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CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Increased Incidence of Cytomegalovirus Disease After Autologous CD34-Selected

Peripheral Blood Stem Cell Transplantation

By Leona A. Holmberg, Michael Boeckh, Heather Hooper, Wendy Leisenring, Scott Rowley, Shelly Heimfeld,
Oliver Press, David G. Maloney, Peter McSweeney, Lawrence Corey, Richard T. Maziarz,
Frederick R. Appelbaum, and William Bensinger

High-dose therapy with autologous peripheral blood stem
cell (PBSC) rescue is widely used for the treatment of
malignant disease. CD34 selection of PBSC has been applied
as a means of reducing contamination of the graft. Although
CD34 selection results in a 2 to 3 log reduction in contaminat-
ing tumor cells without significantly delaying engraftment,
many other types of cells are depleted from the CD34-
enriched grafts and immune reconstitution may be impaired.
In the present study, 31 cytomegalovirus (CMV)-seropositive
patients who received myeloablative therapy followed by
the infusion of CD34-selected autologous PBSC were as-

sessed for the development of CMV disease in the first 100
days posttransplant. Seven patients (22.6%) developed CMV
disease and 4 patients (12.9%) died from complications of
their infection. In a contemporaneous group of 237 CMV-
seropositive patients receiving unselected, autologous PBSC,
only 10 patients (4.2%) developed CMV disease, with 5
deaths (2.1%). In a multivariate logistic regression analysis,
the use of CD34-selected autologous PBSC after high-dose
therapy was associated with a marked increase in the
incidence of CMV disease and CMV-associated deaths.

© 1999 by The American Society of Hematology.

IGH-DOSE THERAPY followed by autologous transplan- patients transplanted for hematological or nonhematological

tation of peripheral blood stem cells (PBSC) improves diseases received CD34-selected autologous PBSC after myelo-
initial response rates and overall survival for several categoriegiblative therapy and were assessed for the development of
of cancer patients3 However, the major cause of treatment CMV disease during the first 100 days posttransplant. These
failure remains relapse. Because PBSC products frequentlpatients were compared with a nonrandomized control group of
contain detectable contaminating tumor céfisnvestigators 237 CMV-seropositive patients who were contemporaneously
have attempted to reduce the incidence of relapse by selectingansplanted with unselected PBSC.
the CD34 cells, thereby depleting tumor cells. A number of
phase I, I, and Il studiést® have been conducted with
CD34-selected PBSC infused after myeloablative therapy. Be- Study design. Between April 1995 and November 1998, 268
cause these studies demonstrate effective hematopoietic recoyMV-seropositive patients underwent a myeloablative conditioning
ery and a reduction in the number of contaminating tumor cellg€9imen followed by infusion of autologous PBSC. According to the
. . . . ._specific protocol active at the time of patient enrollment or at the
in the PBSC product, an increasing number of patients are belng?

) scretion of the attending physician, 31 patients received CD34-
offered treatment with autologous CD34-selected PBSC. selected PBSC. The remaining 237 patients received unselected PBSC.

The issue of infectious complications and immune reconstitu-of the CD34-selected patients, 25 were treated at the Fred Hutchinson
tion after the infusion of CD34-selected PBSC has been lesgancer Research Center (FHCRC; Seattle, WA) or an affiliated aca-
completely studied. There are suggestions that immune reconstilemic center (University of Washington and Veteran's Affairs Medical
tution may be delayed with CD34 selection with an associated-enter, Seattle, WA) and 6 patients were treated at Oregon Health
increased risk for infections. This increased risk may be due to>ciences (Portland, OR) or Swedish Medical Center (Seattle, WA)

: der the auspices of the Puget Sound Oncology Consortium (Seattle,
the removal of T cells, natural killer (NK) cells, and monocytes. " . . .
(NK) Y WA). Of the patients receiving unselected PBSC product, 187 patients

Ampng CDS‘_"Sele_Cted aller_nei(_: tran;plant_recipients,ahiglje\;vere treated at the FHCRC, Veteran's Affairs Medical Center, or
incidence of infectious complications, including cytomegalovi- University of Washington, and 50 patients were treated at either the
rus (CMV) diseasé'® has been reported. Additionally, case oregon Health Sciences or Swedish Medical Center. After we had
reports have described CMV disease, cryptosporidiosis, an@btained informed consent, all patients were treated on an FHCRC or
other serious opportunistic infections among patients receivindPuget Sound Oncology Consortium protocol approved by the institu-
autologous CD34-selected PBSE? However, no systematic
review of common opportunistic infections such as CMV has From the Clinical Division, Fred Hutchinson Cancer Research
been rqurtEd f0|t autologous CI_334-s_eIect<_ed P_BSC'_ . Center, Department of Medicine, University of Washington School of
CMV disease is a well-described infection in patients with \;agicine and Puget Sound Oncology Consortium, Seattle, WA.
T-cell deficiencies, including allogeneic stem cell transplant sypmitted June 7, 1999; accepted August 5, 1999.
recipients and human immunodeficiency virus (HIV)-infected Supported by Grants No. CA18029, CA47748, CA18221, CA15704,
individuals?1-24 However, CMV disease is relatively uncom- and HL35444 and the Jose Carreras Foundation Against Leukemia.
mon after conventional autografting with unmodified bone Address reprint requests to Leona A. Holmberg, PhD, MD, Fred
marrow or PBSC and is reported to occur in only 2% to 9% of Hutchinson Cancer Research Center, 1100 Fairview Ave N, PO Box
such patient&>23Little has been published about the impact of 19924 MS D5-390, Seattle, WA 98109-1024.

CD34 selection on the incidence of CMV infections after The publication CQSIS c.)f this article were defrayed in part by page
. charge payment. This article must therefore be hereby mdikeder-
autologous transplantation.

