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Abstract

Hematopoietic cell transplantation (HCT) followingnmyeloablative conditioning (NMSCT)
could be associated with a reduced risk of infectotompared to standard allogeneic HCT. We
retrospectively analyzed incidence and risk factdrsfection in 62 patients undergoing NMSCT with
low-dose TBI +/- fludarabine and postgrafting CsddaVIMF. The proportion of patients with any
infection was 77%, but the majority of infectiougeats occurred beyond day 30. Donor other than
sibling, older age, early disease and male gendee wignificant risk factors. The incidence of
bacteraemia was 55% at 1 yr and the number of tzesctec episodes was 0.9 per patient (0.08 before
day 30). The risk of bacteraemia increased witleiolbe and the use of a donor other than an HLA-
identical sibling, but not with neutropenia. Thecidence of infections other than bacteraemia
correlated with the use of corticosteroids. Th& n§ CMV infection increased with high-risk CMV
serology, and risk of CMV disease with high-risk &€Merology, older age, first transplantation and a
diagnosis of lymphoma. In conclusion, after NMS@Wections are not frequent in the first 30 days

post-transplant but careful long-term monitoringéxessary thereafter.
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Introduction

Allogeneic hematopoietic stem cell transplantatigalo-HCT) with a myeloablative
conditioning remains the only curative treatmemtgeveral haematological malignanéigdowever,
because of its toxicity, this approach is restdde younger and fitter patients. This observateunh
several groups to set up transplant protocols withonmyeloablative conditioning (NMSCT for
“nonmyeloablative stem cell transplantation”) iniah elimination of malignant cells is shifted from
the preparative regimen to the GVL effedt The Seattle team has proposed an original apprizac
NMSCT with a conditioning regimen based on singbsel (2 Gy) TBI +/- fludarabine (90 mgfm
followed by post-transplant immunosuppression wigtlosporine A (CsA) and mycophenolate
mofetil (MMF) that permitted to perform the transpl in an ambulatory care settfifg The authors
observed a low transplant-related mortality (evenlder patients), which was most often attributed
graft-versus-host disease (GVHD) and/or infectichd hus, one major objective to improve outcome
following NMSCT is to achieve rapid immune recondton (to permit the occurrence of the GVL
effect and avoid opportunistic infections), without sevé\V/HD.

Infections represent up to 63% of causes of deatitandard allogeneic transplant recipients at
the time of autopsy Theoretically, NMSCT could be associated witheduced risk of infection
because they cause less disruption of the gastatinal mucosd*! and less severe neutropénta *

In addition, the prolonged presence of host imnyuoatuld provide some protection against infectious
event$®. However, it is not yet clear whether NMSCT wouitdleed result in a reduced risk of
infection compared to standard myeloablative alh@ge transplantation. Available data have
sometimes indicated a reduced incidence of infaciter NMSC¥ *° but other studies have observed
similar rates of infection after the two forms dfogeneic transplantatidh ** *>*® We therefore
conducted a retrospective study to describe thidence and types of infection in 62 recipients of a

NMSCT in our institution.



Patients and methods

Patients

Patients’ characteristics are described in Tableh&. study population included 62 consecutive
patients, 16 females and 46 males, aged 54+11M#SD), who had undergone NMSCT between
March 2000 and May 2003. NMSCT were performed itiepégs deemed unfit for HCT with
myeloablative conditioning because of age (> 56 far sibling or > 50 yrs for UD transplants),
comorbidity (poor organ function or active infect)ar relapse after a conventional transplant. Agnon
them, 55 had haematological malignancies and 7réxaa cell carcinoma, one-third in early disease
(untreated or % partial (PR) or complete (CR) remission) and thioels in more advanced stages. The
donor was an HLA-identical sibling in about 50%tbé cases and an alternative donor in the other
50%. All patients on study were followed up for ammum of 6 months or until death. Patients and
donors gave written informed consent to the traargpprocedure, as well as to the collection and
analysis of their clinical data and this was appbby the Ethics Committee of the University of

Liege.

