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Early chemosensitivity to VAD regimen predicts a
favorable outcome after autologous stem cell
transplantation in multiple myeloma

We report that early chemosensitivity, defined by a greater
than 50% reduction of M-component and plasma-cell mar-
row infiltration, after 2 cycles of VAD was correlated with a
favorable outcome following autologous stem cell transplan-
tation in 46 patients with newly diagnosed multiple myelo-
ma submitted to high-dose therapy.
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High-dose treatment with autologous stem cell transplanta-
tion (ASCT) has been widely applied in the management of mul-
tiple myeloma (MM) in the last decade and has shown a clear
advantage in terms of complete remissions and outcome in com-
parison with results from conventional-dose treatment.1,2 Analy-
sis of prognostic factors that were predictive of a favorable out-
come underlined the role of some parameters associated with the
course of the disease before the transplantation, such as the
length of the interval from diagnosis, the number of conven-
tional-dose regimens pre-transplant and the sensitivity to con-
ventional chemotherapy,3-5 but most of the studies focused on
the effect of myeloablative treatment on a cohort of patients
who had previously received different regimens of induction
therapy for different periods of time. In a homogeneous group
of 46 newly diagnosed MM patients transplanted in our Center
after 4 cycles of VAD and collection of peripheral blood stem cells
(PBSC) primed with cyclophosphamide and granulocyte colony-
stimulating factor (G-CSF), we retrospectively investigated
whether the response to induction chemotherapy could predict
subsequent outcome to high-dose therapy.

Between January 1996 and December 1999 a total of 46 MM
patients ≤ 65 years with stage II and III disease or stage I with
marrow plasmacytosis > 50% started on high-dose therapy. All
the patients had a measurable M-component in serum or urine
at diagnosis. All the patients received 4 monthly cycles of VAD
induction chemotherapy, then underwent a collection of PBSC
after administration of cyclophosphamide 7 g/m2 plus recombi-
nant G-CSF at the dose of 5 µg/kg /day s.c. The patients from
whom it was possible to collect ≥ 2×106/kg CD34+ cells pro-
ceeded to the myeloablative treatment consisting of busulfan 12
mg/kg plus melphalan 120 mg/m2. We defined early chemosen-
sitivity (ES) as a reduction of greater than 50% of the measur-
able paraprotein and the bone marrow plasma cell infiltration at
the evaluation performed before the 3rd VAD cycle. All the other
cases, showing a reduction lower than 50% or an increase of M-
component and/or marrow plasmacytosis, were scored as hav-
ing early chemoresistance (ER). Responses after autotranspan-
tation were evaluated with EBMT, IBMT and ABMTR criteria.6

Out of the 46 patients, 23 (50%) showed ES and the other 23
had ER after 2 cycles of VAD. All the patients were treated with
2 other cycles of VAD and with cyclophosphamide. Six out 46
patients (13%) failed to mobilize an adequate number of CD34+

cells and did not proceed to high-dose therapy. All these 6
patients belonged to the ER group. Forty patients (23 ES and 17
ER) were analyzed after ASCT. Twelve of 23 (52%) ES patients
obtained a complete response after ASCT, in comparison with
1/17 (6%) of the ER patients (p<0.001). Analyzing the kinetics
of the reduction of the M-component and plasma cell infiltra-
tion at the different steps of high-dose treatment, we observed
that a significant difference between the 2 groups appeared after
the 2nd cycle of VAD and persisted after cyclophosphamide
administration and transplantation (Figure 1). Figure 2 shows a

prolongation of the median event-free survival in ER group in
comparison with that in the ES patients, while no difference was
detected in overall survival (data not shown).

There are specific problems with the mobilization of patients
with MM, in whom there is a decrease of progenitors in the bone
marrow due to a variety of reasons, such as a defect of the mono-
cyte/macrophage activation pathway, the previous repeated
courses of chemo-radiotherapy or, finally, the persistence of
massive bone marrow plasmocytosis.7 The rate of failure of mobi-
lization ranges from 5%2 to 10%1 in the literature and was
slightly higher in our study (13% of the patients). VAD is wide-
ly preferred to melphalan as conventional-dose therapy in MM
patients who are candidates for transplantation, since VAD pro-
duces a faster cytoreduction8 and does not alter the release of
marrow progenitors into the peripheral blood.7 We confirm that

