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Preliminary Study of Chemosenstivity Tests in Osteosarcoma
Using a Histoculture Drug Response Assay
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Abstract. Background: The clinical efficacy of chemotherapy
is strongly correlated with the histoculture drug response assay
(HDRA) in various types of cancers. However, there have been
no previous reports on its use in osteosarcoma. Materials and
Methods: Thirty-six fresh samples of human osteosarcoma
were evaluated by the HDRA method in order to determine its
possible usefulness in the treatment of this cancer. All the
materials were obtained either during biopsy or surgical
excision at our hospital, between January 2003 and October
2005. Results: A significant inhibition rate in primary biopsies
was observed with Adriamycin (ADM) (47.3%£15.3%);
Cisplatin (CDDP) (36.3%22.3%); and Carboplatin (CBP)
(50.5+23.3%); treatment. ADM and CBP demonstrated a
statistically significant increase in inhibition rates compared to
the other drugs. Conclusion: Even though the HDRA method
has many limitations, it might be a feasible and useful
technique for selecting and predicting the efficacy of anticancer
drugs for osteosarcoma patients.

There is a general consensus that chemotherapy is essential
for the treatment of osteosarcoma. However, individual
patient response to chemotherapy varies greatly, even when
tumors have been similarly classified. Thus, it would be
desirable to perform chemotherapy tailored to the
chemosensitivity of specific tumors. Investigators have
sought to develop an in vitro test to determine which
chemotherapeutic agents are effective in vivo. However, the
attempts to predict tumor response to drugs using in vitro
cell cultures have failed and, to date, there is no reliable
method to select the most efficient chemotherapeutic agents
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for each type of osteosarcoma. It has been reported that the
histoculture drug response assay (HDRA), which is an in
vitro chemosensitivity test, had a high correlation with
clinical response in various types of cancer. However, there
have been no previous reports on the use of HDRA in
osteosarcoma. In this study, in order to determine the
clinical efficacy of an in vitro chemosensitivity test in
osteosarcoma, freshly biopsied or surgical specimens of
osteosarcoma were tested using the HDRA method.

Materials and Methods

Tested samples. Thirty-six fresh samples of human osteosarcoma
were obtained, either during biopsy or surgical excision at our
hospital, between January 2003 and October 2005. All the samples
were diagnosed as osteosarcoma. Informed consent for this study
was obtained from each patient. Based on the history of previous
exposure to chemotherapeutic agents, the samples were divided
into two groups. Group I comprised twenty initial biopsy samples,
from patients who had never been treated with chemotherapeutic
agents; Group II comprised sixteen recurrent or metastatic tumor
samples, from patients who had previously been treated with
chemotherapeutic agents.

Drugs. Ten anticancer drugs were studies: Adriamycin (ADM),
Cisplatin (CDDP), Cyclophosphamide (CTX), Ifosfamide (IFS),
Mitomycin C (MMC), Bleomycin (BLM), Paclitaxel (Taxol),
Dacarbazine (DTIC), Methotrexate (MTX), Etoposide (VP-16),
Carboplatin  (CBP) and Vincristine (VCR). The cut-off
concentrations of these drugs used to distinguish in vitro sensitivity
and resistance were: ADM 6 ug/ml, CDDP 10 ug/ml, CTX 20 pug/ml,
IFS 250 ug/ml, MMC 2 pg/ml, BLM 20 ug/ml, Taxol 75 ug/ml, DTIC
4 ug/ml, MTX 25 ~ 2500 ug/ml, VP-16 50 pg/ml, CBP 100 pg/ml and
VCR 2 ug/ml. All the drugs were purchased from Sigma (St. Louis,
MO, USA). It was difficult to determine the required
concentration of MTX during the in vitro study, since a high
concentration is needed for the clinical treatment of osteosarcoma.
Therefore, it was difficult to verify the experimental value of the
MTX concentration.

