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CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Influence of Intestinal Bacterial Decontamination Using Metronidazole
and Ciprofloxacin or Ciprofloxacin Alone on the Development of Acute
Graft-Versus-Host Disease After Marrow Transplantation in Patients
With Hematologic Malignancies: Final Results and Long-Term Follow-Up
of an Open-Label Prospective Randomized Trial

By Dietrich W. Beelen, Ahmet Elmaagacli, Karl-Dieter Muller, Herbert Hirche, and Ulrich W. Schaefer

In a single-center open-label prospective study, a total of 134
marrow transplant recipients with hematologic malignan-
cies were randomly assigned to a bacterial decontamination
medication using metronidazole and ciprofloxacin (n = 68)
or ciprofloxacin alone (n = 66) during 5 weeks posttrans-
plant. The development of grades Il to IV acute graft-versus-
host disease (GVHD) was defined as the primary study
endpoint. According to the intention-to-treat, 17 patients
(25%) randomized to the combined decontamination medica-
tion and 33 patients (50%) randomized to ciprofloxacin alone
developed grades Il to IV GVHD (P < .002). The higher
frequency of grades Il to IV acute GVHD in patients random-
ized to ciprofloxacin alone resulted from a more than two-
fold increased number of patients developing liver or intesti-
nal involvement with acute GVHD compared with patients
randomized to the combined decontamination medication
(P < .003). The influence of the study medication on grades I
to IV acute GVHD was significant only in recipients of
transplants from genotypically HLA-identical sibling donors

significantly different. The combined decontamination was
associated with a significant reduction of culture growth of
intestinal anaerobic bacteria during 5 weeks posttransplant
(P < .00001). In addition, the number of cultures with growth
of anaerobic bacteria (P < .005) as well as the median
concentrations of anaerobic bacteria in the posttransplant
period (P < .0001) were higher in patients contracting grades
Il to IV acute GVHD. Neither chronic GVHD nor overall
survival was significantly different between the two study
arms. In patients with HLA-identical sibling donors who
were treated in early disease stages, the 5-year survival
estimate was slightly, but not significant, higher after the
combined decontamination medication (60% = 11%) com-
pared with ciprofloxacin alone (46% =+ 9%). In conclusion, the
present study provides evidence that antimicrobial chemo-
therapy targeted to intestinal anaerobic bacteria in marrow
transplant recipients significantly reduces the severity of
acute GVHD and supports the theory that the intestinal
anaerobic bacterial microflora plays a role in the pathogen-

(n = 80), whereas in recipients of transplants from donors
other than HLA-identical siblings (n = 54), grades Il to IV
acute GVHD frequencies between the study arms were not

esis of acute GVHD after human marrow transplantation.
© 1999 by The American Society of Hematology.

