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Lung-Resistance—Related Protein Expression Is a Negative Predictive Factor
for Response to Conventional Low but not to Intensified Dose Alkylating
Chemotherapy in Multiple Myeloma

By H.G.P. Raaijmakers, M.A.l. Izquierdo, H.M. Lokhorst, C. de Leeuw, J.A.M. Belien, A.C. Bloem,
A.W. Dekker, R.J. Scheper, and P. Sonneveld

This study was undertaken to assess the significance of
lung-resistance related protein (LRP) expression in plasma
cells from untreated multiple myeloma (MM) patients and to
determine whether LRP was associated with a poor re-
sponse and survival in patients treated with different dose
regimens of melphalan. Seventy untreated patients received
conventional oral dose melphalan (0.25 mg/kg, day 1 to 4)
combined with prednisone (MP) or intravenous intermediate-
IDM; 70 mg/m?) or high- (140 mg/m?) dose Melphalan (HDM).
LRP expression was assessed with immunocytochemistry
using the LRP-56 monoclonal antibody. LRP expression was
found in 47% of patients. In the MP treated patients, LRP
expression was a significant prognostic factor regarding

response induction (P < .05), event free survival (P < .003),
and overall survival (P < .001). In the intensified dose melpha-
lan treated patients LRP did not have a prognostic value. The
response rates of LRP-positive patients to MP and IDM/HDM
were 18% versus 81%, respectively (P < .0001). We conclude
that LRP is frequently expressed in untreated MM patients
and is an independent predictor for response and survival in
patients treated with MP. Pretreatment assessment of LRP
identifies a subpopulation of patients with a poor probability
of response to conventional dose melphalan. Dose intensifi-
cation of melphalan is likely to overcome LRP-mediated
resistance.

© 1998 by The American Society of Hematology.

LKYLATING AGENTS and corticosteroids are still the against the alkylating agent melphal&# (and W.S. Dalton et
mainstay of therapy for patients with multiple myeloma al, personal communication, July 1997).
(MM). 12 However, only approximately 50% to 60% of patients  In the current study we have assessed LRP expression in
respond to oral melphalan and prednisone in conventional dos@yeloma patients, and based on these results we introduce this
resulting in a median response duration of 1 to 2 years and ¥DR-related protein as a putative important marker of clinical
median survival of about 3 to 4 years. Dose-intensification'€Sistance to the alkylating agent melphalan resulting in an

studies have shown a dose-response relationship for melph@dVerse prognosis. Moreover, we describe the overcoming of

lar®*S in MM; therefore, high-dose melphalan has been used tdt_RP-reIated resistance against melphalan by dose intensifica-

improve response rates and survival.
Melphalan, like other alkylating agents, exerts its cytotoxic

effect through the covalent linkage of alkyl groups to DNA. .

. . . . The study was performed on nonselected, sequentially stored frozen
Resistance against alkylatln_g agent.s 'nCIU_des both cellular ang/tocentrifuge slides prepared from Ficoll-Hypaque—purified bone
extracellular factors. In cell line studies resistance to melphalany,arow aspirates obtained from all MM patients with newly diagnosed
has been attributed to a decreased drug uptake caused ljsease who were treated with melphalan-based regimens between
alterations in either the number or the affinity of membrane-January 1987 and November 1995.
bound protein§ An alternative explanation may be an increased Additionally, bone marrow aspirates of three normal donors for
cellular detoxification by glutathione S-transferase3o far, allo_geneic_bone marrow transplantation (BMT) and thg aspir_ate_s_ of five
studies in hematological malignancies such as MM have faile atients with monoclonal gammopathy of undetermined significance

h le of th lab findi in clinical . (MGUS) were studies for LRP expression.
to show a role of these laboratory findings In clinical speci- Patients. Seventy unselected patients treated at the Departments of

