cancer BuU 1990, 42, 
162168. 
Dunphy FR, Spitxer G, Buxdar AU, et ul. Treatment of estrogen 
receptor-negative or hormooally refractory breast cancer with dou- 
ble high-dose chemotherapy intensification and bone marrow sup- 
port.3 Clin Onco11990,8,1207-1216. 

Achnowledgements-We thank Mrs A.M. Cutino for her excellent 
assistance in the preparation of the manuscript. This study was sup- 
ported by a grant from Bristol-Myers-Squibb. 

096&1947l93$4.00 + 0.w 
0 1993 Pelpm Press Lrd 

Granulocyte Colony-stimulating Factor (G-CSF) 
With or Without a Quinolone in the Prevention of 

Infection in Cancer Patients 
A.G. Maiche and T. Muhonen 

59 patients who had earlier developed an infection following antineoplastic chemotherapy were randomised to 
receive either granulocyte colony-stimulating factor (G&SF) alone or G-CSF + quinolone as prophylaxis during 
subsequent identical chemotherapy courses. 30 patients received 48 courses of G+CSF, while 29 patients 
received 44 courses of G-CSF + ofloxacin or ciprofloxacin. The overall infection rate was 23%. Patients with 
WHO grade IV leukopenia at the onset of prophylactic treatment developed infection in 61% of cases when on G- 
CSF, but only in 22% when on G-CSF+quinolone (P = 0.002). Patients with initial leukopenia of grade WHO 
III-I had only a 11% infection rate showing no significant difference between the treatment groups. The median 
duration of leukopenia < 1 x 109/1 was 4 days for patients receiving G-CSF alone and 3.5 days for those receiving 
additional quinolone. Patients developing infection had grade IV leukopenia for a median of 5 days. Both 
prophylactic treatments were well tolerated. We conclude that when prophylactic G-CSF is initiated at WHO 
grade IV leukopenia, addition of an oral quinolone reduces the risk of infection. 
EurJ Cancer, Vol. 29A, No. 10, pp. 1403-1405,1993. 

INTBODUCTION 
INFECTION IS the immediate cause of death in many cancer 
patients [ 1, 21. When the peripheral blood granulocyte count 
falls below 0.5 x 109/1, the risk of serious infection and septi- 
caemia increases rapidly, and when granulocytopenia falls below 
0.1 x 109/1, practically all patients develop life-threatening 
infections [3]. 

The suppression of potentially pathogenic micro-organisms 
with prophylactic antibacterial treatment could result in protec- 
tion against infection [4]. Several antibiotics have been used with 
variable success and various adverse effects [5]. Oral ofloxacin 
has also been used in neutropenic cancer patients resulting in 
low infection rates [6]. Quinolones given alone or in combination 
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with other antibiotics have been found to be safe and well 
tolerated [7-91. 

Granulocyte colony-stimulating factor (G-CSF) has proven its 
high activity on the neutrophils, increasing the number of 
peripheral neutrophils and reducing risk of infection [lo]. 

The aim of the present pilot study was to establish whether a 
combination of G-CSF and an antibiotic, in this case a quinolone, 
could further reduce the incidence of infections in cancer patients 
receiving antineoplastic chemotherapy. 

PATIENTS AND METHODS 
59 patients, 18 men and 41 women, received either G-CSF 

alone (30 patients/48 courses) or G-CSF plus a quinolone (29 
patients/44 courses). Their mean age was 55 years, range 17-83 
years. All patients had developed febrile neutropenia during 
their preceding chemotherapy course and were enrolled in the 
present study as compassionate need cases. G-CSF 0.3 mg was 
given as subcutaneous injection during 7-10 days. Antibiotic 
prophylaxis was given as ofloxacin 200 mg twice daily, orally, or 
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ciprofloxacin 750 mg twice daily, orally, each concomitantly 
with G-CSF. 

All patients had received prior antineoplastic chemotherapy: 
44 for malignant lymphoma, 12 for metastatic breast cancer, 2 
for Hodgkin’s disease, and 1 for Sexary syndrome. 10 patients 
also received concomitant radiotherapy. 