CUTE GRAFT-VERSUS-HOST disease (GVHD) after GVHD are currently unclear. It has been hypothesized that
allogeneic bone marrow transplantation (BMT) primarily increased cytokine release of macrophages stimulated by bacte-
results from an inflammatory process of recipient tissues that isial breakdown products, such as lipopolysaccharide (LPS) and
induced by alloreactive donor T-cell clones recognizing differ- lipoteichoic acids, or cross-reactions of donor T cells with
ences between the marrow donor’s and recipient’s gene proddacterial antigens may promote the allorecognition process
ucts encoded by the human major histocompatibility complexunderlying acute GVHB?**
(MHC) or by polymorphic tissue antigens outside the MHC.  Whether the intestinal bacterial microflora is involved in the
Besides the outstanding significance of histoincompatibility, thepathogenesis of acute GVHD after human marrow transplanta-
development of acute GVHD is influenced and modulated bytion is currently controversial. Single small studies in leukemia
other factors, such as the type of immune prophylaxis, patienpatients did not find an association between intestinal bacterial
and donor age, underlying disease, and the state of alloimmunBrowth suppression and the development of acute GVHD,
zation of female donors donating marrow for male recipiérits. Whereas one randomized study in aplastic anemia patients as
Current pathophysiologic models of acute GVHD emphasizewe” as two uncontrolled trials in patients with malignant and
the role of host tissue activation and damage caused by thBonmalignant hematologic diseases suggested that decontamina-
myeloablative conditioning preceding BMT. This leads to a
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tion of intestinal bacteria reduces the incidence of grades Il to Table 1. Demographic and Treatment Characteristics
IV acute GVHD12-16 of the Study Population
The most comprehensive analysis including 194 consecutive Ciprofloxacin + P
patients from our institution demonstrated that ineffective Metronidazole  Ciprofloxacin  Value*
growth suppression of intestinal anaerobic bacteria, which No. of patients 68 66
represent more than 99% of the entire intestinal bacterial flora, Median age (range) (yrs)
was independently associated with a 1.7-fold higher risk of Patients 36 (17-56)  37(15-57) NS
grades Il to IV acute GVHD compared with sustained anaerobic ~ Donors 37(14-64)  38(2259) NS
bacterial decontamination during 5 weeks of the posttransplant Poner — recipient gendert
courset® However, only 21% of patients in this analysis M: M 21 83 i? gz;
achieved a decontaminated state with regard to anaerobic 14 (21) 15 (23) NS
bacteria. We therefore asked whether the addition of oral _, \, 12 (18) 12 (18)
metronidazole, which has specific bactericidal activity against ponpor typet
anaerobic bacteria, to the broadly applied quinolone antibacte- Hia-identical sibling
rial prophylaxis in marrow transplant patients may improve donor 40 (59) 40 (61)
anaerobic decontamination efficacy and, in turn, may reduce the Partially HLA-matched
incidence of grades Il to IV acute GVHD. The present work family donor 8(12) 11(17)
describes the results obtained in an open-label prospective Matched unrelated NS
randomized trial that compared the influence of oral metronida- ~_ 9°nor 20 (29) 15(23)
zole in combination with ciprofloxacin to oral ciprofloxacin Rattio S'b"_ng donor to
alternative donor 0.41 0.40
alone on the development of grades Il to IV acute GVHD and on Diagnosist
intestinal anaerobic bacterial decontamination efficacy inrecipi- 5 e lymphoblastic
ents of marrow transplants from genotypically HLA-identical leukemia 2(3) 6(9)
sibling donors, partially HLA-matched extended family donors,  acute myelogenous
or matched unrelated donors. leukemia 20 (29) 16 (24)
Chronic myelogenous
PATIENTS AND METHODS leukemia 39 (57) 39 (59) NS
. . Malignant lymphoma 1(1) 1(2)
Study protocol. Adult patients (15 to 57 years of age) with Multiple myeloma 4 (6) 12)
hematologic malignancies for whom a genotypically HLA-identical Myelodysplasia 2(3) 3(5)
sibling donor, a partially HLA-matched extended family donor, or a pisease stagest
matched unrelated donor according to the German consensus criteria Early stagest 35 (51) 41 (62)
had been identified were eligible for this tridlPatients were enrolled Advanced stagest 33 (49) 25 (38) NS
after the scientific background, details of the study protocol, and the \yp prophylaxist
potential benefits and hazards of treatment in each of the two study arms g5t methotrexate +
had been explained and written informed consent to participate in this cyclosporine 49 (72) 48 (73)
trial had been obtained. The study protocol had been approved by the Cyclosporine 19 (28) 18 (27) NS
Ethics Committee at the Medical Faculty of the University Hospital of Myeloablative regiment
Essen (Essen, Germany). Patient accrual was initiated in September g, cyclophosphamide§ 52 (76) 55 (83)
1993 and terminated in August 1995. _ Chemotherapeutic NS
The ;tudy v_vas pgrformed as a smgle_—center open-lgbel prospe_ctwe regimens 16 (24) 11.(17)
randomized trial, which compared two different strategies of intestinal Cytomegalovirus-negative
bacterial decontamination. Patients randomly assigned to the combined donor-recipient combi-
intestinal decontamination medication were treated with oral metronida- nationst 24 (35) 17 (26) NS