Figure 1. Reduction of M-component (A) and plasma cell infil-
tration (B) at the different steps of high-dose treatment in ES
patients (early sensitivity after 2 cycles of VAD) and ER
patients (early resistance after 2 cycles of VAD) are showed.
At diagnosis the amount of M-component and plasma cell infil-
tration was taken to be 100% for all patients. At every step of
the treatment we calculated the percentage of residual M-
component and plasma cell infiltration and we represented
the mean value ± SD. The difference calculated by the Stu-
dent’s t-test between the mean value of M-component and
plasma cell infiltration of ES and ER patients was significant
(p<0.01) at every step of the treatment.
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the response to VAD, based on the reduction of M-component
together with plasma cell marrow infiltration, appears very
early and, indeed, could be recognized after just 2 cycles in all
the sensitive cases. Moreover, we observed that the patients
who had early chemosensitivity were more likely to have a
lower percentage of residual marrow plasma cell infiltration
after induction therapy and to yield an adequate PBSC col-
lection.

Early chemosensitivity appeared to be a crucial factor not
only for mobilization but also for the outcome of the trans-
plant. Sensitive disease has had a prognostic relevance in all
the major high-dose therapy trials, whether the ASCT was
applied as first-line treatment2-5 or as salvage therapy in MM
patients.9 The kinetics of the response has rarely been inves-
tigated in MM; however, a recent paper10 underlined the
importance of a rapid response in candidates for ASCT, since
those who had a M-component which halved in <0.5 months
or reached a serum myeloma protein < 1 g/dL by the end of
the induction therapy, were more likely to achieve a complete
response after ASCT.

In our study a new concept of sensitivity based on the
response to the first 2 cycles of induction therapy, was asso-
ciated with a significantly higher complete response rate after
transplantation and a prolongation of event-free survival. In
the literature the achievement of a complete response after
high-dose therapy is considered one of the most important
prognostic factor for long-term disease control and the over-
all survival.1-5, In our study the lack of a significant relation-
ship between early chemosensitivity and survival is probably
due to the follow-up being too short and to the fact that the
group of patients was small.

We think that our report could have a practical significance
and could help to modify the design of clinical trials, which
commonly indicate that both sensitive and resistant cases
after induction therapy proceed to mobilization and high-dose
treatment. Since it is possible to discriminate after 2 VAD
cycles patients who are likely to have a benefit from auto-
transplantation and patients who are not, it is reasonable to
consider a therapeutic strategy in which sensitive cases will go

straight to ASCT and resistant cases will receive an alternative
treatment. The addition of thalidomide to induction chemo-
therapy could be worthy of study in patients with early resis-
tance in an attempt to improve response prior to intensive
treatment.
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Mixed chimerism after bone marrow transplantation for
thalassemia major

Thirty-four thalassemia patients were studied for chimerism
by fluorescent in situ hybridization or variable number tandem
repeats after bone marrow transplantation. Mixed chimerism
was detected in 9 patients with host cells ranging from 4 to
56%. One had graft rejection and the others were transfusion
independent. Mixed chimerism was common but mostly with-
out deleterious effect. 
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After allogeneic bone marrow transplantation (BMT), some
patients still have residual recipient hematopoiesis. The co-exis-
tence of recipient’s and donor’s hematopoietic systems is called
mixed chimerism. Some patients may remain in stable mixed
chimerism while others may convert to complete donor
chimerism or graft rejection. The prediction of final outcome of
mixed chimerism may help to decide interventions and prevent
graft rejection.

Forty-four thalassemia major patients underwent transplan-
tation in the Prince of Wales Hospital. Two patients received
umbilical cord blood, four received peripheral blood stem cells
and the others received a bone marrow transplantation. Condi-
tioning was busulphan 16 mg/kg, cyclophosphamide 150-200
mg/kg, anti-thymocyte globulin 90 mg/kg.1 One had primary
graft rejection after a cord blood transplant. Chimerism state
was monitored using peripheral blood leukocytes at 1, 3, and 6
months and then annually. For sex-mismatched donor-recipient
pairs , fluorescent in situ hybridization (FISH) for X and Y probes
was adopted. For sex-matched pairs, the variable number tan-
dem repeat (VNTR) was utilized to test for DNA polymorphism.
Five patients died early. Four patients did not have informative
DNA markers for chimerism study and one had graft rejection at
71 days.

