
Synthesis+

Brostallicin can be prepared by reduction of the syn-
thetic nitro-tripyrrole (I) with H2 and Pd/C, followed by
acylation of the resulting amine (II) with 4-(2-bromoacryl-
oylamino)-1-methylpyrrole-2-carbonyl chloride (III) under
Schotten-Baumann conditions (1, 2). Alternatively, the
intermediate tripyrrolyl-amine (II) can be obtained by
acidic cleavage of the Boc-protected precursors (IVa) and
(IVb), which are obtained by functional group manipula-
tion of the natural product distamycin A (3-5). In a further
strategy, brostallicin is prepared by acylation of the
tetrapyrrolyl-amine (V) with 2-bromoacrylic acid (VI) in the
presence of EDC (6). Scheme 1.

The tripyrrolyl precursor (I) can be synthesized as fol-
lows. Protection of ethylenediamine (VII) with Boc2O in
dioxane followed by treatment of the resulting mono-pro-
tected diamine (VIII) with either S-methylisothiourea (IXa)
(1, 7) or O-methylisourea (IXb) (2, 6) gives guanidine (X),
which by subsequent acidic cleavage of the Boc groups
yields (2-aminoethyl)guanidine (XI) (1, 2, 6, 7). This com-
pound is then acylated with 1-methyl-4-nitropyrrole-2-car-
bonyl chloride (XII) using NaHCO3 in aqueous dioxane to
afford the nitropyrrole-carboxamide (XIII), which is
reduced to the aminopyrrole analogue (XIV) by catalytic
hydrogenation over Pd/C. Aminopyrrole (XIV) is then sub-
jected to a new coupling–hydrogenation cycle with acid
chloride (XII) to provide the dipyrrole derivative (XV). A
further coupling of (XV) with acid chloride (XII) furnishes
the nitro-tripyrrolyl precursor (I) (2, 7, 8). An analogous
sequence has been applied to the synthesis of isotopical-
ly labeled brostallicin, using either deuterim-labeled ethyl-
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Abstract

Soft tissue sarcomas (STS) are a group of rare
tumors, most of which are relatively resistant to stan-
dard chemotherapeutic agents. To date, favorable effi-
cacy data exist for only a small number of agents in
this disease. Minor groove binders (MGBs) are a new
class of anticancer agents that theoretically provide a
unique mechanism of antitumor activity. Brostallicin
hydrochloride, a synthetic, second-generation MGB,
has been shown to possess activity in STS. This arti-
cle therefore aims to review the current evidence on
the use of brostallicin in STS. Preclinical data have
shown that brostallicin possesses certain features like-
ly to be beneficial in the treatment of STS, such as
activation in the presence of high levels of glutathione
and/or glutathione S-transferase, as well as being
unaffected by defects in DNA mismatch repair. Phase
I trials established the maximum tolerated dose as 10
mg/m2 and showed a partial response in a patient with
a gastrointestinal stromal tumor. Phase II trials have
shown encouraging progression-free survival figures
in those with STS and further trials are ongoing to
compare brostallicin with doxorubicin.
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carboxylic acid (XVI) in the presence of DCC and HOBt
(1). Scheme 2.

The Boc-protected precursor (IVa) can be prepared
starting from the natural antibiotic distamycin A (XVII).

enediamine [2H]-(VII) or 1-methyl-4-nitropyrrole-2-car-
bonyl chloride labeled with 14C at the C-2 position [14C]-
(XII) (2). Alternatively, intermediate (I) can be prepared by
coupling of aminoguanidine (XI) with the known tripyrrolyl
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di-Boc compound (XIX). Subsequent hydrolysis of the
formyl and cyanoethyl amide groups of (XIX) using LiOH in
THF/H2O provides the tripyrrolyl carboxylic acid (XX),
which is finally coupled with (2-aminoethyl)guanidine (XI)
by means of TBTU in DMF (3, 5). Scheme 3.

Elimination of ammonia from distamycin A (XVII) by heat-
ing with succinic anhydride and Na2CO3 in DMF leads to
nitrile (XVIII), which by stepwise protection of its formamide
NH group with Boc2O and DMAP in CH2Cl2 and then the
amide NH with further addition of Boc2O in DMF affords the
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Scheme 2: Synthesis of the tripyrrolyl precursor (I)
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pound (XXII) with NaOH in DMF provides the aminoethyl
amide (XXIII), which is converted to the Boc-protected
guanidine (IVb) by reaction with N,N ’-di-Boc-N ’’-trifluo-
romethylsulfonylguanidine (XXIV) in the presence of Et3N
in DMF (4). Scheme 4.

