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Summary. The mobilization of peripheral blood stem cells
was studied in 984 multiple myeloma patients, including
106 patients aged ‡70 years. Increasing age correlated
inversely with CD34+ yield (P < 0Æ0001), but also with
‡12 months of prior standard chemotherapy (P ¼ 0Æ0001),
< 200 · 109/l platelets (P ¼ 0Æ0006) premobilization and
mobilization with growth factors only (P ¼ 0Æ0001). After
controlling for these age covariates, multivariate analysis
identified £12 months standard therapy and platelet count
‡200 · 109/l premobilization as favourable variables (both
P < 0Æ0001), while increasing patient age remained an
unfavourable factor (P ¼ 0Æ0009). With both favourable
variables, 85% of elderly patients collected ‡4 · 106/kg
CD34+ cells in a median of one collection. The effect of age
was incremental with no age threshold showing acceler-
ation in the decline of CD34+ yield. Chemotherapy signifi-

cantly increased CD34+ yield compared with growth
factors only. However, the subgroup of patients with
> 12 months prior therapy and premobilization platelet
count < 200 · 109/l mobilized as many CD34+ cells with
granulocyte colony-stimulating factor (G-CSF) alone as with
chemotherapy and haematopoietic growth factors. Increa-
sing patient age had no effect on post-transplant neutrophil
recovery, but significantly delayed platelet recovery
(‡ 50 · 109/l) if < 2 · 106/kg CD34+ cells were infused,
but this effect was eliminated completely with infusion of
‡4 · 106/kg CD34+ cells. Increasing age adversely affected
CD34+ yield even with limited premobilization therapy, indi-
cating that early collection is important in elderly patients.

Keywords: multiple myeloma, stem cell collection, age,
platelets, standard therapy.

Treatment of multiple myeloma with high-dose therapy
(HDT) has significantly improved complete remission rates,
event-free and overall survival compared with standard
chemotherapy (Attal et al, 1996; Barlogie et al, 1997).
Retrospective analyses suggest that the benefit of HDT
extends to older patients with myeloma (Palumbo et al,
1999; Siegel et al, 1999), which is an important finding
considering that the median age of patients with multiple
myeloma is 67 years. HDT resulted in superior disease
control in a significant fraction of elderly patients with
acceptable toxicity and minimal treatment-related mortality
(TRM) (Palumbo et al, 1999; Badros et al, 2001). The
reduction of TRM in patients receiving HDT for myeloma is
due in large part to the rapidity of haematopoietic recovery

with peripheral blood stem cell transplants. The ability to
collect large numbers of haematopoietic progenitors is a
prerequisite for the timely application of tandem trans-
plants, as practised at our Institution.

Although the ability to mobilize stem cells from healthy
donors shows little deterioration with age, the influence of
patient age on autologous stem cell collection is unclear and
studies in patients ‡70 years who have received prior
chemotherapy are completely lacking. Numerous studies
have failed to show an independent effect of patient age on
CD34+ mobilization. These include six studies specific to
multiple myeloma (Demirer et al, 1996; Goldschmidt et al,
1997; Guba et al, 1997; Marit et al, 1998; Desikan et al,
2001; Perea et al, 2001) and five studies that contained
over 200 patients each (Bensinger et al, 1995; Guba et al,
1997; Ketterer et al, 1998; Pecora et al, 1998; Clement
et al, 2000). A handful of small studies (with £70 patients/
study) have shown a correlation between patient age and
CD34+ mobilization (Bensinger et al, 1994; Canales et al,
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2000; Corso et al, 2000). However, subsequent studies from
these same centres, with larger numbers of patients, have
failed to find any correlation between patient age and
CD34+ cell yields (Bensinger et al, 1995; Demirer et al,
1996; Canales et al, 2001).

From studies of healthy elderly human subjects, it is
known that steady state haematopoiesis is preserved with
age, but that significant changes occur in how basal
haematopoiesis is maintained (Globerson, 1999). Up to
the age of 100 years, peripheral blood CD34+ cell numbers
show only a slight decline in numbers, and the quality of
these cells was indistinguishable from CD34+ cells obtained
from younger individuals in terms of ex-vivo colony forma-
tion as measured by number, size and colony morphology
(Bagnara et al, 2000). However, the profile of haematopoi-
etic cytokines that are important in the maintenance of
progenitor cells changes significantly with age (Fagiolo et al,
1993; Bagnara et al, 2000). These studies show that the
number of stem cells does not decline much with increasing
age, but the functional capacity of the early stem cell
compartment may decrease. It is reasonable to hypothesize
that as people age, chemotherapy may have differential
effects on the stem cell compartment and its functional
capacity.

This retrospective analysis was performed to identify the
parameters predicting the ability to mobilize adequate
numbers of peripheral blood stem cells in elderly patients
(aged ‡70 years) with myeloma. These parameters were
then adjusted across age groups to measure how CD34+ cell
mobilization was affected by patient age as opposed to other
risk variables already known to influence peripheral blood
stem cell mobilization.

