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Abstract 
 
Multidrug resistance (MDR) is associated with expression of P-
glycoprotein (P-gp), multidrug resistance-associated protein 1 (MRP1), 
and lung resistance-related protein (LRP). Tumor necrosis factor-α (TNF-
α) is able to modify the expression of these three proteins in different cell 
types. The effect of TNF-α in the clinical situation on patients with soft 
tissue sarcomas (STS) is indeterminate. 

Thirty-seven patients with a locally advanced extremity STS underwent 
hyperthermic isolated limb perfusion (HILP) with TNF-α and melphalan; 
15 patients received additional interferon-γ. Clinical and histologic 
responses were documented and used to define the overall response. 
Samples before and after HILP were analyzed immunohistochemically for 
P-gp, MRP1, and LRP. Samples were scored as negative or positive (< 5% 
or ≥ 5% positive tumor cells). 

Six patients had an overall complete response, 25 patients had a partial 
response, and 4 patients with STS revealed no change; in 2 patients the 
response remained unclear. The percentage STS samples that were positive 
for all three proteins dropped from 92% before HILP to 85% after HILP. 
P-gp positive samples were encountered more often than MRP1 positive 
samples (P < 0.05). The percentage of samples that were negative for all 
three MDR proteins increased after HILP from 6% to 16%. MDR status 
had no significant correlation with tumor response. 

HILP with TNF-α and melphalan results in excellent overall tumor 
response in patients with locally advanced STS. STS more often are 
positive for P-gp than for MRP1. MDR status in patients with STS is not 
predictive for tumor response after HILP. Data from the current study 
suggest that the combination of TNF-α and melphalan does not induce 
MDR positive STS: a result with clinical importance when consecutive, 
adjuvant, doxorubicin-containing chemotherapy is considered.  
 
 
Introduction 
 
Soft tissue sarcomas (STS) comprise a rare and diverse group of 
malignancies of mesenchymal origin. STS tend to metastasize early, 
mainly hematogenously. High histologic tumor grade of an STS is the 
major adverse prognostic marker for the development of distant recurrence; 
40% of patients with Grade 3 tumors develop metastases.1-3 The role of 
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adjuvant chemotherapy remains controversial with respect to the 
development of distant metastases. However, recent reports indicate a trend 
toward a beneficial effect in a selected group of patients: those with tumors 
arising in the extremities.4-6 

At the Groningen University Hospital, patients with primarily 
irresectable extremity STS are treated with TNF-α and melphalan in a 
setting of hyperthermic isolated limb perfusion (HILP). This regimen was 
a major breakthrough as a limb-salvaging technique. It renders the tumor 
resectable and avoids amputation in more than 75% of patients.7,8 
Interferon-γ (IFN-γ), initially combined with TNF-α, had no additional 
benefit on tumor response but increased toxicity and was removed from the 
schedule.9 Local tumor control may be improved further by using adjuvant 
external beam radiotherapy.10 

Like with other tumors, the phenomenon of multidrug resistance 
(MDR), in which tumors are resistant to various structurally and 
functionally different natural product chemotherapeutic drugs, also is 
encountered in STS.11-14 MDR is associated with the overexpression of P-
gp, MRP1, and LRP.13,15 Both P-gp and MRP1 act as transmembrane 
pumps, excreting xenotoxins out of cells toward the extracellular 
environment; P-gp also prevents toxins from crossing the cell membrane.16 
A recent study revealed a correlation between P-gp expression in high 
grade STS and poor outcome to chemotherapy consisting of doxorubicin, 
dacarbazine, and ifosfamide.17 LRP, which was discovered in a lung 
carcinoma cell line, is described as the major vault protein.18,19 The exact 
function of LRP is not understood, and its causal relation to MDR has been 
established only recently.20 LRP vaults are present in the cytoplasm and in 
the nuclear membrane and may mediate transport of (cytotoxic) substrates 
from the nucleus to the cytoplasm.21,22 This leads to an altered drug 
distribution within the cell, resulting in lower amounts of the cytotoxic 
agent at the nuclear target site.20 LRP is involved in resistance to classical 
drug resistance-associated agents (doxorubicin, etoposide, and paclitaxel) 
and also to melphalan.21 In multiple myeloma, its expression is identified 
as an independent predictor for resistance against the alkylating drug 
melphalan, although, in multiple myeloma, this resistance can be overcome 
by dose intensification.23 

The cytokine TNF-α enhances the effect of antineoplastic agents in 
various ways, from affecting the tumor-associated vasculature, direct 
cytotoxicity, enhancement of proliferation (rendering the tumor more 
susceptible to melphalan), and increasing the concentration of cytotoxic 
agents (e.g., melphalan) in the tumor interstitium.24-31 TNF-α also has the 
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ability to reduce drug resistance by modulation of the expression of drug 
resistance-associated proteins.32,33 TNF-α decreases the expression of P-
glycoprotein (P-gp) and lung resistance-related protein (LRP) but increases 
multidrug resistance-associated protein 1 (MRP1) expression in colon 
carcinoma cells in vitro.32,33 After exposure to TNF-α, these cells were 
more susceptible for classic multidrug resistance (MDR)-related agents, 
like doxorubicin and vincristine.32 P-gp also protects drug-resistant cells 
from caspase dependent apoptosis, which is the pathway for cell death 
induced by the TNF-death receptor family.34 

The first objective of the current study was to assess the expression of 
MDR proteins in patients with STS before and after TNF-α exposure (with 
or without IFN-γ). Second, the correlation between tumor response to 
therapy and the expression of P-gp, MRP1, and LRP were be investigated. 
 
