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The impact of cell dose (number of
nucleated donor cells per kilogram recipi-
ent weight) on transplantation outcome is
controversial and may differ for alloge-
neic and identical twin (syngeneic) bone
marrow transplants. We studied the asso-
ciation between cell dose and outcome in
100 unmanipulated identical twin bone
marrow transplantations for leukemia,
reported to the International Bone Mar-
row Transplant Registry between 1985

Median follow-up was 75 months. Five-
year cumulative incidences of transplant-
related mortality with high (more than
3 x 108 cells/kg) versus low (less than or
equal to 3 x 108 cells/kg) cell doses were
2% (95% confidence interval [CI], 0% to 8%)
versus 10% (95% ClI, 4% to 20%), respec-
tively. Five-year probabilities of leukemia-
free survival were 53% (95% CI, 39% to
67%) and 37% (95% CI, 23% to 52%),
respectively. In multivariate analysis,

(relapse or death) than those receiving
low cell doses (RR, 0.27; 95% CI, 0.12 to
0.6; P =.001). Lower treatment failure
resulted from fewer relapses in the high
cell dose group (RR for relapse, 0.28; 95%
Cl, 1.2 to 0.66; P = .003). These findings
suggest that outcomes after syngeneic
bone marrow transplantation could be
improved by transplanting more than
3 x 108 nucleated cells per kilogram. The
benefit of high cell dose on relapse may

and 1994, using Cox proportional hazards
regression for multivariate analyses. Cell
doses ranged from 0.3to 7.4 % 108 nucle-
ated cells/kg (median, 3.0 x 108cells/kg).

among patients surviving in remission at
least 9 months after transplantation, those
receiving high cell doses were at signifi-
cantly lower risk for treatment failure

represent a delayed graft-versus-leuke-
mia effect. (Blood. 2000;95:3323-3327)
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Introduction

Bone marrow transplantations for leukemia using identical twidoses are associated with higher transplant-related mortality rates,
donors have low transplant-related mortality rates and negligibigth variable impacts on incidence and severity of acute GVHD.
graft-versus-host disease (GVHD) but higher risks for leukemBecause proportions of cell types in grafts vary, it is not possible to
relapse than allografts? Factors determining outcome after identi-determine whether lymphocytes, stem cells, or both are responsible
cal twin bone marrow transplantation may differ significantly fronfior these cell dose effect$.However, in a study of T-cell-depleted
those determining allograft outcome because there are no allog#egrafts, low CD34- cell doses (less than 9Bg) resulted in

neic effects. They may also differ from autotransplants because ttigher early transplant-related deaths.

graft was not previously exposed to cytotoxic agents and is not at In syngeneic bone marrow transplantation, cell dose is one of
risk for leukemia contamination. In relafetand unrelatetidonor the few variables (other than the preparative regimen) that can be
allogeneic bone marrow transplantation, low nucleated graft celbntrolled. It is therefore important to determine its impact on
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transplantation outcome. We studied this effect in 100 syngenéicore than 3.0 versus less than or equal toX3.00° nucleated cells/kg) had
transplantations reported to the International Bone Marrow Trarislime-varying effect on relapse and treatment failure. Various cut points
plant Registry (IBMTR). were te_stec_i for the early versus late effect; the cut point giving the greatgst
discrimination between early and late effects was selected for regression
analysis. At the optimum cut points, proportionality assumptions were

. again tested to validate proportionality between the high and low cell dose
Patients and methods groups. A forward stepwise model was used to identify the factors
significantly associated with outcomes. Within each model one additional
significant factor was added at each step, and the remaining factors were
Patients receiving an identical twin bone marrow transplant for acufgexamined. When all covariates significaniat .05 were entered, model

myelogenous leukemia (AML), acute lymphoblastic leukemia (ALL), opuilding was stopped. First-order interactions between each significant

chronic myelogenous leukemia (CML) between 1985 and 1994 wef@ariate and the main effect of cell dose were also examined. Adjusted

identified in the IBMTR research database. From 150 potentially eligibRyoPapilities of LFS were generated from the final Cox model stratified on
identical twin bone marrow transplants, we studied 100 patients wig§!l dose _and we|g_hted averages of COY"?‘T'ateS using the sample proportion
received a conditioning regimen of cyclophosphamide and total bo th_e \_Nelghtfunctlon.AdJusted p_rqbabllltles represent predicted outcomes
irradiation (CyTBI) or busulfan and cyclophosphamide (BuCy), with n r similar groups of patients receiving each treatment.