zole at 400 mg three times daily (tid) and oral ciprofloxacin at 750 mg
twice daily (bid; study arm A), whereas patients assigned to ciprofloxa- AbPreviations: HLA, human leukocyte antigen; NS, not significant;
cin alone received oral ciprofloxacin 750 mg bid (study arm B). TBl (fractionated) total body irradiation.
Treatment according to study arm was initiated on da4 (day 0 *Comparison between continuous variables by Wilcoxon rank-sum
designates the day of marrow infusion) and was maintained until day 33est; comparisons between frequencies by Fisher's exact test or
posttransplant, the diagnosis of acute GVHD, or death, whichever camiantel-Haenszel test.
first. Demographic and treatment characteristics of patients according to TNo- of patients (rounded percentage of patients) in each study arm.
study arm are summarized in Table 1. fEarly stages, first complete remission or first chronic phase;
The development of a maximum clinical grade of severity of acute advanced stages, after first complete remission or first chronic phase.
GVHD greater than grade | was defined as the primary analytical end- 8TBI: 4 fractions of 2.5 Gy on 4 consecutive days (lung shielded to a
point of the study. The final evaluation of this endpoint was performedtotal dose of 8 Gy) + cyclophosphamide: 60 mg/kg of body weight IV
at 100 days posttransplant or at the time of death, if this occurred earlien 2 consecutive days; chemotherapeutic regimen: 1 mg/kg of body
The secondary analytical study aim was a quantitative comparison ofveight busulfan PO every 6 hours on 4 consecutive days followed by
intestinal anaerobic bacterial growth suppression between the two stud§® mg/kg of body weight cyclophosphamide IV on 2 days.
arms and the evaluation of the association between bacterial growth
suppression and the development of grades Il to IV acute GVHD. 20%. To demonstrate a difference of this magnitude between the two
Biometric study plan. On the basis of our previous published study arms with a one-sidederror of .05 and a power of 80%, a total
analysist® the hypothetical difference between the two study arms with number of 140 study patients was prospectively calculated. To allow
regard to the primary study endpoint was estimated to be in the range dhterim analyses after 50 and 100 patients had been enrolled in the
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study, a group-sequential study plan was used. For rejection of thetudy medication, all patients received oral or parenteral fluconazole at
0-hypothesis in these two interim analyses, adjustedrors of .0015 200 mg bid for the prevention of candida infections. Blood component
for the first 50 patients and of .018 for the first 100 patients weresubstitution, oral and parenteral nutrition, and treatment of suspected or
prospectively determined. These interim analyses were performed aftetocumented bacterial or mycotic infections followed the published
the 50th and the 100th study patient had been observed for more thaguidelines!® Aciclovir treatment of suspected or documented herpes
100 days posttransplant or until death. simplex virus infections was performed in 54 patients (79%) of study
To ensure an equal distribution of potential influencial factors for arm A and in 50 patients (76%) of study arm B over a median time
acute GVHD between the study arms, a stratified randomization desigperiod of 11 days (range, 3 to 20 days) and of 12 days (range, 5 to 35
with the following three stratification criteria was chosen: partially days), respectively. Starting at 2 to 3 weeks posttransplant, patient
HLA-matched extended family donors or matched unrelated donorsperipheral blood cells were weekly monitored for replicative cytomega-
versus genotypically HLA-identical sibling donors, chronic myelog- lovirus infections by a qualitative pp65-antigenemia assay. Based on a
enous leukemia (CML) as underlying disease versus other hematologigositive pp65-antigenemia assay, preemptive ganciclovir treatment was
malignancies, and female donor to male recipient transplants versuistituted in 27 patients (40%) of study arm A and in 27 patients (41%)
other donor and recipient gender combinations. of study arm B for a median treatment duration of 13 days (range, 6 to
Statistical analysis. Time-to-event estimates+tandard errors) 21 days) and of 13 days (range, 7 to 21 days), respectively.
were calculated by the product-limit method with right-censoring of ~Acute adverse effects Acute adverse effects and organ toxicities
subjects at the last time point at which they were at risk for a givenwere daily recorded and graded according to the WHO toxicity Séale.
event!8 For the primary study endpoint, those patients who developed GVHD. Prophylaxis of acute GVHD consisted of short-course
graft failure or died without grades Il to IV acute GVHD were censored Mmethotrexate (SMTX; 15 mg/rbody surface area day1, 10 mg/n
at the respective time points of these events. Accordingly, patientslays+3, +6, and+11) and cyclosporine A (CyA; 3 mg/kg of body
surviving without grades Il to IV acute GVHD were censored at the Weight per day, continuous intravenous [IV] infusions between-day
time of last follow-up. and day+35, oral CyA bid after day 35) in patients with partially
All evaluations with regard to the primary study endpoint were basedHLA-matched family donors or matched unrelated donors, in patients
on the intent-to-treat with no exclusions due to protocol violations or With CML as underlying disease, and in male recipients of female donor
drop-outs. The log-rank test was used to test the homogeneity otransplants. Patients fulfilling none of these criteria exclusively re-
time-to-event distribution functions across strtlo evaluate the ceived continuous CyA infusions. All but 2 patients assigned to
influence of different explanatory variables on the times to achieve thesMTX+CyA prophylaxis received the full prescribed methotrexate
respective analytical endpoints, stepwise proportional hazards genergiosages. Steady-state full blood levels of CyA and its major metabolites
linear model analyses were perfornf8d!Differences between frequen- Were routinely monitored twice weekly using a polyclonal antibody-
cies were compared using the two-tailed Fisher's exact test (2 based detection system (Tdx Cyclosporine and metabolites serum
frequency tables) or by the Mantel-Haensg&kest (2x n frequency ~ assay; Abbott Laboratories, Abbott Park, IL). Adjustments of CyA doses
tables). Comparisons of continuous variables were analyzed using thwere allowed to keep blood levels within the therapeutic range of 400 to
Wilcoxon rank-sum test. Exponential measures were compared usin§00 ng/mL. Overall median CyA and metabolite blood levels during the
the Savage test. For the comparison of timely repeated continuoufirst 5 weeks posttransplant were 564 ng/mL (range, 17 to 2,844 ng/mL)
measures between strata, repeated measures analysis of variance Wa$79 samples of study arm A and 530 ng/mL (range, 28 to 2,079
applied?? With the exception of the proportional hazards general linearNg/mL) in 576 samples of study arm B (not significant [NS]).
model analyses, all indicaté®ivalues are given without adjustment for ~ The assessment and grading of acute and chronic GVHD was
multiple testing. primarily based on clinical findings and followed the commonly
Microbiologic analyses. Fecal samples of study patients were accepted diagnostic criter#&26In case of uncertain organ involvement
monitored twice weekly for the growth of aerobic and anaerobic With acute GVHD of stages 2 to 4, histologic evaluations of target
bacteria as well as fungi using modified microbiologic culture tech- 0rgans were additionally performed. Thereby, the clinical diagnosis of
niques as previously publishé@23Quantitative bacterial cultures were acute GVHD was histologically confirmed in 28 of 89 patients (31%)
performed using conventional plate counting technique. StandardizeMith cutaneous disease (study arm A: 13 of 42 patients [31%]; study arm
dilutions of stool samples were cultured on several aerobic andB: 15 0f47 patients [32%)]), in 18 of 26 patients (69%) with liver disease
anaerobic culture agars (CLED agar, Clostridium difficile selective agar(Study arm A: 7 of 10 patients [70%]; study arm B: 11 of 16 patients
with D-cycloserine and cefoxitin, Mannitol Salt agar, Rose-Bangal [69%]), and in 17 of 26 patients (65%) with gastrointestinal disease
Chloramphenicol agar, Yeast-extraxt Cystein blood agar with gentami{study arm A: 4 of 8 patients [50%]; study arm B: 13 of 18 patients
cin and nalidixic acid, and Drigalski agar). Bacteria were categorized[72%]).
according to culture growth conditions as either aerobic or anaerobic. Initial treatment of acute GVHD consisted of 2 mg/kg of body weight
Single colonies were identified by conventional biochemical tests.!V prednisolone with dose tapering according to the clinical response of
Quantification of bacterial culture growth was expressed as thgdbg ~ acute GVHD symptoms. In patients not responding to escalated (5 to 10
colony-forming units (CFU) with a detection threshold belo’ ©FU ~ Mg/kg) prednisolone doses, antithymocyte globuline was used as
per gram of sample. For the purpose of analyses on bacterial culturgecond-line treatment.
growth suppression, cultures with no CFU growth were calculated as
10° CFU. In patients who developed grades Il to IV acute GVHD in the RESULTS
posttransplant course, only samples taken before the diagnosis of this Acute adverse effectsln 63 patients (93%) of study arm A
conditi_on were considered_ in analyses on the association of ir_ltestinaénd in 59 patients (89%) of study arm B, nausea and vomiting
bacterial growth suppression and acute GVHD. In case of dlarrhea(NAV) of grades 2 to 4 was documented (NS). In the majority of