Thirty-four patients were serially followed up for chimerism
and 21 developed complete donor chimerism. Thirteen patients
(35.1%) were detected to have residual host cells during follow-
up. Four had a low level of recipient cells (<10%) and all con-
verted to complete donor chimerism. Nine patients with > 10%
recipient cells were considered as having definite mixed
chimerism. One patient (PT40) rejected the donor’s graft at 9
months and PT17 achieved complete donor chimerism at 2 years.
Seven patients (20.5%) had persistent mixed chimerism with 4
to 56% recipient cells at the follow-ups between 3 to 8.5 years
(Table 1). All patients were transfusion independent. PT42 had an
increasing percentage of recipient cells (60%) and severe ane-
mia (Hb 5.9 g/dL). Donor leukocyte infusion with 3×108/kg CD3
cells was given at 8 months. The latest study at 34 months
showed 47% recipient cells and Hb 7.9 g/dL. Age at BMT, sex
matching, splenectomy, donor’s thalassemia trait status, serum
ferritin, liver enzymes, number of nucleated cells and CD34 cells
infused did not have an impact on development of mixed
chimersm. Four patients had a major mismatch for ABO blood
group with their donors but none had mixed chimerism. Busul-
phan levels were measured in 18 patients. The areas under the

curve of busulphan levels in patients with mixed chimerism were
lower than those of patients with complete donor chimersim, on
day 1, 2, 3 or 4 of the measurements. The mean area under the
curve of the busulphan levels of the 4 days was 774 and 908
µmol × min/L for patients with mixed and complete chimerism,
respectively (p=0.067) (Table 2). Hb F level was increased in 23
patients (67.6%) and was more common in patients with donors
who were thalassemia trait carriers, 91% versus 27.3%
(p<0.001).

In malignant diseases, persistent mixed chimerism is always
associated with relapse of leukemia. In non-malignant diseases,
residual recipient cells may stay in harmony with the donor’s
system and rejection does not occur.2,3 The mechanism of main-
taining stable mixed chimerism is unknown. In this study, 26%
of patients were found to have mixed chimerism and this is sim-
ilar to the 36% previously reported.4 Thalassemia patients have
a higher incidence of mixed chimerism. The hypercellular bone
marrow may be more resistant to ablative conditioning. Repeat-
ed blood transfusion before BMT may stimulate patients’ immune
system, thus rendering them more resistant to immunoablation.2

Intensity of conditioning regimen was reported to have an
impact on mixed chimerism.5 Manna reported that thalassemia
patients who received lower doses of cyclophosphamide had a
higher incidence of mixed chimerism.6 One study showed that
busulphan levels did not affect transplant outcome.7 In this study,
however, there was a trend towards patients with mixed
chimerism having had lower levels of busulphan and this deserves
further study. The incidence of graft rejection in thalassemia
patients with mixed chimerism was reported to be high, 20 out of
55 patients.8 More than >25% residual host cells early after trans-
plant is highly predictive of graft rejection.3 In this study, only
one patient with mixed chimerism developed graft rejection. We
used a more intensive conditioning and this may account for the
low rejection rate. We observed a high percentage of elevated Hb
F production and this is in concordance with a previous report that

Table 1. Mixed chimerism: recipient cell percentage after
BMT.

1 m. 2 m. 3 m. 6 m. 1 y. 2 y. 3 y. 4 y. 5 y. 6 y. 7 y. 8 y.

PT1 6 — — 50 — 31.1 30 20 49.7 35 31 36
PT17 4.3 — 11 14 6.7 0.5 0 0 0 0 — —
PT21 1.3 5.2 25 20.5 12.3 17.5 — 21.5 18.2 — — —
PT27 16 24 32 47 51 50 58 — — — — —
PT29 12 10 6 14 14 11 18 16 — — — —
PT32 10 7.5 5 22.7 61.2 77 77 — 56 — — —
PT39 0 0 — — 4 11.2 4.8 4 — — — —
PT40 2.8 — 1.3 5 38.4 — — — — — — —
PT42 6.5 — 18.8 60.3 75.8 48.7 46.5 — — − — —

Abbreviations: m. = months; y. = years.

Table 2. Median busulphan area under curve level (µmol x
min/L).

Mixed chimerism (n = 6) Complete chimerism (n = 12)

Day 1 596 697 (p = 0.177)
Day 2 844 918 (p = 0.083)
Day 3 848 876 (p = 0.864)
Day 4 539 947 (p = 0.060)
Average day 1-4 774 908 (p = 0.067)