GVHD prophylaxis, and with complete data on nucleated cell dose
Twenty-seven patients were excluded because a different conditioning
regimen was used, 19 because GVHD prophylaxis was given, andResults
because data on cell dose were unavailable.

Patient selection

Patient characteristics and overall outcome

Out . I . .
utecomes Patient characteristics are shown in Table 1. In the higher cell dose

The primary outcome was time to treatment failure, defined as time to degffoup, there was a significantly greater number of transplants
or relapse, the inverse of leukemia-free survival (LFS). Other outcomes
analyzed were treatment-related mortality (time to death in continuoulj

. . . L f,%ble 1. Patient-, disease-, and transplant-related characteristics
complete remission), leukemia relapse (time to onset of clinical

hematologic leukemia recurrence), survival, and cause of death. Cell dose
=3.0 X 108 >3.0 X 108
International Bone Marrow Transplant Registry Variable N cells/kg N cells/kg P
The IBMTR is a voluntary working group of more than 350 transplantumber of patients 50 50
teams worldwide who contribute detailed data on their allogeneic amtpease type 50 50 48
syngeneic blood and bone marrow transplantations to the Statistical CentéML 21 (42) 27 (54)
at the Medical College of Wisconsin. Participants are required to report alALL 14 (28) 11 (22)
consecutive transplantations; compliance is monitored by on-site auditsCML 15 (30) 12 (24)
Approximately 60% of all active transplant centers report their data to tiisease stage before trans-
IBMTR. The IBMTR database includes 40% to 45% of all recipients of Plantation 50 50 07
allogeneic and syngeneic transplants since 1970. Patients are followed U™ 38 (76) 27.(54)
longitudinally. Computerized error checks, physician review of submitted '"termediate 8 (16) 16 (32)
data, and on-site audits of participating centers ensure data quality. Advanced 4(8) 7314
Male sex 50  36(72) 50 22 (44) .01

Statistical methods Age at transplantation, years 50 27 (5-59) 50 26 (5-59) 81

. i . . . Year of transplantation 50 50 .32
Using treat_ment failure as the outcome, we first examined cut p0|.nts of cell gg5.19g8 25 (50) 20 (40)
dose ranging from 25 to 38 10° nuclegted cells/kg to determine the ;4591994 25 (50) 30 (60)
value that best discriminated bgtween high anq Iow_ cell doses. Cell d(&ﬁdmonmg regimen 50 50 83
was subsequently treated as a dichotomous v_arlable inall a_na_lyses—gr_eat@JCY + other 18 (36) 17 (34)
than'v'ersus' equal to or less than the cut point. Characteristics of Pat'e”E?mi + other 32 (64) 33 (66)
receiving high versus low nucl_eated cell doses were compared using Bi8ent CMV-positive 5 22 (49) a4 20 (45) 75
ch|-§quare sta_tlstlc and the Wllcoxon ranl_< Sl_Jm_test for categorical aBgnorCMV-positive 2 18 (41) 42 16 (38) 79
continuous varlables, respectlvely. Cumulative |nC|den_ce ratgs of transplqggr—nofsky score, =80% 50 8 (16) 50 10 (20) 60
related mortality, Igukemla relapse, and Kaplan—_Me|er estimates of LR diagnosis 26 18 (1-371) 5 24 (1-490) 24
were compared using the log-rank t&8€ox proportional hazards regres- Neutrophil >0.5 % 109/L,
sion was used to examine the effect of cell dose on transplant-related median, days 49 17 (9-34) 46 14 (8-52) 3o
mortality rate, relapse rate, and treatment failure in multivariate analysggtelets >25 x 10/,
adjusting for other significant covariat&sBecause cell dose was the main  median, days 50 23 (0-85) 43 18 (5-248) 15*
variable of interest, all models contained the dichotomous cell doseute GVHD 50 49 51
covariate (high versus low). Other factors considered in multivariate modeNone 46 (92) 43 (88)
building were disease type (AML versus ALL versus CML); disease stageGrade | 3(8) 2 (4)
(advanced [refractory or relapsed acute leukemia, blastic-phase CMLErade i 1(2) 3(6)
versus intermediate [acute leukemia in second or higher remissionGrade Il 0(0) 1(2)
accelerated-phase CML] versus early [acute leukemia in first remissi@nyronic GVHD 48 48 21
chronic-phase CMLY]); recipient and donor sex (female versus male); yeaNone 48 (100) 45 (94)
of transplantation (1989-1994 versus 1985-1988); conditioning regimertimited 0(0) 3(6)
(CyTBI versus BuCy); white blood cell (WBC) count at diagnosis (greateviedian follow-up, months 77.4 74.6 22%