fecal samp_les_were addmonaly_analyzed with regard to enterotoxmesaffected patients, NAV developed during the time period of
enteropathic viruses, and parasites.

Supportive care. All patients were protectively isolated in reverse myelablative cc_)ndl_tlonlng. In gssouatlon with the 'ngeSt'on of
isolation rooms equipped with high efficiency particular air filtration the. study medication, 21 episodes of NAV were r]oted in 8
systems. These conditions were initiated on day and usually ~Patients (12%) of study arm A compared with 8 episodes in 3
maintained until day+35 posttransplant. Aseptic techniques were used patients (5%) of study arm B (NS). Oral mucositis of grades 2 to
during patient contacts throughout this time period. In addition to the4 developed in 56 patients (82%) of study arm A and in 61
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patients (92%) of study arm B (NS). A more than 2.5-fold HLA-identical sibling donors, with estimates of 18%:6% for
increase of baseline serum creatinine levels was observed in &udy arm A compared with 54% 8% for study arm BR <
patients (13%) of study arm A as opposed to 7 patients (11%) of0005). In contrast, recipients of transplants from partially
study arm B (NS). Hepatic veno-occlusive disease (2 patient$iLA-matched family donors or matched unrelated donors had
[3%] of study arm A, 3 patients [6%)] of study arm B), grades 2 comparable estimates of grades Il to IV acute GVHD, ranging
to 4 acute cardiac toxicity (6 patients [9%] of study arm A, 4 between 36%= 9% in study arm A and 46% 10% in study
patients [6%)] of study arm B), noninfectious interstitial pneumo-arm B (NS).
nia syndrome (3 patients [4%] of study arm A, 5 patients [8%] Organ involvement with acute GVHD The stages of organ
of study arm B), and multiorgan toxicity (4 patients [6%] of involvement with acute GVHD in the two study arms are
study arm A, 3 patients [5%] of study arm B) occurred with included in Table 3. The most striking differences were
comparable frequencies in the two study arms. Duration ofdocumented in the stages of liver and intestinal involvement,
neutropenia less than 500/uL was 18 days (range, 6 to 31 day$ut the differences between the stages of acute cutaneous
in study arm Aand 18 days (range, 10 to 30 days) in study arm B5VHD also reached significance. Consequently, the number of
(NS). Furthermore, no differences were detectable between botpatients with involvement of two or three organs was more than
study arms in the number of red blood cell and platelettwofold higher in study arm BR < .02). As for the primary
transfusions, in the number of days with fever greater than 38°Gtudy endpoint, differences between the study arms resulted
and of days with IV antibiotics or antimycotics, as well as in the primarily from the significantly lower frequencies of organ
frequencies of documented invasive bacterial and mycotiGnyolvement with acute GVHD in patients with HLA-identical
infections (data not shown). sibling donors (Table 4).