mens? Multiple drug resistance (MDR) has been identified as Haematology of the University Hospital Utrecht or the University
an important path of drug resistance in MM. MDR is the Hospital Rotterdam Dijkzigt were studied. Clinical staging was defined
phenomenon of cancer cells developing cross-resistance to @ccording to the criteria proposed by Salmon and Difridedian age
variety of structurally unrelated chemotherapeutic compound#f patients treated with conventional-dose oral melphalan and predni-
such as vinca-alkaloids, anthracyclines, and epipodophyll0t0x§°ne was 67 years. Patients treated with intravenous (IV) intermediate-
ins® MDR is associated with the expression of the drug
transport mediating proteins P-glycoprotein (PgP) and the
multidrug resistance—related protein (MRP)The increasing From the Departments of Haematology and Immunology, the Univer-

evidence of additional mechanisms of MDR led recently to theSity Hospital Utrecht; the Department of Haematology, University
identification of a novel protein associated with MDR, origi- Hospital Rotterdam Dijkzigt, Rotterdam; and the Department of Pathol-

. . ogy, University Hospital Vrije Universiteit, Amsterdam, the Nether-
nally termed the lung-resistance protein (LRP). lands.
The LRP gene has recently been cloned and identified as the sypmitted February 20, 1997; accepted October 2, 1997.

human p110 major vault proteih.Vaults are novel cellular Address reprint requests to H.M. Lokhorst, MD, PhD, University
organelles first described by Kedersha and Rome in 1986, Hospital Utrecht, Department of Haematology (G03.647), PO Box
which are thought to mediate intracellular transport of a wide85500, 3508 GA Utrecht, The Netherlands.

variety of substrates. LRP has been found to be widely The publication cqsts Qf this article were defrayed in part by page
s . . . charge payment. This article must therefore be hereby marked “adver-
distributed in human normal tissues and in tumors, closely; - X ) -
. - . tisement” in accordance with 18 U.S.C. section 1734 solely to indicate
reflecting the susceptibility to chemotherapy of different tumor yic fact.
types!3 Importantly, recent studies in myeloma and other o 1998 by The American Society of Hematology.

human cancer cell lines relate LRP expression to resistance 0006-4971/98/9103-0028$3.00/0

on.

PATIENTS AND METHODS

20z dunf g0 uo 3sanb Aq jpd'6201/L 1611 1/6201/E/16/4pd-Bl01E/POOIqABU"SUOHEDIIGNdYSE//:d}Y WOl papeojumog

Blood, Vol 91, No 3 (February 1), 1998: pp 1029-1036 1029


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V91.3.1029&domain=pdf&date_stamp=1998-02-01