Blood cotmt, neutrophil count, and lactate dehydrogenase 
(LDH) were performed at least before the start, during, and 
immediately after the end of prophylactic treatment. 

Findings judged as evidence of infection were: fluctuating 
fever (> 38.5”(Z), rapid increase in C-reactive protein 
(CBP > 100 mgA), or microbiological Sndings from foci or in 
two blood cultures. The infections were classified as clinically 
documented and microbiologically documented [ll]. Patients 
with fever caused by the malignancy, or with fever of unknown 
origin were not enrolled in the present study. The patients were 
treated on the ward during the study. 

In case of a serious infection, a combination of a B-lactam 
cephalosporin and a quinolone was initiated except for patients 
in the quinolone prophylactic group who received a B-lactam 
plus aminoglycoside or B-&tam plus vancomycin depending on 
the grade of leukopenia, presence or absence of complications 
(acute respiratory distress syndrome, shock), and the micro- 
biological &uiings. As a rule in the Department of Radiotherapy 
and Oncology of Helsinki, the antibiotic treatment for severe 
infection is stopped after 5 days without fever, the leucocyte 
count increasing to safe levels, and the general condition of the 
patient returning to baseline. Antiviral or antifungal agents were 
given when considered necessary. 

RESULTS 
Neutrophil or leucocyte cotmts increased in all patients except 

in 2 with aplastic bone marrow demonstrated at autopsy, and 
in 3 patients with bone marrow involvement by malignant 
lymphoma. The overall infection rate was 23% (21 infection 
episodes during 92 courses). Both patients with aplastic bone 
marrow developed infection. The microbiological Bndings are 
shown in Table 1. Cultures revealed gram-positive strains in 
30% of cases and gram-negative strains in 70% of cases. Clostrid- 
ium di&‘kile was isolated from faeces of 2 patients receiving 
antibiotic treatment for septicaemia. 

Patients receiving only G-CSF developed infection in 31% of 

the courses compared to 10% in patients receiving additional 
quinolone (P = 0.04, x2). The difference resulted from the 
markedly high infection rate of patients receiving only G-CSF 
for severe leukopenia (Table 2). Patients with WHO grade IV 
leukopenia at the onset of prophylactic treatment developed 
infection in 61% of cases when on G-CSF, but only in 22% when 
on G-CSF + quinolone (F’ = 0.002, x2), Table 2. Patients with 
initial leukopenia of grade WHO III-I had only a 11% infection 
rate showing no significant difference between the treatment 
groups (Table 2). 

The median duration of leukopenia < 1 x 109/1 was 4 (range 
1-m) days for patients receiving G-CSF alone and 3.5 (range 
l-7) days for those receiving additional quinolone. Patients 
developing infection had grade IV leukopenia for a median of 5 
(range 2-00) days. Also the median leucocyte count was lower in 
patients with infection (Fig. 1). 

No remarkable adverse events were attributed to G-CSF or 
the quinolones. Mild bone pain was a complaint of 11 patients. 
Urticaria, probably due to G-CSF, was seen in 1 patient. 

Elevated levels of LDH probably due to G-CSF were observed 
during 15 courses (9 with G-CSF alone and 6 with G-CSF + 
quinolone). The highest absolute value of LDH was 940 U/l, 
and LDH returned to normal during G-CSF pauses. High 
LDH due to the malignancy was recorded before initiation of 
prophylactic treatment for 29 patients. 

DISCUSSION 
G-CSF alone was compared with a combination of G-CSF and 

quinolone in prevention of infection in cancer patients receiving 
myelotoxic chemotherapy. The rate of infection was significantly 
lower in patients receiving the combination treatment. 

In a previous study from our institution [6], serious infection 
or septicaemia developed during prophylactic ofloxacin alone in 
8% of the patients if their leucocyte count was 0.61 .O x 109/1, 
and in 64% of patients with a leucocyte count 5 0.5 x 109/l. 