Primary study endpoint. Table 2 summarizes information  |ntestinal bacterial decontamination and acute GVHDA
on the number of subjects treated according to the studyotal of 866 fecal samples were evaluable for bacterial culture
protocol as well as on protocol violations and on drop-outgrowth during the posttransplant course. The proportion of fecal
patients in the two study arms. At the time of the first interim samples with no detectable anaerobic bacteria was more than
analysis, which included the first 50 patients, the cumulativeyyofold higher in study arm A (236 of 446 [53%)]) compared

estimates of grades Il to IV acute GVHD were 18¢63% for
study arm A and 52%*+ 11% for study arm BR < .011).
Because the prospectively adjusteeerror for a premature

with study arm B (96 of 420 [23%]P < .00001). Concentra-
tions of anaerobic CFU in the two study arms during the
posttransplant course are depicted in Fig 2. In patients who

completion of the study had not been reached by this analysig;gntracted grades Il to IV acute GVHD, the proportion of
the next 50 subjects were enrolled. The consecutive interimsamples successfully decontaminated of anaerobic bacteria was
analysis showed cumulative estimates of grades Il to IV aCUt%ignificantly lower (80 of 257 [31%]) compared with patients
GVHD of 22% *+ 6% for study arm Aand 54% 7% for study ity grades 0 to | acute GVHD (252 of 609 [4198];< .005).
arm B (P < .0014). Because of the decrease of therror  \yhereas the concentrations of anaerobic CFU in patients who
below .018, this analysis led to completion of the study geyeloped grades Il to IV acute GVHD reached a plateau in the
protocol. At the time of the second analysis, an additional 34,5046 of 1810 1% postiransplant, these concentrations declined
subjects had entered the study protocol, thus resulting in a totg}, patients with grades 0 to | acute GVHD (Fig 3). Median
of 134 patients included in the final evaluation (Fig 1). overall concentrations of anaerobic CFU in the posttransplant

The influence of the study arm on grades Il to IV acute o,rse were 100-fold higher in patients contracting grades Il to
GVHD was significant only in recipients of transplants from |\; 5cute GVHD compared with patients with grades 0 to | acute
GVHD (P < .0001).

Chronic GVHD. Fifty-three patients in each study arm
survived longer than 100 days posttransplant and were thus

Table 2. Study Protocol Performance

Ciprofloxacin +

Metronidazole  Ciprofloxacin Total evaluable for chronic GVHD. The cumulative estimate of
Treatment according to chronic GVHD was 64%+ 8% in study arm A and 70% 7%
protocol* 60 (88) 60 (91) 120 (90) in study arm B (NS). Two independent predictors of chronic
Protocol violations* GVHD were identified by multivariate analysis. The
GVHD prophylaxist 2(3) 1(2) 3(2) sMTX+CyA regimen reduced the relative risk of chronic
Premature cyclospo- GVHD to 0.38 (95% confidence limits, 0.19 to 0.76) compared
rine withdrawal 12 — 1(1) with CyA alone P < .006), whereas preceding grades Il to IV
Drop-outs* acute GVHD increased the relative risk to 1.80 (95% confidence
Early deatht 34 1@ 40 limits, 1.06 to 3.06) compared with grades 0 to | acute GVHD
Primary graft failuret 1(2) 3(5) 4(3) (P < .03).
T;:Irly relapset 6; gz) 0 62 82)0) 132 230) Transplant outcome. With a median follow-up period of 51

months (range, 40 to 63 months) in both study arms, 33 of 68
(49%) patients in study arm A and 28 of 66 (42%) patients in
study arm B are currently alive (NS). The 5-year survival
estimates of different patient subsets are outlined in Table 5.
Multivariate analysis identified two independent predictors of
survival in this study. In early disease stages (ie, first complete
remissions or first chronic phase), the relative survival probabil-
ity was 2.02-fold (95% confidence limits, 1.27 to 3.20) higher

