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Letters to the Editor

Influence of genetic polymorphisms in CYP3A4,
CYP3A5, GSTP1, GSTM1, GSTT1 and MDR1 genes
on survival and therapy-related toxicity in
multiple myeloma 

We investigated the role of single nucleotide
polymorphisms in genes encoding for drug-metab-
olizing enzymes in 209 newly diagnosed multiple
myeloma patients included in a clinical trial com-
paring single with double intensive therapy. We
observed no significant association between poly-
morphisms in CYP3A4, CYP3A5, MDR1, GSTM1
and GSTT1 and outcome either after treatment
with induction chemotherapy or after high-dose
therapy.  
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Currently the standard therapy for patients ≤65 years
of age with multiple myeloma (MM) consists of high-
dose melphalan supported with autologous peripheral
blood stem cell (PBSC) transplantation.1,2 Even with high-
dose treatment, patients cannot be cured and the majori-
ty of them will experience treatment failure and relapse.
Cancer chemotherapy is associated with significant inter-
subject variations in response and toxicity, as was
observed in the HOVON-24 trial.3 Variations may occur
due to genetic alterations, such as single nucleotide poly-
morphisms (SNP), affecting drug-metabolizing enzymes
and thus resulting in altered pharmacokinetics of thera-
peutic agents, and are likely to influence the response to
certain chemotherapeutic agents.4 The development of
prognostic factors that take such genetic variations into
account could aid in defining a more individualized prog-
nosis and help to identify patients who are at risk of
treatment failure.
We analyzed the influence on outcome (partial and

complete remissions, progression-free, event-free and
overall survival and toxicity) of several polymorphisms in
genes involved in the metabolism of chemotherapeutic
agents in newly diagnosed patients with MM, who were
included in a prospective randomized clinical trial of sin-
gle versus double intensive treatment (HOVON-24). We
examined SNP in phase I metabolism and phase 2 metab-
olism catalyzed by cytochrome P450 enzymes and
gluthatione-S-transferases, respectively. Both groups of
enzymes are involved in the metabolism of many
chemotherapeutic agents, of which the alkalylating
agents, vinca-alkaloids and antibiotic antitumor agents
are of our main interest since they are part of most ther-
apeutic regimens in multiple myeloma.  
For phase I metabolism, the CYP3A4 polymorphism

(290A→G) and CYP3A5 (6986A→G) polymorphisms
were analyzed together because of the close linkage of
CYP3A4 AA (*1B/*1B) and CYP3A5 GG (*3/*3), using a
restriction fragment length polymorphism (RFLP)-poly-
merase chain reaction (PCR).
With respect to phase II metabolism, GSTT1 and

GSTM1 polymorphisms were analyzed simultaneously
using a multiplex PCR, whereas the GSTP1 polymor-
phism was determined using RFLP-PCR. This method
was also used to determine the MDR1 (ABCB1) gene
polymorphism. The effect of the SNP in CYP3A4*1B is
controversial and the polymorphism in the MDR1 gene is
associated with altered protein expression. The SNP in
the other described genes result in a less active or absent
enzyme.
The patients’ characteristics have been described previ-

ously.3 The CYP3A4 genotype was assessed in 197
patients. A CYP3A5 genotype was successfully assigned
to 205 patients. No significant differences were observed
in responses on protocol (partial and complete remis-
sions) after VAD and high dose therapy between patients
carrying the wild-type allele or SNP (Table 1). In univari-
ate analysis event-free and overall survival were signifi-
cantly better in patients with the CYP3A5 mutant, how-
ever, in multivariate analysis including all clinical vari-
ables this effect was lost (Figure 1). There was no evi-
dence of differences in hematologic or non-hematologic
toxicity between patients with all the analyzed geno-
types (data not shown).  
The GSTP1 genotype could be determined in 204

patients. No significant differences in toxicity were
observed during treatment. No significant associations
were found with outcome after VAD and high-dose treat-
ment (Table 1). Genotyping the MDR1 C3435T polymor-
phism was successful in 202 patients. There were no sig-
nificant associations between the genotypes and toxicity,
response after VAD or high-dose therapy, or Kaplan-
Meier survival estimates. Similarly no associations were
found for the GSTT1/ GSTM1 polymorphisms (Table 1).
We examined the impact of genetic polymorphisms in

drug-metabolizing enzymes on survival and toxicity in
MM patients. No association between any of the poly-
morphisms and outcome was observed. An analysis per-
formed in myeloma patients treated in the MRC VII trial,
showed an association between the GSTP1 Val/Val geno-
type and an improved outcome in patients receiving con-
ventional treatment.5 An explanation for this could be
that high-dose therapy overcomes the effects of polymor-
phisms. However, in the present study no significant
influence of any SNP on response could be demonstrat-
ed, whether after induction treatment with VAD or after

Figure 1. Kaplan-Meier plots of EFS and OS for the CYP3A4
(290A→G) and CYP3A (6986A→G) polymorphisms. The solid line
represents patients with the combined genotype CYP3A4 AA
(*1B/*1B) and CYP3A5 GG (*3/*3) and the dotted line repre-
sents patients without this genotype combination. A. Event-free
survival. B. Overall survival. 
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high-dose therapy. 
An important issue is the inter-study differences in the

effects of polymorphisms. Since gene polymorphisms
exert a small effect, most studies are underpowered and
false-positive and false-negative results may occur. This
was demonstrated by performing a meta-analysis of mul-
tiple studies concerning the effect of polymorphisms.6
Furthermore, differences in methodology, such as study
design, study population, sample size, use of adjustment
for multiple testing or differences in chemotherapy regi-
mens used can explain inter-study differences. 
Meta-analyses and more extensive analyses in large

numbers of patients in controlled clinical trials on the
effects of functional polymorphisms in drug-metabolizing
enzymes may be required to elucidate the inter-individual
heterogeneity of drug response. Research should be fur-

ther focused on other biological functions of metaboliz-
ing enzymes and the influence of polymorphisms on
these functions.  