PATIENTS AND METHODS

Patients and data sources. All patients had documented
symptomatic multiple myeloma and were enrolled on
Institutional Review Board approved autotransplant studies
after signing informed consent prior to initiation of therapy.
Data on age, premobilization platelet count, duration of
preceding standard therapy, mobilization regimen, CD34+

cell yield, percentage of bone marrow plasma cells, and
serum levels of creatinine, beta-2-microglobulin (B2M),
C-reactive protein (CRP), and serum albumin, were collec-
ted on all 984 patients. Several additional parameters
reflecting disease burden or organ function were collected
on patients aged ‡70 years at the time of stem cell harvest.
For patients mobilized with growth factor only, the premo-
bilization platelet count was defined as the measurement
closest to the start of growth factor therapy but < 30 d prior
to the start of CD34+ cell collection. For patients receiving
chemotherapy as part of the mobilization regimen, premo-
bilization platelet count was defined as the measurement
closest to the d 1 of the mobilization chemotherapy but no
more than 30 d prior to the start of CD34+ cell collection.
More than 90% of values were obtained within 3 d of the
start of mobilization. Additional parameters considered in
patients ‡70 years included: haemoglobin, serum and urine
monoclonal protein levels, lactate dehydrogenase (LDH),

aspartate-transaminase (AST), alanine-transaminase (ALT),
alkaline phosphatase, and bilirubin. The measurements
used for these parameters were obtained at the time points
closest to the start of CD34+ cell mobilization therapy as
previously defined above for premobilization platelet count.

The combined group of 984 patients (878 patients < 70
and 106 patients ‡70 years old) comprised the overall
patient denominator. Breakdown by age decades was
as follows: under 30 years, six patients; 30–40 years,
68 patients; 40–50 years, 256 patients; 50–60 years, 327
patients; 60–70 years, 221 patients; 70–80 years, 102
patients; and > 80 years, four patients. For this study, the
six patients in the under 30 year age group were combined
with the 68 patients in the 30–40 year age group and the
four patients in the > 80 year age group were combined
with the 102 patients in the 70–80 year age group. Patient
characteristics are shown in Table I.

Patient data on CD34+ cell collection was also obtained
for a second group of 98 newly diagnosed patients treated
on Total Therapy II. The group was selected from the entire
Total Therapy II cohort entered on the study prior to
August 2000, the last month for inclusion in the main
group of 984 patients. The 98 patients selected included
only those who had no chemotherapy or radiation therapy
prior to study enrolment, to analyse the impact of age on
stem cell mobilization after minimal standard therapy. All
98 patients were mobilized with CAD (cyclophosphamide,
adriamycin and dexamethasone) chemotherapy (see
below) and granulocyte colony stimulating factor (G-CSF,
10 lg/kg/d), after having received only one cycle each of
VAD (vincristine, adriamycin and dexamethasone) and
DCEP (dexamethasone, cyclophosphamide, etoposide and
cisplatin) chemotherapy. CD34+ cell yields were expressed
as the total number collected divided by the number of days
of collection.