Clinical management

In accordance with the regimen developed by thetl®eteam’, patients received low-dose
TBI (2Gy) either alone (n=19) or with fludarabin@(g/nf) (n=33),. Cyclophosphamide (3 /m
was substituted for TBI in case of previous irréidia precluding TBI (n=10). PBSC were mobilized
with G-CSF 10 pg/kg/d. Graft manipulations congsisite CD8 depletion (n=28) or CD34 selection
(n=7). An average dose of 5.7+2.9 x °1@D34+ cells’/kg was infused. Post-transplant
immunosuppressive therapy was carried out with &prine A (CsA, from day —1 to day 180 or
longer in case of alternative donor or chronic GVJHIDd mycophenolate mofetil (MMF, 15 mg/kg
b.i.d. from day -1 to day 28 or day 42 in case ltdraative donor) as previously described® The
diagnosis and grading of acute GVHD was establistsegreviously reportél First-line treatment of

GVHD consisted in corticosteroids (2 mg/kg). G-C&Fug/kg/d) was administered only when the
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granulocyte count was below 1.0 x°10 Disease evaluation was routinely carried outdays 40,
100, 180 and 365. All patients had a central vencatheter device. DLI were given either

prophylactically after CD34 selection or in casgobr chimerism or relapse .

Infection prophylaxis and treatment

Patients also received acyclovir (400 mg t.i.d.llgraoral antifungal prophylaxis with
itraconazole solution (200 mg b.i.d.) and aerosolipentamidine, but no antibacterial prophylaxis,
until the end of immunosuppressive therapy. In a#dstever, above 38.3°C once or above 38°C on
three consecutive measurements, empirical antdiafly was started with a combination of cefepime
+ amikacin. Before the initiation of antibiotheramood cultures were drawn through each lumen of
the central catheter and a peripheral vein. Addaidlood cultures were obtained when clinically
indicated. Patients were weekly screened for CMVahtigenemia and PCR in blood. Pre-emptive
therapy with ganciclovir was initiated after a gov& antigenemia or PCR and discontinued after day

100 and at least three consecutive negative results

Definitions

According to the definitions of the Infectious Dases Working Party of the EBMT,
bacteraemia or fungemia were defined by the iswmladf bacteria or fungi from any blood culture in
the context of fever or other clinical signs cotesis with infectiod?. For coagulase-negative
staphylococci, at least two blood cultures with shene antimicrobial susceptibilities were requiteed
be positive. Varicella-zoster virus (VZV) infect®mwere defined as typical cutaneous vesicular hssio
or atypical lesions associated with the detectioW4V by culture or IF. Any positive result in CMV
screening tests was considered as CMV infectionre@dseeCMV disease was defined by the evidence
of CMV infection at one body site (PCR or histopatiyic finding) in association with clinical signs
or symptoms. Invasive fungal infections were defimecording to the EORTC criteffa Fever of
unknown origin (FUO) was defined as fever alonehaut any clinical sign or bacteriological

documentation.



Statistical analysis

Patients’ characteristics (Table 1) and proportioingatients with a given number of infections
(Table 2) were analyzed by appropriate contingaables. Times to infectious events were studied by
Kaplan-Meier analyses. Univariate and multivari@x regression models were used to analyze the
influence of selected variables on the risk of eifsn. Times to events were the outcomes, with
censoring at time of subsequent transplant, deatlasd follow-up. Variables were selected with a
forward stepwise procedure (criterion p<0.05) andaRies were calculated with the likelihood ratio
test. Statistical analyses were done using Mictogbécel (Microsoft Corp., Redmond, WA),

GraphPad Prism (GraphPad Software, San Diego, 6ABAS (SAS Institute, Cary, NC) softwares.

Results

Types of infection

No patient experienced toxic mucositis or significgastrointestinal toxicity. The mean
neutrophil nadir was 580/uL (range 0-3000). It 38ignts, the neutrophil count did not decrease
below 500/uL. Patients received G-CSF for a meab.6f(0-17) days. The median time to 1,000
PMN/uL was 8.5 (1-22) days. There were 25 deatB%o0§4 Sixty percent of the deaths were due to
relapse/progression of the underlying diseasectiie was the primary cause of death in 10% of the
patients but infections contributed to death in 2d¢%hem. The proportion of patients presenting any
infection during the course of their follow-up w@3% (Table 2) but the majority of these first
infections occurred well beyond day 30 post-traasgation (figure 1A).