HDRA. The HDRA was performed according to the previously

reported method (1), with slight modification. The tissue was cut
into 1- to 2-mm3 fragments and placed onto 0.5-cm? pieces of

2929



ANTICANCER RESEARCH 26: 2929-2932 (2006)

collagen sponge-gel (Gel FoamR: Pharmacia & Upjohn, UK) in
equal quantities. These sponge-gel cultures were then placed into 24-
well plates with RPMI 1640 medium (Sigma) containing 20% fetal
bovine serum (FBS; U.S. BIIO-TECHNOLOGIES INC., USA) and
100 pg/ml of 100 units/ml penicillin-streptomycin (GIBCO). The
anticancer agents were dissolved in RPMI 1640 medium (Sigma)
containing 20% FBS; (U.S. BIIO-TECHNOLOGIES INC.) and
100 ug/ml of 100 units/ml penicillin-streptomycin (GIBCO). One ml
per well of the solution was poured into a 24-well plate. After
incubation for 72 h, 100 wl of 0.06% collagenase (type I; Sigma)
solution in HBSS and 100 ul of 0.2% MTT (Sigma) phosphate-
buffered saline (PBS) solution, containing 50 mM sodium succinate
(Wako Pure Chemical Industries, Tokyo, Japan), were added to each
well. After the plates had been incubated for an additional 4 h, the
medium was removed and 0.5 ml per well of dimethyl sulfoxide
(DMSO) was added to extract MTT-formazan. After 2 h, the
extracted solution from each well (100 pl) was moved to a 96-well
plate and absorbance was measured with a microplate reader
(VERSAmax; Molecular Device, USA) at 540 nm (reference 630 nm).
The inhibition rate was calculated as:
Inhibition rate (%)=(1 - A/B)x100,

where A is the mean absorbance of the treated wells per 1 g of
tumor and B is the mean absorbance of the control wells per 1 g of
tumor. The drug concentration that caused a tumor growth
inhibition rate greater than 30% was scored as "sensitive" in the
HDRA. This was calculated to compensate for experimental error
based on our analysis of the outcome data over an extended
period of time.

Statistical analysis. The Wilcoxon Signed Ranks test was used to
determine the statistical significance for each drug. A comparison
study between the groups was performed with the Mann-Whitney
test. A p value of less than 0.05 was considered to be statistically
significant. All the data were evaluated by an SPSS program.

Results

Group I was composed of twelve men and eight women,
with a mean (=* standard deviation) age of 17.5 year (* 9.85
years). The tumors were located on the bones of the
extremities, with the most common location being the distal
femur (n=10). According to the osteosarcoma subtype,
osteoblastic osteosarcoma was the most common (n=13), as
noted in Table I. Significant inhibition rates were observed
with the use of ADM (47.3%+15.3%), CDDP (36.3+22.3%)
and CBP (50.5+23.3%). ADM (p=0.039-0.01) and CBP
(p=0.01-0.004) caused statistically significantly increased
inhibition rates compared to the other drugs (Table II).
Group II was composed of eleven men and five women,
with a mean age of 22.4+16.3 years. The most common
location was the distal femur (n=10), while the most
common subtype was osteoblastic osteosarcoma (n=12),
also noted in Table I. The most effective drug was CBP
(61.4%17.4%), followed by ADM (60.0=11.9%), CDDP
(38.5%+19.0%) and VCR (34.3+20.5%). According to the
comparison study between Groups I and II, some of the
drugs (specifically, ADM, CDDP, DTIC, CTX, VCR and
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Table 1. Clinical data of all materials.