Mobilization regimens. Peripheral blood stem cells (PBSC)
were collected with growth factors only in 317 patients,
299 patients received G-CSF (5–16 lg/kg s.c.) and 18
patients received stem cell factor (SCF, 750 lg/m2/d) plus
G-CSF (10 lg/kg/d). Patients received growth factors daily
with PBSC collection starting on the d 5 of administration.
Chemotherapy-based regimens included high-dose cyclo-
phosphamide (HD-CTX) 6 g/m2 in 516 patients and was
combined with granulocyte-macrophage colony stimulating
factor (GM-CSF, 250 lg/m2 s.c.) for all newly diagnosed
patients (n ¼ 202) as previously described (Barlogie et al,
1997). For previously treated patients, HD-CTX was com-
bined with G-CSF (5–10 lg/kg s.c., n ¼ 187), G-CSF and
GM-CSF (5 lg/kg s.c. plus 250 lg/m2 s.c. respectively,
n ¼ 73), or PIXY and GM-CSF (750 lg/m2 s.c. plus
250 lg/m2 s.c. respectively, n ¼ 54). Multi-agent chemo-
therapy regimens were used for mobilization of 151
patients. These regimens included CAD (cyclophosphamide,
adriamycin and dexamethasone: 750 mg/m2, 15 mg/m2,
40 mg/d · 4 d, n ¼ 60) (Barlogie, 2001) for newly diag-
nosed patients on Total Therapy II, while previously treated
patients received either DCEP (dexamethasone, cyclo-
phosphamide, etoposide and cisplatin: 40 mg p.o.,
400 mg/m2, 40 mg/m2, 10 mg/m2 i.v. daily · 4 d,
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n ¼ 51) or DTPACE (dexamethasone, thalidomide, cisplatin,
adriamycin cyclophosphamide, etoposide: 40 mg p.o.,
400 mg p.o., 10 mg/m2, 10 mg/m2, 400 mg/m2 and
40 mg/m2 i.v. daily · 4 d, n ¼ 33) (Tricot, 2001). Seven
patients received cyclophosphamide 4 g/m2 and etoposide
1Æ8 g/m2 by i.v. continuous infusion over 48 h. G-CSF
(10 lg/kg/d) was given to all patients receiving multi-agent
chemotherapy, starting 24 h after completion of chemo-
therapy. Leukapheresis was initiated when the leucocyte
count exceeded 1 · 109/l. Collections were processed on
Cobe Spectra (Cobe BCT, Lakewood, CO, USA) after April
1999 and on a CS3000 (Baxter Healthcare Corporation,
Pinellas Park, FL, USA) prior to April 1999. Total volumes
processed were between 15 and 20 l per collection. The
target for CD34+ cell mobilization was 10 · 106/kg for
previously treated patients and 20 · 106/kg for newly
diagnosed patients. A lower target was used for previously
treated patients, because of the more extensive damage to
their stem cell compartment caused by prolonged chemo-
therapy. Peripheral blood stem cells were collected irres-
pective of the percentage of myeloma cells in the bone
marrow. The decision to mobilize with growth factors only
versus chemotherapy was mainly based on the duration of
prior therapy on the one hand, with more heavily pretreated
patients more likely to be mobilized with growth factors, and
the tumour load on the other hand, with patients having a
higher tumour load preferentially mobilized with chemo-
therapy and growth factors.

Toxicity. Toxicity was scored using the National Cancer
Institute (NCI) common toxicity criteria version 2Æ0 (cancer

therapy evaluation program, Department of Health and
Human Services, April 1999. http://ctep.cancer.gov/report
ing/ctc.html)1 .

Statistics. All statistical analysis was performed with
version 8 of the sas software package. Logistic and standard
regression was employed to perform univariate analysis of
the effect of the factors listed below on stem cell collection.
The response variables for logistic regression were dicho-
tomized average CD34+ cell yield, ‡2 and < 1 · 106/kg/d,
calculated from the total CD34+ cells/kg collected for the
entire mobilization divided by the number of days to collect.
For standard regression, the response variable was the
common logarithm of the average CD34+ yield, as the log-
transformed variable had better variance properties than
the untransformed variable. Factors assessed in univariate
analysis for their prognostic significance were: use of
chemotherapy in the mobilization regimen, age, length of
prior standard chemotherapy, the premobilization laborat-
ory parameters (B2M, creatinine, CRP and percentage of
plasma cells in the bone marrow). On multivariate analysis,
all prognostic factors that were univariately significant at
P £ 0Æ1 were entered into multivariate regression models
with variable selection by backward elimination. Factors
retained by the variable selection procedure at P £ 0Æ05
were considered multivariately significant and used as a
guide to construct multivariate regression models, which
allowed for the length of prior therapy to influence the
strength and statistical significance of the age effect on
dichotomized stem cell yield.

Except for the use of chemotherapy in the mobilization,
all prognostic factors considered in the analyses were
continuous variables. To develop clinically useful models
of collection in elderly patients, we evaluated prognostic
factors dichotomized at levels of historical interest to our
institution for patients more than 70 years of age (n ¼ 106),
and subjected them to univariate and multivariate analysis

Table I. Patient demographics.

Per cent of patients

Parameters

< 40 years

(n ¼ 74)

40–49

(n ¼ 256)

50–59

(n ¼ 327)

60–69

(n ¼ 221)

‡ 70 years

(n ¼ 106)

Male 54 56 67 67 71

Prior therapy > 12 months 10Æ8 21Æ5 27Æ5 34 44

Platelet count ‡200 · 109/l* 74Æ3 70Æ3 62Æ4 61Æ5 54Æ7
Chemotherapy mobilization 85 76 70 60 56

Creatinine ‡176Æ8 lmol/l* 8Æ2 8Æ4 8Æ9 11Æ3 12Æ5
B2M > 2Æ5 mg/l* 33Æ3 33Æ4 36Æ8 46Æ6 59Æ8
CRP > 4 mg/l* 37Æ5 51Æ9 52Æ2 40 55Æ9
Albumin £ 35 g/l* 21Æ6 13Æ7 23Æ5 37 40Æ8
Percentage of bone marrow

plasma cells, median*

30 20 20 20 15

Immunoglobulin subclass

IgG 50Æ7 50Æ6 56Æ6 60Æ9 57Æ0
IgA 15Æ9 17Æ2 21Æ0 24Æ9 27Æ0
Light chain 26Æ9 22Æ7 16Æ8 10Æ6 11Æ0
Non-secretory 6Æ0 6Æ9 4Æ9 3Æ3 5Æ0
Other IgM, IgD, IgE < 1 2Æ6 < 1 < 1 0

*Premobilization.
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using logistic regression, according to the procedures
described above. For patients ‡70 years, additional param-
eters evaluated were: age ‡75, haemoglobin, serum and
urine monoclonal protein levels, LDH, GOT, GPT, alkaline
phosphatase, and bilirubin.