) A . . ) tisement”in accordance with 18 U.S.C. section 1734 solely to indicate
In this report, we describe our experience with CMV diseaseis fact.

among CMV-seropositive autologous PBSC transplant patients © 1999 by The American Society of Hematology.
who received CD34-selected stem cell products. Thirty-one 0006-4971/99/9412-0021$3.00/0

MATERIALS AND METHODS
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tional review board of the hospital where the therapy was administeredwere cryopreserved with dimethyl sulfoxide (DMSO) as previously
Patients were prospectively evaluated for the first 100 days posttransdescribed?®
plant for the development of CMV infection or disease. The data used CD34 selection. The Baxter 300 Isolex System (Baxter, Inc, Irvine,
for patients in the present report were information available as of MarchCA) was used to select the CD34ells in 19 case¥ and the Cellpro
30, 1999. Ceprate System (Cellpro, Seattle, WA) was used in 12 ddsgsth
Patient characteristics. Of the 31 patients who received CD34- systems were used according to the manufacturer’s specifications. Two
selected PBSC, 23 (74.2%) were transplanted for a hematologicabf 12 patients whose cells were separated with the Cellpro system also
malignancy, 3 (9.7%) for an autoimmune disease, and 5 (16.1%) for ainderwent an initial B-cell purging of their PBSC product. For the
solid tumor. Of the 237 patients who received unselected PBSC, 9®B-cell purging technique, the collected cell products were incubated
(38%) were transplanted for a hematological malignancy and 147%with a combination of biotinylated antihuman CD19 and CD20
(62%) for a solid tumor. As Table 1 shows, all patients treated for antibodies and then passed through a column of avidin-conjugated gel
autoimmune disorders, chronic lymphocytic leukemia (CLL), and acuteto bind the CD19/20-positive cells. The unbound cells were then
lymphoblastic leukemia (ALL) received CD34-selected PBSC. A sequentially incubated with avidin and biotin solutions to prevent any
similar percentage of both selected and unselected PBSC recipientsD19/20 antibody-labeled cells that remained from rebinding in the
received 1 to 2 mg/kg methylprednisolone steroid therapy posttrans€p34 selection process.
plant for regimen-related toxicities. Transplant conditioning. Patients in both groups were transplanted
Mobilization, collection, and cryopreservation of PBSG=or CD34  with a variety of high-dose myeloablative regimens. As compared with
selection, PBSC were mobilized with either recombinant granulocyterecipients of unselected PBSC grafts, a higher proportion of patients in
colony-stimulating factor (G-CSF; Amgen, Thousand Oaks, CA) alonethe CD34-selected group received total body irradiation (TBI)-based
(n = 6) or intermediate-dose chemotherapy followed by either G-CSF¢onditioning regimens. Fourteen of the 31 (45.2%) CD34-selected
(n = 23) or recombinant granulocyte-macrophage colony-stimulatingpatients received a TBI-based conditioning regimen, compared with
factor (GM-CSF; Immunex, Seattle, WA) (A 2). Second mobiliza-  only 34 of the 237 (14.3%) unselected PBSC patients (Table 1).
tions were required in 7 patients because of either tumor contamination sypportive care. After myeloablative therapy, all patients received
(n = 4) or insufficient number of stem cells collected=r3). prophylactic intravenous antibiotics when the absolute neutrophil count
For the patients receiving unselected grafts, PBSC were mobilizec{ANC) decreased to less than 0% 10°/L and were treated with
with either G-CSF alone (# 33) or intermediate-dose chemotherapy additional antibiotics when neutropenic fever occurred. Patients who
followed by G-CSF (n= 198) or GM-CSF (= 6). Nineteen patients  yere serologically positive for herpes simplex virus received prophylac-
required more than 1 mobilization either because an insufficient numbetic |ow-dose acyclovir. Because of limitations in drug availability,
of cells were collected (r 8) or because there was tumor contamina- prophylactic intravenous Ig was administered to only 6 of the 10 CLL
tion of the product (n= 11). All PBSC collections were performed ang multiple myeloma (MM) patients who received CD34-selected
using the COBE Spectra (COBE BCT, Lakewood, CO) and all productspgsc and 15 of 26 MM patients who received unselected PBSC,
despite the administration of prophylactic Ig being the usual practice for