No. Gender Age Primary site Subtype

GroupI 1 F 10 Distal radius Telangiectatic
2 M 11 Distal femur Osteoblastic
3 F 10 Distal tibia Osteoblastic
4 M 12 Proximal humerus  Osteoblastic
5 F 16 Distal femur Osteoblastic
6 M 52 Distal femur Osteoblastic
7 M 13 Proximal humerus  Osteoblastic
8 F 15 Proximal humerus  Osteoblastic
9 M 18 Distal femur Osteoblastic

10 M 17 Distal femur Osteoblastic
11 M 5 Proximal humerus  Osteoblastic
12 M 24 Proximal tibia Osteoblastic
13 F 14 Distal femur Osteoblastic
14 F 24 Proximal humerus  Osteoblastic
15 F 14 Distal femur Chondroblastic
16 M 19 Proximal tibia Chondroblastic
17 M 15 Distal femur Chondroblastic
18 F 20 Distal femur Chondroblastic
19 M 14 Distal femur Fibroblastic
20 M 25 Proximal femur Fibroblastic
Group II 21 M 12 Distal femur Osteoblastic
22 M 15 Distal femur Osteoblastic
23 M 19 Distal femur Osteoblastic
24 M 33 Rib Osteoblastic
25 F 6 Distal femur Osteoblastic
26 F 37 Proximal tibia Osteoblastic
27 F 10 Distal femur Osteoblastic
28 M 16 Distal femur Osteoblastic
29 M 29 Proximal humerus  Osteoblastic
30 F 13 Distal femur Osteoblastic
31 M 63 Proximal tibia Fibroblastic
32 F 19 Distal femur Osteoblastic
33 M 13 Proximal humerus  Osteoblastic
34 M 1 Distal femur Chondroblastic
35 M 23 Distal femur Osteoblastic
36 M 49 Proximal humerus Chondroblastic

Group I comprised twenty initial biopsy samples, from patients who
had never been treated with chemotherapeutic agents. Group II
comprised sixteen recurrent or metastatic tumor samples, from patients
who had previously been treated with chemotherapeutic agents.

CBP) were more effective in Group II. However, the only
statistically significant increase in drug effectiveness occured
with ADM treatment (p<0.012).

Discussion

In high-grade osteosarcoma, the long-term survival rate has
improved over the last 20 years from less than 20% to nearly
80%, with the introduction of adjuvant and neo-adjuvant
chemotherapy (2-6). Thus, it is generally accepted that
chemotherapy is essential for the treatment of osteosarcoma.
Attempts have been made to improve the survival rate further,
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Table 11. Chemosensitivity test using HDRA.

Inhibition ~ Rate (%)
Group MTX ADR CDDP*#  JFS*#+ BLM*# DTIC*+ CTX* VCR VP16* CBP*
I 29.6%£21.1 47.3%153  36.3%223 27.3%122 28.0x16.6 19.6x13.7 175128 29.5+15.0 26.3%134 50.5%x23.3
11 21.4+237 60.0%£11.9 385%19.0 21.2x15.1 26.7x17.1 223*16.8 19.8+x149 343+20.5 235*193 614174

The data are expressed as means=S.D.

*p<0.05, compared to ADR; tp<0.05, compared to CDDP; #p<0.05, compared to CBP.

through the intensification of chemotherapy or the
development of new treatment regimens. A study of the
results of chemotherapy trials conducted in many institutions
revealed a trend towards improved outcome for patients who
had been treated recently with more intensive chemotherapy
regimens. However, the intensification and further
development of chemotherapy is always limited, because
chemotherapeutic doses must be minimal, to avoid adverse
side-effects. For safe delivery of intensive chemotherapy,
selection of the most effective drugs should also improve the
quality of life of individual cancer patients. However, the
sensitivity to anticancer drugs differs among cancers, even
between those with the same histocultural findings. Drug
resistance remains one of the major problems in the treatment
of cancer (7, 8). Histological evaluation of the response to
chemotherapy is the generally accepted most important
prognostic factor in osteosarcoma, but it can be accomplished
only after pre-operative therapy, therefore limiting its
usefulness in the determination of post-operative therapeutic
regimens (9-12). Chemosensitivity testing was used either in
vitro tumor cell line models or in vivo animal models (13, 14).
However, a number of difficulties are encountered, due to the
limited viability of division and the loss of differentiation
characteristics that occur in situ. To successfully investigate the
pathophysiology of human osteosarcoma, it is necessary to
maintain or recreate the characteristic three-dimensional
architecture of the tissue in culture. It has been reported that
a collagen sponge-gel-supported histoculture from diverse
human tumor specimens maintained three-dimensional tissue
architecture and function in vitro (15, 17). The clinical efficacy
of chemotherapy has been shown to be highly correlated with
the HDRA data in various cancers (16, 17).