than or equal to 25 versus less than>23.(°/L); Karnofsky score (greater . .

0 0 *Log-rank test.
thijn Orsqugl 10 90% Vzersus less than or equar: to 80%) ar_]d ag;—:‘ at tran_Splan}\ML, acute myelogenous leukemia; ALL, acute lymphoblastic leukemia; CML,
(older than 25 V_ersus 5 years or younger). The assumption 0 pI’OpOIftIOE\rq[mic myelogenous leukemia; TX, transplant; Bu, busulfan; Cy, cyclophosphamide;
hazards over time was tested for all explanatory covariates usingT@, total body irradiation; CMV, cytomegalovirus; WBC, white blood cells; DX,
time-dependent covariate. The tests indicated that high versus low cell dasgnosis; GVHD, graft-versus-host disease.
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between female twinﬂ: 01) and a trend toward more advancedable 2. Relativt_e risk O_f trar\splant-related mortality, relapse,
diseaseR = .07). Body weights were somewhat lower in the higiind reatment failure with high versus low cell doses

cell dose group (59 vs 67 k@ = .05). Otherwise the 2 groups Event Variable RR (95% CI) a
were similar. Transplant-related  High vs low cell dose 0.16 (0.02-1.29) .08

Cell doses ranged from 0.3 to 7)9103”(9 recipient We|gh’[ mortality Advanced vs early/int disease 5.97 (1.14-31.31) .03
Between cut points of 2.5-3.8 108, we found that a cut point at Relapse High vs low cell dose:

First 9 mos after transplantation 1.65 (0.69-3.95) .26

approximately the median of 30 10° nucleated cells/kg gave the
>9 mos after transplantation 0.28 (0.12-0.66) .003

greatest discrimination for treatment failure risk between high

(I’l = 50: median dose, 3.8 108/kg) and low (n: 50: median C\;ﬂgznie; vsnea:Iy/mtdlsease 6.21 (2.66-14.47) <.001
dose, 2.3 108_/kg) dose_s. Fifty-nine of 100 patients were alive at >25avs igzsoisloglL 256(139-4.69) 002
last contact, with a median follow-up of 75 months (range, 4 to 146 CyTBIvs BUCY for conditioning ~ 0.51 (0.28-092) .02
months). Five-year probabilities (95% CI) of overall survival angheament failure ~ High vs low cell dose:
LFS were 58% (48% to 68%) and 45% (35% to 55%), respectively. First 9 mos after transplantation 1.16 (0.53-2.53) .71
Five-year cumulative incidence rates of transplant-related mortal- >9 mos after transplantation ~ 0.27 (0.12-0.60)  .001
ity and relapse were 6% (2% to 12%) and 49% (38% to 59%), Advanced vs early/int disease 6.14 (2.87-13.12) <.001
respectively. Thirty-four recipients died of recurrent leukemia and WBC at diagnosis
6 of transplant-related causes. >25vs =25 X 109/L 2.42(1.39-421)  .002
CyTBI vs BuCY for conditioning 0.57 (0.33-0.99) .05
Comparison of high and low cell doses Karnofsky score =90% vs <90%  0.49 (0.24-0.99) .05