Table 1. Patient Characteristics of CMV-Seropositive Patients these patients. At the discretion of the attending physician or per
Undergoing Autologous PBSC Transplantation protocol, 9 of the 31 (29%) CD34-selected patients received posttrans-
CD34-Selected Unselected plant growth factor until engraftment, either G-CSF at 5 pg/kg/d
No. of patients n 937 subcutaneously (SC; & 7), G.-CSF at 10 pg/kg/d SC (& 1), or
Median age (range) 52 (5-62) 48 (2-69) GM-CSF at 500 pg/@id SC until 14 days posttransplant, foIIowgd by
Gender (M/F) 15/16 26/161 G-CSF at 5 ug_/kg/d SC (& 1). Twelve of the 237 (_5.1%) patients
Diagnosis transplanted VYIth unselected PBSC product received G-CSF at 5
MM 6 (19.4%) 26 (11.0%) Hg/kg/d SC until engraftment. ) )
NHL 10 (32.3%) 38 (16.0%) CMV screening. Per mstltutlpnal pqllcy, patients treated at the
HD 1(3.2%) 12 (5.1%) FHCR(; and th‘e Veteran’s Aff@rs Mgdlcal Center had Week_ly CMV_
ALL 2 (6.5%) _ screening studlgs pe_rformed_, mcluqlmg the CMV_pp65 ant|gen¢_em|a
Breast cancer 4.(12.9%) 108 (45.6%) assay (CMV Brltg; Biotest Diagnostic Corp, Denville, NJ) and viral
CLL 4(12.9%) - b!ood culture testing WeeKnyrom day :_LO posttransplant_ until da_y 190 or
Neuroblastoma 1(3.2%) 11 (4.7%) discharge home, as previously descnl%%ﬁfhg CMV _anngene_rma k|t_
Systemic sclerosis 3(9.7%) - was u_seq accordlng to_the manufacturer’s |nstructlons: I_Datlents with a
Ovarian cancer - 14 (5.9%) qgantltatl\{e aqtlgenemla tesf:b cells/slide) recelvgd antiviral therapy
Germ cell - 2 (0.8%) with ganmcﬂlow_r.28 !\lo screening was used for patients transplanted at
AML . 9 (3.7%) the othgr_Z |nst|tut|on§. _ . . .
CML . 5 (2.1%) Definitions. _Cl_vIV infection was deflned as elthgr evidence of any
Brain cancer B 1(0.4%) level of quant|ta_t|ve pp65 antlg_enemla or a p_o_smve blood or mouth
Sarcoma _ 7 (3.0%) culture. .CMV disease was defined as a positive QMV she]l vial or
Carcinoma . 4(17%) convgntlonal culturg of bro_nchoalve_ole_lr Iava_ge fluid, lung biopsy, or
Prior chemotherapy gastrlg/duodenal biopsy in association with symptﬁmg:MV-
Median no. of regimens (range) 2 (1-4) 2 (1-6) associated death was defined as death that occurred within 6 We_eks of
Prior XRT 6 (19.4%) 68 (28.7%) documgnted_ CMV disease, other than death_ due to progression of
High-dose regimen underlying disease. The day of_ onset pf CMV disease was defined as
TBl-based 14 (45.2%) 34 (14.3%) the datg of performance of a diagnostic procedu_re (t_)ronchoscopy, open
Non_TBl-based 17 (54.8%) 203 (85.79%) lung biopsy, or e§ophagogastroduodeno§cop|c biopsy) to eyaluate
No. of CD34 (x10° cells/kg) symptoms suggestlve_ of disease. Ne_utrophll engraftment was defined as
infused: the first of 3 (_:onsecutlve days qn WhICh the ANC exceede_ckOliﬁP/L _
Median (range) 4.83 (2.30-14.64) 6.97 (2.54-65.5) after the nadir. Platelet transfusion independence was defined as the first
) ' . . ' . . of 3 consecutive days on which the platelet count exceeded 20°/L
Posttransplant steroids 11 (35.4%) 74 (31.2%)

without transfusion.
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Statistical methods. Summary statistics such as median and range Table 2. Incidence of CMV Infection and CMV Disease
values of continuous valued and tabulation of categorical valued patient MV
characteristics were reported. Comparisons between the group of Antigenemia Culture  Disease Deaths

patients receiving CD34-selected PBSC and those receiving unseleute8D34_selected PBSC
PBSC were made using? statistics or the Wilcoxan rank sum test.

R . S ing* 19 5(26.3%) 1(5.3%) 3(15.8%) 1 (5.3%
Cumulative incidence curvésfor CMV disease were generated. Creenmg_ ( 0) 1(5.3%) 3( 0) 1 (5.3%)
- L L . No screening 12 4 (33.3%) 3 (25%)
Univariate and multivariate logistic regression analyses were performed Total a1 7 (22.6%) 4 (12.9%)
to evaluate the impact of various factors on the risk of CMV disease andUnselected PBSC e =
on CMV infection. The odds ratio (OR) and their associated 95%
- ) (OR) P97 Sereening® 172 30 (17.4%) 4 (2.3%) 5(2.9%) 3 (1.7%)
confidence intervals (Cl) were reported. Because we were primarily )
. . L . . . . No screening 65 5(7.7%) 2 (3.1%)
interested in determining whether the inclusion of additional covariates
Total 237 10 (4.2%) 5 (2.1%)

modified the effect of CD34 selection on the outcome, any factors that
changed the coefficient estimate by more than 10% were included in *Weekly CMV screening.
multivariate modelg3

disease. Both of these patients developed CMV disease early
after transplant and began treatment on days 16 and 21,

Engraftment. Neutrophil engraftment was reached at a respectively. One of these patients died from their pneumonia.
median of 10 days (range, 8 to 21 days) for those patient©nly 1 of these 3 patients received a TBIl-based conditioning
receiving CD34-selected stem cells and 11 days (range, 8 to 7&gimen. Among the 12 patients who did not have CMV
days) for those treated with unselected PBSZ < .20, screening performed, 4 developed CMV disease. Three patients
Wilcoxan rank sum test). Platelet transfusion independenceeveloped pneumonia and all died. One patient developed
occurred a median of 11 days (range, 7 to 47 days) for selectednteritis and survived. All 7 patients developing CMV disease
patients and 11 days (range, 4 to 96 days) for those treated withad an underlying hematological malignancy.
unselected PBSQ(= .12, Wilcoxan rank sum test). Of the 237 unselected PBSC recipients, 10 patients (4.2%)

The absolute number of peripheral blood lymphocytes at 30developed CMV disease and 5 (2.1%) died (Tables 2 and 3).
days after stem cell infusion were markedly different betweenAmong these 10 patients, CMV disease occurred a median of
the 2 groups. In patients alive at day 30 after transplant29.5 days (range, 12 to 51 days) posttransplant. Three of these
lymphocyte counts were available in 228 unselected and in 290 unselected patients had an underlying hematological malig-
CD34-selected patients. Lymphocyte counts were significantlynancy. Only 5 of the 172 (2.9%) patients screened for CMV
higher in the unselected grouP & .03). developed disease. Two patients developed pneumonia and both

Incidence of CMV disease.Figure 1 displays the cumula- died. Three patients developed enteritis, and 1 of these died.
tive incidence of CMV disease within 100 days of transplant forOnly 2 of these patients displayed evidence of low CMV
CD34-selected and unselected patients. Overall, 7 of the 3antigenemia, ie, less than 5 cells/slide before developing
(22.6%) CD34-selected patients developed CMV disease withilisease. Five of the 65 (7.7%) patients who had undergone no
100 days posttransplant, and 4 (12.9%) died as a result of theltMV screening studies performed developed disease. Three
infection. In these 7 patients, CMV disease occurred a mediaipatients developed CMV pneumonia and 2 died. Two patients
of 26 days (range, 16 to 76 days) after transplant. developed enteritis and recovered after antiviral therapy.