The tetrapyrrolyl-amine precursor (V) is obtained by
the following procedure. 1-Methyl-4-nitropyrrole-2-car-

The tri-Boc derivative (IVb) can also be prepared from
distamycin A (XVII) by the following method. Hydrolysis of
(XVII) with NaOH in refluxing methanol gives the amino
acid (XXI), which by subsequent protection with Boc2O
and Et3N in DMF followed by Curtius rearrangement of
the carboxy group by treatment with diphenylphosphoryl
azide affords imidazolidinone (XXII). Hydrolysis of com-
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of DMF. Condensation of acid chloride (XXVIII) with
(2-aminoethyl)guanidine (XI) yields compound (XXIX),
which by reduction of the nitro group with H2 and Pd/C
leads to the aminopyrrole (XXX). This compound is then
coupled with a second moiety of the dipyrrolyl-acid chlo-
ride (XXVIII) to provide the tetrapyrrolyl compound
(XXXI), which is finally reduced at the nitro group by cat-
alytic hydrogenation over Pd/C (6). Scheme 5.

boxylic acid (XXV) is reduced to the aminopyrrole (XXVI)
by catalytic hydrogenation in the presence of Pd/C.
Alternatively, chlorination of acid (XXV) with SOCl2 pro-
vides the pyrrolecarbonyl chloride (XII). Then, condensa-
tion between aminopyrrole (XXVI) and acid chloride (XII)
using NaHCO3 in aqueous dioxane gives the dipyrrolyl
amide (XXVII), which is converted to the acid chloride
(XXVIII) by treatment with SOCl2 and a catalytic amount
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therefore account for < 1% of all solid malignancies (9,
10). These tumors usually, but not exclusively, arise from
fat, muscle, nerve, nerve sheath, blood vessels, bone and
other connective tissues. Although often previously

Background

Sarcomas are rare tumors with an estimated annual
incidence of approximately 2-3 per 100,000 persons, and
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lumped together, they are a heterogeneous group of
malignancies of mesenchymal cell origin with diverse clin-
ical and pathological features. Within this group, a num-
ber of distinct clinical entities are recognized which have
specific treatment protocols, including systemic therapy:
osteosarcomas, the Ewing’s family of tumors (including
peripheral primitive neuroectodermal tumors [PNETs]),
rhabdomyosarcoma and gastrointestinal stromal tumors
(GISTs) (11, 12). For the remainder of histotypes (which
together form the majority of cases), surgery remains the
mainstay of treatment, with systemic therapy reserved for
patients with advanced disease. 

Soft tissue sarcomas (STSs) can occur anywhere in
the body, but most originate in an extremity (59%), the
trunk (19%), the retroperitoneum (15%), or the head and
neck (9%) (13). There are more than 50 histological sub-
types, with the most common being fibrosarcoma (18%),
leiomyosarcoma (16%), liposarcoma (6%) and synovial
sarcoma (1%) (10). In many tumors, it may be difficult or
impossible to identify specific features of morphological
differentiation, and these have been given different names
over the last 50 years, causing some confusion (14).

With the exception of those tumor types mentioned
above, current treatment protocols for metastatic STS are
doxorubicin-based chemotherapy regimens with or with-
out ifosfamide as front-line therapy. These drugs have
been shown to have single-agent activity, with data show-
ing response rates in the range of 10-30% (15-18). Data
on dose-intense chemotherapy supported by hematopoi-
etic growth factors or peripheral blood stem cell trans-
plantation (PBSCT) have shown trends towards
increased response rates of up to 50-60%. Unfortunately,
there has been no substantial improvement in overall sur-
vival (19-23). Furthermore, dose escalation of anthracy-
clines is limited by nonhematological side effects, espe-
cially cardiotoxicity.

Second-line chemotherapeutic options in advanced
STS after progression during or after doxorubicin are lim-
ited. Established drugs in this setting are ifosfamide (if not
previously coadministered with doxorubicin as first-line
therapy) and dacarbazine (24, 25). Progress in the devel-
opment of other agents for use in STS has sadly been
slow. Many different cytotoxic agents have been tested in
phase II trials accepting all-comers with different STS
subtypes, and most of these have been classed as nega-
tive trials. More recently, a number of new distinct tumor
types have emerged from the pack which may respond
differently to systemic agents and deserve individual
treatment protocols. These include, most dramatically,
the treatment of GISTs with imatinib (26), and also the
treatment of Kaposi’s sarcoma with liposomal doxoru-
bicin, cutaneous angiosarcoma with paclitaxel (27) and
perhaps some leiomyosarcomas with gemcitabine and
docetaxel (28). 