1030 RAAIJMAKERS ET AL

or high-dose melphalan were median 52 years. The performance statevaluated 2 months after the second IDM or single-dose HDM,
was determined according to the criteria of the Eastern Cooperativeespectively. Nonresponding patients were also treated with VAD.
Oncology Group (ECOG): 0, normal; 1, ambulant with symptoms; 2, Immunocytochemical staining of LRPLRP expression was deter-
bedrest less than 50% of the day; 3, bedrest greater than 50% of the dagiined by an alkaline phosphatase immunocytochemical detection
4, bedrest all day. The patient characteristics are summarized in Table nethod® using the specific murine monoclonal antibody (MoAb)
Chemotherapy regimens and response evaluatiétatients re-  LRP-56 (IgG2b) that was obtained after immunization of mice with the
ceived melphalan as first-line treatment, either in combination withnon-Pgp multidrug-resistant human nonsmall lung cancer cell line
prednisone (MP, 38 patients) or as monotherapy in intermediate dos8W-1573/2R120% Bone marrow cells were separated by Ficoll-
(IDM, 20 patients) or high dose (HDM, 12 patients). Patients under 65Hypaque, washed twice with minimal essential medium (MEM;
years of age were candidates for IDM or HDM, unless they refusedGIBCO, Grand Island, NY) and stored a20°C until use. Cytocentri-
intensive treatment. Patients refusing intensive treatment and patienfsiged slides were airdried overnight and fixed in acetone for 10 minutes.
over 65 years received MP. Performance status was no selection After preincubation for 20 minutes with 10% rabbit serum in
criterium for treatment modality. The intermittent MP regimen con- phosphate-buffered saline plus 1% bovine serum albumin (PBS/BSA,;
sisted of oral melphalan 0.25 mg/kg/d and prednisone 2 mg/kg/dSigma Chemical Co, St Louis, MO), cytospins were incubated with
administered for 4 days. Courses were repeated every 6 weeks. LRP-56 (diluted 1:500 in 1% BSA) or with idiotype matched control
IDM (melphalan 70 mg/f) was administered by rapid IV infusion. (nonspecific mouse 1gG-1; Cappel: Organon Teknica 50327/36345) for
Two courses of IDM were given with an interval of 6 weéksThe 1.5 hours. Next, rabbit anti-mouse immunoglobulin (RAM; Dakopatts
HDM regimen (140 mg/} consisted of a single dose. Response was Z 259, DAKO Corp, Glastrup, Denmark) diluted 1:25 for 1 hour was
determined by standard criteria for myeloma respdfise. partial added followed by incubation with alkaline phosphatase substrate
response was defined as a reduction of at least 50% in serum M proteifAPAAP; Dakopatts D 651, DAKO), diluted 1:50 for 1 hour. Incuba-
or urinary light chain concentration with no progression of lytic bone tions with RAM and APAAP were repeated for 0.5 hour. The color
lesions, without increase of bone pain or anemia. A complete responseeaction was produced using a Neufuchsin (Merck 4041; Merck,
(CR) was defined as complete disappearance of myeloma proteins fro@armstadt, Germany) substrate incubating for 40 minutes. All incuba-
serum and urine and normalization of the bone marrow. Response itions were performed at room temperature. Between incubation steps,
patients treated with MP was determined after 4 courses, or earlier wheslides were washed thoroughly in PBS for 10 minutes. Finally,
progression was obvious. When a partial respoesg006 reduction in  cytospins were counterstained in diluted hematoxilin and washed with
M protein) was achieved, therapy was continued for at least 1 yeartap water. Simultaneously, the LRP-positive fibrosarcoma HT1080 DR4
Patients with a minimal response (between 25% and 50% reduction iontrol cell liné® was stained as control for the immunocytochemical
M protein) received another four courses. Patients unresponsive afteassay.
four courses (less than 25% reduction in M-protein concentration) and All slides were examined and scored independently by two observers,
patients with a minimal response after four courses but no furtherblinded to the clinical data. Plasma cells were identified on morphologi-
improvement of response after eight courses, continued with secondzal criteria. At least 250 plasma cells were evaluated. A sample was
line chemotherapy, usually a combination of vincristine, adriamycin, considered to be LRP-positive3f10% of the plasma cells stained with
and dexamethasone (VAD). Patients treated with IDM or HDM were the LRP-56 antibody and the idiotype matched controls were indeed
negative. These criteria were based on previous experience with
LRP-56 staining in 155 cancer specimens, which indicated that a 10%