Details of the characteristics of CMV disease in the CD34- Incidence of CMV infection. CMV infection (without dis-
selected patients are shown in Tables 2 and 3. CMV screeningase) was detected in an additional 5 of the 19 (26.3%)
was performed in 19 of the 31 (61.3%) CD34-selected patientsCMV-screened, CD34-selected patients and in 30 of the 172
Three of these screened patients developed CMV pneumonia ifl17.4%) patients treated with unselected PBSC who were
the first 100 days posttransplant. Two of these 3 patients had nscreened. These 5 CD34-selected patients developed low levels
evidence of CMV antigenemia before the development of CMV of antigenemia, with less than 5 cells/slide between dal/a to

RESULTS
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Table 3. CMV Disease in CD34-Selected and Unselected PBSC number of CD34 cells infused, and treatment with TBI-based
Autologous Transplant Patients conditioning regimen, were not significant.
Day Evaluating combinations of factors together in multivariate
_ Posttransplant - Day CMV logistic regression models showed that inclusion of condition-
Disease Symptoms Disease Cause of . . . .
Disease Site Began  Diagnosed Death ing with a TBI-based regimen and dose of CD34 cells infused
D34 amplified the effect of CD34 selection and increased the OR to
-selected
MM Pheumonia 16 46 Pneumonia, D52 1_1.76 (Cl,3.1to 44.8!_;D =_.0004) for the de\_/glopment_ of CMV
NHL Pneumonia 72 76  Pneumonia, D82 disease. In the multivariate model, conditioning with a TBI-
NHL Pneumonia 23 37  Pneumonia, D60 based regimen was not significantly associated with CMV
MM Pneumonia 15 21 — disease, but the dose of CD34 cells as well as CD34 selection
MM Pneumonia 13 16 Pneumonia, D30 were significant. In patients receiving less than 8:%610°
NHL Enteritis 34 34 - cells/kg CD34 cells/kg, the OR was 4.13 (Cl, 1.1 to 135
MM Pneumonia 12 18 - .04), compared with an OR of 0.68 (Cl, 0.1 to 4PL= .67) for
Unselected _ _ =8.56 X 10° CD34 cells/kg infused. Other factors did not
Breast Pneumonia 51 51 Pneumonia, D57 mqodify the effect of CD34 selection on CMV disease and were
NHL Enteritis 26 26 ARDS, D74 . . .
) ) . not included in this model.
Ovarian Pneumonia 39 None Pneumonia, D40 . . .
Breast Enteritis 28 28 _ _ Tab_le 4B describes the _evaluatlpn of_ rlsl_< factor§ f_or CMV
Breast Pheumonia 34 36  Pneumonia, D53 infection (as opposed to disease) in univariate logistic regres-
Hodgkin's Pneumonia 18 19  Pneumonia, D31 sion. Steroid use posttransplant was highly significant for the
Sarcoma Enteritis 30 31 — development of CMV infection, with an OR of 3.0B & .003).
Breast Enteritis 12 12 — CD34 selection was also noted to be significant, with an OR of
Breast Enteritis 23 23 - 2.69 P = .04). There was a trend for the development of CMV
MM Pneumonia 41 41 —

infection in patients who carried a diagnosis for either an
autoimmune disorder or hematological malignancy relative to

+38 posttransplant (Table 2). Three of these patients receiveaat?ents Wi_th a S(_)”d tumor, with an OR of 1.98 € .06). Other
antiviral therapy and subsequently became CMV antigenemié(a”ables' including the age at transplant, number of_CD34 cz_alls
negative. A fifth patient was noted to have low levels of MV Infused, or treatment with a TBI-based regimen, did not sig-
antigenemia on days-31 and+38 posttransplant and had a nificantly contribute to the risk of developing CMV infection.

positive upper respiratory tract culture on dag3. This latter In multivariate logistic regression analyses for the risk of
patient had no evidence of lower tract CMV disease andCMV infection, the final model included CD34 selection,
antiviral therapy was not initiated. steroid use, and underlying disease. With the inclusion of these

Among the 30 patients receiving unselected PBSC whodditional covariates, the OR for CD34 selection was slightly
developed CMV infection, 20 (11.6% overall) of these patientsdecreased over that in the univariate model (OR, 1.81; Cl, 0.7 to
had a low level of CMV antigenemia<® cells/slide) and did ~15:P = .27), and it was not statistically significantly associated
not receive antiviral therapy. Ten patients (5.8%) had significantVith CMV infection. In this model, steroid use was still highly
antigenemia t5 cells/slide), and 9 were treated with antiviral significant (OR, 3.00; Cl, 1.5 to 6.8, = .003), and underlying
therapy. Four additional patients were noted to have either glisease was no longer significantly associated with the risk of
positive blood culture (5= 2) or oral culture (n= 2) and were ~ CMV infection (OR, 1.85; Cl,0.8t0 4.F = .12).
not treated. Incidence of CMV disease and infection in non-Hodgkin's

Risk for developing CMV infection or diseaséJnivariate  lymphoma (NHL), Hodgkin's disease (HD), and MM patients.
and multivariate logistic regression analyses were performed t@ecause all patients in the CD34-selected group and 3 of 10
assess risk factors for the development of CMV infection orpatients in the unselected group who developed CMV disease
CMV disease. had received an autologous transplant as treatment for NHL,

As can be seen in Table 4A, CD34 selection alone wasHD, or MM (Table 3), an additional subset analysis of these
significant for the development of CMV disease with an OR of patients was performed to compare the risk for developing
6.62 (Cl, 2.3 to 19.0P < .001). Other variables, including age CMV disease and CMV infection (Table 5). As seen in Table
at transplant, posttransplant steroid therapy, underlying diseas&A, CD34-selected MM, HD, and NHL patients had a signifi-

Table 4. Univariate Analysis for CMV Disease and Infection

(A) Univariate Analysis for CMV Disease (B) Univariate Analysis for CMV Infection