*No. of patients (rounded percentage of patients) in each study arm.

tTwo patients stratified to short methotrexate + cyclosporine
received cyclosporine only; one patient stratified to cyclosporine
received short methotrexate + cyclosporine.

fEarly death: patients deceased without marrow function before
day 30 posttransplant. Primary graft failure: patients with documented
graft failure at day 30 posttransplant. Early relapse: patients with
disease recurrence within 30 days posttransplant.
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ciprofloxacin 52% + 6% (n=66)

p < 0.002

ciprofloxacin + metronidazole 25% + 5% (n=68)

% grades |l - |V acute GvHD
o
o
]

25 —

Fig 1. Cumulative probabilities of grades Il to IV 0 R LU L L L L L BN B B
acute GVHD in 134 patients randomly assigned to
intestinal bacterial decontamination using ciprofloxa- 0 10 20 30 40 50 60 70 80 90 100
cin (750 mg PO bid) and metronidazole (500 mg PO .
tid) or ciprofloxacin (750 mg PO bid) alone. time (days posttransplant)

compared with more advanced stages<{.003). Furthermore, Causes of death in the two study arms are summarized in Ta-
grades Il to IV acute GVHD decreased the relative survivalble 6.

probability by a factor of 2.75 (95% confidence limits, 1.72 to

4.39) compared with grades 0 to | acute GVHB € .0001). DISCUSSION

Based on our previous retrospective observation that sus-

Table 3. Organ Involvement With Acute GVHD tained growth suppression of intestinal anaerobic bacteria after
in the Two Study Arms allogeneic sibling donor marrow transplantation independently
- - reduces the risk of grades Il to IV acute GVHD, an open-label
Ciprofloxacin + P . " .
Metronidazole  Ciprofloxacin  Value* prospective randomized trial was conducted that compared the
Skint influence of irjtestine_ll bagterial dec_ontam_ination us_ing metroni-
0 18 (26) 14 (21) dazole combined with ciprofloxacin to ciprofloxacin alone on
1 8 (12) 5(8) the development of grades Il to IV acute GVHD as the primary
2 29 (43) 19 (29) <.03 study endpoint® Because of the specific bactericidal activity of
3 10 (15) 18 (27) metronidazole against anaerobic bacteria, it appeared justified
4 3(4) 10 (15) to anticipate that the decontamination efficacy against intestinal
Livert anaerobic bacteria is much higher in patients receiving the
0 57 (84) 43 (65) combined medication. In consequence of our previous observa-
1 1@ 7(11) tion, this should result in different frequencies of grades Il to IV
2 i g; ; g)z) =01 acute GVHD in the two study arms.
4 7 (10) 711) _ In acc_ordan_ce with the fl_rst hypothe3|s, a pronounced reduc-
Intestinal tractt tion of intestinal anaerobic bacterial growth posttransplant
0 60 (88) 46 (70) could be demonstrated for the combined decontamination
1 0 2(3) medication in comparison to ciprofloxacin alone, with differ-
2 0 3(5) <.02 ences in median concentrations of anaerobic bacteria in the
3 4 (6) 2(3) range of 16to 1. Most importantly, both study arms differed
4 4(6) 13 (20) significantly with regard to the primary study endpoint, and a
No. of involved significant association between anaerobic bacterial growth
organst suppression and the development of grades Il to IV acute
0 16 (24) 14(21) GVHD could be ascertained. It is of note that the reduction of
1 41 (60) 26 (39) <.02 o
) 5(7) 9 (14) grades Il to IV acute GVHD resultgd primarily from a more than
3 6(9) 17 (26) twofold Iow_er number qf mgtronldazole-tr_eated patients who
Grades of acute GVHDT developed liver or intestinal involvement with acute GVHD.
0 16 (24) 14 (21) The biological basis by which the intestinal anaerobic
I 35 (51) 19 (29) bacterial microflora may modulate the development of acute
I 5(7) 12 (18) <.04 GVHD after human marrow transplantation is currently un-
mn 3(4) 6(9) known. Dysregulated and increased secretion of proinflamma-
v 9 (13) 15(23) tory cytokines during the induction phase of acute GVHD is
*Comparisons between frequencies by Mantel-Haenszel test. regarded as a major promoting factor of the allospecific donor

tNo. of patients (rounded percentage of patients) in each study arm. T-cell activation process.A recent murine study supports
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Table 4. Organ Involvement With Acute GVHD in the Two Study Arms According to Type of Donor