Table 1. Patient Characteristics cut-off value may distinguish two groups of LRP-expressing tu-
mors13.21
AL IDMHDM™ MPT Determination of prognostic factors.The serum B-microglobulin
No. patients 70 32 38 level was determined by means of a competitive enzyme immunoassay
Age (Phadezym; Pharmacia, Uppsala, Sweden). The plasma cell labeling
Median 61 52 67 index (L) was measured by the incorporation of bromodeoxyuridine as
Range 34-86 35-65 35-85 described previousk? Serum levels of lactate dehydrogenase (LDH)
Sex (male:female) 44:26 18:14 26:12 were measured according to standard methods.
M-component Statistical analysis. Data analysis was performed using the SPSS
19G 44 22 22 statistical software package (SPSS Inc, Chicago, IL).
IgA 16 7 9 Prognostic parameters such as age were determined at diagnosis and
IgD 1 1 were retrospectively assessed for their relationship with LRP expres-
LCD 9 3 6 sion. The response rates were compared between LRP and prognostic
[ON 41:29 19:13 22:16 factors expression groups. Qualitative variables were analyzed using the
Stage: chi-squared test. Multivariate analysis was performed using step-wise
I-A 13 5 8 discriminant analysis. Overall survival was measured in months from
-A 50 25 25 the moment of diagnosis, providing 95% confidence intervals. Actuarial
-8B 7 2 5 survival curves were estimated using the Kaplan-Meier methadd
Performance status (ECOG) differences in survival between subgroups were compared with the
0 9 4 5 log-rank test (Mantel-Cox®* Also, the hazard rates for each variable
1 22 9 13 were calculated with the Cox-regression model using enter and remove
2 21 9 12 limits of 0.05 and 0.1. Hypotheses were evaluated at a significance level
3 13 7 6 of 0.05. Two-sided statistical tests were used in all analyses.
4 5 3 2
Abbreviation: LCD, light chain disease. RESULTS

*Patients treated with 2 courses of intravenous intermediate dose .
melphalan, 70 mg/m? with an interval of 6 weeks (n = 20) or asingle IV Frequency and pattern of LRP expressio.RP was ex-

high-dose melphalan, 140 mg/m2 (n = 12). pressed in 47% (33/70) of bone marrow samples of patients
tPatients treated with intermittent oral melphalan 0.25 mg/kg/d and with newly diagnosed myeloma. In the MP-treated population
prednisone 2 mg/kg/d. 47% (17/38) of patients were LRP positive as compared with
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50% (16/32) in the IDM/HDM-treated population. The staining not expressed in plasma cells of normal donors (0/3) or patients
of the LRP-56 MoAD in the LRP-positive myeloma cells was with MGUS (0/5). In the majority of MM patients as well as in
invariably cytoplasmatic in the perinuclear region, in a granularnormal donors and MGUS patients, LRP expression was found
fashion (Fig 1). The intensity of the staining was generally in granulocytic marrow components, irrespective of expression
strong, but variance in staining intensity was too small to justify on plasma cells.

objective classification between aspirates. LRP expression in Correlation with established prognostic factorsUsing pre-
positive bone marrow samples was heterogeneous, typicallyiously defined cut-off levels we studied the distribution of the
showing LRP-56 immunoreactivity in the majority of myeloma plasma cell LI%, serum Bmicroglobulin level, and serum
cells (median 50%, range 10 to 90). There were no samples withDH in relation to plasma cell LRP expression. The cut-off
LRP expression in less than 10% of the plasma cells. LRP watevel for LI was=2% 2°for B,-microglobulin=4 pug/mL2%and