 
Materials and Methods 
 
Patients. Thirty-seven patients with a primarily irresectable extremity STS 
consented to undergo HILP. Four tumors were located in the upper 
extremity, and 33 tumors were located in the lower extremity. In 35 of 37 
patients, a delayed marginal resection of the tumor remnant was performed 
6–8 weeks after HILP (61 days ± 16 days; range, 12–103 days; median, 60 
days); no complementary therapeutic interventions were planned during 
the period between HILP and the resection. The study was approved by the 
Medical Ethical Committee of the University Hospital Groningen. Paraffin 
embedded tumor samples were collected from the time of diagnosis and 
from the time of resection after HILP. 

Histologic diagnosis. In all patients, the diagnosis was made on 
hematoxylin and eosin-stained paraffin sections from incisional biopsies, 
sometimes with additional immunohistologic staining. Sarcomas were 
classified according to Enzinger and Weiss 35, revealing 16 different 
histologic types (Table 1). Tumor grading was performed according to the 
grading system developed by Coindre et al.36 This resulted in 7 patients 
with Grade 1 STS, 19 patients with Grade 2 STS, and 11 patients with 
Grade 3 STS (Table 1). The extent of necrosis in the resection specimen 
was estimated on macroscopic examination. For histology, at least one 
section per centimeter of the greatest tumor dimension was taken. The 
presence of necrosis, viable tumor, or fibrosis was documented 
histologically. 
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Table 1. Patient characteristics 
 
Patient Sex Age 

(Yrs) 
Histological type Grade IFNγ Clinical 

response 
Histologic 
response 

Overall 
response 

 
1 

 
M 

 
18 

Extraskeletal myxoid 
chondrosarcoma 

 
2 

 
+ 

 
PR 

 
PR 

 
PR 

2 F 18 Rhabdomyosarcoma 2 + PR CR CR 
3 M 21 Liposarcoma 2 − PR PR PR 
4 M 22 Epitheloid sarcoma 2 + PR NC NC 
5 M 24 Synovial sarcoma 2 − CR PR PR 
6 F 25 Synovial sarcoma 3 − PR PR PR 
7 F 26 Sarcoma NOS 3 − PR Unk Unk 
8 M 28 Sarcoma NOS 3 + CR NC PR 
9 F 33 Leiomyosarcoma 2 − PR CR CR 
10 F 37 MPNST 2 − PR PR PR 
11 M 37 Myxoid liposarcoma 1 − PR PR PR 
12 F 39 Synovial sarcoma 3 − CR PR PR 
13 F 40 Leiomyosarcoma 3 + PR PR PR 
14 M 42 Clear cell sarcoma 1 − PR PR PR 
15 M 43 Synovial sarcoma 2 + NC NC NC 
16 M 44 Myxoid liposarcoma 1 − PR PR PR 
17 F 44 Myxoid liposarcoma 1 + PR PR PR 
18 F 47 Myxoid MFH 1 + PR CR CR 
19 F 48 Well differentiated 

liposarcoma 
1 + NC NC NC 

20 M 48 Myxoid liposarcoma 2 − NC PR PR 
21 M 49 Malignant 

hemangiopericytoma 
1 − PR PR PR 

22 F 50 Dedifferentiated 
liposarcoma 

3 + PR PR PR 

23 F 50 Sarcoma NOS 2 − CR CR CR 
24 M 53 MFH 2 + PR PR PR 
25 F 53 Sarcoma NOS 2 − PR CR CR 
26 M 54 MFH 3 − Unk Unk Unk 
27 F 56 PPNET 2 − PR CR CR 
28 F 60 Leiomyosarcoma 3 + PR PR PR 
29 F 61 Myxoid MFH 2 + PR PR PR 
30 M 62 MPNST 2 + NC NC NC 
31 F 64 MPNST 2 − PR PR PR 
32 M 66 MFH 2 − PR PR PR 
33 F 67 MFH 3 − PR NC PR 
34 F 69 Fibrosarcoma 3 − PR PR PR 
35 M 71 Liposarcoma 2 + NC PR PR 
36 M 74 Sarcoma NOS 3 − PR PR PR 
37 M 80 Sarcoma NOS 2 − PR NC PR 
 