HLA-Identical Sibling Donors Alternative Donors
Ciprofloxacin + P Ciprofloxacin + P
Metronidazole Ciprofloxacin Value* Metronidazole Ciprofloxacin Value*
Skint
0 11 (28) 5(13) 7 (25) 9 (35)
1 5(13) 5(13) 3(11) 0
2 19 (48) 12 (30) <.007 10 (36) 7(27) NS
3 3(8) 11 (28) 7 (25) 7(27)
4 2 (5) 7 (18) 1(4) 3(12)
Livert
0 36 (90) 27 (68) 21 (75) 16 (62)
1 0 4 (10) 1(4) 3(12)
2 0 1(3) <.06 2(7) 0 NS
3 1(3) 4 (10) 0 4 (15)
4 3(8) 4 (10) 4 (14) 3(12)
Intestinal tractt
0 36 (90) 27 (68) 24 (86) 19 (35)
1 0 2 (5) 0 0
2 0 3(8) <.04 0 0 NS
3 2 (5) 1(3) 2(7) 1(4)
4 2 (5) 7 (18) 2(7) 6 (23)
No. of involved organst
0 10 (25) 5(13) 6 (21) 9 (35)
1 25 (63) 19 (48) <.004 16 (57) 7(27) NS
2 3(8) 6 (15) 2(7) 3(12)
3 2 (5) 10 (25) 4 (14) 7(27)
Grades of acute GVHDt
0 10 (25) 5 (5) 6 (21) 9 (35)
| 23 (58) 14 (35) 12 (43) 5(19)
1] 2 (5) 7 (18) <.007 3(11) 5(19) NS
1l 1(3) 5(13) 2(7) 1(4)
\% 4 (10) 9 (23) 5(18) 6 (23)

*Comparisons between frequencies by Mantel-Haenszel test.
tNo. of patients (rounded percentage of patients) in each patient subset.

1018
previous clinical observations that the severity of acute GVHD 4
increases with an intensified radiation dose of total body 4
irradiation (TBI)2” This was associated with a systemic in- 1012 -

FU/g

crease in tumor necrosis factertTNF-a) levels, induced both
by greater sensitivity of macrophages to LPS and by ano 1
increased translocation of LPS into the circulation of allogeneicE 10° —
recipient animals conditioned with the higher TBI dose. Thus,%
irradiation synergized with LPS stimulation of macrophages<
and potentiated TN production in this murine model. It is 5
therefore tempting to speculate that a substantial reduction c?g
LPS and other soluble bacterial breakdown products by decor §
tamination of the preponderant resident anaerobic bacteric
microflora in the intestinal lumen substantially decreases entn
of bacterial products into the portal and systemic circulation,  1go
which are able to induce an alloantigen-independent inflamma R +1 +2 +3 +4 +5
tory process. This, in turn, would diminish or even abolish time (weeks posttransplant)
TNF-a production by monocytes and macrophages, because it
is known that, in nonmalignant cells, radiation only induces Fig 2. Median concentrations (+standard errors of the median) of
TNF-« mRNA without protein productio®®2°Because TNF anaerobic bacterial CFU per gram of fecal sample in patients treated
is th h b icularly i ' di £ li d with 500 mg metronidazole PO tid and 750 mg ciprofloxacin PO bid
!S t O_ng tto be a particu _ary |mporta_nt _me |atc_)r 0 |ve_r an (0; n = 68) or with 750 mg ciprofloxacin PO bid alone ([I; n = 66) in
intestinal cell damage, this hypothesis is consistent with thehe week before and during 5 weeks after allogeneic marrow trans-
finding of the present study that the lower frequency of grades lplantation. The CFU detection threshold is 10° per gram of sample.
to IV acute GVHD in patients treated with the combined Median concentrations of anaerobic bacterial CFU in patients treated
. . . . . . . with metronidazole and ciprofloxacin were below the detection
decontammatlon _med|c_at|o_n IS prlmanly _a consequence3 of theshold between 3 and 5 weeks posttransplant. Differences be-
reduced liver and intestinal involvement with acute GVFE? tween both patient groups were compared using repeated measures
A further potential mechanism by which decontamination of analysis of variance.22