OR P Value 95% ClI OR PValue 95% ClI

CD34 selection 6.62 <.001 2.3-19.0 2.69 .04 1.0-7.0

Age at transplant 1.99 .18 0.7-5.4 1.47 .28 0.7-3.0
No. of CD34 cells/kg infused

>5 and <8.56 X 10° 2.15 .18 0.7-6.6 0.83 .66 0.4-1.9

=8.56 X 106 0.39 .26 0.1-2.1 0.93 .87 0.4-2.2

Underlying disease 1.95 .19 0.7-5.3 1.98 .06 1.0-4.1

TBI conditioning regimen 0.98 .98 0.3-3.6 1.56 .28 0.7-3.5

Steroid use 1.54 .40 0.6-4.2 3.00 .003 1.5-6.1
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Table 5. Univariate Analysis for CMV Disease and Infection in Patients With MM, HD, and NHL

(A) CMV Disease (B) CMV Infection
No. of 95% No. of 95%
Group Events/Total (%) OR PValue Cl Events/Total (%) OR PValue Cl
CD34-selected 7117 (41) 17.0 <.001 3.8-76.7 6/12 (50) 3.4 .06 1.0-12.1
Unselected 3/76 (3.9) 15/66 (22.7)

cant chance of developing CMV disease, with an OR of 17.0pulmonary complications due to CMV would be similar to the
(Cl,3.81t0 76.7P < .001). In this subset of patients, the median present report. Recently, Vescio efakported the outcome of a
day to CMV disease among CD34-selected and unselectethulticenter phase Ill trial evaluating patients with MM who
patients was 26 days (range, 19 to 41 days) and 26 days (rangesceived CD34-selected or unselected autologous PBSC. There
16 to 76 days), respectively. This subset analysis, althouglvere approximately 60 patients in each arm. They reported no
significant in univariate analysis, contained too few events insignificant difference in terms of infections between the 2
the unselected group to perform multivariate analysis. groups. However, a high number of patients in each arm (56%)
developed an infection in the first 100 days. Data were not
provided on the type of infections that developed, the use of
In this study, recipients of autologous, CD34-selected PBSCprophylactic 1g therapy, or the CMV serostatus of the patients.
had an increased incidence of CMV disease. Seven of 31n 1 phase Il study conducted in patients with breast cancer,
(22.6%) CMV-seropositive patients who received CD34- patients were randomized to receive either CD34-selected
selected PBSC developed CMV disease, and 4 patients (12.9%0arrow grafts (n= 42) or standard buffy coat bone marrow
died from complications of their infection. In contrast, among grafts (n= 47)1° There was no significant difference in the
237 CMV-seropositive patients undergoing an autologous transincidence of infection in either arm: 52% infection in the
plant during the same time period who received unselectedCD34-selected patients and 47% infection in the standard
PBSC, only 4.2% developed CMV disease, and 2.1% died frommarrow graft patients. The actual etiology of these reported
complications of their CMV infection. Using univariate analy- infections was not described.
sis, only CD34 selection was significant for the development of Whether there are real differences between the present report
CMV disease, with an OR of 6.62P(< .001). Multivariate  and other studies evaluating CD34 selection on the incidence of
adjustment for other risk factors, such as TBIl-based condition<CMV disease is uncertain. Because CMV disease is uncommon
ing regimen and cell dose (5.0 to 8.551CF cells/kg), amplified  after conventional autografting with unselected PES®, it
this effect (OR, 11.8P < .001). may not have been suspected in the patients who received a
A subset analysis of patients diagnosed with HD, NHL, andCD34-selected autograft and developed symptoms of CMV
MM and transplanted with either CD34-selected PBSC anddisease. In addition, incomplete virology studies of bronchos-
unselected PBSC showed a significant increased risk focopy samples, biopsy, and autopsy samples may have been
developing CMV disease in those patients who were treategberformed and could result in an underestimation of the true
with CD34-selected PBSC (OR, 17< .001; Table 5A). Seven incidence of CMV diseas#.Finally, patients with hematologi-
of the 17 (41%) MM, HD, and NHL patients in the CD34- cal malignancies may be more immunocompromised not only
selected PBSC group developed CMV disease. In comparisorhecause of their underlying disease, but also because they are
76 of the 237 CMV-seropositive patients who received unse-more heavily treated with chemotherapy before transplant and
lected PBSC had MM, NHL, and HD. Of these 76 patients, 3are thus at increased risk for CMV disease when CD34-selected
patients (3.9%) developed CMV disease and 2 patients died®?BSC are administered (Table 5A).
This incidence of CMV disease was not significantly increased CD34 selection resultsiia 2 to 3 logdepletion of lympho-
from the incidence seen in the whole unselected group (4.2%gytes. The impact of this depletion on immune reconstitution
or in the patients without hematological malignancies (4.6%). and susceptibility to infectious complications such as CMV has
CD34-selected PBSC are increasingly used with the hope ofiot been described in detail after autologous transplantation. In
reducing relapses by decreasing the number of tumor cellshe phase Ill study evaluating CD34 selected marrow grafts in
infused with the autograft. Data supporting an actual improve-breast cancer patients, immunological reconstitution for both
ment in disease-free survival for these patients are not yearms of the study was assessed at 100 days, 6 months, and 1
available!®13 To date, CD34-selected autologous PBSC haveyear after transplarif. By immunophenotyping, the number of
been administered mainly to patients with breast cancerNK and suppressor cells was normal by day 100 in both groups.
lymphoma, or MM. The published data with CD34-selected However, the number of CD4 cells in the CD34-selected group
autografts do not report an increased incidence of CMV diseasdid not reach normal levels until 1 year posttransplant. These
among CD34-selected autograft patients. The initial pilot stud-data were confirmed in the phase Il study evaluating CD34-
ies using CD34-selected autologous PBSC in patients with MMselected PBSC autografts in patients with MM/escio et al®
described 8 episodes of interstitial pneumonia resulting in 4report a significantly lower CD4 lymphocyte count at day 100
deaths in 74 transplanted patiefifsdUnfortunately, the number posttransplant in patients receiving CD34-selected autografts
of CMV-seropositive patients that were treated is not docu-that persisted until 1 year posttransplant. Additionally, Lemoli
mented. If one assumes a 50% incidence of CMV-seropositiveet aP® studied immune reconstitution in 13 patients with MM
patients and that all of the cases of interstitial pneumoniawho received a CD34-selected autologous product. They noted
occurred in CMV-seropositive patients, then the number ofthat the posttransplant absolute CD4 count in these patients was