The actuarial incidence of bacteraemia at one wear 55% (Figure 1B). Overall, there were
0.9 episode of bacteraemia/patient (Table 3). Hewethese bacteraemias were seldom (0.08 per
patient at risk) observed in the first 30 days ficmtsplant. The largest number of bacteraemias was

due to coagulase-negative staphylococci (41%). Gragative bacteria accounted for 25% of events.
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Other agents causing bacteraemias included stieqo@®%), miscellaneous other bacteria (21%) and
fungi (4%). The actuarial incidence at one yeainééctions other than bacteraemia was 72%, but
again these infections were significantly delayéidre 1C). The major types of such infections were

pneumonias and upper respiratory tract (URT) inbest (Table 3).

Infectious agents

Before day 30, the main agents responsible foctides were bacteria (N=18 (82%)) and that
dominance persisted throughout the observatiorogédiiiable 3). Again there was a low incidence of
bacterial infections (n=17, 0.27/patient at risk) the first 30 days following transplantation.
Considering all infectious episodes, Gram-positivacteria were the agents most frequently
responsible for infection: Coagulase-negative steygocci were involved in 24/132 events and
streptococci in 10/132 events. Gram-negative bactevere involved in 28/132 cases and
miscellaneous other bacteria in 15/132 cases.

Fungal infections represented an incidence of 8v@ht/patient at risk before day 30, but their
incidence tended to increase thereafter (0.10image risk between days 100 and 365) (Table 3).
Candidas were identified in 5% of infectious epesidwvhile aspergillus was documented in 7% of all
infections. However, there was a further 3% incaeaf possible fungal infections.

The actuarial incidence of VZV infection was 10%oae year. The actuarial incidences of
CMV infection and disease were 52% and 18%, resmdgt(Figure 2). No case of CMV reactivation
or disease occurred among the low risk patienteaqd@and recipient serologically negative). After
excluding low risk patients, rates of CMV infectiand disease were 68% and 23%, respectively., i.e.
36% and 9% in the intermediate risk group (donooesitive and recipient seronegative), and 80%

and 26%, in the high risk category (recipient sesipve) (Table 4).

Risk factors for infection

We then examined, in univariate and multivariatalygsis, risk factors for infection, separately

analyzing all infections, bacteraemias, infectiatiser than bacteraemia, CMV infection and CMV



8

disease, interstitial pneumonia and VZV infectidhese factors included data concerning the donor
(relationship to patient, age, sex, ABO compatpilCMV status), patient (age, sex, diagnosis, pre-
transplant disease status, CMV status), transpbaoatedure (conditioning regimen, consecutive
number of the transplant, graft manipulation, us®bl) and complications (neutropenia, aGVHD,
cGVHD, use of corticosteroids).

When looking at the overall risk of infection, waentified in univariate analysis donor other
than HLA-identical sibling (p=0.0077) and absenééal as significant risk factors (p=0.0132). In
multivariate analysis, only having a donor otheantha HLA-identical sibling (p=0.0010) was a
significant risk factor.

For bacteraemia, in univariate analysis only dawarce reached statistical significance, with a
one-year 43% incidence of bacteraemia with a gibblonor and 66% with an alternative donor
(p=0.0061). This result was confirmed in multivégiaanalysis (p=0.0015), where the risk of
bacteraemia increased also with the age of thpiesti(p=0.0064) .

For infections other than bacteraemia, in univar@atalysis only administration of DLI was
associated with an increased risk (p=0.00440), edwerin multivariate analysis only the use of
corticosteroids increased the risk (p=0.0066).

In univariate analysis, only high-risk pretranspl&MV status (R+/D-, R+/D+) (p<0.0001)
influenced the risk of CMV infection, which nevestass tended to be higher in older patients
(p=0.0721) and patients with donor other than HdAntical sibling (p=0.0679). In multivariate
analysis, the risk of CMV infection increased onWth a high-risk CMV status (p<0.0001) and,
among these patients, no additional factor wastiitksh

Similarly, in univariate analysis, the risk of CMYfsease increased in patients with high-risk
pretransplant CMV status (p=0.0054). Among thesepts, in multivariate analysis, the risk of CMV
disease increased with the age of the patient d30), a first transplantation (p=0.0057) and a

diagnosis of lymphoma (p=0.0010).