M, male; F, female; NOS, not otherwise specified; MPNST, malignant peripheral nerve 
sheath tumor; MFH, malignant fibrous histiocytoma; PPNET, peripheral primitive 
neuroectodermal tumor; CR, complete response; PR, partial response; NC, no change; 
Unk, unknown. 
Histologic classification according to Enzinger and Weiss.35 

Grading according to Coindre, Trojani et al.36 

Tumor response assessment according to Eggermont et al.7,9 
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Drugs and treatment schedule. HILP was performed as described 
previously.9 Briefly, the major artery and vein were exposed surgically and 
canulated after systemic heparinization (3.3 mg/kg body weight). Isolation 
of the limb circulation was achieved by clamping the major artery and 
vein, by ligation of collateral vessels, and by applying a tourniquet. The 
circulation of the affected limb was carried out by a heart-lung machine. 

Recombinant human TNF-α (Beromun™, Boehringer Ingelheim 
Pharma GmbH & Co.KG, Ingelheim am Rhein, Germany) was used: 3 mg 
TNF-α for perfusions of an arm and 4 mg for perfusions of a leg. 
Melphalan (GlaxoSmithKline, London, Great Britain) was administered in 
a dosage of 10 mg (leg) or 13 mg (arm) per liter of limb volume. IFN-γ 
(Boehringer Ingelheim Pharma GmbH & Co.KG) was administered to 15 
patients in addition to TNF-α and melphalan. The dosage used was 0.2 mg 
IFN-γ subcutaneously on the 2 days before HILP and 0.2 mg intra-
arterially at the start of HILP. 

IFN-γ and TNF-α were injected as a bolus into the arterial line. 
Melphalan was administered 30 minutes thereafter. The procedure 
consisted of a 90-minute perfusion (counted from the time of TNF-α 
injection) at mild hyperthermia (39–40 °C). At the end of the perfusion, the 
limb was flushed with 500 mL Isodext (NPBI, Emmer-Compascuum, the 
Netherlands) in NaCl 0.9% with 250 mL red blood cell concentrate. The 
heparin-induced anticoagulative state was corrected with protamine sulfate. 

Immunohistochemical detection of MDR proteins. Samples were 
deparaffinated in xylene and alcohol. Antigen retrieval was achieved by 
heating the samples at 115 °C under pressure (10 psi) in an autoclave in 
three cycles of 5 minutes each. The monoclonal C494 (Signet Laboratories, 
Dedham MA, USA; 120 mg/mL; dilution, 1:200), which recognizes P-gp, 
was used. For MRP1, a noncommercial monoclonal antibody was used 
(MRPr1; kindly provided by Dr. R. J. Scheper, Department of Pathology, 
Free University Hospital, Amsterdam, the Netherlands; concentration, 20 
mg/ mL; dilution, 1:15). Anti-LRP monoclonal antibody (Transduction 
Laboratories, Los Angeles, CA, USA; 250 mg/ mL) was used at a 1:400 
dilution. The samples were incubated with the primary antibody-containing 
dilution at room temperature for 1 hour. For each sample, a peroxidase-
conjugated secondary antibody identified the binding of the primary 
antibody. Diaminobenzidine-tetrahydrochloride (Sigma, St. Louis, MO, 
USA) in phosphate-buffered saline was used as the chromagen. Samples 
were counterstained with hematoxylin. Liver, lung, and colon tissue served 
as positive controls for P-gp, MRP1, and LRP expression, respectively. 
The expression of P-gp, MRP1 and LRP was scored by estimating the 
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percentage of positive stained tumor cells. All samples were scored at the 
same time by the same investigators (B.E.C.P. and H.H.) without 
knowledge of the response to the therapy. The score was documented as 
the percentage of positive staining tumor cells. In concordance with former 
publications, samples were classified as positive for MDR expression if < 
5% of the tumor cells showed immunoreactivity.15,37,38 

Assessment of tumor response. Tumor response after HILP with TNF-
α (with or without IFN-γ) and melphalan was assessed according to the 
standard scoring system developed by Eggermont and coworkers.9 Overall 
tumor response was derived from both clinical and histologic responses. 

The greatest tumor dimension was used as the parameter for clinical 
response, as assessed by physical examination and radiodiagnostic 
imaging. A clinical complete response (CR) was defined as the 
disappearance of all measurable disease for > 4 weeks. A partial response 
(PR) was classified as regression of the tumor by > 50% for > 4 weeks. No 
change (NC) was concluded when regression of < 50% or progression of < 
25% of the tumor existed for > 4 weeks. Clinical progressive disease (PD) 
was defined as > 25% disease progression. Responses were assessed by 
standardized World Health Organization criteria.39 

Extensive histopathologic examination of the resected specimens was 
performed. The percentage of viable tissue was estimated on the basis of 
macroscopic and histologic examination. Histologic CR was defined as 
100% microscopic disappearance of viable tumor tissue, histologic PR was 
defined as > 50% viable tumor tissue, and histologic NC was defined as < 
50% viable tumor tissue. 