Osteosarcoma treatments currently in use incorporate
ADM, CDDP and HDMTX (high-dose MTX), although the
optimal chemotherapy regimen remains controversial. The
reported response rates for MTX against macroscopic disease
vary widely, ranging from no response to 80% (18, 19) and
the role of HDMTX in the chemotherapy of osteosarcoma
requires further investigation. In this study, MTX evaluation
presented certain technical problems, but we plan to

determine the optimum concentration required through
parallel experiments in vitro and in vivo. Excluding MTX, the
results of this study demonstrated that osteosarcomas were
more sensitive to ADM (47.3+15.3%), CDDP (36.3+22.3%)
and CBP (50.5+23.3%) than to the other drugs tested. The
inhibition rates achieved with ADM and CBP were higher
than that of CDDP. CBP has the advantage over CDDP of
potentially reduced renal and ototoxicity. However, this agent
may be considerably less active against osteosarcoma than
CDDP (20), thus limiting its recommendation, although our
results indicated that CBP might be useful against
osteosarcoma. On evaluation of the sensitivity patterns
according to the groups, some drugs (ADM, CDDP, DTIC,
CTX, VCR, CBP) achieved more sensitivity in Group II,
while the inhibition rate achieved with ADM was significantly
increased in recurrent or metastatic osteosarcoma compared
to those with a primary diagnosis. Furthermore, intensified
high-dose chemotherapy might be needed in patients with
recurrent and metastatic disease.

Although, this study had some limitations, mostly related
to it being an in vitro study, it is the first such chemosensitivity
study of osteosarcoma. The outcomes were not analyzed
because no attempt was made to correlate these with the
chemosensitivity test results. Additional studies are necessary
to clarify the role and potential use of HDRA in the treatment
of patients with osteosarcoma. Since there is a wide variation
in chemosensitivity among osteosarcomas of the same
histological classification, the HDRA might be a feasible and
useful technique for predicting efficacy and selecting the
appropriate anticancer drug for individual patients.

References

1 Morioka H, Yabe H, Morii T, Yamada R, Kato S, Yuasa S and
Yano T: In vitro chemosensitivity of human soft tissue sarcoma.
Anticancer Res 21: 4147-4152, 2001.

2 Link MP, Goorin AM, Horowitz M, Meyer WH, Belasco J,
Baker A, Ayala A and Shuster J: Adjuvant chemotherapy of
high-grade osteosarcoma of the extremity. Updated results of
the Multi-Institutional Osteosarcoma Study. Clin Orthop Relat
Res 270: 8-14, 1991.

2931



ANTICANCER RESEARCH 26: 2929-2932 (2006)

3 Winkler K, Bielack S, Delling G, Salzer-Kuntschik M, Kotz R,
Greenshaw C, Jurgens H, Ritter J, Kusnierz-Glaz C and
Erttmann R: Effect of intraarterial versus intravenous cisplatin
in addition to systemic doxorubicin, high-dose methotrexate and
ifosfamide on histologic tumor response in osteosarcoma (study
COSS-86). Cancer 66: 1703-1710, 1990.

4 Bacci G, Springfield D, Capanna R, Picci P, Guerra A, Albissini
U, Ruggieri P, Biagini R and Campanacci M: Neoadjuvant
chemotherapy for osteosarcoma of the extremity. Clin Orthop
Relat Res 224: 268-276, 1987.