Discussion

NMSCT are usually reserved for patients unableutalergo myeloablative conditioning
because of older age, poor clinical condition @vpyus transplantation with a high-dose regimers It
therefore impossible to select, for the purposecahparison, an appropriately matched group of
patients undergoing transplantation after a stahdaryeloablative conditioning. Compared to
myeloablative regimens, nonmyeloablative conditignis associated with less myelotoxicity and
produces fewer extra-haematological toxicitieganticular less damage to the mucosal barrierbeof t
gastrointestinal tratt’ >4 However, the relative intensity of these treattaeanges from the reduced-
intensity conditioning (RIC) regimens that stilldince severe neutropenia and are carried out in

inpatient protected unit§ *> % 2°

to the truly nonmyeloablative regimen developegdilie Seattle
team that causes little neutropenia, can be peddras outpatient and cause much less morBidfty

13. 24 Using the Seattle regimen, we indeed encounteigdally no toxic mucositis and no
gastrointestinal toxicity. In addition, we have yaoeisly shown that this regimen was associated with
little myelosuppressidfl and with prolonged persistence of host immunes®eHowever, it was not
clear whether these factors had the potential @fidimg some protection against infections.

In our population of 62 NMSCT recipients, the prdjmm of patients presenting any infection
during follow-up was 77%. This overall proportios guite similar to the one found after standard
allogeneic transplantatiéh?’, but the majority of these first infections ocastrwell beyond day 30
post-transplantation (Figure 1A). Although earlpapers in small number of patients were widely
discrepant in that respétt'® this reduced rate of early infectfSrand this delayed time to first
infectior” *° in NMSCT recipients have also been described lnerst Therefore, the absence of
mucosal damage and of neutropenia in many NMSCiermat possibly did confer some protection
against early infections in our patients. This @ngistent with a previous study showing that
neutropenia at initiation of a RIC is already & riactor for subsequent infection in the early post

transplant period. However, in our hands, among NMSCT recipientss¢hwith early neutropenia

did not have a higher rate of early infection.
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Bacteria were evidently the leading agents causifection. This was particularly true in the
early post-transplant phase, but remained so thieress well, albeit to a lesser extend. Among them
Gram-positive bacteria were the agents most fretjueesponsible for infection, in agreement with
data in standard allogeneic transplant&tidhand probably related to the fact that all patieatsied a
central venous catheter device. Similarly, thegoatbf fungal infections was consistent with preso
studie€ * that reported incidences of proven or probablgélimfection in NMSCT recipients 1/
comparable to those observed in standard transpédier a myeloablative conditionitg®> Somé *#

% but not alt’ previous studies have shown that advanced disemge, above 40, GVHD,
corticosteroid use, CMV infection or relapse weredictive of fungal infections in NMSCT patients,
but the number of patients with such infectionsuin series was too low to analyze these factors.

After excluding seronegative patients with a segative donor, the actuarial incidences of
CMV infection and CMV disease were 68% and 23%peesvely. In some previous studies, CMV
infection and disease have been delayed after NM%ETIt is hypothesized that residual host T
lymphocytes may contribute to resistance to CM\édse and that, as the level of these cells decline
over time, the risk of infection incread&ésHowever, similarly to some other studfeswe did not
observe any such delay in NMSCT recipients. Onother hand, the incidence of CMV infection and
disease was clearly dependent on recipient andrdmmostatus' *” ® 33 |n addition, older age and an
alternative donor, but not the use of corticost&sdj acute GVHB®, graft manipulatiof? or use of
fludarabine for conditioniny, tended to be risk factors for CMV infection. Hoxge, it cannot be
excluded that the fact that CMV disease was ma@guient after a first transplant may in fact in et
related to the use of fludarabine, as the vast mtyjof patients not receiving this drug were seton
transplants. Although this was not found for CMVeittion, older age was indeed associated with
CMV disease in multivariate analysis. It has alserbsuggested that the use of ATG or Campath-1H
in the conditioning regimén or the use of MMF post-transpldhtould enhance the risk of CMV
infection and disease, but this is not evaluableunseries. Chronic GVHD has been recognized as a

significant risk factor after conventional allogentransplantatioti, but not after NMSCT.
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Bacteraemias occur in about 20% to 60% of the caf$esallogeneic HC?. In our study, the
incidence of bacteraemia at one year was 55%. thitiad, occurrence of bacteraemia was again
delayed beyond the first 30 days. Contrarily to tinelings of others using a similar conditioning
regimeri, neutropenia was not a risk factor for bacteraetmizagreement with othér's the agents
responsible for bacteraemias were mainly coagulagative staphylococci, and in general, Gram-
positive bacteria were the agents most often resplen for infection. This result is totally in
agreement with the literatdre