If no tumor was detectable clinically (clinical CR), then the final 
outcome was downgraded to a PR when the resection specimen showed 
viable tumor tissue. If the clinical response was a PR, then the final 
response could upgrade to a CR only if histologic examination of the tumor 
remnant showed 100% necrosis or fibrosis. Likewise, if treatment resulted 
in clinical regression of < 50% but the tumor was resectable, and histologic 
examination showed that the tumor remnant was ≥ 50% necrotic, then the 
overall response was upgraded to a PR. 

Statistical analysis. Alterations in the expression of MDR proteins in 
pre- HILP and post-HILP samples were assessed by using the Pitman test 
with correction for continuity. The McNemar test was used to analyze 
differences between scoring of the distinct MDR proteins in the same 
specimen. The Pearson chi-square test was used to determine the 
correlation between tumor response and expression of MDR proteins. 
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Results 
 
Thirty-seven patients with an irresectable STS of the limb underwent HILP 
with TNF-α and melphalan; 15 patients received additional IFN-γ. Two 
patients provided no sample for histologic examination after HILP: One 
patient had progressive lung metastases requiring chemotherapy (Patient 
7), and the other patient underwent an amputation of the affected limb 2 
days after HILP due to vascular occlusion (Patient 26). 

Tumor response to HILP with TNF-α and melphalan. A clinical CR 
was observed in four patients (11%). Twenty-seven patients (73%) 
revealed a clinical PR, whereas, in 5 patients (14%) a clinical NC was 
detected. 

A histologic CR was detected in 6 patients (16%), and a histologic PR 
was detected in 22 patients (60%). In 7 patients (19%) the tumor showed a 
histologic NC. Histologic responses remained undetermined in two 
patients (5%). 

From the clinical and histologic responses, the overall tumor response 
was constructed. Six patients (16%) had a CR, and 25 patients (68%) had a 
PR. In four patients (11%) the overall tumor response was designated NC. 
In two patients, the overall response was unknown. Table 1 provides an 
overview of these results. 

MDR proteins in patients with STS before and after HILP with 
TNF-α and melphalan. 

Pre-HILP samples. One sample for P-gp and LRP (from the same 
specimen) and three samples for MRP1 were not taken into account due to 
uncertainty about the presence of representative tumor material. The results 
of the scoring are shown in Table 2. 

A positive score for at least one MDR protein was established in 34 of 
37 specimens (92%). Samples from the same specimen were positive for P-
gp more frequently than for MRP1 (25 vs. 15 samples, respectively; P 
<0.05). Co-expression of P-gp and MRP1 was found in 13 of 33 samples 
(39%), co-expression of P-gp and LRP in was found 17 of 36 samples 
(47%), and co-expression of MRP1 and LRP was found in 12 of 33 
samples (36%). Positive scoring for all three proteins was found in 7 of 33 
samples (21%). Samples from three patients were scored negative for all 
three proteins. 

Post-HILP samples. Of the 35 remaining histologically evaluable STS 
samples, 6 revealed pathologic CR to the treatment, leaving no viable 
tissue for immunohistochemistry. In addition, samples were not evaluable 
for P-gp, MRP1, or LRP in 2 patients, 3 patients, and 4 patients, 
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respectively, because of a lack of representative tumor material. The results 
of the scoring are shown in Table 3. 
 
Table 2. MDR protein expression before HILP 
 
 P-gp  MRP1  LRP 
 No. %  No. %  No. % 
Negative 9 (25%)  18 (53%)  13 (36%) 

Positive 27 (75%)  16 (47%)  23 (64%) 

Missing 1   3   1  

 
 
Table 3. MDR protein expression after HILP 
 
 P-gp  MRP1  LRP 
 No. %  No. %  No. % 
Negative 6 (22%)  16 (62%)  10 (40%) 

Positive 21 (78%)  10 (38%)  15 (60%) 

Missing 10   11   12  

 
Scoring of P-gp, MRP1 and LRP expression in patients with soft tissue sarcomas before 
(Table 2), and after (Table 3) hyperthermic isolated limb perfusion with tumor necrosis 
factor-α and melphalan. 
 

 
The number of samples that scored positive for at least one MDR 

protein decreased to 23 of 27 samples (85%) compared with 34 of 37 
samples (92%) before HILP. Samples derived from the same STS more 
often were scored positive for P-gp than for MRP1 (20 vs. 10 samples, 
respectively; P < 0.05). Both P-gp and MRP1 staining were positive in 10 
of 26 samples (38%); and both P-gp and LRP staining were positive in 13 
of 25 samples (52%). Co-expression of MRP1 and LRP was present in 9 of 
25 samples (36%). Positive scoring for all three proteins was present in 9 
of 25 STS samples (36%). A negative score for all three proteins was 
encountered in 4 of 25 samples (16%). 