Two of the three factors from the final multivariate
models (platelets £200 · 109/l and prior therapy
‡12 months) were defined as risk factors for collection,
and added together to stratify the patients into three groups
by number of risk factors. The effect of the third multivariate
factor (mobilization with chemotherapy) on the average
number of CD34+ cells per day of collection was then
assessed in each stratum by means of the Kruskal–Wallis
test.

To account for the possible confounding effect of the
different mobilization regimens, each regimen was defined
as a stratum and analysed by conditional logistic regression
across the strata (Stokes et al, 2000). This enabled the
identification of the multivariately significant prognostic
factors while controlling for the different mobilization
regimens. Mobilization regimens that did not include at
least 20 patients or had less than 5% elderly patients (aged
> 65 years) were not included; the total number of patients
in this analysis was 905.

To determine how the length of prior standard chemo-
therapy affected the influence of patient age on CD34+ cell
yield, the patients were divided into multiple groups defined
by length of prior therapy. The significant factors on
multivariate analysis were modelled for each group in order
to obtain odds ratios within each window of prior therapy
duration.

To determine the effect of age on post-transplant plate-
let recovery with infusion of < 2 · 106/kg CD 34 cells,
the recovery of the youngest (< 50 years) and oldest
(> 65 years) patients was compared. The older age group
was defined as > 65 years and not ‡ 70, because of the
number of patients ‡ 70 years with < 2 · 106/kg CD34
cells infused was too low. Cumulative times to platelet
recovery were estimated using the method of Kaplan and
Meier (1958) and differences between the groups were
assessed with the log-rank test.

RESULTS

Stem cell yields in patients aged over 70 years
Among all patients ‡70 years at the time of stem cell
collection, the fraction of patients collecting ‡10, 4–10, 2–4
and < 2 · 106 CD34+ cells/kg is shown in Table II, together

with the median number (range) of apheresis procedures
required. Considering 2 and 4 · 106 CD34+/kg as the
minimum and preferred number of stem cells required to
safely perform a single transplant, 85% of patients were able
to collect the minimum and 70% the preferred number of
stem cells for a single transplant. The median number of
days to collect 2 and 4 · 106 CD34+ cells/kg was 2 d and
3 d respectively. However, all patients continued apheresis
with intent to collect 10 (previously treated patients) or
20 · 106 CD34+/kg (newly diagnosed patients) to support
at least two cycles of HDT (see Patients and methods). This
resulted in a median of five collections among all patients,
and 70% of patients collected at least the minimum number
of stem cells to support two cycles of HDT (4 · 106 CD34+

cells/kg) in a single cycle of mobilization. Among patients
collecting < 10 · 106 CD34+ cells/kg, 20 patients had a
second (n ¼ 12), third (n ¼ 7), or fourth (n ¼ 1) stem cell
collection attempt. These additional collections increased
the fraction of elderly patients with enough stem cells for a
single HDT to 92% and for two cycles of HDT to 80% (data
not shown).

Toxicity of stem cell mobilization in elderly patients
A chemotherapy regimen was used to mobilize stem cells in
47 patients, and 59 patients were mobilized with growth
factors only. The incidence of adverse events requiring
treatment (‡ grade 3 using NCI toxicity criteria) was 5% for
patients receiving growth factors only and 30% for patients
receiving chemotherapy (P ¼ 0Æ0001). All events were
grade 3 with the most common events being confusion,
constitutional symptoms and neutropenic fever; none were
fatal. No patient was unable to proceed to transplant as a
result of the toxicities experienced during stem cell mobil-
ization.

Variables affecting stem cell yield
Variables were tested for their impact on the probability of
collecting ‡2 (good) and < 1 (poor) · 106 CD34+ cells/kg/d.
In univariate analysis, premobilization platelet count,
length of prior therapy, mobilization regimen, B2M, albu-
min and the percentage of marrow plasma cells were
significant for good, poor or both collection variables
(Table III). These variables were entered into a multivariate
model with stepwise selection. The variables that remained
independently significant for both good and poor collection
included the premobilization platelet count, length of prior
therapy, type of mobilization and patient age (Table IV).
Expressing the CD34+ cell yield as a continuous variable

Table II. Total CD34+ cells collected on patients ‡70 years during first mobilization.