More recently, a new group of cytotoxic agents with a
novel mechanism of action has attracted attention in the
treatment of sarcoma. Minor groove binders (MGBs) rep-
resent a class of anticancer agents whose DNA
sequence specificity leads to a highly selective mecha-
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nism of action (29-31). Unlike most cytotoxic agents,
which bind the DNA major groove, MGBs fit into the
space formed between the two phosphate–sugar back-
bones in the double helix. MGBs tend to have high selec-
tivity for sequences rich in thymine–adenine and this the-
oretically provides their unique mechanism of action (32,
33). First-generation MGBs, such as agents derived from
either CC-1065 (34-36) or the nitrogen mustard derivative
of distamycin A tallimustine (37, 38), were found to be
very active against experimental tumors unresponsive to
other antineoplastic agents. Unfortunately, they did not
proceed in clinical studies because of their severe dose-
limiting myelotoxicity (39, 40).

The first MGB with a favorable efficacy and toxicity
profile was ecteinascidin-743 (ET-743, trabectedin,
Yondelis®; PharmaMar), a natural marine product derived
from the tunicate Ecteinascidia turbinata. Phase II trials in
Europe and in the U.S. have revealed that, although it
was associated with low objective response rates of only
5-10% (41, 42), it had particularly high antitumor activity
in liposarcoma, especially the myxoid liposarcoma sub-
type (43), and treatment led to disease stabilization (pro-
gression arrest) in a high proportion of patients.
Retrospective analysis of the European Organisation for
the Research and Treatment of Cancer (EORTC) data-
base of clinical trials in STS has identified that progres-
sion-free survival (PFS) may be a good discriminant of
active compounds and more sensitive than the traditional
clinical trial endpoint of overall objective response rate
(44). When the PFS of patients with STS treated with tra-
bectedin was analyzed, it was found to segregate with the
PFS seen in trials with doxorubicin and ifosfamide and
was significantly different from the PFS seen in trials of
agents considered inactive.

More recently, favorable data have been reported for
the use of the MGB brostallicin. Brostallicin hydrochloride
(PNU-166196A; Pfizer) is a synthetic, second-generation
DNA MGB comprising a distamycin A backbone cova-
lently linked to an α-bromoacryloyl group. As with tra-
bectedin, brostallicin was selected for clinical develop-
ment because of its positive antitumor activity, again
based partly on significant prolongation of expected PFS,
as well as its favorable toxicity profile (30, 45-47). This
article will therefore review the development of brostallicin
and its establishment in the treatment of STSs.

Preclinical Pharmacology

Initial laboratory work showed that brostallicin could
exert antitumor activity against several murine and
human tumor xenografts (45). The mechanism of action
of brostallicin appears to be unique among MGB agents
in that it has no DNA-alkylating activity per se, but is acti-
vated in the presence of high levels of glutathione (GSH)
and/or glutathione S-transferase (GST) (48-50). Some
chemotherapeutic drugs and other MGBs rely on their
direct DNA-alkylating effect for cytotoxicity, and as such
display little activity against tumor cell lines deficient in
DNA mismatch repair enzymes (51-53). Notably, the



cytotoxicity of brostallicin is unaffected by defects in mis-
match repair or other DNA repair enzymes, such as the
products of the ataxia telangiectasia mutated (ATM) gene
and DNA-dependent protein kinase (DNA-PK) (50). This
is of relevance to STS, where DNA mismatch repair
enzyme deficiencies have been identified and correlated
with inferior survival (54). 

In vitro evaluations of brostallicin have also shown
potential for efficacy in refractory tumors, particularly
those expressing high levels of GSH/GST, which has
been associated with primary or acquired resistance to a
number of anticancer drugs, including nitrogen mustards,
platinum agents and anthracyclines (49, 55-59). Both in
vitro and in vivo studies using isogenic cell systems dif-
fering only in the expression of the GST-π isozyme have
shown that sensitivity to brostallicin occurred not only in
cultured cell lines but also in tumors transplanted into
nude mice (40, 49). 

In vitro data from these experiments have shown that
brostallicin possessed 3-fold higher activity in melphalan-
resistant murine leukemia cells than in the parental cell
line. These melphalan-resistant cell lines have increased
levels of GSH in comparison with the parental cells.
Conversely, depletion of GSH using buthionine sulfox-
imine in a human ovarian carcinoma cell line significantly
decreased both the cytotoxic and the proapoptotic effects
of brostallicin. It was postulated that GSH, as an intracel-
lular reactive nucleophilic species, could react with the
α-bromoacrylamide moiety of brostallicin, leading to the
formation of a highly reactive GSH complex representing
the real effective agent of brostallicin activity. Further in
vitro work has confirmed that the α-bromoacryloyl moiety
of brostallicin reacts with GSH, allowing it to covalently
bind with DNA, inducing cell cycle arrest and activating
proapoptotic signaling pathways via as yet uncertain
mediators. The reaction between brostallicin and GSH is
thought to be catalyzed by GST, with the π and µ
isozymes being more effective than the α isozyme (49). 