Céline Schilthuizen,* Annemiek Broyl,* Bronno van der Holt,°
Yvonne de Knegt,* Henk Lokhorst,@ Pieter Sonneveld*

*From the Department of Hematology, Erasmus Medical Center,
Rotterdam (EMCR), the Netherlands; °Department of Trials

& Statistics-HOVON Data Center, Erasmus MC-Daniel den
Hoed Cancer Center, Rotterdam (EMCR), the Netherlands:

#Department of Clinical Chemistry, Erasmus Medical Center,
Rotterdam (EMCR), the Netherlands; @Department of Hematology,
Utrecht University Medical Center Utrecht, 6Utrecht (UMCU), the

Netherlands
Funding: Supported by International Myeloma Foundation,
EMCR Translational Research Grant.
Acknowledgments: We would like to thank the following people
for their assistance in performing the clinical trial and contributing
patients’ samples to this study; R. van Schaik, E.Vellenga,
R. Raymakers, C.M. Segeren, A.J. Croockewit, G.E.G. Verhoef,
J.J. Cornelissen, M.R. Schaafsma, M.H.J. van Oers,
P.W. Weijermans, W.E. Fibbe, S. Wittebol, H.C. Schouten,
M. van Marwijk Kooy, D.H. Biesma, J.W. Baars, B. Beverloo,
P.H.M. Westveer, M.M.C. Steijaert, K. van Rooyen,
I.P. van der Heiden, M. van der Werf.
Key words: gentic polymorphism, survival, toxicity, multiple myeloma
Correspondence:  Pieter Sonneveld, Erasmus Medical Center,
Dept. of Hematology, Room L-439, Dr. Molewaterplein 40,
3000 CA Rotterdam, The Netherlands. Phone: international
+31.10.4633123. Fax: international +31.10.4635814.
E-mail:p.sonneveld@erasmusmc.nl

References

1. Harousseau JL, Attal M. The role of stem cell transplanta-
tion in multiple myeloma. Blood Rev 2002;16:245-53.

2. Barlogie B, Shaughnessy J, Tricot G, Jacobson J, Zangari M,
Anaissie E et al. Treatment of multiple myeloma. Blood
2004;103:20-32.

3. Segeren CM, Sonneveld P, van der Holt B, Vellenga E,
Croockewit AJ, Verhoef GE, et al. Overall and event-free
survival are not improved by the use of myeloablative
therapy following intensified chemotherapy in previously
untreated patients with multiple myeloma: a prospective
randomized phase 3 study. Blood 2003;101:2144-51.

4. Iyer L, Ratain MJ. Pharmacogenetics and cancer
chemotherapy. Eur J Cancer 1998;34:1493-9.

5. Dasgupta RK, Adamson PJ, Davies FE, Rollinson S,
Roddam PL, Ashcroft AJ, et al. Polymorphic variation in
GSTP1 modulates outcome following therapy for multiple
myeloma. Blood 2003;102:2345-50.

6. Ioannidis JP, Trikalinos TA, Ntzani EE, Contopoulos-
Ioannidis DG. Genetic associations in large versus small
studies: an empirical assessment. Lancet 2003;361:567-71. 

Letters to the Editor

| 278 | haematologica/the hematology journal | 2007; 92(02)

Table 1. Genetic polymorphisms in CYP3A4, CYP3A5, GSTP1,
GSTM1, GSTT1 and MDR1 genes 

PR on protocol CR on protocol

Genotype No No. OR p No. OR p
(%). (%) (95% CI) (%) (95% CI)

All patients 209 172 (82) 52 (25)

GSTP1, n=204
AA 75 (37) 68 (91) 1 0.0321 (28) 1 0.20
AG 98 (48) 76 (78)0.36 (0.14-0.88) 26 (27)0.93 (0.47-1.82)
GG 31 (15) 23 (74)0.30 (0.10-0.91) 4 (13)0.38 (0.12-1.22)

MDR1, n=202
CC 21 (10) 18 (86) 1 0.17 5 (24) 1 0.96
CT 92 (46) 70 (76)0.53 (0.14-1.97) 21 (23)0.95 (0.31-2.89)
TT 89 (44) 77 (87)1.07 (0.27-4.19) 22 (25)1.05 (0.35-3.20)

CYP3A4 AA & CYP3A5 GG, n=195
No 29 (15) 23 (79) 1 0.68 5 (17) 1 0.33
Yes 166 (85)137 (83)1.23 (0.46-3.30) 42 (25)1.63 (0.58-4.53)

GSTT1, n=204
Absent 56 (27) 42 (75) 1 0.10 13 (23) 1 0.79
Present 148 (73)126 (85)1.91 (0.90-4.06) 37 (25)1.10 (0.53-2.27)

GSTM1, n=205
Absent 103 (50) 82 (80) 1 0.38 24 (23) 1 0.72
Present 102 (50) 86 (84)1.38 (0.67-2.82) 26 (25)1.13 (0.60-2.13)

OR indicates odds ratio; and CI, confidence interval. p values are for the
comparison of the PR and CR rates between the different subgroups, unadjusted
for Salmon & Durie stage and β2-microglobulin. The analyses with adjustment
for these two variables yielded similar results, and are therefore not shown.
Correction for multiple testing was applied, which means that only p values ≤0.01
were considered statistically significant.