CD34+ cells collected, ·106/kg

< 2 ‡ 2–4 ‡ 4–10 ‡ 10

Number of patients (%) 16 (15) 16 (15) 31 (29) 43 (41)

Number of collection days, median (range) 5 (2–7) 6 (5–9) 6 (1–15) 4 (1–8)
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provided the same results (data not shown). A separate
analysis of patients ‡70 years showed differences in
univariate analysis (Table III), but nearly identical results
in multivariate analysis (Table IV).

To account for the possible confounding effect of the
different mobilization regimens, we performed a series of
analyses on subsets of patients who received the same
mobilization regimen. The groups examined included: CTX
(6 g/m2) plus GM-CSF (n ¼ 202), CAD plus G-CSF
(n ¼ 60), CTX and G-CSF + GM-CSF (n ¼ 74), G-CSF
alone (n ¼ 299), CTX plus G-CSF (n ¼ 187), DCEP plus
G-CSF (n ¼ 51), DT-PACE plus G-CSF (n ¼ 33). The first
two groups include only newly diagnosed patients and the
last three groups include only previously treated patients.
Six of seven groups showed a decreased chance of a good
collection and increased chance of a poor collection with

increasing age. The group that was the exception,
CTX + G-CSF + GM-CSF, had the smallest number of older
patients (seven of 74 were ‡65 years) and the narrowest
age distribution of any group. A composite P-value was
calculated by conditioning the results of the seven homo-
geneously treated groups. Patient age remained a significant
adverse risk factor for stem cell yield, independent of prior
therapy and premobilization platelet count (P ¼ 0Æ01 for
good and P ¼ 0Æ0005 for poor collection; Table V). The
effect was apparent for groups mobilized with chemotherapy
or G-CSF alone and for previously treated or newly
diagnosed patients with identical amounts of chemotherapy
prior to mobilization.

The independent effect of age on the frequency of
collecting ‡2 vs < 1 · 106 CD34+/kg/d is shown in Fig 1.
The decline of CD34+ cell yield was incremental between 30

Table III. Univariate analyses for predictors of CD34+ cell yield for patients ‡70 years and all 984 patients (first mobilization attempt).

Good collection

CD34+ cells ‡2 · 106/kg/d

Poor collection

CD34+ cells £1 · 106/kg/d

Variable name

‡ 70 years

P-value

All patients

P-value

‡ 70 years

P-value

All patients

P-value

Pre-mobilization platelet count, ‡200 · 109/l* 0Æ0001 < 0Æ0001 0Æ01 < 0Æ0001

Age Not applicable < 0Æ0001 Not applicable < 0Æ0001

Prior therapy £12 months* 0Æ003 < 0Æ0001 0Æ006 < 0Æ0001

CRP £7Æ0 mg/l� 0Æ015 ns 0Æ037 ns

Urine M Protein g/day 0Æ028 Not tested 0Æ032 Not tested

Mobilization, chemotherapy versus growth factors alone 0Æ033 < 0Æ0001 0Æ052 < 0Æ0001

B2M > 2Æ9 mg/l* 0Æ096 0Æ029 0Æ089 ns

Serum albumin ns 0Æ040 ns ns

Percentage of bone marrow plasma cells ns 0Æ027 ns ns

*Dichotomized £ or > 12 months prior therapy.

�Dichotomized on group median, all other variables continuous.

Creatinine, haemoglobin, Age > 75 years, ALT, AST, alkaline phosphatase, bilirubin, serum M protein, LDH had P-values > 0Æ1.

Table IV. Multivariate logistic regression results for patient ‡70 years and all 984 patients, first mobilization.

Variable Label

Final multivariate models

Age ‡ 70 years (n ¼ 106) All patients (n ¼ 984)

P-value Odds ratio (95% CI) P-value Odds ratio (95% CI)

Good collection: CD34+ ‡ 2 · 106 cells/kg/d

Platelets ‡200 · 109/l

0Æ0001 6Æ6 (2Æ5–17Æ3) < 0Æ0001 2Æ99 (2Æ1–4Æ2)

Prior Therapy £ 12 months 0Æ006 3Æ8 (1Æ5–9Æ6) < 0Æ0001 1Æ5 (1Æ3–1Æ7)

Chemotherapy mobilization 0Æ049 2Æ5 (1Æ0–6Æ3) < 0Æ0001 3Æ0 (2Æ2–4Æ1)

Age in decades – – 0Æ0086 0Æ83 (0Æ73–0Æ95)

Poor collection: CD34+ < 1 · 106 cells/kg/d

Platelets ‡200 · 109/l 0Æ011 0Æ34 (0Æ14–0Æ78) < 0Æ0001 0Æ26 (0Æ18–0Æ39)

Prior therapy £12 months 0Æ012 0Æ34 (0Æ15–0Æ79) < 0Æ0001 0Æ71 (0Æ67–0Æ83)

Chemotherapy mobilization 0Æ075 0Æ46 (0Æ20–1Æ08) < 0Æ0001 0Æ47 (0Æ34–0Æ66)

Age in decades – – 0Æ0004 1Æ3 (1Æ1–1Æ5)
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and 80 years, with no evidence for a specific age threshold
showing acceleration in the fall of CD34+ yield. Further-
more, the effect of age was only apparent when analysed

over the entire age span. The reduction in mobilization of
CD34+ cells in patients ‡70 years was not significant when
compared with patients in the 50–60 or 60–70 year age
groups, and only became apparent when tested against
patients below age 50 years (when controlled for age
differences in the prevalence of the prognostically significant
variables).