In vivo data derived from human ovarian carcinoma
clones implanted into nude mice have also confirmed that
the antitumor activity of brostallicin was higher in the
GST-π-overexpressing tumors. In this experiment, ovari-
an cancer clones with different GST-π content were
implanted into nude mice and the antitumor activity of
brostallicin was evaluated. Results showed that brostal-
licin exhibited greater activity in the GST-π-overexpress-
ing tumors than in the tumors expressing normal levels of
the enzyme, without increased toxicity (49).

In an attempt to extrapolate brostallicin’s enhanced
activity in the presence of high GSH/GST levels, further
work has evaluated the possible augmentation of the effi-
cacy of brostallicin using thiol antioxidants. In this study,
human nasopharyngeal squamous carcinoma and
human hepatic carcinoma cell lines were treated with
N-acetylcysteine and silibinin and brostallicin, either
alone or in combination. Paradoxically, results showed
that thiol antioxidants in fact reduced brostallicin’s cyto-
toxicity. It was proposed that the mechanism underlying
this interaction involved the inhibition of apoptosis, as an
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increase in Bcl-2 protein levels and a decrease in cas-
pase-3 activity were detected with the silibinin–brostallicin
combination (60). There are little further data in the litera-
ture relating to the combination of brostallicin with other
agents and this is an area of research that requires fur-
ther work.

Clinical Studies

The seminal phase I trial of brostallicin was reported
by Ten Tije and colleagues in their study in 27 patients
with a variety of solid tumors. This trial concluded that
brostallicin was well tolerated, neutropenia being the prin-
cipal toxicity. The maximum tolerated dose from this
study was 10 mg/m2 on a 21-day cycle. Common
Terminology Criteria for Adverse Events v3.0 (CTCAE)
(61) grade 4 neutropenia was the only dose-limiting toxi-
city at 12.5 mg/m2, whereas grade 4 thrombocytopenia
and grade 4 neutropenia were the dose-limiting toxicities
at 15 mg/m2. Of note, 1 partial response was observed in
a patient with a GIST (62).

In view of the favorable response in the patient with
GIST and due to the high level of GSH and GSH-related
enzymes in STSs, confirmatory phase II trials were carried
out to investigate the potential role of brostallicin in STS. 

To date, there have been two phase II trials designed
to evaluate the use of brostallicin in STS. The first of
these trials was undertaken by the Soft Tissue and Bone
Sarcoma Group (STBSG) of the EORTC. In this study
(EORTC 62011) (63), the antitumor activity of brostallicin
in patients with locally advanced or metastatic STS who
had failed one prior chemotherapy treatment was
explored. The patient population was stratified into two
groups according to histological diagnosis, with one
group comprising GIST tumors only and the other group
including patients with any other type of STS (non-GIST).
The primary endpoint was overall response rate.
Predefined secondary endpoints included time to tumor
progression, duration of objective response and the safe-
ty profile of brostallicin. Twenty-one patients with GIST
and 43 patients with non-GIST were recruited. In the
GIST group, there were no patients with a confirmed
response and hence recruitment into this arm was dis-
continued subsequent to the first interim analysis. In the
non-GIST group, there were 2 confirmed partial responses
among the 40 patients with evaluable disease (5% of
cohort). Twenty patients (50%) had stable disease. The
3- and 6-month PFS was 46% and 22%, respectively, in
the non-GIST group and 33% and 21%, respectively, in
the GIST group. Median survival in the non-GIST group
was 231 days (range 159-421 days), while in the GIST
group a figure of 298 days (range 188-?) was recorded.
In general, the drug was well tolerated. Neutropenia was
the most common toxicity, with CTCAE grade 3 or grade
4 toxicities observed in 22% and 48% of patients, respec-
tively. Pyrexia associated with such neutropenic toxicity
was seen in 14% of patients, while there was a single
confirmed toxic death due to neutropenic septicemia.
Fatigue was the most common nonhematological toxicity.



CTCAE grade 3 or grade 4 fatigue was recorded in 25%
of patients. Finally, 3 patients had clinically significant
allergic reactions to the 249 cycles of treatment delivered. 

Evidence shows that a favorable PFS after adminis-
tration of second-line agents in STS may suggest antitu-
mor activity in the first-line setting. In a retrospective
analysis of 11 agents investigated by the EORTC STBSG
(64), it was shown that patients treated with either of the
two agents with known clinical activity in first-line treat-
ment (doxorubicin or ifosfamide) had improved outcome
in second-line treatment. In this setting, the PFS at 3 and
6 months was significantly higher than in patients treated
with agents classed as inactive. It was therefore suggest-
ed that 3-month PFS > 40% or 6-month PFS > 20% after
second-line therapy might be a signal for clinically signif-
icant benefit in first-line therapy. 