DISCUSSION
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significantly lower than pretreatment levels, with rapid recovery CD34 selection on survival have yet to be demonstrated, future
of total number of lymphocyte and NK cells. Finally, Bom- studies using CD34-selected autologous PBSC should require
berger et & reported that the restoration of normal numbers of close patient monitoring for the development of infections,
both T and B cells were delayed during the first 2 months afterincluding CMV. In some patients, risks from pronounced
infusion of CD34-selected PBSC. Mainly CD@D8*, «/p immunodeficiency could reduce any potential therapeutic gains
TCR*, CD45R0O, and CD45 RA cells were noted to be from the infusion of CD34-selected cells.
circulating. Thus, there appears to be a loss of the diversity after
infusion of CD34-selected cells that is normally seen in the ACKNOWLEDGMENT
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S . . hris Davis is greatly appreciated. We express our gratitude to all
beyond 30 days had significantly lower numbers of circulating y,embers and staff of the Puget Sound Oncology Consortium who

lymphocytes at 30 days posttransplait= .03) as compared  enrolled their patients on study and provided us with follow-up.
with patients treated with unselected PBSC. This may indicate

delayed recovery of CMV-specific cytotoxic and helper T cells.
Nothing is yet known about immune reconstitution to CMV o )
after infusion of autologous CD34-selected PBSC. Indeed, little 1- Harousseau J-L, Attal M, Divine M, Marit G, Leblond V, Stoppa
is known about immune reconstitution to CMV after an A" Bourhis J-H, Caillot D, Boasson M, Abgrall J-F, Facon T,
3 Linassier C, Cahn J-Y, Lamy T, Troussard X, Gratecos N, Pignon B,
unselected autologous transplant. Recently, Reusserdet al

died th o i ii D ) Auzanneau G, Sugita K: Autologous stem cell transplantation after first
studied the reconstitution of CMV-specific CD&ytotoxic T remission induction treatment in multiple myeloma: A report of the

lymphocytes _(_CTL) and CD# T-helper (Th) cells in 15_ French Registry on autologous transplantation in multiple myeloma.
CMV-seropositive autologous transplant patients who receive®|ood 85:3077, 1995

autologous bone marrow or unselected PBSC. They found that 2. Antman KH, Rowlings PA, Vaughan WP, Pelz CJ, Fay JW, Fields
CMV-specific CD8 CTL and CD4 Th responses were re- KK, Freytes CO, Gale RP, Hillner BE, Holland HK, Kennedy MJ, Klein
stored in the majority of patients within the first 3 months and JP., Lazarus HM, McCarthy PL Jr, Saez R, Spitzer G, Stadtmauer EA,
that the presence of CD8CTL activity afforded protection ~ Wiliams SF, Wolff S, Sobocinski KA, Armitage JO, Horowitz MM:
from CMV infection. Brugger et & have speculated that a High-dose chemotherapy with autologous hematopoietic stem-cell

higher incidence of viral infections within the first 3 months support for breast cancer in North America. J Clin Oncol 15:1870, 1997
9 3. Brunvand MW, Bensinger WI, Soll E, Weaver CH, Rowley SD,

after autolog9u§ transplant. may be a result of these T'Celkppelbaum FR, Lilleby K, Clift RA, Gooley TA, Press OW, Fefer A,
def?Cts- Preliminary data in our |ab°rator}’ Sh.OW that thestorp R, Sanders JE, Martin PL, Chauncey T, Maziarz RT, Zuckerman
patients who developed CMV disease after infusion of CD34-N, Montgomery P, Dorn R, Weiden PL, Demirer T, Holmberg LA,
selected PBSC had the lowest number of CD3, CD4, and CD&chiffman K, McSweeney PA, Buckner CD: High-dose fractionated
cells in their stem cell product. All of these studies point to thetotal-body irradiation, etoposide and cyclophosphamide for treatment of
existence of more profound immunodeficiency early after themalignant lymphoma: Comparison of autologous bone marrow and
infusion of CD34-selected PBSC as compared with unselectederiPheral blood stem celis. Bone Marrow Transplant 18:131, 1996
autologous PBSC. Unfortunately, this study was a retrospective 4 G€rtz. MA, Witzig TE, Pineda AA, Greipp P, Kyle RA, Litzow

- h . .. MR: Monoclonal plasma cells in the blood stem cell harvest from
analysis and data were not available on the immune reconstitu-_ . . . : )
. . patients with multiple myeloma are associated with shortened relapse-
tion of these patients after transplant.

N ) . . free survival after transplant. Bone Marrow Transplant 19:337, 1997
Studies in patients receiving an allogeneic transplant have 5 prenner MK, Rill DR, Moen RC, Krance RA, Mirro J Jr,

shown that administration of ganciclovir or foscarnet after Anderson WF, Ihle JN: Gene-marking to trace the origin of relapse after
documentation of CMV excretion in blood, urine, or throat can autologous bone marrow transplantation. Lancet 341:85, 1993
prevent the occurrence of CMV disease. More recently, earlier 6. Abonour R, Scott KM, Kunkel LA, Robertson MJ, Hromas R,
detection in blood by CMV antigenemia or polymerase chainGraves V, Lazaridis EN, Cripe L, Gharpure V, Traycoff CM, Mills B,
reaction (PCR) assays may allow prompt intervention toSrour EF, Cornetta K: Autologous transplantation of mobilized periph-
prevent disease in recipients of allogeneic transpREffse-41 era_l blood_ CD3§ cells selected by immunomagnetic procedures in
In this situation, plasma PCR of CMV DNA appears to be both patients with multiple myeloma. Bone Marrow Transplant 22:957, 1998