Fig 1. Alkaline phosphatase immunocytohistochemical staining using the MoAb LRP-56 of cytocentrifuged bone marrow cells containing
>95% plasma cells of a patient with multiple myeloma. Cytospins were counterstained in diluted hemotoxiline. LRP immunoreactivity in a
granular fashion in the cytoplasm is present in almost all plasma cells (A). Isotype control is negative (B).
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for LDH =300 U/L 26 LRP expression was associated with high (95%-Cl: 41 to 69) and 22 months in LRP-positive patients
LDH levels at diagnosis (X2P = .05). LRP did not correlate  (95%-Cl: 18 to 26 = .0006, HR= 4.1 (1.7-9.8); Table 2, Fig
with serum B-microglobulin @ = .1), plasma cell LI% 3). In the IDM/HDM-treated patients no significant difference
(P =.07), oragel = .9). in survival between LRP-positive and LRP-negative patients
LRP expression and response to melphalan chemotherapyas observed (median survival 69 months [95%-Cl 14 to 124])
The response to chemotherapy consisting of MP or IDM/HDMin LRP-negative patients and not reached in LRP-positive
is summarized in Table 2; in 38 patients treated with standargatients P = .365, HR= 1.7 [0.5-5.9; Table 2, Fig 4]).
MP the overall response rate was 37% (14/38). There were no By univariate analysis LRPP(< .002) was the strongest
complete remissions obtained with MP. In this group, LRP adverse prognostic marker for survival in the whole population
expression was associated with a poor response to inductiofollowed by bone marrow plasma LI, serum-Bricroglobulin,
treatment. Fifty-two percent (11/21) of the LRP-negative pa-and serum LDH (Table 2). In MP-treated patients high serum
tients achieved a remission as compared with 18% (3/17) of th&DH (P = .0001) and LRP expressioR  .0006) both had an
patients with LRP-positive myeloma at diagnosis (R25 .027). adverse effect on survival (Table 2).
By univariate analysis, bone marrow plasma cell LI, serum Multivariate analysis showed that in the whole population
B,-microglobulin, and serum LDH did not have a significant (50 cases available for analysis) only LRP expression was an
prognostic value regarding the response to MP therapy (Table 2)ndependent prognostic factoP & .03). In the subgroup of
A remission was achieved in 84% (27/32) of the patientsMP-treated patients (25 cases available) LRP=(.03) and
treated with intensified dose melphalan, including 8 patientsserum LDH @ = .0001) remained statistically significant for
who achieved a CR (25%). No significant difference was foundsurvival. In the patients treated with IDM/HDM none of the
between the response rate in the LRP-negative patients (88%yrognostic factors affected survival. Age had no prognostic
14/16) and the LRP positive population (81%, 13/R6+ .285). significance for survival by either univariate or multivariate
The subgroups of LRP-positive and LRP-negative IDM/HDM- analysis.
treated patients showed no statistically significant differences in In the subgroup of responding patients we performed statisti-
distribution of LDH, L1%, B-microglobulin, or age. Acompari- cal analysis regarding event-free survival (EFS). Within the
son of responses between the two regimens in LRP-positiveesponding MP-treated patients, the EFS was remarkable shorter
patients showed a significant higher response rate with IDMin LRP-positive patients. Three LRP-positive patients treated
HDM as compared with MP (81% 18%, P < .0001). In  with MP relapsed after 6, 7, and 15 months, respectively
LRP-negative patients a better response rate with IDM/HDM(median 7 months, 95%-Cl: 5 to 9), whereas the EFS of
(88%yv 52%,P = .006) was also observed. LRP-negative MP-treated patients was median 24 months
Expression of LRP and survival Kaplan-Meier survival (n= 11, 95%-Cl; 16 to 32;P < .003). EFS of IDM/HDM-
curves of LRP-positive and LRP-negative patients are presentetieated LRP-positive patients was median 22 months (1,
in Figures 2 through 4. An inverse correlation was found 95%-Cl: 14 to 30) versus 24 months{n13, 95%-Cl: 15 to 33;
between LRP expression and survival duration. In the complet® = .182) for LRP-negative patients.
group, the median survival of LRP-positive patients was 28
months (95%-Cl: 23 to 33), whereas the median survival DISCUSSION
duration of LRP negative patients was 54 months (Cl: 26 to 82; Our findings indicate that LRP is widely expressed in
P < .002; hazard ratio [HR} 2.9 (1.4-5.7); Table 2, Fig 2). untreated MM and that it is associated with a low probability of
This difference was likely caused by the 38 MP-treated patientsesponse and a shorter survival in patients treated with a
who had a median survival 40 months in LRP-negativeconventional MP regimen. LRP positivity was found in 47% of

