
WO 2006/118953 PCTIUS2006/016043  METHOD OF TREATING
MULTIPLE MYELOMA USING 17-AAG OR 17-AG OR A PRODRUG OF
EITHER  TECHNICAL FIELD OF THE INVENTION 5 This
invention relates to a method of treating multiple
myeloma using 17-allylamino- 17-demethoxygeldanamycin
or 17-aminogeldanamycin, or a prodrag of either.
BACKGROUND OF THE INVENTION Multiple myeloma ("MM",
also known as myeloma or plasma cell myeloma) is an
incurable but treatable cancer of the plasma cell.
Plasma cells are an important part of the  1 o immune
system, producing inununoglobulins (antibodies) that
help fight infection and disease. MM is characterized
by excessive numbers of abnormal plasma cells in the
bone  marrow ("BM") and overproduction of intact
monoclonal immunoglobulins (IgG, IgA, IgD,  or IgE;
"M-proteins") or Bence-Jones protein (free monoclonal
light chains). Hypercalcemia,  anemia, renal damage,
increased susceptibility to bacterial infection, and
impaired 15 production of normal immunoglobulin are
common clinical manifestations of MM. MM is  often
also characterized by diffuse osteoporosis, usually in
the pelvis, spine, ribs, and skull.  Therapies for MM
include chemotherapy, stem cell transplantation,
high-dose chemotherapy with stem cell transplantation,
and salvage therapy. Chemotherapies include  treatment
with Thalomid(r) (thalidomide), Velcade(r)
(bortezomib), Aredia(r) (pamidronate),  20 steroids,
and Zometa(r) (zoledronic acid). However many
chemotherapy drugs are toxic to actively dividing
non-cancerous cells, such as cells of the BM, the
lining of the stomach and  intestines, and the hair
follicles. Therefore, chemotherapy may result in a
decrease in blood  cell counts, nausea, vomiting,
diarrhea, and loss of hair. Conventional chemotherapy,
or standard-dose chemotherapy, is typically the
primary  25 or initial treatment for patients with MM.
Patients also may receive receive chemotherapy in
preparation for high-dose chemotherapy and stem cell
transplant. Induction therapy  (conventional
chemotherapy prior to a stem cell transplant) can be
used to reduce the tumor  burden prior to transplant.
Certain chemotherapy drugs are more suitable for
induction  therapy than others, because they are less
toxic to BM cells and result in a greater yield of 30
stem cells from the BM. Examples of chemotherapy drugs
suitable for induction therapy WO 2006/118953
PCT/US2006/016043  include dexamethasone,
thalidomide/dexamethasone, VAD (vincristine,
Adriamycin(r) (doxo- 



rubicin), and dexamethasone in combination), and DVd
(pegylated liposomal doxorubicin  (Doxil(r), Caelyx),
vincristine, and reduced schedule dexamethasone in
combination). The standard treatment for MM is
melphalan in combination with prednisone (a  5
corticosteroid drug), achieving a response rate of
50%. Unfortunately, melphalan is an  alkylating agent
and is less suitable for induction therapy.
Corticosteroids (especially dexa- methasome) are
sometimes used alone as MM therapy, especially in
older patients and those  who cannot tolerate
chemotherapy. Dexamethasone is also used as a form of
induction  therapy, alone or in combination with other
agents. VAD is the most commonly used induc 10 tion
therapy, but DVd has recently been shown to be
effective as induction therapy.  Bortezomib has been
approved recently for the treatment of MM, but it is
very toxic.  However, none of the existing therapies
offer a significant potential for a cure.
17-Allylamino-17-demethoxygeldanamycin ("17-AAG", also
sometimes referred to  as 17-allylaminogeldanamycin)
is a semi-synthetic analog of the naturally occurring
15 compound geldanamycin (Sasaki et at, 1981).
Geldanamycin is obtainable by culturing a  producing
organism, such as Streptomyces hygroscopicus var.
geldanus NRRL 3602.  Another biologically active
geldanamycin derivative is 17-aminogeldanamycin
("17-AG"),  which is produced in the human body by
metabolism of 17-AAG. 17-AG can also be made  from
geldanamycin (Sasaki et at 1979). While geldanamycin
and its analogs have been 20 studied intensively as
anti-cancer agents in the 1990s (e.g., Sasaki et at,
1981; Schnur, 1995;  Schnur et at, 1999), none of them
has been approved for anti-cancer use. O O O  O_I~NH2
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-2 WO 2006/118953 PCT/US2006/016043  17-AAU and
geldanamycin are believed to act by binding to and
inhibiting the activity of heat shock protein-90
("Hsp90") (Schulte and Neckers, 1998). Hsp90 acts as a
chaperone for the normal processing of many cellular
proteins ("client proteins") and is  found in all
mammalian cells. Stress (hypoxia, heat, etc.) induces
a several-fold increase in 5 its expression. There
exist other stress induced proteins, such as heat
shock protein-70  ("Hsp70"), which also play a role in
cellular response to and recovery from stress. In
cancer cells, Hsp90 inhibition leads to disruption of
the interaction between Hsp90  and its client
proteins, such as erbB2, steroid receptors, raf-1,
cdk4, and Akt. For example,  exposure to 17-AAG
results in depletion of erbB2 and destabilization of
Raf-1 and mutant 10 p53 in SKBr3 breast cancer cells
(Schulte and Neckers, 1998), depletion of steroid
receptors  in breast cancer cells (Bagatell et al.,
2001), depletion of Hsp90 and down-regulation of Raf-
1 and erbB2 in MEXF 276L melanoma cells (Burger et
al., 2004), depletion of Raf-1, c- Akt, and Erkl/2 in
colon adenocarcinoma cells (Hostein et at, 2001),
down-regulation of  intracellular Bcr-Abl and c-Raf
proteins and reduction of Akt kinase activity in
leukemia 15 cells (Nimmanapalli et at, 2001),
degradation of cdk4, cdk6, and cyclin E in lung cancer
cells with wild-type Rb (Jiang and Shapiro, 2002), and
depletion of erbB1 (EGFR) and  erbB2 (p185) levels in
NSCLC cells (Nguyen et at, 2000). Because of the
activity of 17-AAG relative to Hsp90 and other
proteins involved in  oncogenesis and metastasis of
cancer cells, a number of clinical investigators have
evaluated  20 its effectiveness as an anti-cancer
agent in human clinical trials. From these various
trials, the Cancer Therapy Evaluation Program (CTEP)
of the National Cancer Institute  recommended these
Phase 2 dose/schedule regimens for further study: 220
mg/m2 (mg per  square meter of body surface area of
the patient or subject) administered twice weekly for
2  out of 3 weeks, 450 mg/m2 administered once a week
continuously or with a rest or break, 25 and 300 mg/m2
once a week for 3 weeks out of 4 weeks. Results of
various clinical trials - almost exclusively with
patients having solid tumors - with 17-AAG generally
showed  limited clinical activity and are summarized
below: (a) A Phase 1 trial in adult patients with
solid tumors was conducted in which patients  received
17-AAG daily for 5 days every 3 weeks. The starting
dose was 10 mg/m2 30 and was escalated to 56 mg/m2,
with a maximum tolerated dose ("MTD") and recom- 