iti d 2 In th t study. 2 patient h 7. Schiller G, Vescio R, Freytes C, Spitzer G, Sahebi F, Lee M, Wu
Sensitive and speciift. In the present study, - patients who CH, Cau J, Lee JC, Hong CH: Transplantation of CD3ripheral

received CD34-selected autologous PBSC developed CMV} o4 progenitor cells after high-dose chemotherapy for patients with
disease despite weekly testing for CMV antigenemia. This mayagvanced multiple myeloma. Blood 86:390, 1995

indicate that, in patients receiving CD34-selected PBSC, the 8. Lemoli RM, Fortuna A, Motta MR, Rizzi S, Giudice V, Nannetti
standard CMV screening test for infection is too insensitive justA, Martinelli G, Cavo M, Amabile M, Mangianti S, Fogli M, Conte R,
before or immediately after engraftment, perhaps due to lowTura S: Concomitant mobilization of plasma cells and hematopoietic
numbers of circulating leukocytes during this period. We progenitors into peripheral blood of multiple myeloma patients: Posi-
believe that, given this increased incidence of CMV diseasdive selection and transplantation of enriched CD2#lls to remove
among CD34-selected autologous stem cell recipients, closgreulating tumor cells. Blood 87:1625,1996

monitoring and anti-CMV preventive therapy are needed in 9. Mahe B, Milpied N, Hermouet S, Robillard N, Moreau P,

. . . etortorec S, Rapp MJ, Bataille R, Harousseau JL: G-CSF alone
seropositive patients receiving autologous CD34-selected PBS obilizes sufficient peripheral blood CD34cells for positive selection

We have instituted a policy at the FHCRC that incorporates, newly diagnosed patients with myeloma. Br J Haematol 92:263, 1996

early monitoring by plasma PCR followed by antigenemia 19, shpall EJ, LeMaistre CF, Holland K, Ball E, Jones RB, Saral R,
testing after engraftment and antiviral treatment for thosejacobs C, Heimfeld S, Berenson R, Champlin R: A prospective

patients with positive results. Because the definitive benefits ofandomized trial of buffy coat versus CD34-selected autologous bone

REFERENCES

20z aunr g0 uo 3sanb Aq Jpd'6201/9826591/620v/2)/y6/4Pd-ajo1e/poojdjeusuoleslqndyse//:diy woly papeojumoq



INCREASED CMV DISEASE WITH CD34 SELECTION 4035

marrow support in high-risk breast cancer patients receiving high-dos@neumonitis following autologous bone marrow transplantation. Trans-
chemotherapy. Blood 90:4313, 1997 plantation 46:61, 1988

11. Nachbaur D, Fink FM, Nussbaumer W, Gachter A, Kropshofer 26. Ljungman P, Biron P, Bosi A, Chan JY, Goldstone AH, Gorin
G, Ludesher C, Niederwieser D: CD34%elected autologous peripheral NC, Link H, Messina C, Michallet M, Richard C, Verdonck L: Cyto-
blood stem cell transplantation (PBSCT) in patients with poor-risk megalovirus interstitial pneumonia in autologous bone marrow trans-
hematological malignancies and solid tumors. A single-center experiplant recipients. Infectious Disease Working Party of the European Group
ence. Bone Marrow Transplant 20:827, 1997 for Bone Marrow TransplantatioBone Marrow Transplant 13:209, 1994

12. McQuaker IG, Haynes AP, Anderson S, Stainer C, Owne RG, 27. SakumaH, Hosoya M, Kanno H, Kikuta A, Konno K, Kawano 'Y,
Morgan GJ, Lumley M, Milligan D, Fletcher J, Bessell EM, Davis JM, Takaye Y, Shigeta S, Suzuki H: Risk of cytomegalovirus infection after

Russell NH: Engraftment and molecular monitoring of CB3deriph- peripheral blood stem cell transplantation. Bone Marrow Transplant
eral-blood stem-cell transplants for follicular ymphoma: A pilot study. J 19:49, 1997
Clin Oncol 15:2288, 1997 28. Boeckh M, Steven-Ayers T, Bowden RA: Cytomegalovirus pp65

13. Vescio R, Schiller G, Stewart AK, Ballester O, Noga S, Rugo H, antigenemia after autologous marrow and peripheral blood stem cell
Freytes C, Stadtmauer E, Tarantolo S, Sahebi F, Stiff P, Meharchard dransplantation. Infect Dis 174:907, 1996
Schlossman R, Brown R, Tully H, Benyunes M, Jacobs C, Berenson R, 29. Rowley SD, Bensinger WI, Gooly TA, Buckner CD: The effect
DiPersio J, Anderson K, Berenson J: Multi-center phase Il triaMaluate of cell concentration on bone marrow and peripheral blood stem cell
CD34" selected versus unselected autologous peripheral blood progenéryopreservation. Blood 83:2731, 1994
tor cell transplantation in multiple myeloma. Blood 93:1858, 1999 30. Rowley SD, Loken M, Radich J, Kunkle LA, Mills BJ, Gooley T,

14. Bacigalupo A, Mordini N, Pitto A, Piaggio G, Podesta M, Holmberg L, McSweeney P, Beach K, MacLeod B, Appelbaum F,
Benvenuto F, van Lint MT, Valbonesi M, Lercari G, Carlier P, Bensinger WI: Isolation of CD34cells from blood stem cell compo-
Lamparelli T, Gualandi F, Occhini D, Bregante S, Figari O, Soracco M, nents using the Baxter Isolex system. Bone Marrow Transplant
Vassallo F, DeStefano G: Transplantation of HLA-mismatched CB34 21:1253, 1998
selected cells in patients with advanced malignancies: Severe immuno- 31. Boeckh M, Gooley TA, Myerson D, Cunningham T: Cytomega-
deficiency and related complications. Br J Haematol 98:760, 1997 lovirus pp65 antigenemia-guided early treatment with ganciclovir