Changes in immunohistochemical staining of MDR proteins before 
and after HILP. The scoring for P-gp, MRP1 and LRP separately did not 
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significantly alter for paired samples from the same tumor before and after 
HILP with TNF-α and melphalan (with or without IFN-γ). Stratification for 
the use of IFN-γ did not alter these results. Figure 1 displays the results of 
the scoring of the three MDR proteins before and after HILP. 

Of the three patients with STS samples that were negative for all three 
MDR proteins prior to HILP, two patients had positive MDR samples after 
HILP, whereas the third patient remained negative for all three. After 
undergoing HILP, a higher percentage of patients with P-gp negative, 
MRP1 negative, and LRP negative samples was found: 16% (4 of 25 
samples) compared with 6% (3 of 33 samples) before HILP, but this did 
not reach a level of statistical significance. In Table 4, the absolute 
percentages of positive P-gp, MRP1, and LRP results before and after 
HILP are presented. Within the positively scored samples (> 5% 
positivity), there is a wide variation in the absolute percentage of antibody 
staining. However, no uniform trend in either up-regulation or down-
regulation can be discerned. 

MDR Expression Related to Tumor Response. The expression of P-
gp, MRP1, and LRP in STS prior to chemotherapy was not correlated with 
clinical, histologic, or overall tumor response. No significant differences in 
the expression of MDR were found between the subgroups of patients with 
distinct tumor responses (CR, PR, and NC). The number of patients in the 
current series was too small to draw conclusions concerning differences in 
MDR expression among different histologic entities. 

All three patients with MDR negative samples before HILP had an 
overall PR. In the category of patients with no or low tumor response (NC) 
to the therapy, there were no significant differences in scoring of MDR 
proteins compared with the good responders (PR). Samples that indicated a 
histologic CR could not be taken into account. 
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Figure 1. Immunohistochemistry for P-gp (A.), MRP1 (B.), and LRP (C.) in soft 
tissue sarcomas before and after HILP with TNF-α and melphalan 
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Table 4. Results of immunohistochemistry: absolute percentages of tumor cells stained 
positively before and after HILP with TNF-α and melphalan. 
 
Patient Histologic type P-gp  MRP1  LRP 
  Before After  Before After  Before After 

1 Extraskeletal myxoid 
chondrosarcoma 40 40  5 NE  70 NE 

2 Rhabdomyosarcoma 5 CR  0 CR  70 CR 
3 Liposarcoma 80 20  40 70  90 70 
4 Epitheloid sarcoma 20 20  NE 80  40 80 
5 Synovial sarcoma 0 90  0 70  0 90 
6 Synovial sarcoma 10 30  0 0  90 70 
7 Sarcoma NOS 40 NE  0 NE  5 NE 
8 Sarcoma NOS 30 60  70 60  90 90 
9 Leiomyosarcoma 5 CR  NE CR  60 CR 
10 MPNST 70 40  40 50  50 90 
11 Myxoid liposarcoma 80 90  0 0  0 0 
12 Synovial sarcoma 90 80  90 20  0 0 
13 Leiomyosarcoma 0 0  80 0  30 30 
14 Clear cell sarcoma 40 40  40 0  0 0 
15 Synovial sarcoma 20 40  30 0  0 0 
16 Myxoid liposarcoma 90 20  0 0  0 0 
17 Myxoid liposarcoma 5 10  0 0  0 NE 
18 Myxoid MFH NE CR  90 CR  NE CR 

19 Well differentiated 
liposarcoma 40 0  10 0  0 0 

20 Myxoid liposarcoma 0 0  0 0  5 0 

21 Malignant 
hemangiopericytoma 20 0  0 0  0 0 

22 Dedifferentiated 
liposarcoma 20 NE  20 NE  0 NE 

23 Sarcoma NOS 10 CR  90 CR  50 CR 
24 MFH 40 0  0 0  60 0 
25 Sarcoma NOS 0 CR  0 CR  90 CR 
26 MFH 60 NE  NE NE  70 NE 
27 PPNET 90 CR  50 CR  5 CR 
28 Leiomyosarcoma 5 0  0 0  60 30 
29 Myxoid MFH 90 90  0 90  70 70 
30 MPNST 0 20  30 0  20 20 
31 MPNST 50 90  10 0  30 90 
32 MFH 50 NE  0 NE  70 NE 
33 MFH 80 80  0 0  90 0 
34 Fibrosarcoma 50 70  0 90  80 80 
35 Liposarcoma 40 80  1 1  90 80 
36 Sarcoma NOS 30 50  70 70  70 90 
37 Sarcoma NOS 50 60 40 90  90 90 
 
NE, not evaluable; CR, complete histologic response; NOS, not otherwise specified; 
MPNST, malignant peripheral nerve sheath tumor; MFH, malignant fibrous histiocytoma; 
PPNET, peripheral neuroectodermal tumor.
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Discussion 
 