The improvement in CD34+ cell yield with chemother-
apy-based mobilization compared with growth factors alone
depended on the presence of other prognostically significant
variables. As shown in Fig 2, the greatest benefit was seen
in patients with £12 months prior standard therapy and
premobilization platelet counts ‡200 · 109/l (P < 0Æ0001).
When either risk variable was present (prior therapy
> 12 months or platelets < 200 · 109/l), chemotherapy-
based mobilization had a reduced, but still highly signifi-
cant, beneficial effect on CD34+ cell yield (P ¼ 0Æ0001). For
patients with a single risk variable, the premobilization
platelet count was a stronger favourable predictor than
£12 months prior therapy. For patients with both risk
factors, there was no improvement in CD34+ cell yield with
chemotherapy versus growth factors only (P ¼ 0Æ35).
Among patients ‡70 years of age similar results were seen.
This is important because the prevalence of ‡ grade 3
toxicity among elderly patients receiving chemotherapy
increased with the number of risk factors. Although this
trend did not achieve statistical significance, 17% (three of
18) of elderly patients with neither risk factor experienced
‡ grade 3 toxicity compared with 37% (seven of 19) of
patients with one risk factor and 40% (four of 10) for
patients with both risk factors.

Age was an independent predictor of CD34+ cell yield, but
was also strongly correlated with type of mobilization
regimen, length of prior therapy and premobilization
platelet count (Fig 3). The frequency of each of the
independent favourable variables for stem cell collection
declined significantly from age < 40 to ‡70 years. Compar-
ing the length of prior therapy before and after referral to
our Institution, we found that 77% of the age-related delay
occurred prior to referral (data not shown). The fraction of

Fig 1. The effect of age on probability of good [‡ 2 · 106 CD34+

cells/kg/d (A)] or poor stem cell collection [< 1 · 106 CD34+ cells/

kg/d (B)], after adjusting for covariates through multivariate logistic

regression. The upper and lower curves show the 75% confidence

intervals.

Table V. Subset analysis of age within specific mobilization regimens.

‡ 2 · 106 CD34+/kg/d < 1 · 106 CD34+/kg/d

Subgroup n n ‡65 years Odds ratio Odds ratio

CTX* + GM-CSF 202 14 0Æ90 1Æ27

CAD + G-CSF 60 16 0Æ26 4Æ76

HDCTX + G/G-CSF 74 7 1Æ8 0Æ78

G-CSF alone 299 108 0Æ80 1Æ41

HDCTX + G-CSF 187 18 0Æ70 1Æ37

DCEP + G-CSF 51 15 0Æ74 1Æ41

DTPACE + G-CSF 33 18 0Æ83 1Æ61

All groups 906 196 0Æ82, P ¼ 0Æ01 1Æ35, P ¼ 0Æ0005

*Cyclophosphamide 6 g/m2.

Multivariate model included age, prior therapy and premobilization platelet count. Odds ratios

are for increasing age by decade.
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patients with > 12 months prior therapy at the time of
referral increased from 8Æ1% for patients < 40 years to 16%
for patients 40–49 years old and to 27% for patients
‡60 years at the time of stem cell harvest.

Influence of age on CD34+ mobilization in patients
with minimal prior cytotoxic therapy
The presence of an age bias in referral patterns, noted
above, raised the question of whether the age-related
decline in stem cell mobilization was present before any
chemotherapy or resulted from age-related differences in the
sensitivity of haematopoietic stem cells to chemotherapy.
We approached this question in two ways: first by evalu-
ating the effect of age on CD34+ cell yield in a group of 98

patients treated with our front-line protocol, Total Therapy
II (Barlogie et al, 1997). These patients had received only
a single course of VAD and DCEP chemotherapy prior to
CD34+ cell harvesting with CAD chemotherapy. None
had chemotherapy or radiation therapy prior to study
entry and at the time of CD34+ cell collection the blood
volumes processed per day were comparable in all patients.
The CD34+ cell yield per day of collection showed a weak
but significant negative correlation with age (r ¼ )0Æ23,
P ¼ 0Æ03). This result suggests that there is already a small
but real influence of age on stem cell yield after minimal
prior chemotherapy. Second, we examined the relationship
between age and stem cell yield within groups defined by
length of prior therapy, and adjusted by multivariate

Fig 2. Comparison of the CD34+ cell yield for mobilization with chemotherapy versus growth factors alone, according to the number of risk

factors. Each pair of columns shows the median CD34+ cell yield within risk groups 0, 1, or with both risk factors. The risk factors are platelets

< 200 · 109/ l and prior therapy > 12 months.