Table 2. LRP Expression, Prognostic Factors, and Clinical Outcome

ALL Patients MP Treated Patients IDM/HDM Treated Patients
Response Median Median Response Median
Parameter No. (%) P-Value* Survival (mo) P-Value No. Response (%) P-Value* Survival (mo) P-Value No. (%) P-Value* Survival (mo) P-Value
Total 70 59 38 37 32 84
LRP (%)
<10 37 68 .06 54 <.002 21 52 <.05 40 <.001 16 88 .29 69 .36
=10 33 48 28 17 18 22 16 81 nr
B,M
<4mg/L 41 63 .49 46 20 35 .8 38 <.17 21 90 48 69 .82
=4 mg/L 29 55 33 22 18 39 28 11 82 43
LI%T
<2 41 63 .68 28 <.04 18 39 .3 28 1 23 83 .31 69 .87
=2 19 58 nr 10 20 nr 9 100 76
LDHt
<300 /L 42 55 .66 40 <.01 24 33 .8 38 .0001 19 83 .79 69 97
=300 w/L 15 66 30 7 29 11 8 88 46

Abbreviation: nr, not reached.
*By chi-squared test.
tData were not available from all patients.
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Fig 2. Patients treated with melphalan, either at conventional dose and combined with prednisone or administered as an intensified (70/140
mg/m?2 V). Probability of survival from the start of treatment.
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Cumulative Survival
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Fig 3. Patients treated with conventional melphalan and prednisone. Probability of survival from the start of treatment.
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Fig4. Patients treated with IV intensified melphalan (70/140 mg/m? IV). Probability of survival from the start of treatment.

the patients with newly diagnosed MM. This figure is consistentand lack of response to oral melphalan chemotherapy in these
with data indicating the widespread expression of LRP inpatients.
untreated human malignanci®Multivariate analysis showed Further evidence for the relationship of LRP with chemoresis-
that LRP was an adverse prognostic marker that was indepenance to both classical and MDR-related drugs is provided by
dent for serum Bmicroglobulin, bone marrow plasma cell LI, several recent clinical studies. In patients with adult myeloid
serum LDH, and age. Interestingly, LRP-related resistance tdeukemi&’ and patients with FIGO stage IlI/IV ovarian can-
MP may initially be overcome by dose intensification of cer?X LRP expression of malignant cells was significantly
melphalan as suggested by the outcome of patients treated wittorrelated with inferior response to chemotherapy, including
IDM and HDM. cisplatin and alkylating agents, and with shorter overall sur-
These observations add proof to the recent in vitro andvival.
clinical studies identifying LRP as an independent predictor for The precise mechanism of LRP-related chemoresistance,
chemoresistance against melphalan. Studies undertaken twwever, is still unsolved. To date the biological function of
assess the in vitro sensitivity of the RPMI, 8226 humanLRP as a major constituent of the human vault protein is
myeloma cell line to several cytotoxic drugs showed that byunknown. A small fraction of vaults are localized to the nuclear
exposure to melphalan an MDR subline emerged, termed 822fMembrane and nuclear pore complexes, raising the possibility
LR5, which is resistant to melphalan and highly upregulatesthat vaults mediate the bidirectional transport of a variety of
LRP expression in absence of other MDR proteins (showing ssubstrates between the nucleus and the cytoptéasmsupport
drug accumulation defect). Also exposure to mitoxantroneof this view, entrapment of drugs in exocytotic vesicles and
resulted in a highly LRP-positive cell population (8226 MR40), decreased nuclear to cytoplasmic drug ratios were reported in
which showed additional resistance to melphalan, again inLRP-overexpressing multidrug resistant cé#&’Interestingly,
absence of other MDR-related proteins (W.S. Dalton et al,melphalan and cisplatin exert their main cytotoxic effect in the
personal communication, July 1997). cell nucleus having very similar modes of action on nucleic
Moreover, in human cancer cell lines derived from 8 canceracids. This makes it tempting to hypothesize that vaults are
types, using immunocytohistochemical detection methods, @nvolved in the nucleo-cytoplasmic exchange of these drugs.
significant correlation between LRP expression in these cancer Our findings cannot exclude that LRP is a pleiotropic marker
types and in vitro sensitivity to melphalan was found. No of resistance coexpressed with other (MDR-related) drug resis-
correlation was found between the expression of other MDR-tance genes. In this study we did not assess the expression of
related proteins and melphalan sensitifftyThese in vitro  other MDR-related proteins, ie, Pgp and MRP. Therefore, no
results are in line with our clinical finding of an association conclusion can be drawn on the individual roles of each
between LRP expression on myeloma cells in untreated patientesistance protein in these MM samples. However, we and
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others found that PgP is expressed in very low frequerné&gg) functional characterization and the biological role of LRP in
in untreated MM and has no prognostic value at that stagfe. myeloma and other tumor types.
In contrast, PgP is highly expressed in VAD-refractory MM3
whereas MRP is not expressed above background values in the
majority of MM samples$* Moreover, in in vitro experiments
and clinical studies MDR and MRP did not confer resistance to 1. Alexanian R, Haut A, Khan AU, Lane M, McKelvey EM,
melphalarts-2L Migliore PH, S.tuc_key WY, Wilson HE: Treat_ment for multiple my-
Obviously other nonclassical MDR transport mechanisms c)feloma. Combination chemotherapy with different melphalan dose