Hematologic recoveryThere was a nonsignificant trend toward RR, relative risk;_ CI,_cqnﬁdence interval; int, intermediate; Cy, cyclophospha-
slower recovery of neutrophil®(= .32) and plateletsi( = .15) jn  ™ae T8B! total bodyirradiation; Bu, busulfan.
the low cell dose group (Table 1).

GVHD. A clinical syndrome consistent with acute GVHDtransplant-related mortality in multivariate analysis was advanced
developed in 10 patients. The median onset was 16 days (rangjéease versus early or intermediate stage disease (RR, 5.97; 95%
7-31 days) after transplantation. In 7 patients (biopsy taken in %!, 1.14 to 31.31P = .03). Table 3 compares treatment-related
GVHD affected only skin, and its severity was stage | or Il. Almortality rates in high and low cell dose groups according to
patients received topical or systemic steroids, and GVHD resolvéigease and treatment characteristics. Treatment-related mortality
in a median of 16 days (range, 10 to 45 days). Three patients Haées were higher in the low cell dose group in all categories.
clinical features (no biopsies) of more extensive GVHD that Relapse.Five-year cumulative incidence rates of relapse with
affected skin, gut, and liver (overall grades II, II, and Il). Afterhigh versus low cell doses were 45% (31% to 59%) versus 53%
treatment with systemic steroids with or without other agent§38% to 67%), respectively(= .19) (Figure 2). In multivariate
GVHD resolved in 1 patient after 25 days; in 2 patients i@nalysis, cell dose had a time-varying effect on relapse (Table 2).
progressed to limited chronic GVHD. Median nucleated cell doghe maximum likelihood method indicated that the relative hazard
in these 10 patients was 3.3 (range, 1.1 to X 7)F/kg; 4 patients for relapse changed at approximately 9 months after transplanta-
received fewer than & 108 nucleated cells/kg. De novo chroniction. In the first 9 months after transplantation, the risk for relapse
GVHD did not develop in any patient. was_si_milgr in th_e high and low cell dose groups. Among patients

Transplant-related mortality.Five-year cumulative incidence SUrvIving in remission 9 months after transplantation, the relative

rates of transplant-related mortality with high versus low cell dos&$K for subsequent relapse in the high versus low cell dose groups
were 2% (0% to 8%) versus 10% (3% to 20%), respectivelyaS 0.28 (95% Cl,0.12 t0 0.68;,= .003). Otherfaptors assquated
(univariate log rank testP = .04) (Figure 1). In multivariate with increased relapse risk were advanced disease, high WBC

analysis, the relative risk of transplant-related mortality with higﬁOunt at diagnosis.,. aqd use of BuCY rather than QyTBI for
versus low cell doses was 0.16 (95% CI, 0.02 to 1R28: .08) pretransplant conditioning. Table 3 compares relapse in high and

(Table 2). The only other factor significantly associated Withow cell dose groups according to disease and treatment character-
Istics. For all subcategories, patients receiving low cell doses had

-1 Table 3. Frequencies of relapse and treatment-related mortality
according to disease and treatment characteristics