Fig 3. The prevalence of unfavourable varia-

bles for CD34+ cell yield increased with

increasing patient age. The three columns

above each age decade from left to right show

the fraction of patients with £12 months

prior chemotherapy, premobilization platelet

count ‡200 ·109/l and those mobilized with

chemotherapy.
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analysis for type of mobilization (chemotherapy versus
growth factors only) and premobilization platelet count. We
found that the negative effect of age on stem cell yields
occurred already in patients with £6 months of standard-
dose therapy prior to stem cell mobilization. Age was the
strongest predictor of good and poor stem cell yield in the
group with 0–3 months, and the strongest predictor for
poor stem cell yield in the group with 3–6 months of prior
therapy. Beyond 6 months of prior therapy, the age effect
declined and had no significant negative effect on stem cell
yields after 12 months. (Fig 4). Given the small number of
patients with < 1 month of prior therapy, we were unable to
determine whether age influenced stem cell yields in
patients with no prior chemotherapy.

Effect of age and stem cell dose on post-transplant neutrophil
and platelet recovery
Neutrophil recovery was prompt for all age groups, with the
attainment of an absolute neutrophil count > 0Æ5 · 109/l at
a median of 11 d post transplant. All patients were given
either G-CSF or GM-CSF post transplantation. No differences
were seen between age groups. Recovery of platelets to
‡50 · 109/l was analysed by adjusting for the CD34+ cell

dose infused with the transplant and only including patients
aged < 50 years or ‡65 years at the time of CD34+ cell
collection. The results indicate that platelet recovery was
prompt for patients receiving ‡4 · 106 CD34+ cells/kg. The
median day for platelet recovery was d 13 for patients
< 50 years (n ¼ 131) and d 15 for patients ‡65 years
(n ¼ 54, P ¼ 0Æ3), and > 95% of patients in both age
groups recovered platelets to ‡50 · 109/l by d 100 after
transplant. Patients receiving < 2 · 106/kg CD34+ cells
recovered platelets to ‡50 · 109/l at a median of 24 d if
aged < 50 years vs 61 d if aged ‡65 years (P ¼ 0Æ03). By
100 d post transplant, 19% of younger and 43% of older
patients failed to recover platelets to ‡50 · 109/l, and by
150 d 13% of younger and 43% of elderly patients still had
not recovered platelets to ‡50 · 109/l (Fig 5). For patients
receiving 2–4 · 106 CD34+/kg, platelet recovery was not
significantly different between younger (n ¼ 39) and older
patients (n ¼ 43, P ¼ 0Æ4). However, within this interme-
diate group, 100% of younger patients recovered their
platelets to ‡50 · 109/l by d 150 while 22% of elderly
patients still had not recovered at this time. The exaggerated
delay in platelet recovery seen in elderly patients receiving a
small CD34+ cell dose was not due to the administration of
fewer CD34+ cells than their younger counterparts. Among
all patients receiving < 2 · 106 CD34+ cells/kg, patients
‡65 years received a median of 1Æ33 whereas patients
< 50 years received 1Æ18 · 106 CD34+ cells/kg (P ¼ not
significant).

DISCUSSION

The purpose of this study was to identify the parameters
that were most predictive of the capacity to mobilize
adequate numbers of CD34+ cells in patients with multiple
myeloma and to investigate whether patient age had an
independent effect on that capacity. Significant independent
predictors were length of prior therapy, platelet count prior
to the start of the mobilization regimen, type of mobilization
regimen and patient age. The same results were obtained
whether the CD34+ cell yield was expressed as a dichotom-
ized (good or poor yield) or continuous variable, or when
patients were analysed within homogeneously mobilized
subgroups. Multivariate analysis confirmed the same prog-
nostic variables for the whole patient population and the
patients ‡70 years (except age). The effect of age was
modest and incremental over the entire age range. Never-
theless, between the ages of 35 and 75 years, the age-
specific deterioration in CD34+ cell yield resulted in a
threefold increase in risk of a poor CD34+ cell yield
(< 1 · 106/kg/d) and a twofold decrease in probability of
good CD34+ cell yield (‡ 2 · 106/kg/d). The influence of
patient age has been evaluated in numerous studies with
contradictory results. The variation in results with regards
to patient age is most probably due to confounding of age
with other parameters that affect stem cell yield, and by
combining multiple diagnoses with different age distribu-
tions and mobilization characteristics. In spite of the adverse
effect of age on stem cell yield, 92% of elderly patients were
able to collect enough CD34+ cells to support at least one