C

108 4

100
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1015 Table 6. Primary Causes of Death in the Two Study Arms
1 Ciprofloxacin +
T Metronidazole*  Ciprofloxacin*
o 107 ) Relapse 6 (9) 8 (12)
z ] Refractory acute GVHD 4 (6) 3(5)
& 7 Infections
8 10° Bacterial 1(2) —
§ : Fungal . .
o Aspergillus species 1(2) 4 (6)
:g 10% Candida species 1(2) 2 (3)
[ ] Protozoal 2 (3) 1(2)
[} 4 -
g Viral
< 10° - Cytomegalovirus 4 (6) 5(8)
b Epstein-Barr virus 1(2) —
T Undefined 1(2) 1(2)
100 Noninfectious causes
Cardiomyopathy 4 (6) 2(3)
time (weeks posttransplant) Pulmonary edema - 1
Interstitial pneumonia syndrome 3(4) 5(8)
Fig 3. Median concentrations (xstandard errors of the median) of Multiorgan toxicity 3(4) 1(3)
anaerobic bacterial CFU per gram of fecal sample in patients with Primary graft failure 1(2) 3(5)
grades 0 to | ((J; n = 84) or grades Il to IV (£I; n = 50) acute GVHD in Hemorrhage 12 23
the week before and during 5 weeks after allogeneic marrow trans- Other 2(3) _
plantation. Median concentrations of anaerobic bacterial CFU in Total no. of deceased patients 35 (52) 38 (58)
patients with grades 0 to | acute GVHD were below the detection
threshold (10% per gram of sample) in week 5 posttransplant. Differ- *No. of deceased patients (rounded percentage of patients) in each
ences between both patient groups were compared using repeated study arm.

measures analysis of variance.??

intestinal anaerobic bacteria may modulate liver and intestinainjury induced by TNF« and other proinflammatory cytokines
acute GVHD is the downregulation of MHC and adhesion may largely depend on paracrine cytokine effects in these
molecule expression on professional antigen-presenting cellSssues, which are not reflected by systemic cytokine Ie¥dts.
(APCs) in the liver and the intestinal wall due to a reducedwould therefore be interesting to study whether systemic
activation by bacterial products penetrating the intestinal mu-application of neutralizing soluble receptors for bacterial LPS
cosa3*® In consequence, the cellular interactions betweenmay be similarly effective in preventing acute GVHD after
APCs and donor T cells leading to allospecific clonal T-cell experimental and human marrow transplantation such as decon-
activation and expansion would not take effect. Similarly, atamination of the intestinal anaerobic bacterial microflora.
downregulated expression of these antigens on liver and The influence of the combined decontamination medication
intestinal epithelial cells would render these cells less suscepan acute GVHD demonstrated for the entire study population
tible to the cytolytic and apoptotic actions mediated by theresulted predominantly from a significant reduction of grades Il
allospecific effector cells of acute GVHD. Direct evidence for to IV acute GVHD in patients with genotypically HLA-
the clinical significance of these mechanisms is difficult to identical sibling donors, whereas in patients with donors other
attain, because liver and intestinal tissue cannot be seriallfhan HLA-identical siblings this influence was much less
investigated during the early posttransplant course, and cefpronounced despite identical anaerobic bacterial decontamina-

Table 5. Five-Year Survival Estimates in the Two Study Arms

Patient Ciprofloxacin + Patient P
No. Metronidazole* No. Ciprofloxacin* Valuet
All patients 68 49% *+ 6% 66 42% *+ 6% NS
Donors
HLA-identical siblings 40 55% = 8% 40 38% *+ 8% NS
Alternative donors 28 39% * 9% 26 50% *+ 10% NS
Disease stages
Early stages 35 60% = 8% 41 51% = 8% NS
Advanced stages 33 36% * 8% 25 28% *+ 9% NS
Donors and disease stages
HLA-identical siblings
Early stages 20 60% + 11% 28 46% * 9% NS
Advanced stages 20 50% * 11% 12 17% *+ 11% NS
Alternative donors
Early stages 15 60% = 13% 13 61% = 13% NS
Advanced stages 13 15% *+ 10% 13 38% * 13% NS

*Product-limit estimates =+ standard errors.
tComparisons between product-limits estimates by log-rank test.
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tion efficacies (data not shown). The latter patient subset idifference provides a basis for a future study in this patient

presumed to have a higher degree of minor and major histoconsubset investigating the influence of anaerobic bacterial decon-

patibility antigen disparity with their donors compared with tamination on survival as the primary study endpoint.

recipients of HLA-identical sibling donor transplants. It can In conclusion, this open-label prospective randomized study

therefore be postulated that the proposed mechanisms by whigbrovides evidence that antimicrobial chemotherapy targeted to

anaerobic bacterial decontamination reduces acute GVHD aritestinal anaerobic bacteria in marrow transplant recipients

less effective, with an increasing degree of histoincompatibility.significantly reduces the severity of acute GVHD. The results of

Possible pathophysiologic explanations for the observed differthis study further support that the intestinal anaerobic bacterial

ences include, among others, activation-independent expressianicroflora plays a role in the pathogenesis of acute GVHD after

and presentation of MHC and minor antigens by APCs in targehiuman marrow transplantation.

tissues as well as enhanced allospecific donor T-cell activation
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