Treatment-related

0.8

related mortality

Relapse mortality rates
Low cell High cell Low cell High cell
< | dose (%) dose (%) dose (%) dose (%)
£ Disease
% Acute leukemia 16/35 (46)  16/38 (42)  5/35 (14) 1/38 (3)
21 CML 12/15 (80) 6/12 (55)  1/15(7) 0/12 (0)
Stage before transplantation
Early 22/38 (58) 9/27 (33)  4/38 (11) 1/27 (4)
A
d Low dose (N=50) Intermediate 5/8 (62) 6/16 (38) 0/8 (0) 0/16 (0)
© Advanced 1/4 (25) 7/7 (100)  2/4 (50) 0/7 (0)
High dose (N=50) ' .
o | WBC at diagnosis
gy - T T T T T =25 x 10%L 11/29 (38) 11/28 (39)  3/29 (10) 1/28 (4)
0 2 4 6 8 10 >25 X 109/L 17/21 (81)  11/22(50)  3/21(14)  0/22 (0)
Years since transplant A
Conditioning
Figure 1. Cumulative incidence rates of transplant-related mortality after BuCY 12/18 (67) 8/17 (47) 2/18 (11) 0/17 (0)
) . . ) . . s
identical twin bone marrow transplantations with high (more than 3 X 10 cyTBI 16132 (50) 14133 (42) 4132 (13) 1/33 (3)

cells/kg) versus low (less than or equal to 3 % 108 cells/kg) cell doses.
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o intermediate or advanced leukemia; age older than 25 years; male
or female sex; presenting WBC count more than or less than
25 x 10°/L; and BUCY or CyTBI conditioning regimens.

Causes of death are shown in Table 4. Fifteen of 50 patients in

0.8

§ Low dose (N=50) the high-dose group died, 14 from leukemia relapse and 1 from
j < transplant-related causes; 26 of 50 patients in the low-dose group
High dose (N50) died, 20 from relapse and 5 from transplant-related causes.

E Discussion

02

In this series of patients receiving identical twin bone marrow
transplants for leukemia, we found almost a log variation in
nucleated bone marrow cell doses given. High-nucleated cell doses

0.0

o N 4 . s 0 were associated with significantly lower late relapse rates and
Years since transplant superior LFS. A statistically nonsignificant reduction in transplant-
Figure 2. Cumulative incidence rates of relapse after identical twin bone related mortality might also have contributed to the higher LFS.
marrow transplantations with high (more than 3 x 108 cells/kg) versus low We Sought confounding variables that could exp|ain these

less th o3 x 10° cellsikg) cell doses. o — ) _
(less than orequalto cellsikg) cell dases findings. In multivariate analysis, other factors independently

] ) o ) associated with the risk for relapse, LFS, or both were advanced
higher relapse frequencies than those receiving high cell dosggease, presenting WBC, pretransplant conditioning regimen, and
except for patients with advanced disease. However, only 4 patieptgransplant Karnofsky score. A favorable effect of high cell dose
with advanced disease received low cell doses, and 2 of them djgd | Fs \was apparent in all these categories. Although we were
of treatment—rela_lted causes. ) . unable to identify a confounding variable, it remains possible that

Treatment failure. Cell dose also had a time-varying effect 0, ;o5 not analyzed here could be responsible for the findings.
treatment failure (relapse or death) in multivariate analysis (Table .. ihen may these results be interpreted? An effect of high
2).' In the first.9 .morl’nths aﬁgr transplantation, the risk for treatmeg{em cell dose improving survival might be robust hematologic and
failure was similar in the high and low cell dose groups. Amonﬂnmunologic recovery, reducing early complications of infec-

patie_nts _s,urviving in remission 9 month; aftc_er transp lantation, tIf\(cabn.SyllThere was a small and not statistically significant difference
relative risk for subsequent treatment failure in the high versus low

cell dose groups was 0.27 (95% Cl, 0.12 to (< .01). Other in neutrophil and platelet recovery between recipients of high and

) . . . . low nucleated cell doses. However, any improvement in hemato-
factors associated with higher risks for treatment failure we ; any imp

e . . :
advanced disease, high WBC count at diagnosis, BUCY rather tt{gﬂlc recovery from hlgher transplant c_eII doses did not affect early