The combined use of biologic and chemotherapeutic agents provides a new 
approach of dealing with drug-resistant tumors. For patients with STS, the 
combination of TNF-α and melphalan results in an excellent tumor 
response, although the mechanisms of action remain to be clarified. The 
HILP technique allows the use of TNF-α and melphalan in dosages that are 
intolerable in the systemic circulation. The main aim of HILP is limb 
salvage. The increase in the limb salvage rate due to HILP with TNF-α and 
melphalan is not reflected by an increase in the distant failure rate.8,9 

Sarcomas are known to exhibit a drug-resistant phenotype, even when 
they are unexposed to chemotherapy.11,13 Therefore, it has been suggested 
that MDR status may be a determinant for tumor response to therapy, even 
though TNF-α and melphalan are not the classic substrates for P-gp, 
MRP1, and LRP. However, it has been demonstrated in vitro that P-gp can 
protect tumor cells against TNF-α-induced apoptosis.34 Furthermore, LRP 
may play a role in melphalan resistance.23 The lack of correlation found in 
the current study between the expression of MDR proteins and tumor 
response implies that MDR does not play a major role when STS are 
treated with high doses of TNF-α and melphalan under hyperthermic 
conditions. 

In the current study, chemotherapy-naive STS were positive for at least 
one MDR protein in 97% of patients; after TNF-α and melphalan 
perfusion, this number decreased to 85%. However, it must be noted that 
the complete responders could not be taken into account. 

MDR modification by cytokines has been investigated extensively in 
the in vitro situation; the current survey permits insight into the actual 
clinical situation. This study showed that the combination of TNF-α and 
melphalan in a setting of HILP did not lead to the selection of clones with 
high expression of P-gp, LRP, and/or MRP1 in STS. This is supported by 
the increasing numbers of P-gp negative, MRP1 negative, and LRP 
negative specimens after HILP. No pattern of change in the three MDR 
proteins could be detected. One problem in the interpretation of these 
results is the timing of the second sample.40 The timing of residual tumor 
resection in the current study was based on clinical judgment when the 
tumor was alleged to be resectable.9 Considering the period after which 
MDR protein expression may be expected, the time span between TNF-α 
exposure and second sampling is rather long (61 ± 16 days). For 
comparison, in colon carcinoma cells, the decline of MDR1 gene 
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expression (encoding for P-gp) already starts within 48 hours after 
exposure to TNF-α.41 In vivo studies confirm a fast mechanism in the 
modification of drug resistance: activation of MDR1/P-gp expression in 
pulmonary sarcoma metastases occurs within 1 hour after doxorubicin 
exposure.42 Although the identification of P-gp in the study by Abolhoda et 
al.42 was on mRNA level, a subsequent increase of the functional protein 
may be expected.43 In this view, it is noteworthy that TNF-α is able to 
down-regulate MDR proteins, such as P-gp and LRP, whereas doxorubicin 
quickly up-regulates MDR1/P-gp.32,33,42 What happens to the MDR-status 
in the group with histologic CR could not be studied. To elucidate this 
issue, samples should be taken earlier after HILP. Then, when viable tissue 
still exists, one has a view into the important early mechanisms in MDR 
modulation. However, this approach is accompanied by practical and 
ethical problems, because early sampling implements exposure of the 
patient to additional invasive procedures. 

Using HILP, leakage into the systemic circulation cannot always be 
prevented.44,45 Because STS are known for early hematogeneous 
metastasizing, potentially present synchronous micrometastases are 
exposed to the same drugs as the target tumor when leakage occurs. In 
addition, although metastatic cells per se do not have the biologic behavior 
of the cells from the primary tumor, it is reassuring that HILP with TNF-α 
and melphalan did not increase further the MDR status of the primary 
tumor. This is an important issue, because most adjuvant chemotherapy 
schemes are based on typical MDR-related anticancer agents. 

In conclusion, HILP with TNF-α and melphalan results in good clinical 
and histologic tumor response in patients with STS. Expression of the 
MDR proteins P-gp, MRP1, and LRP in chemotherapy-naive patients with 
STS is not predictive for tumor response. The numbers of MRP1 positive 
STS results were significantly lower compared with the numbers of P-gp 
positive STS results, both in the pre-HILP samples and the post-HILP 
samples. In the patients who achieved either PR or NC, tumor response has 
no correlation with changes in MDR status before and after HILP with 
TNF-α and melphalan; the group of patients who achieved a CR could not 
be evaluated. The current study suggests that HILP with TNF-α and 
melphalan does not lead to a selection of MDR positive tumors: a result 
with possible clinical implications when adjuvant doxorubicin-containing 
chemotherapy is applied. 
 
 



Chapter 7 

 111 

References 
 
1. Ham SJ, van der Graaf WTA, Pras E et al. Soft tissue sarcoma of the extremities. A 

multimodality diagnostic and therapeutic approach. Cancer Treat Rev. 1998;24:373-
391. 

2. Pisters PW, Leung DH, Woodruff J et al. Analysis of prognostic factors in 1,041 
patients with localized soft tissue sarcomas of the extremities. J Clin Oncol. 
1996;14:1679-1689. 