In the present study, G-CSF alone results in comparable 
infection rates with the earlier ofloxacin group with severe 
leukopenia (< 0.5 x 109il). Addition of a quinolone to G-CSF 
reduced the risk of infection in the subgroup of patients with 
initial leucocyte count below 1.0 x 109/l; their infection rates 
fell from 61 to 22% when quinolone was added. However, when 
the leucocyte count at the start of therapy is > 1.0 X 109/1, it 

Table 1. Categories of infection and cultured microbes by treatment and initial leucocyte count 

Treatment 

G-CSF alone G-CSF + quinolone 
Initial leucocyte count 
(x 109/l) C.D. M.D. M.D. +B. C.D. M.D. M.D. +B. 

I 0.5 2 3 
E. coli 

0.6-1.0 

1.1-2.0 

> 2.0 
Total 

2 1 
Staph. epi&midis 

1 2 
Pzt&ww?m spp. 

1 0 
6 6 

2 0 0 2 
E. coli Staph. aureus 

Staph. epidemidis Staph. epidemidis 
1 2 0 0 

Stuph. aureus 
0 0 0 0 

0 2 0 0 
3 4 0 2 

C.D. = clinically documented; M.D. = microbiologically documented; M.D. +B. = microbiologically documented 
with bacteraemia. 
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Table 2. Results of pophykctic treatment of leuhopenic cancer patients with either 
G-CSF alone (30 patientsI courses) or G-CSF + quinolone (29 patient.+4 courses) 

Treatment 

Leucocyte count 
(x lO?l) 

5 0.5 
0.6-1.0 
1.1-2.0 
> 2.0 
Total 

G-CSF alone G-CSF + quinolone 
No. of No. of 

No. of infections No. of infections p (x2) 
courses (%) courses (%) p (x2) pooled 

10 7 (70%) 7 2 (29%) 
8 4(50%) 11 2 (18%) 

0.09 1 
0.14 0.002 

17 3(18%) 17 0 (0%) 
13 1 (8%) 9 2 (22%) 

0.07 I 
0.33 o . 5 

48 15 (31%) 44 6(10%) 0.04 

I I I I I I 
0 1 2 3 4 5 6 

Day of prophylaxis 

Fig. 1. Median leucocyte counts after onset of G-CSF for patients 
withWHOgradeIVleukopenia(C 1.0 X lOVl).- = patientsreceiv- 
iag G-CSF alone and not developing infection (a = 7); - = patients 
receiving G-CSF + quiaoloae and not developing infection (II = 14); - 
o. = patients developiog infection irrespective of prophylactic treat- 

ment (n = IS). 

seems that the addition of a quinolone offers no benefit. The 
leucocyte recovery of patients developing infection was slower. 
2 of these patients had aplastic bone marrow at autopsy. Surpris- 
ingly, no pathogens were found in cultures of these two, although 
the criteria of serious clinical infection were fulfilled. In febrile 
neutropenic patients, blood cultures were positive only in 
approximately 15-25% of patients with suspected septicaemia 
[7, 121. This is partly due to the empirical treatment of serious 
infection starting immediately when criteria of serious infection 
arefullilled[l, 21. 

Resistance to the quinolones by Staphylococcus epiakmidis 
has increased slightly in the Department of Radiotherapy and 
Oncology of Helsinki University, impairing further the efficacy 

of quinolones against this bacterium. In 1989, 45% of Staph. 
epidemidis, 24% of Pseudomonus sp. strains, and 3% of Staph. 
aureus showed resistance [6]. The resistance rates in 1992 are 52, 
0, and 0%, respectively (unpublished data). 

Quinolone adjunct did not increase the mild toxicity of 
prophylactic G-CSF therapy and did not add considerably to the 
cost and inconvenience of the treatment. According to the results 
of the present study, G-CSF and a quinolone should be combined 
when treating WHO grade IV leukopenia, but more random&d 
trials are needed to confkm this result. 
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