5 Bacci G, Picci P, Pignatti G, De Cristofaro R, Dallari D, Avella
M, Manfrini M, Marangolo M, Ferruzzi A and Mercuri M:
Neoadjuvant chemotherapy for nonmetastatic osteosarcoma of
the extremities. Clin Orthop Relat Res 270: 87-98, 1991.

6 Eilber F, Giuliano A, Eckardt J, Patterson K, Moseley S and
Goodnight J: Adjuvant chemotherapy for osteosarcoma: a
randomized prospective trial. J Clin Oncol 5: 21-26, 1987.

7 Bradley G, Juranka PF and Ling V: Mechanism of multidrug
resistance. Biochim Biophys Acta 948: 87-128, 1988.

8 Gottesman MM and Pastan I: Biochemistry of multidrug
resistance mediated by the multidrug transporter. Annu Rev
Biochem 62: 385-427, 1993.

9 Petrilli AS, Gentil FC, Epelman S, Lopes LF, Bianchi A, Lopes
A, Figueiredo MT, Marques E, DeBellis N and Consentino E:
Increased survival, limb preservation, and prognostic factors for
osteosarcoma. Cancer 68: 733-737, 1991.

10 Scranton PE Jr, DeCicco FA, Totten RS and Yunis EJ:
Prognostic factors in osteosarcoma. A review of 20 year’s
experience at the University of Pittsburgh Health Center
Hospitals. Cancer 36: 2179-2191, 1975.

11 Davis AM, Bell RS and Goodwin PJ: Prognostic factors in
osteosarcoma: a critical review. J Clin Oncol 12: 423-431, 1994.

12 Bentzen SM, Poulsen HS, Kaae S, Jensen OM, Johansen H,
Mouridsen HT, Daugaard S and Arnoldi C: Prognostic
factors in osteosarcomas. A regression analysis. Cancer 62:
194-202, 1988.

2932

13 Harker WG, MacKintosh FR and Sikic BI: Development and
characterization of a human sarcoma cell line, MES-SA,
sensitive to multiple drugs. Cancer Res 43: 4943-4950, 1983.

14 Remmelink M, Salmon I, Delville JP, Goldschmidt D, Capel P,
Gebhart M, Pasteels JL, Kiss R and Darro F: In vitro
characterization of soft tissue tumor chemosensitivity.
Anticancer Res 17: 2009-2017, 1997.

15 Kubota T, Sasano N, Abe O, Nakao I, Kawamura E, Saito T,
Endo M, Kimura K, Demura H and Sasano H: Potential of the
histoculture drug-response assay to contribute to cancer patient
survival. Clin Cancer Res 1: 1537-1543, 1995.

16 Furukawa T, Kubota T and Hoffman RM: Clinical applications
of the histoculture drug response assay. Clin Cancer Res I: 305-
311, 199s.

17 Hoffman RM: Three-dimensional histoculture: origins and
applications in cancer research. Cancer Cells 3: 86-92, 1991.

18 Jaffe N, Paed D, Farber S, Traggis D, Geiser C, Kim BS, Das L,
Frauenberger G, Dierassi I and Cassady JR: Favorable
response of metastatic osteogenic sarcoma to pulse high-dose
methotrexate with citrovorum rescue and radiation therapy.
Cancer 31: 1367-1373, 1973.

19 Jaffe N, Frei E III, Traggis D and Watts H: Weekly high-dose
methotrexate-citrovorum factor in osteogenic sarcoma: pre-
surgical treatment of primary tumor and of overt pulmonary
metastases. Cancer 39: 45-50, 1977.

20 Harris MB, Giesser P, Goorin AM, Ayala A, Shochat SJ,
Ferguson WS, Holbrook T and Link MP: Treatment of
metastatic osteosarcoma at diagnosis: a Pediatric Oncology
Group Study. J Clin Oncol 16: 3641-3648, 1998.

Received January 23, 2006
Accepted May 22, 2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