In view of the encouraging PFS seen in the above
phase II study, the authors concluded that further investi-
gation of brostallicin in the first-line treatment of non-GIST
STS appeared to be warranted. Consequently, the
EORTC has commenced a trial to evaluate the efficacy of
brostallicin in the first-line setting (EORTC 62061, BRTA-
0100-015) (65). In this ongoing phase II trial, patients with
advanced or metastatic STS are being randomized to
receive either brostallicin or doxorubicin. The predefined
primary endpoint is 6-month PFS, with secondary end-
points including overall PFS, objective tumor response,
toxicity, duration of response and overall survival. This
study will include different strata for the main subtypes of
STS. It is planned for 108 patients to be recruited into this
study. Interim results are expected in the next 12 months.

Summary

Brostallicin is a novel cytotoxic agent with an interest-
ing mechanism of action, suggesting that it may be able
to overcome some chemoresistant mechanisms identified
in human cancers. It is a generally well-tolerated antineo-
plastic agent with mild to moderate myelosuppression as
the principle toxicity. In studies performed thus far, this
has been a manageable and reversible side effect. Early
trials have shown that, although objective tumor responses
are infrequent, the drug is associated with a favorable
3-month PFS of about 40% in a group of patients with a
range of STS histological subtypes. There are, however,
major weaknesses in the data published on the use of
brostallicin in STS. It is becoming well recognized that dif-
ferent histological subtypes of STS demonstrate different
sensitivities to different agents and should perhaps be
treated differently (44, 66). It is therefore imperative that
future trials be sufficiently powered to present robust data
on the efficacy of brostallicin in different subtypes of STS.
The rarity of STS makes this a considerable challenge for
oncologists, but it is hoped that the EORTC 62061 study
will go some way to providing such information.

Source

Cell Therapeutics, Inc. (US).

486 Brostallicin Hydrochloride

References

1. Cozzi, P., Beria, I., Biasoli, G., Caldarelli, M., Capolongo, L.,
Franzetti, C. (Pfizer AB). Acryloyl substituted distamycin deriva-
tives, process for preparing them, and their use as antitumor and
antiviral agents. JP 2000515164, WO 9804524.

2. Fontana, E., Pignatti, A. Synthesis of brostallicin (PNU-
166196A) labelled with 2H and 14C. J Label Compd Radiopharm
2002, 45(11): 899.

3. Beria, I., Nesi, M. Syntheses of brostallicin starting from dis-
tamycin A. Tetrahedron Lett 2002, 43(41): 7323.

4. Beria, I., Cozzi, P., Mongelli, N., Orzi, F. (Pharmacia & Upjohn
SpA). Process for preparing distamycin derivatives. WO
0202523.

5. Beria, I., Cozzi, P. (Pharmacia & Upjohn SpA). Process for
preparing distamycin derivatives. WO 0208184.

6. Caldarelli, F., Candiani, I., Ceriani, L. (Pfizer Italia Srl).
Process for preparing distamycin derivatives. CA 2427177, EP
1347958, JP 2004517830, US 2004077550, US 6906199, WO
0244147.

7. Beria, I., Baraldi, P.G., Cozzi, P. et al. Cytotoxic 
α-halogenoacrylic derivatives of distamycin A and congeners. J
Med Chem 2004, 47(10): 2611-23.

8. Beria, I., Caldarelli, M., Cozzi, P., Geroni, C., Mongelli, N.,
Pennella, G. Cytotoxic α-bromoacrylic derivatives of distamycin
analogues modified at the amidino moiety. Bioorg Med Chem
Lett 2000, 10(11): 1273-6.

9. Zahm, S.H., Tucker, M.A., Fraumeni, J.F. Jr. Soft tissue sar-
comas. In: Cancer Epidemiology and Prevention, 2nd Ed.
Schottenfeld, D., Fraumeni, J.F. Jr. (Eds.). Oxford University
Press, New York, 1996, 984-99.

10. Zahm, S.H., Fraumeni, J.F. Jr. The epidemiology of soft tis-
sue sarcoma. Semin Oncol 1997, 24(5): 504-14.

11. Bertuzzi, A., Castagna, L., Nozza, A. et al. High-dose
chemotherapy in poor-prognosis adult small round-cell tumors:
Clinical and molecular results from a prospective study. J Clin
Oncol 2002, 20(8): 2181-8.

12. Kushner, B.H., LaQuaglia, M.P., Wollner, N. et al.
Desmoplastic small round-cell tumor: Prolonged progression-
free survival with aggressive multimodality therapy. J Clin Oncol
1996, 14(5): 1526-31.

13. Brennan, M., Singer, S., Maki, R., O’Sullivan, B. Sarcomas of
the soft tissue and bone. In: Cancer: Principles and Practice of
Oncology. Vol. 2, 7th Ed. DeVita, V.T. Jr., Hellman, S.,
Rosenberg, S.A. (Eds.). Lippincott Williams and Wilkins,
Philadelphia, 2004, 1584.