S ransplant-related mortality rates, which were very low (only 2
CyTBI for pretransplant conditioning, and Karnofsky score less

than 90% before transplantation. These significant factors wi r%tlents in each group died befor.e.day 100). 1t wou!d be necessary
considered in calculating adjusted probabilities of LFS. Suc analyze larger numbers of recipients .Of syngeneic transplants to
adjusted probabilities represent predicted probabilities of LFS fgptermme wht_ather the sn;all de;:reage n probablllty of tra_nsplant-
similar groups of patients receiving high or low cell doses. Afterrel"jlted mortality rates (10% tq 2%) with a hlgher cell'dose is real,
adjusting for these prognostic factors, 5-year probabilities of LF Bone marrow transplantations from |dent|cgl twin donors are
were 55% (43% to 67%) and 36% (24% to 49%) for the high vers$ aract.erlzgd by low tran_splant-related mortality rates but rela-
low cell dose groups, respectively & .05) (Figure 3). There were _tlvely high risks for Ieukemla_relap§é.Transplantfrelated mortal-
no significant interactions between other prognostic variables alfy ates are low because immune recovery is favored by the
the cell dose effect. The lower risk for treatment failure with highetSence of GVHD prophylaxis and is only occasionally compro-
cell doses was significant for the following subgroups: early arfgised by the development of GVHD. Relapse is presumed to be
higher because residual leukemia does not present alloantigens to

donor cellsi2 Attempts to reduce relapse after syngeneic transplan-
tation have involved intensifying the preparative regimen or
vaccination of the donor with irradiated leukemia cells of the
recipient!3-15 Neither approach is clearly beneficial. Because the
dose of marrow cells is, within limits, under the control of the
clinician and because in syngeneic transplantation there are no
obvious contraindications to increasing lymphocyte dose, the

1.0

0.8

0.6

f leukemia-free survival

High dose (N=50)
= ——+—

04

g —| Table 4. Causes of death by cell dose
& H:
3 L Cell dose
9 m Cause of death =3.0 X 108 cells/kg >3.0 X 108 cells/kg
Low dose (N=50)
Primary leukemia 20 14
o | Interstitial pneumonitis 1 0
<L T T T : Viral infection 1 0
¢ 2 ¢ 6 8 10 Organ failure 2 0
Years since (ransplant Hemorrhage 1 0
Figure 3. Adjusted probabilities of leukemia-free survival rates after identical Other or unknown 1 1
twin bone marrow transplantations with high (more than 3 x 108 cells/kg) Total number of deaths 26 15

versus low (less than orequalto 3 x 108 cells/kg) cell doses.
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finding that cell dose may influence relapse is important. Insighhd low cell doses, ruling out GVHD per se as the cause of lower
into potential mechanisms for this effect would have been helpeelapse rates in recipients of high cell doses. A syngeneic GVL
by analysis of CD34 cell and T-cell doses, which were unavail-effect might be conferred in 2 alternative waysligh nucleated
able for most patients. High nucleated marrow cell doses arecell dose transplants include more T lymphocyteghich might
surrogate for higher stem cell doses and higher lymphocyte dosiesiuce syngeneic GVL in the absence of clinical GVHD. Full
but the relationship between these 2 components is imprétisel-cell-mediated immune recovery, though faster after syngeneic
Whatever the mechanism, a favorable effect of higher totalnsplantations than after allogeneic transplantations, still requires
nucleated cell dose on mortality rates is described in an aningdproximately 6 month® The delayed benefit of high cell dose on
model®and in several transplant serie5. relapse, apparent at 9 months after transplant, is therefore consis-
An effect of nucleated cell dose on relapse in identical twitent with a lymphocyte-mediated GVL mechanidriligher cell
bone marrow transplantations may be explained by a syngendisses might also provide more CD34 cells. High CD34 cell doses
graft-versus-leukemia (GVL) effect linked to syngeneic GVHDreduced relapse in 1 animal modél.
Well-documented reports of syngeneic GVHD indicate that some These findings support transplanting more thax B0 nucle-
form of immune response against a genetically identical recipiested marrow cells/kg to optimize identical twin bone marrow
may occur; this could theoretically include a GVL efféet®In this  transplant outcomes. They also indicate the importance of measur-
series, clinical features of GVHD developed in 10% of patientig individual cell components to better characterize the relation-
However the incidence of GVHD was similar in recipients of higlship between graft composition and outcome.
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