3. Pisters PW, Pollock RE. Staging and prognostic factors in soft tissue sarcoma. Semin 
Radiat Oncol. 1999;9:307-314. 

4. Sarcoma Meta-analysis Collaboration. Adjuvant chemotherapy for localised 
resectable soft-tissue sarcoma of adults: meta-analysis of individual data. Lancet. 
1997;350:1647-1654. 

5. Benjamin RS. Evidence for using adjuvant chemotherapy as standard treatment of 
soft tissue sarcoma. Semin Radiat Oncol. 1999;9:349-351. 

6. Bramwell V, Rouesse J, Steward W et al. Adjuvant CYVADIC chemotherapy for 
adult soft tissue sarcoma--reduced local recurrence but no improvement in survival: a 
study of the European Organization for Research and Treatment of Cancer Soft 
Tissue and Bone Sarcoma Group. J Clin Oncol. 1994;12:1137-1149. 

7. Eggermont AM, Schraffordt Koops H, Klausner JM et al. Isolated limb perfusion 
with tumor necrosis factor and melphalan for limb salvage in 186 patients with 
locally advanced soft tissue extremity sarcomas. The cumulative multicenter 
European experience. Ann Surg. 1996;224:756-764. 

8. Eggermont AM, Schraffordt Koops H, Klausner JM et al.  Limb salvage by isolated 
limb perfusion (ILP) with TNF and melphalan in patients with locally advanced soft 
tissue sarcomas: outcome of 270 ILPs in 246 patients. Proc Am Soc Clin Oncol. 1999.  

9. Eggermont AM, Schraffordt Koops H, Lienard D et al. Isolated limb perfusion with 
high-dose tumor necrosis factor-alpha in combination with interferon-gamma and 
melphalan for nonresectable extremity soft tissue sarcomas: a multicenter trial. J Clin 
Oncol. 1996;14:2653-2665. 

10. Olieman AF, Pras E, van Ginkel RJ et al. Feasibility and efficacy of external beam 
radiotherapy after hyperthermic isolated limb perfusion with TNF-alpha and 
melphalan for limb-saving treatment in locally advanced extremity soft-tissue 
sarcoma. Int J Radiat Oncol Biol Phys. 1998;40:807-814. 

11. Colvin OM. Drug resistance in the treatment of sarcomas. Semin Oncol. 1997;24:580-
591. 

12. Gerlach JH, Bell DR, Karakousis C et al. P-glycoprotein in human sarcoma: evidence 
for multidrug resistance. J Clin Oncol. 1987;5:1452-1460. 

13. Plaat BEC, van der Graaf WTA, Hollema H et al.  Expression of the multidrug 
resistance associated proteins P-gp, MRP1 and LRP in soft tissue sarcomas. 
Connective Tissue Oncol Soc Annual Meeting. 1999.  

14. Robert J. Multidrug resistance in oncology: diagnostic and therapeutic approaches. 
Eur J Clin Invest. 1999;29:536-545. 

15. Arts HJ, Katsaros D, de Vries EGE et al. Drug resistance-associated markers P-
glycoprotein, multidrug resistance- associated protein 1, multidrug resistance-
associated protein 2, and lung resistance protein as prognostic factors in ovarian 
carcinoma. Clin Cancer Res. 1999;5:2798-2805. 



MDR proteins before and after TNFα / melphalan perfusion 

 112

16. Borst P, Schinkel AH. Genetic dissection of the function of mammalian P-
glycoproteins. Trends Genet. 1997;13:217-222. 

17. Jimenez RE, Zalupski MM, Frank JJ et al. Multidrug resistance phenotype in high 
grade soft tissue sarcoma: correlation of P-glycoprotein immunohistochemistry with 
pathologic response to chemotherapy. Cancer. 1999;86:976-981. 

18. Scheffer GL, Wijngaard PL, Flens MJ et al. The drug resistance-related protein LRP 
is the human major vault protein. Nat Med. 1995;1:578-582. 

19. Scheper RJ, Broxterman HJ, Scheffer GL et al. Overexpression of a M(r) 110,000 
vesicular protein in non-P- glycoprotein-mediated multidrug resistance. Cancer Res. 
1993;53:1475-1479. 

20. Kitazono M, Sumizawa T, Takebayashi Y et al. Multidrug resistance and the lung 
resistance-related protein in human colon carcinoma SW-620 cells. J Natl Cancer 
Inst. 1999;91:1647-1653. 

21. Dalton WS, Scheper RJ. Lung resistance-related protein: determining its role in 
multidrug resistance. J Natl Cancer Inst. 1999;91:1604-1605. 

22. Izquierdo MA, Shoemaker RH, Flens MJ et al. Overlapping phenotypes of multidrug 
resistance among panels of human cancer-cell lines. Int J Cancer. 1996;65:230-237. 

23. Raaijmakers HG, Izquierdo MA, Lokhorst HM et al. 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. Blood. 1998;91:1029-
1036. 