14. Fletcher, C.D. The evolving classification of soft tissue
tumours: An update based on the new WHO classification.
Histopathology 2006, 48(1): 3-12.

15. Borden, E.C., Amato, D.A., Rosenbaum, C. et al.
Randomized comparison of three adriamycin regimens for
metastatic soft tissue sarcomas. J Clin Oncol 1987, 5(6): 840-50.

16. Lopez, M., Vici, P., Di Lauro, L., Carpano, S. Increasing sin-
gle epirubicin doses in advanced soft tissue sarcomas. J Clin
Oncol 2002, 20(5): 1329-34.



Drugs Fut 2008, 33(6) 487

32. Wyatt, M.D., Lee, M., Garbiras, B.J., Souhami, R.L., Hartley,
J.A. Sequence specificity of alkylation for a series of nitrogen
mustard-containing analogues of distamycin of increasing bind-
ing site size: Evidence for increased cytotoxicity with enhanced
sequence specificity. Biochemistry 1995, 34(40): 13034-41.

33. Wolff, I., Bench, K., Beijnen, J.H. et al. Phase I clinical and
pharmacokinetic study of carzelesin (U-80244) given daily for
five consecutive days. Clin Cancer Res 1996, 2(10): 1717-23. 

34. Fleming, G.F., Ratain, M.J., O’Brien, S.M. et al. Phase I study
of adozelesin administered by 24-hour continuous intravenous
infusion. J Natl Cancer Inst 1994, 86(5): 368-72.

35. Schwartz, G.H., Aylesworth, C., Stephenson, J. et al. Phase
I trial of bizelesin using a single bolus infusion given every 28
days in patients with advanced cancer. Proc Am Soc Clin Oncol
(ASCO) 2000, 19: Abst 921D. 

36. Broggini, M., Erba, E., Ponti, M., Ballinari, D., Geroni, C.,
Spreafico, F., D’Incalci, M. Selective DNA interaction of the novel
distamycin derivative FCE 24517. Cancer Res 1991, 51(1): 199-
204.

37. Baker, B.F., Dervan, P.B. Sequence-specific cleavage of
DNA by N-bromoacetyldistamycin. Product and kinetic analyses.
J Am Chem Soc 1989, 111: 2700-12.

38. Sessa, C., Pagani, O., Zurlo, M.G. et al. Phase I study of the
novel distamycin derivative tallimustine (FCE 24517). Ann Oncol
1994, 5(10): 901-7.

39. Abigerges, D., Armand, J.P., Da Costa, L. Distamycin A
derivative, FCE 24517: A phase I study in solid tumors. Proc Am
Assoc Cancer Res (AACR) 1993, 34: Abst 1589.

40. Cozzi, P., Beria, I., Caldarelli, M., Capolongo, L., Geroni, C.,
Mongelli, N. Cytotoxic halogenoacrylic derivatives of distamycin
A. Bioorg Med Chem Lett 2000, 10(10): 1269-72.

41. Delaloge, S., Yovine, A., Taamma, A. et al. Ecteinascidin-
743: A marine-derived compound in advanced, pretreated sar-
coma patients–Preliminary evidence of activity. J Clin Oncol
2001, 19(11): 1248-55.

42. Demetri, G.D. ET-743: The US experience in sarcomas of
soft tissues. Anticancer Drugs 2002, 13(Suppl. 1): S7-9.

43. Grosso, F., Demetri, G.D., Blay, J.Y. et al. Patterns of tumor
response to trabectedin (ET743) in myxoid liposarcomas. J Clin
Oncol [42nd Annu Meet Am Soc Clin Oncol (ASCO) (June 3-6,
Atlanta) 2006] 2006, 24(18, Suppl.): Abst 9511.

44. Van Glabbeke, M., Verweij, J., Judson, I., Nielsen, O.S.,
EORTC Soft Tissue and Bone Sarcoma Group. Progression-free
rate as the principal end-point for phase II trials in soft-tissue sar-
comas. Eur J Cancer 2002, 38(4): 543-9.

45. Geroni, C., Pennella, G., Capolongo, L. et al. Antitumor activ-
ity of PNU-166196, a novel DNA minor groove binder selected
for clinical development. Proc Am Assoc Cancer Res (AACR)
2000, 41: Abst 1689. 

46. Hande, K.R., Roth, B.J., Vreeland, F. et al. Phase I study of
PNU-166196 given on a weekly basis. Proc Am Soc Clin Oncol
(ASCO) 2001, 20(Part 1): Abst 380. 