A number of risk factors were consistently ideetifiby univariate and multivariate analysis.
Age above 60 years and use of an alternative daeoe often associated with an increased risk of
overall infection, bacteraemia, CMV infection anMZ disease. This has not been reported before in
NMSCT patients, except for CMV infection, and coblel related to poorer immune reconstitution or
increased incidence of GVHD in those patients,caitfin GVHD per se was not associated with an
increased risk in our patients. In univariate asiglyabsence of DLI was associated with an inctkase
overall risk of infection. This probably reflecthet fact that DLI were mostly given in case of
transplantation with an HLA-identical sibling, bafso that DLI may enhance immune recovery. For
infections other than bacteraemia, only the useodtiicosteroids significantly increased the riskeT
influence of corticosteroids on the infectious riskwvell described in the literatdré® 216 17:35The
initial disease category gave inconsistent inforomtwith lymphoma patients having more CMV
disease. The use of TBI or graft manipulation westlinked to an increased risk of infection in our
population.

In conclusion, NMSCT recipients are at risk for Hame type of infections with the same kind
of pathogens than myeloablative transplant rectpidtiowever, infections are less frequent in th&t fi
30 days post-transplant. Methods of prophylaxis,pieoal antibiotic therapy and pre-emptive
treatments should be the same as for conventidiogjrafts. Careful long-term monitoring of these

patients is necessary.



12
Acknowledgments

Frédéric Baron is Research Associate and YvesiBdgsearch Director of the National Fund
for Scientific Research (FNRS, Belgium). This wavias supported by grants from “La Fondation
Frédéricq”, “L’Association sportive contre le CarigéLe Fonds de Recherche Scientifique du CHU
Sart-Tilman” and the National Fund for Scientifiegearch (FNRS, Belgium). We are grateful to the
medical nursing and clinical staffs for their dedex care of the patients. We also thank Laurence
Seidel and Adelin Albert from the Department of Nbadl Statistics for their valuable help in statiati

analyses.



13

References

10.

11.

Storb R. Allogeneic hematopoietic stem calhsplantation--yesterday, today, and tomorrow.
Exp Hematol 2003; 31: 1-10.

Slavin S, Morecki S, Weiss L, Shapira MY, Rekn, Or R. Nonmyeloablative stem cell
transplantation: reduced-intensity conditioningd¢ancer immunotherapy--from bench to patient
bedside. Semin Oncol 2004; 31: 4-21.

Baron F, Beguin Y. Nonmyeloablative allogernséenatopoietic stem cell transplantation. J
Hematother Stem Cell Res 2002; 11: 243-263.

McSweeney PA, Niederwieser D, Shizuru JA, &aaidr BM, Molina AJ, Maloney DG, et al.
Hematopoietic cell transplantation in older patsantth hematologic malignancies: replacing
high-dose cytotoxic therapy with graft-versus-turatiects. Blood 2001; 97: 3390-3400.
Niederwieser D, Maris M, Shizuru JA, Peters@grHegenbart U, Sandmaier BM, et al. Low-
dose total body irradiation (TBI) and fludarabimddwed by hematopoietic cell transplantation
(HCT) from HLA-matched or mismatched unrelated dsrend postgrafting
immunosuppression with cyclosporine and mycopheeaateofetil (MMF) can induce durable
complete chimerism and sustained remissions irmp&Etiwith hematological diseases. Blood
2003; 101: 1620-1629.

McSweeney PA, Storb R. Mixed chimerism: prachl studies and clinical applications. Biol
Blood Marrow Transplant 1999; 5: 192-203.

Childs R, Clave E, Contentin N, Jayasekerbl&nsel N, Leitman S, et al. Engraftment kinetics
after nonmyeloablative allogeneic peripheral blstem cell transplantation: full donor T-cell
chimerism precedes alloimmune responses. Bloo@;130 3234-3241.