Fig 4. Impact of patient age on odds to collect well [‡ 2 · 106/kg

CD34 cells/kg/d (A)] or poorly [106 CD34+ cells/kg/d (B)] within

groups defined by length of prior therapy after adjusting for type of

mobilization and premobilization platelet count by multivariate

analysis. *P < 0Æ05 and **P < 0Æ01.
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cycle of HDT, although some required multiple collection
attempts. Even among patients with both a poor platelet
reserve and > 12 months of prior therapy, 87% and 56%
were able to collect ‡2 and ‡4 · 106 CD34+/kg, respect-
ively, with a single collection attempt. Thus, elderly patients
should not be excluded from HDT trials based on perceived
difficulties in collecting sufficient CD34+ cells.

We found that mobilization with chemotherapy increased
the CD34+ cell yield compared with growth factors alone,
but the benefit of chemotherapy did not extend to patients
with both long duration of prior therapy (> 12 months) and
low premobilization platelet count (< 200 · 109/l). When
either risk factor was present, the beneficial effect of
chemotherapy was present but diminished. We have
reported that length of prior therapy was a significant
predictor of CD34+ cell yield, following mobilization with
cyclophosphamide (Guba et al, 1997) or growth factors
alone (Desikan et al, 2001). Others have demonstrated
similar findings for duration of prior therapy (Goldschmidt
et al, 1997; Marit et al, 1998; Perea et al, 2001) or number
of chemotherapy cycles (Demirer et al, 1996) in patients
with multiple myeloma. However, to our knowledge, no
study has examined the impact on CD34+ cell yield by
chemotherapy relative to growth factors as a function of
duration of prior therapy or premobilization platelet count.
This is important as toxicity remains a concern when using
chemotherapy to mobilize stem cells, especially in the
elderly. The use of chemotherapy, as opposed to growth
factors alone, was associated with increased toxicity, from
5% to 30% in patients ‡70 years. Importantly, the preval-
ence of toxicity in elderly patients receiving chemotherapy
was highest in those patients with long prior therapy and
low platelets, the patient group least likely to benefit. Thus,
targeting the use of chemotherapy-based mobilization to
elderly patients with neither risk factor would maximize the
beneficial effect of chemotherapy on stem cell yield with a
minimal increase in toxicity.

Age had a significant impact on platelet recovery to
‡50 · 109/l. For patients ‡65 years receiving < 2 · 106

CD34+ cells/kg, the time to platelet recovery was signifi-
cantly delayed compared with patients < 50 years old
(median of 61 d vs 24 d). Furthermore, a significantly
higher fraction of elderly patients failed to recover their

platelet count by d 150 after transplant (43% vs 13%). With
infusion of large numbers of CD34+ cells (‡ 4 · 106/kg), the
effect of age on platelet recovery was completely eliminated.
The age-associated delay in platelet recovery could be
explained by loss of engrafting capacity or other functional
changes in CD34+ cells, similar to the loss of engraftment
capacity that occurs in mice CD34+ cells with age (Chen
et al, 1999). The lack of age-associated changes in neutro-
phil recovery could be due to the need for fewer stem cells to
recover neutrophils than platelets. Patient age was strongly
correlated with other prognostically adverse variables for
CD34+ cell yield. The main cause of these associations
appeared to be an age bias in referral for HDT to our centre.
The length of therapy prior to referral increased with each
age decade. Given the magnitude of the delays observed
(> 1 years of prior therapy), it is unlikely that these delays
are due to age-related delays in recovery from chemother-
apy. The age bias we observed has broad implications for the
interpretation of studies involving age, and influences the
study size needed to compensate for confounding of age with
other prognostic variables.

The effect of prior chemotherapy on age-related differ-
ences in CD34+ cell yield is an important issue we have
attempted to address. When we grouped the 984 patients
according to different lengths of prior therapy, we found
significant differences in the importance of age as a
predictor of stem cell yield. For patients with £6 months
of prior therapy, age was the strongest predictor of stem
cell yield, exceeding the importance of mobilization regi-
men and premobilization platelet count. The influence of
age diminished with > 6 months prior therapy and was
non-existent with > 12 months of prior therapy. In these
heavily treated patients, the premobilization platelet count
was important; chemotherapy improved mobilization
yield when the platelet count was high and was no better
than growth factors alone when platelet counts were
low. The reduction in the importance of age in patients
with > 12 months prior therapy may not be unexpected,
as extensive prior therapy presumably makes differences
in the CD34+ cell yield, based on any other parameter
(including age), smaller. Elderly patients need to be mobil-
ized earlier in the course of their disease than their
younger counterparts.

Fig 5. Proportion of patients recovering

platelets to ‡50 ·109/l who received

< 2 · 106 CD34+ cells/kg at the time of

transplant.
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