resistance must be involved in MM, which may explain wh regimens. JAMA 208:1680, 1969
. . . T y exp y 2. Cooper MR, Dear K, Mcintyre OR, Propert KJ, Kochwa S,
resistance occurs in LRP-negative patients.

) . Anderson K, Coleman M, Kyle RA, Prager D, Kafia S, Zimmer B:
An alternate conclusion from the adverse prognostic value okingle, sequential and multiple alkylating agent chemotherapy for
LRPin patients treated with the MP regimen could be an inverseny|tiple myeloma: A CALBG study. J Clin Oncol 4:1331, 1986
relation between LRP expression and the sensitivity of my- 3. Fernberg JO, Johansson B, Lewensohn R: Oral dosage of melpha-
eloma cells to corticosteroids. Previous studies have shown thain and response to treatment in multiple myeloma. Eur J Cancer
steroid dose intensity is one of the most important predictors 0£6:393, 1990
treatment outcome. Considering this, the use of prednisone in 4. Cunningham D, Paz-Ares L, Gore ME, Malpas J, Hickish T,
patients receiving oral melphalan is an important differenceNicolson M, Meldrum M, Viner C, Milan S, Selby PJ, Norman A,
between the treatment groups. However, recent in vitro studie§aymond J, Powles R: High dose treatment for multiple myeloma:
in acute lymphocytic leukemia using flow cytometry and a ong-term follow-up data._JCIm Oncol 12:764, 1994 .
. . 5. Lokhorst HM, Meuwissen OJ, Verdonck LF, Dekker AW: High
methylthiotetrazole (MTT) assay have shown a lack of relation . . o .
. . . risk multiple myeloma treated with high dose melphalan. J Clin Oncol
between LRP expression and resistance to prednisolone (M'L:to:47, 1992
den Boer et al, Department of Paediatrics, Free Unlver§|ty 6. Redwood WR, Colvin M: Transport of melphalan by sensitive and
Hospital, Amsterdam, The Netherlands, personal communicaresistant 1210 cells. Cancer Res 40:1144, 1980
tion, January 1997). In addition to a potential role in chemoresis- 7. Gupta V, Singh SV, Ahmad H, Medti RD, Awastithi YC: Glutathi-
tance LRP may be associated with a biologically more aggresene and Glutathion-S-transferases in a human plasma cell line resistant
sive state of MM. This is not only suggested by the fact that EFSo melphalan. Biochem Pharmacol 38:1993, 1989
of LRP-positive patients tended to be shorter but also by the 8. Hall AG, Tilby MJ: Mechanisms of action of, and modes of
relation between LRP and elevated LDH levels in untreatedesistance to, alkylating agents used in the treatment of haematological
disease. LRP did not correlate with serugaBicroglobulin, LI, ~ malignancies. Blood Rev 6:163, 1992 _ ' _
or age. High LDH levels in untreated MM have been related to 9. Goldstein Lq, Pastan I, Gottesman MM: Multidrug resistance in
high tumor mass, unusual clinical features like extraosseouguman cancer. Crit Rev Oncol Hematol 12:243, 1992