47. Planting, A.S., De Jonge, M.J.A., Van der Gaast, A.,
Fiorentini, F., Fowst, C., Antonellini, A., Verweij, J. Phase I study
of PNU-166196, a novel DNA minor groove binder (MGB) with
enhanced activity in tumor models expressing high glutathione

17. Cure, H., Krakowski, I., Adenis, A. et al. Results of a phase
II trial with second-line cystemustine at 60 mg/m2 in advanced
soft tissue sarcoma: A trial of the EORTC Early Clinical Studies
Group. Eur J Cancer 1998, 34(3): 422-3.

18. Bramwell, V.H., Anderson, D., Charette, M.L. Doxorubicin-
based chemotherapy for the palliative treatment of adult patients
with locally advanced or metastatic soft tissue sarcoma.
Cochrane Database Syst Rev 2003, (3): CD003293.

19. Bokemeyer, C., Franzke, A., Hartmann, J.T. et al. A phase
I/II study of sequential, dose-escalated, high dose ifosfamide
plus doxorubicin with peripheral blood stem cell support for the
treatment of patients with advanced soft tissue sarcomas.
Cancer 1997, 80(7): 1221-7.

20. Frustaci, S., Buonadonna, A., Galligioni, E. et al. Increasing
4’-epidoxorubicin and fixed ifosfamide doses plus granulocyte-
macrophage colony-stimulating factor in advanced soft tissue
sarcomas: A pilot study. J Clin Oncol 1997, 15(4): 1418-26.

21. Reichardt, P., Tilgner, J., Hohenberger, P., Dorken, B. Dose-
intensive chemotherapy with ifosfamide, epirubicin, and filgras-
tim for adult patients with metastatic or locally advanced soft tis-
sue sarcoma: A phase II study. J Clin Oncol 1998, 16(4):
1438-43.

22. Steward, W.P., Verweij, J., Somers, R. et al. Granulocyte-
macrophage colony-stimulating factor allows safe escalation of
dose-intensity of chemotherapy in metastatic adult soft tissue
sarcomas: A study of the European Organization for Research
and Treatment of Cancer Soft Tissue and Bone Sarcoma Group.
J Clin Oncol 1993, 11(1): 15-21.

23. Patel, S.R., Vadhan-Raj, S., Burgess, M.A., Plager, C.,
Papadopolous, N., Jenkins, J., Benjamin, R.S. Results of two
consecutive trials of dose-intensive chemotherapy with doxoru-
bicin and ifosfamide in patients with sarcomas. Am J Clin Oncol
1998, 21(3): 317-21.

24. Benjamin, R.S., Legha, S.S., Patel, S.R., Nicaise, C. Single-
agent ifosfamide studies in sarcomas of soft tissue and bone:
The M.D. Anderson experience. Cancer Chemother Pharmacol
1993, 31(Suppl. 2): S174-9.

25. Gottlieb, J.A., Benjamin, R.S., Baker, L.H. et al. Role of DTIC
(NSC-45388) in the chemotherapy of sarcomas. Cancer Treat
Rep 1976, 60(2): 199-203.

26. van Oosterom, A.T., Judson, I., Verweij, J. et al. Safety and
efficacy of imatinib (STI571) in metastatic gastrointestinal stro-
mal tumours: A phase I study. Lancet 2001, 358(9291): 1421-3.

27. Fata, F., O’Reilly, E., Ilson, D. et al. Paclitaxel in the treat-
ment of patients with angiosarcoma of the scalp or face. Cancer
1999, 86(10): 2034-7.

28. Ebeling, P., Eisele, L., Schuett, P. et al. Docetaxel and gem-
citabine in the treatment of soft tissue sarcoma – A single-center
experience. Onkologie 2008, 31(1-2): 11-6.

29. D’Incalci, M., Sessa, C. DNA minor groove binding ligands: A
new class of anticancer agents. Expert Opin Investig Drugs
1997, 6(7): 875-84. 

30. D’Incalci, M. DNA-minor-groove alkylators, a new class of
anticancer agents. Ann Oncol 1994, 5(10): 877-8. 

31. Marchini, S., Broggini, S., Sessa, C., D’Incalci, M.
Development of distamycin-related DNA binding anticancer
drugs. Expert Opin Investig Drugs 2001, 10(9): 1703-14.



488 Brostallicin Hydrochloride

58. Bader, P., Fuchs, J., Wenderoth, M., von Schweinitz, D.,
Niethammer, D., Beck, J.F. Altered expression of resistance
associated genes in hepatoblastoma xenografts incorporated
into mice following treatment with adriamycin or cisplatin.
Anticancer Res 1998, 18(4C): 3127-32.

59. Cazenave, L.A., Moscow, J.A., Myers, C.E., Cowan, K.H.
Glutathione S-transferase and drug resistance. Cancer Treat
Res 1989, 48: 171-87.

60. Pook, S.H., Toh, C.K., Mahendran, R. Combination of thiol
antioxidant silibinin with brostallicin is associated with increase in
the anti-apoptotic protein Bcl-2 and decrease in caspase 3 activ-
ity. Cancer Lett 2006, 238(1): 146-52.