Hughes WT, Armstrong D, Bodey GP, Brown AEwadls JE, Feld R, et al. 1997 guidelines for
the use of antimicrobial agents in neutropenicguas with unexplained fever. Infectious
Diseases Society of America. Clin Infect Dis 1993%; 551-573.

Junghanss C, Marr KA, Carter RA, Sandmaier BMris MB, Maloney DG, et al. Incidence
and outcome of bacterial and fungal infectionsofelhg nonmyeloablative compared with
myeloablative allogeneic hematopoietic stem cahlsplantation: a matched control study. Biol
Blood Marrow Transplant 2002; 8: 512-520.

Martino R, Caballero MD, Canals C, San Migliebierra J, Rovira M, et al. Reduced-intensity
conditioning reduces the risk of severe infectiafter allogeneic peripheral blood stem cell
transplantation. Bone Marrow Transplant 2001;38:-347.

Mossad SB, Avery RK, Longworth DL, Kuczkow&, McBee M, Pohiman BL, et al.
Infectious complications within the first year aftenmyeloablative allogeneic peripheral blood
stem cell transplantation. Bone Marrow Transp0@1; 28: 491-495.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

14
Fukuda T, Boeckh M, Carter RA, Sandmaier BMyis MB, Maloney DG, et al. Risks and
outcomes of invasive fungal infections in recipseat allogeneic hematopoietic stem cell
transplants after nonmyeloablative conditionindodsl 2003; 102: 827-833.
Junghanss C, Boeckh M, Carter RA, SandmawerNBaris MB, Maloney DG, et al. Incidence
and outcome of cytomegalovirus infections followmmgnmyeloablative compared with
myeloablative allogeneic stem cell transplantatomatched control study. Blood 2002; 99:
1978-1985.
Baron F, Schaaf-Lafontaine N, Humblet-BarpiM8uris N, Castermans E, Baudoux E, et al. T-
cell reconstitution after unmanipulated, CD8-degdledr CD34-selected nonmyeloablative
peripheral blood stem-cell transplantation. Traasgation 2003; 76: 1705-1713.
Hori A, Kami M, Kim SW, Chizuka A, Kojima Rmataki O, et al. Development of early
neutropenic fever, with or without bacterial infect, is still a significant complication after
reduced-intensity stem cell transplantation. Bildod Marrow Transplant 2004; 10: 65-72.
Hagen EA, Stern H, Porter D, Duffy K, FoleylKiger S, et al. High rate of invasive fungal
infections following nonmyeloablative allogeneiarnsplantation. Clin Infect Dis 2003; 36: 9-
15.
Daly A, McAfee S, Dey B, Colby C, SchulteXgap B, et al. Nonmyeloablative bone marrow
transplantation: Infectious complications in 65ipents of HLA-identical and mismatched
transplants. Biol Blood Marrow Transplant 20033%3-382.
Mohty M, Faucher C, Vey N, Stoppa AM, ViretGhabbert I, et al. High rate of secondary viral
and bacterial infections in patients undergoingggheic bone marrow mini-transplantation.
Bone Marrow Transplant 2000; 26: 251-255.
Feinstein L, Sandmaier B, Maloney D, McSwegdpa, Maris M, Flowers C, et al.
Nonmyeloablative hematopoietic cell transplantatiRaplacing high-dose cytotoxic therapy by
the graft-versus-tumor effect. Ann N'Y Acad ScD20938: 328-337.
Baron F, Baudoux E, Frere P, Tourqui S, Sebatontaine N, Greimers R, et al.
Nonmyeloablative stem cell transplantation with GiEpleted or CD34-selected peripheral
blood stem cells. J Hematother Stem Cell Res 2002301-314.
Przepiorka D, Weisdorf D, Martin P, KlingemaAG, Beatty P, Hows J, et al. 1994 Consensus
Conference on Acute GVHD Grading. Bone Marrow Bant 1995; 15: 825-828.
Cordonnier C, Engelhard D, Ljungman P, DelkkeDonnelly JP, Einsele H, et al. Definitions of
infectious diseases and complications after stdhtraasplant. In\Web site of the EBMT. 2001.
Ascioglu S, Rex JH, de Pauw B, Bennett Jig Bj Crokaert F, et al. Defining opportunistic
invasive fungal infections in immunocompromisedgras with cancer and hematopoietic stem

cell transplants: an international consensus. l@fect Dis 2002; 34: 7-14.