dh dinloid | RNA tent of bl I 10. Zaman GJ, Flens MJ, Van Leusden MR, Dehaas M, Mulder HS,
masses, and hypodiploidy or low content orplasma CellS, ;. eima J, Pinedo HM, Scheper RJ, Baas F, Broxterman HJ, Borst P:

possibly reflecting a late stage of myeloma transformation and &he human multidrug resistance associated protein (MRP) is a plasma

poor clinical outcomé® Also in our study MP-treated patients membrane drug efflux pump. Proc Natl Acad Sci USA 91:8822, 1994
with elevated LDH levels survived significantly shorter. More 11, Scheffer GL, Wijngaard PL, Flens MJ, Izquierdo MA, Slovak

detailed studies on the relation of LRP with clinipathological ML, Pinedo HM, Meijer CIJLM, Clevers HC, Scheper RJ: The drug

and cytogenetic parameters in MM are therefore warranted.  resistance related protein LRP is the human major vault protein. Nature
Our findings are clinically important because LRP-relatedMed 1:578, 1995

resistance to the MP regimen may be circumvented by dose 12. Kedersha NL, Rome LH: Isolation and characterization of a

intensification of melphalan. LRP-positive patients had a signifi-"0vel ribonucleoprotein particle: Large structures contain a single

cant better response to IDM/HDM as compared with MP, TheSPecies of small RNA. J Cell Biol 103:699, 1986
13. Izquierdo MA, Scheffer GL, Flens MJ, Giaccone G, Broxterman

?no;et_ergsionn dszc:z?tf:c;?a:tir;r?Iﬂgzlat?e::sclki):iiglIyliilgliggcﬁq‘]' Meijer CILM, Van der Valk P, Scheper RJ: Broad distribution of the
’ . . r;lnultidrug-resistance related vault protein LRP in normal human tissue
recen_t yearg? In general, prewogsly un_treated patients have.and tumors. Am J Pathol 148:877, 1996
superior response rates to intensive regimens as compared with1 4 scheper RJ, Broxterman HJ, Scheffer GL, Kaaijk P, Dalton WS,
MP, and remissions are of good quafitur results indicate  van Heijningen THM, Van Kalken CK, Slovak ML, De Vries EGE, Van
that assessment of the LRP status might identify a patientier valk P, Meijer CILM, Pinedo HM: Overexpression of a M(r)
population that can initially benefit from dose intensification 110,000 vesicular protein in non-P-glycoprotein-mediated drug resis-
and in which this regimen could be considered as a first-linetance. Cancer Res 53:1475, 1993
treatment above the MP regimen. 15. Izquierdo MA, Shoemaker RH, Flens MJ, Scheffer GL, Zaman
In conclusion, in this study we assessed the expression gfJR. Liu W, Scheper RJ: Overlapping phenotypes of multidrug
LRP in untreated myeloma and introduce this novel drugresglztance among panels of human cancer cell lines. Int J Cancer 65:1,
:EZISEBC?;Q?E;id gl;lzteI:u?:i\?a?ro&g?;gg;?(:tv?lgo:erssgo?;aet 16. Durie BGM, Salmon SE: A clinical staging system for multiple
A . ' ! ) yeloma. Correlation of measured myeloma cell mass with presenting
LRP-associated resistance to melphalan may be circumvente

] S 3 o . inical features, response to treatment and survival. Cancer 36:842,
by dose intensification, creating the possibility to select patients g75

who be_nefit from these regimens. Eurther studies on the 17. Lokhorst HM, Sonneveld P, Wijermans PW, van Marwijk Kooy
expression of LRP and other mechanisms of drug resistancs, Meuwissen OJATh, van Oers MHJ, van der Griend R, Dekker AW:
seem warranted to confirm these results and to clarify thdntermediate Dose Melphalan (IDM) combined with G-CSF (filgrastim)
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