61. Trotti, A., Colevas, A.D., Setser, A. et al. CTCAE v3.0:
Development of a comprehensive grading system for the
adverse effects of cancer treatment. Semin Radiat Oncol 2003,
13(3): 176-81.

62. Ten Tije, A.J., Verweij, J., Sparreboom, A. et al. Phase I and
pharmacokinetic study of brostallicin (PNU-166196), a new DNA
minor groove binder, administered intravenously every 3 weeks
to adult patients with metastatic cancer. Clin Cancer Res 2003,
9(9): 2957-64.

63. Leahy, M., Ray-Coquard, I., Verweij, J. et al. Brostallicin, an
agent with potential activity in metastatic soft tissue sarcoma: A
phase II study from the European Organisation for Research and
Treatment of Cancer Soft Tissue and Bone Sarcoma Group. Eur
J Cancer 2007, 43(2): 308-15.

64. Clark, M.A., Fisher, C., Judson, I., Thomas, J.M. Soft-tissue
sarcomas in adults. N Engl J Med 2005, 353(7): 701-11.

65. Brostallicin or doxorubicin as first-line therapy in treating
patients with relapsed, refractory, or metastatic soft tissue sar-
coma (NCT00410462). ClinicalTrials.gov Web site, June 2,
2008.

66. Hogendoorn, P.C., Collin, F., Daugaard, S., Dei Tos, A.P.,
Fisher, C., Schneider, U., Sciot, R.; Pathology and Biology
Subcommittee of the EORTC Soft Tissue and Bone Sarcoma
Group. Changing concepts in the pathological basis of soft tissue
and bone sarcoma treatment. Eur J Cancer 2004, 40(11): 1644-54.

(GSH) levels, administered to patients (pts) with advanced can-
cer. Proc Am Soc Clin Oncol (ASCO) 2001, 20(Part 1): Abst 379.

48. Marchini, S., Ciro, M., Gallinari, F., Cozzi, P., D’Incalci, M.,
Broggini, M. Bromoacryloyl derivative of distamycin A (PNU
151807): A new non-covalent minor groove DNA binder with
antineoplastic activity. Br J Cancer 1999, 80(7): 991-7.

49. Geroni, C., Marchini, S., Cozzi, P. et al. Brostallicin, a novel
anticancer agent whose activity is enhanced upon binding to glu-
tathione. Cancer Res 2002, 62(8): 2332-6.

50. Fedier, A., Fowst, C., Tursi, J., Geroni, C., Haller, U.,
Marchini, S., Fink, D. Brostallicin (PNU-166196) - A new DNA
minor groove binder that retains sensitivity in DNA mismatch
repair-deficient tumour cells. Br J Cancer 2003, 89(8): 1559-65.

51. Ciomei, M., Pastori, W., Cozzi, P., Geroni, M.C. Induction of
apoptosis with a new distamycin derivative. Proc Am Assoc
Cancer Res (AACR) 1999, 40: Abst 1490.

52. Giusti, A.M., Moneta, D., Geroni, C., Farao, M. In vivo induc-
tion of apoptosis with PNU-166196 in human ovarian carcinoma
xenografts. Proc Am Assoc Cancer Res (AACR) 2000, 41: Abst
5240.

53. Colella, G., Marchini, S., d’Incalci, M., Brown, R., Broggini, M.
Mismatch repair deficiency is associated with resistance to DNA
minor groove alkylating agents. Br J Cancer 1999, 80(3-4):
338-43.

54. Taubert, H.W., Bartel, F., Kappler, M. et al. Reduced expres-
sion of hMSH2 protein is correlated to poor survival for soft tis-
sue sarcoma patients. Cancer 2003, 97(9): 2273-8.

55. Schecter, R.L., Alaoui-Jamali, M.A., Batist, G. Glutathione S-
transferase in chemotherapy resistance and in carcinogenesis.
Biochem Cell Biol 1992, 70(5): 349-53.

56. Shen, H., Kauvar, L., Tew, K.D. Importance of glutathione
and associated enzymes in drug response. Oncol Res 1997, 9(6-
7): 295-302.

57. Tsuchida, S., Sato, K. Glutathione transferases and cancer.
Crit Rev Biochem Mol Biol 1992, 27(4-5): 337-84.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize false
  /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 ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 /False

  /Description <<
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFc5c5bb34c6a90020bb38c11cb97c0020ac80d1a0d558ace00020c778c1c4d558b2940020b3700020c801d569d55c00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c9002540875284e8e55464e1a65876863ff0c53ef4ee553ef9760573067e5770b548c6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef69069752865bc6aa28996548c521753705546696d65874ef63002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /ESP <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