15. Matsuda Y, Hara J, Osugi Y, Fujisaki H, Takai K, Ohta H, versus ganciclovir at engraftment after allogeneic marrow transplanta-
Nakanishi K, Tokimasa S, Miyoshi H, Tanaka-Taya K, Yamanishi K, tion: Arandomized double-blind study. Blood 88:4063, 1996
Okada S: Allogeneic peripheral stem cell transplantation using posi- 32. Prentice RL, Kalhfleisch JD: The Statistical Analysis of Failure
tively selected CD34 cells from HLA-mismatched donors. Bone Time Data. New York, NY, Wiley, 1980
Marrow Transplant 21:355, 1998 33. Rothman KJ: Modern Epidemiology. Boston, MA, Little, Brown,

16. Link H, Arseniev L, Ljungman P: Final results of cytomegalovi- 1986
rus infections after allogeneic peripheral blood progenitor cell transplan- 34. Gleaves CA, Reed EC, Hackman RC, Myers JD: Rapid diagno-
tation: An EBMT Survey. Blood 92:281, 1998 sis of invasive cytomegalovirus infection by examination of tissue

17. Miyamoto T, Gondo H, Miyoshi Y, Shigematsu H, Minematsu T, specimens in centrifugation culture. Am J Clin Pathol 88:354, 1987
Takenaka K, Tanimoto K, Horiuchi T, Asano Y, Inaba S, Minamishima  35. Lemoli RM, Fortuna A, Raspadori D, Ventura MA, Martinelli G,

Y, Niho Y: Early viral complications following CD34-selected autolo- Gozzetti A, Leopardi G, Ratta M, Caro M, Tura S: Selection and
gous peripheral blood stem cell transplantation for non-Hodgkin'stransplantation of autologous hematopoietic CB3gells for patients
lymphoma. Br J Haematol 100:348, 1998 with multiple myeloma. Leuk Lymphoma 26:1, 1997 (suppl 1)

18. Sica S, Salutari P, Orto La Barbera E, Sora F, Piccirillo N, Leone 36. Bomberger C, Singh-Jairam M, Rodey G, Guerriero A, Yeager
G: Infectious complications after CD34-selected autologous peripheraAM, Fleming WH, Holland HK, Waller EK: Lymphoid reconstitution
blood stem cell transplantation. Br J Haematol 101:592, 1998 after autologous PBSC transplantation with FACS-sorted CD34

19. Peniket AJ, Perry AR, Williams CD, MacMillan A, Watts MJ, hematopoietic progenitors. Blood 91:2588, 1998
Issacson PG, Goldstine AH, Linck DC: A case of EBV-associated 37. Reusser P, Attenhofer R, Hebart H, Helg C, Chapuis B, Einsele
lymphoproliferative disease following high-dose therapy and CD34-H: Cytomegalovirus-specific T-cell immunity in recipients of autolo-
purified autologous peripheral blood progenitor cell transplantation.gous peripheral blood stem cell or bone marrow transplants. Blood
Bone Marrow Transplant 22:307, 1998 89:3873, 1997

20. Nachbaur D, Kropshofer G, Feichtinger H, Allerberger F, 38. Brugger W, Heimfeld S, Berenson RJ, Mertelsmann R, Kanz L:
Niederwieser Dj: Cryptosporidiosis after CD34-selected autologousReconstitution of hematopoiesis after high-dose chemotherapyutnfo-
peripheral blood stem cell transplantation (PBSCT). Treatment withgous progenitor cells generated ex vivo. N Engl J Med 333:283, 1995
paromomycin, azithromycin, and recombinant human interleukin-2. 39. Boeckh M, Bowden RA, Goodrich JM, Pettigner M, Meyers JD:
Bone Marrow Transplant 19:1261, 1997 Cytomegalovirus antigen detection in peripheral blood leukocytes after

21. Boeckh M, Boivin G: Quantitation of cytomegalovirus: Methodo- allogeneic marrow transplantation. Blood 80:1358, 1992
logic aspects and clinical applications. Clin Microbiol Rev 11:533,1998 40. Hebart H, Schroder A, Loffler J, Klingebiel T, Martin H,

22. Boeckh M, Bowden RA: Cytomegalovirus infection in marrow Wassmann B, Gerneth F, Rabenaw H, Jahn G, Kanz L, Muller CA,
transplantation, in Buckner CD, Clift RA (eds): Technical and Biologi- Einsele H: Cytomegalovirus monitoring by polymerase chain reaction
cal Components of Marrow Transplantation. Boston, MA, Kluwer of whole blood samples from patients undergoing autologous bone

Academic, 1995, p 97 marrow or peripheral blood progenitor cell transplantation. J Infect Dis
23. Ljungman P: Immune reconstitution and viral infections after 175:1490, 1997
stem cell transplantation. Bone Marrow Transplant 21:572, 1998 41. Boeckh M, Bowden RA, Gooley T, Myerson D, Corey L:

24. Wingard JR, Chen DY, Burns WH, Fuller DJ, Braine HG, Yeager Successful modificiation of a pp65 antigenemia-based early treatment
AM, Kaiser H, Burke PJ, Graham ML, Santos GW, Saral R: Cytomega-strategy for prevention of cytomegalovirus disease in allogeneic
lovirus infection after autologous bone marrow transplantation with marrow transpant recipients. Blood 93:1781, 1999 (letter)
comparison to infection after allogeneic bone marrow transplantation. 42. Limaye AP, Stensland L, Ryncarz A, Corey L, Boeckh M: CMV
Blood 71:1432, 1988 DNA load in plasma for the diagnosis of CMV disease before

25. Wingard JR, Sostrin MB, Vriesendorp HM, Mellits ED, Santos engraftment after marrow transplantation. Clin Infect Dis 27:931, 1998
GW, Fuller DJ, Braine HG, Yeager AM, Burns WH, Saral R: Interstitial (abstr 61)

20z aunr g0 uo 3sanb Aq Jpd'6201/9826591/620v/2)/y6/4Pd-ajo1e/poojdjeusuoleslqndyse//:diy woly papeojumoq