24. Ruegg C, Yilmaz A, Bieler G et al. Evidence for the involvement of endothelial cell 
integrin alphaVbeta3 in the disruption of the tumor vasculature induced by TNF and 
IFN-gamma. Nat Med. 1998;4:408-414. 

25. Smyth MJ, Pietersz GA, McKenzie IF. Increased antitumor effect of 
immunoconjugates and tumor necrosis factor in vivo. Cancer Res. 1988;48:3607-
3612. 

26. Watanabe N, Niitsu Y, Umeno H et al. Toxic effect of tumor necrosis factor on tumor 
vasculature in mice. Cancer Res. 1988;48:2179-2183. 

27. Renard N, Nooijen PT, Schalkwijk L et al. VWF release and platelet aggregation in 
human melanoma after perfusion with TNF alpha. J Pathol. 1995;176:279-287. 

28. de Wilt JH, ten Hagen TL, de Boeck G et al. Tumour necrosis factor alpha increases 
melphalan concentration in tumour tissue after isolated limb perfusion. Br J Cancer. 
2000;82:1000-1003. 

29. Fajardo LF, Kwan HH, Kowalski J et al. Dual role of tumor necrosis factor-alpha in 
angiogenesis. Am J Pathol. 1992;140:539-544. 

30. Kristensen CA, Nozue M, Boucher Y et al. Reduction of interstitial fluid pressure 
after TNF-alpha treatment of three human melanoma xenografts. Br J Cancer. 
1996;74:533-536. 

31. Folli S, Pelegrin A, Chalandon Y et al. Tumor-necrosis factor can enhance radio-
antibody uptake in human colon carcinoma xenografts by increasing vascular 
permeability. Int J Cancer. 1993;53:829-836. 

32. Stein U, Walther W, Shoemaker RH. Modulation of mdr1 expression by cytokines in 
human colon carcinoma cells: an approach for reversal of multidrug resistance. Br J 
Cancer. 1996;74:1384-1391. 

33. Stein U, Walther W, Laurencot CM et al. Tumor necrosis factor-alpha and expression 
of the multidrug resistance- associated genes LRP and MRP. J Natl Cancer Inst. 
1997;89:807-813. 



Chapter 7 

 113 

34. Smyth MJ, Krasovskis E, Sutton VR et al. The drug efflux protein, P-glycoprotein, 
additionally protects drug- resistant tumor cells from multiple forms of caspase-
dependent apoptosis. Proc Natl Acad Sci USA. 1998;95:7024-7029. 

35. Weiss SW, Goldblum JR. Enzinger and Weiss's soft tissue tumors. 2001; St. Louis: 
Mosby. 

36. Coindre JM, Trojani M, Contesso G et al. Reproducibility of a histopathologic 
grading system for adult soft tissue sarcoma. Cancer. 1986;58:306-309. 

37. Izquierdo MA, van der Zee AG, Vermorken JB et al. Drug resistance-associated 
marker Lrp for prediction of response to chemotherapy and prognoses in advanced 
ovarian carcinoma. J Natl Cancer Inst. 1995;87:1230-1237. 

38. Kuttesch JF, Parham DM, Luo X et al. P-glycoprotein expression at diagnosis may 
not be a primary mechanism of therapeutic failure in childhood rhabdomyosarcoma. J 
Clin Oncol. 1996;14:886-900. 

39. World Health Organization. Handbook for reporting results of cancer treatment. 
1979; Geneva, Switzerland: World Health Organization Press. 

40. Hoffmann J, Schmidt-Peter P, Hansch W et al. Anticancer drug sensitivity and 
expression of multidrug resistance markers in early passage human sarcomas. Clin 
Cancer Res. 1999;5:2198-2204. 

41. Walther W, Stein U. Influence of cytokines on mdr1 expression in human colon 
carcinoma cell lines: increased cytotoxicity of MDR relevant drugs. J Cancer Res 
Clin Oncol. 1994;120:471-478. 

42. Abolhoda A, Wilson AE, Ross H et al. Rapid activation of MDR1 gene expression in 
human metastatic sarcoma after in vivo exposure to doxorubicin. Clin Cancer Res. 
1999;5:3352-3356. 

43. Chaudhary PM, Roninson IB. Induction of multidrug resistance in human cells by 
transient exposure to different chemotherapeutic drugs. J Natl Cancer Inst. 
1993;85:632-639. 

44. Hoekstra HJ, Naujocks T, Schraffordt Koops H et al. Continuous leakage monitoring 
during hyperthermic isolated regional perfusion of the lower limb: techniques and 
results. Reg Cancer Treat. 1992;4:301-304. 

45. Klaase JM, Kroon BB, van Geel AN et al. Systemic leakage during isolated limb 
perfusion for melanoma. Br J Surg. 1993;80:1124-1126. 



MDR proteins before and after TNFα / melphalan perfusion 

 114

 