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

15
Diaconescu R, Flowers CR, Storer B, Sorror, Maris MB, Maloney DG, et al. Morbidity and
mortality with nonmyeloablative compared with myedbtative conditioning before
hematopoietic cell transplantation from HLA-matchiethted donors. Blood 2004; 104: 1550-
1558.
Chakrabarti S, Mackinnon S, Chopra R, KatiarPD, Peggs K, O'Gorman P, et al. High
incidence of cytomegalovirus infection after nonfogblative stem cell transplantation:
potential role of Campath-1H in delaying immuneorestitution. Blood 2002; 99: 4357-4363.
Schetelig J, Oswald O, Steuer N, RadoniclAjlke S, Held TK, et al. Cytomegalovirus
infections in allogeneic stem cell recipients afetuced-intensity or myeloablative conditioning
assessed by quantitative PCR and pp65-antigendBoiae Marrow Transplant 2003; 32: 695-
701.
Ninin E, Milpied N, Moreau P, Andre-Richet Mprineau N, Mahe B, et al. Longitudinal study
of bacterial, viral, and fungal infections in adidtipients of bone marrow transplants. Clin
Infect Dis 2001; 33: 41-47.
Frere P, Hermanne JP, Debouge MH, De MollRt 5, Beguin Y. Bacteremia after
hematopoietic stem cell transplantation: incidesuce predictive value of surveillance cultures.
Bone Marrow Transplant 2004; 33: 745-749.
Frere P, Hermanne JP, Debouge MH, Fillet éyum Y. Changing pattern of bacterial
susceptibility to antibiotics in hematopoietic steell transplant recipients. Bone Marrow
Transplant 2002; 29: 589-594.
Yuen KY, Woo PC, Hui CH, Luk WK, Chen FE, LA, et al. Unique risk factors for
bacteraemia in allogeneic bone marrow transplampients before and after engraftment. Bone
Marrow Transplant 1998; 21: 1137-1143.
Marr KA, Carter RA, Boeckh M, Martin P, Corkylnvasive aspergillosis in allogeneic stem
cell transplant recipients: changes in epidemiolay risk factors. Blood 2002; 100: 4358-
4366.
Martino R, Subira M, Rovira M, Solano C, Vaeq L, Sanz GF, et al. Invasive fungal infections
after allogeneic peripheral blood stem cell traasfation: incidence and risk factors in 395
patients. Br J Haematol 2002; 116: 475-482.
Nakamura R, Cortez K, Solomon S, Battiwalla®ill VJ, Hensel N, et al. High-dose acyclovir
and pre-emptive ganciclovir to prevent cytomegalmdisease in myeloablative and non-
myeloablative allogeneic stem cell transplantatiBone Marrow Transplant 2002; 30: 235-242.
Maris M, Boeckh M, Storer B, Dawson M, WHiteKeng M, et al. Immunologic recovery after
hematopoietic cell transplantation with nonmyelaakk conditioning. Exp Hematol 2003; 31:
941-952.



35.

36.

37.

16

Bainton RD, Byrne JL, Davy BJ, Russell NH. ZMfection following nonmyeloablative
allogeneic stem cell transplantation using Camp#&ilood 2002; 100: 3843-3844.

Hambach L, Stadler M, Dammann E, Ganser Atdrstein B. Increased risk of complicated
CMV infection with the use of mycophenolate mofetikllogeneic stem cell transplantation.
Bone Marrow Transplant 2002; 29: 903-906.

Boeckh M, Leisenring W, Riddell SR, Bowden,RAuang ML, Myerson D, et al. Late
cytomegalovirus disease and mortality in recipi@ifitallogeneic hematopoietic stem cell
transplants: importance of viral load and T-celiionity. Blood 2003; 101: 407-414.



Table 1. Patients’ characteristics.

Number 62
Age (yrs) (M£SD) 54+11
Sex

Female 16 (26%)

Male 46 (74%)
Diagnosis

Leukaemia 23 (37%)

Lymphoma/myeloma 32 (52%)

Solid tumour 7 (11%)
Status at transplant

Untreated 9 (14%)

CR 17 (28%)

PR 7 (11%)

Relapse/Resistant 29 (47%)
Donor type

Sibling 30 (49%)

Other family 4 (6%)

Unrelated 28 (45%)
VZV status (Recipient)

Positive 52 (84%)

Negative 10 (16%)
CMYV status (Recipient/Donor)

-/- 15 (24%)

-+ 11 (18%)

+/- 20 (32%)

+/+ 16 (26%)
Transplant number

First 30 (49%)

Second 25 (40%)

Third 7 (11%)
Graft manipulation

No 27 (44%)

CD34 7 (11%)

CD8 28 (45%)
DLI

No 29 (47%)

Yes 33 (53%)
Acute GVHD

0-1 42 (68%)

2 17 (27%)

3-4 3 (5%)
Chronic GVHD

None 42 (68%)

Limited 11 (18%)

Extensive 9 (14%)
Corticosteroids

No 26 (42%)

Yes

36 (58%)
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Table 2. Absolute numbers and proportions (% ofiepgg at risk) of patients with infectious

complications after transplantation. Only infectdyefore disease progression were considered.

All infections

> 1 infection 48 (77%)
> 2 infections 31 (50%)
> 3 infections 18 (29%)
> 4 infections 11 (18%)
> 5 infections 8 (13%)
Infections before day 30

> 1 infection 21 (34%)
> 2 infections 6 (10%)
> 3 infections 0 (0%)
Infections day 31-day 100

> 1 infection 27 (48%)
> 2 infections 10 (18%)
> 3 infections 5 (9%)
Infections day 101-day 365

> 1 infection 30 (59%)
> 2 infections 12 (23%)

> 3 infections 6 (11%)
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Table 3. Number of infections (N per patient akyigccording to time after transplantation. Only

infections before disease progression were coreider

Days 0-30 Days 31-100 Days 101-365 Days > 365

N patients at risk 62 56 51 20
All infections 21 (0.34) 38 (0.68) 41 (0.80) 10 (0.50)
Infections by agent
Viral 1 (0.02) 1 (0.02) 5 (0.10) 4 (0.20)
Fungal 2 (0.03) 3 (0.05) 5 (0.10) 1 (0.05)
Bacterial 17 (0.27) 33 (0.59) 28 (0.55) 5 (0.25)
Parasitic 0 (0.00) 0 (0.00) 1 (0.02) 0 (0.00)
Unknown 1(0.02) 1(0.02) 2 (0.04) 0 (0.00)
Total 21 38 41 10
Infections by type
Bacteraemia 5 (0.08) 16 (0.29) 17 (0.33) 1 (0.05)
IP 1 (0.02) 1 (0.02) 3 (0.06) 0 (0.00)
Other pneumonia 4 (0.06) 9 (0.16) 8 (0.16) 5(0.25)
Upper resp. tract 0 (0.00) 4 (0.07) 2 (0.04) 2 (0.10)
Abdominal 2 (0.03) 2 (0.04) 2 (0.04) 1 (0.05)
Genito-urinary 1 (0.01) 1 (0.02) 1 (0.02) 0 (0.00)
Zoster/varicella 0 (0.00) 0 (0.00) 2 (0.04) 1 (0.05)
Skin (other) 0 (0.00) 1(0.02) 2 (0.04) 0 (0.00)
CNS 0 (0.00) 1(0.02) 1 (0.02) 0 (0.00)
Miscellaneous 0 (0.00) 0 (0.00) 1 (0.02) 0 (0.00)
FUO 8 (0.13) 3(0.05) 2 (0.04) 0 (0.00)

Total 21 38 41 10




Table 4. CMV reactivation and CMV disease.

CMV status N CMV CMV
Recipient  Donor infection disease
Negative Negative 15 0 (0%) 0 (0%)
Negative  Positive 11 4 (36%) 1 (9%)

Positive Negative 20 14 (70%) 5 (25%)
Positive Positive 16 14 (88%) 5 (31%)

Total 62 32 (52%) 11 (18%)
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Legends to the figures

Figure 1. Actuarial incidence of infections (A), bacteraes{B) and infections other than

bacteraemias (C).

Figure 2. Actuarial incidence of CMV infection (A) and CM\isgase (B).
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Figure 2 23
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