mended Phase 2 dose defined as 40 mg/m2. The protocol
was amended to exclude  patients with significant
pre-existing liver disease, after which patients were
treated  -3 WO 2006/118953 PCT/US2006/016043 at doses
up to 110 mg/m2 on the same schedule. No objective
tumor responses were  observed. Due to dose limiting
reversible hepatotoxicity, the protocol was further
amended to dose patients on a twice weekly schedule
every other week starting at a  dose of 40 mg/m2 per
day. At daily doses of 40 and 56 mg/m2 for 5 days, the
peak 5 plasma concentrations were 1,860660 and
3,1701,310 nM, respectively. For  patients treated at
56 mg/m2 average AUC values for 17-AAG and 17-AG were
6,708 and 5,558 nM*h, respectively, and average ti,
3.8 and 8.6 hours, respectively.  Clearances of 17-AAG
and 17-AG were 19.9 and 30.8 L/h/m2, respectively, and
V.  values were 93 and 203 L/m2, respectively (Greco
et at, 2005). 10 (b) In a second Phase 1 trial,
patients with advanced solid tumors received 17-AAG on
a  daily x 5 schedule at a starting dose of 5 mg/m2.
At the 80 mg/m2, dose limiting  toxicities (hepatitis,
abdominal pain, nausea, dyspnea) were observed but
dose  escalations nevertheless were continued until
the dose reached 157 mg/m2/day.  Further dose schedule
modifications were implemented to allow twice weekly
15 dosing. At the 80 mg/m2 dose level, the tv~ was 1.5
hours and the plasma Cmax was  2,700 nM. Similarly,
for 17-AG the ti, was 1.75 hours and the Cmax was 607
nM.  Plasma concentrations exceeded those needed to
achieve cell kill (10-500 nM) in in  vitro and in vivo
xenograft models (Munster et al., 2001). (c) A Phase 1
trial of 17-AAG was conducted in which patients with
advanced solid  20 tumors were treated weekly for 3
out of every 4 weeks at a starting dose of 10  mg/m2,
with a recommended Phase 2 dose of 295 mg/m2. Dose
escalations reached a  dose of 395 mg/m2, at which
nausea and vomiting secondary to pancreatitis and
grade 3 fatigue were observed. The dosing schedule was
amended to allow dosing  twice weekly for 3 out of
every 4 weeks and twice weekly for 2 out of every 3
weeks. 25 A population pharmacokinetic (PK) analysis
was performed on data obtained from  this trial. The
Vd (volume of distribution) for 17-AAG was 24.2 L for
the central  compartment and 89.6 L for the peripheral
compartment. Clearance values were 26.7  L/h and 21.3
L/h for 17-AAG and 17-AG, respectively. Metabolic
clearance  



indicated that 46.4% of 17-AAG was metabolized to
17-AG. No objective tumor 30 responses have been
observed in this trial to date. (Chen et at, 2005).
(d) Another Phase 1 trial in patients with solid
tumors and lymphomas was conducted  using a weekly
dosing for 3 weeks out of a 4 week cycle. The starting
dose was 15  -4 WO 2006/118953 PCTIUS2006/016043
mg/m`. Dose escalation reached 112 mg/m2 without
significant toxicity and were  continued with an
objective of reaching a dose range of "biological"
activity. The  MTD for weekly 17-AAG was reached at
308 mg/m2. No objective tumor responses  have been
observed to date in this trial, and the levels of
Hsp90 client proteins 5 measured were unchanged during
therapy. No correlation between chaperone or  client
protein levels and 17-AAG or 17-AG PK was seen. There
was also no  correlation between the 17-AAG PK and its
clinical toxicity (Goetz et al., 2005). (e) Another
Phase I trial was conducted using a once weekly
administration schedule,  including I1 patients with
metastatic melanoma. The starting dose was 10 mg/m2,
10 and dose limiting toxicity was observed at 450
mg/m2/week (grade 3/4 elevation of AST). At higher
doses (16-450 mg/m2/week) the 17-AAG formulation
employed  contained 10-40 mL dimethylsulfoxide (DMSO)
in a single infusion, which likely  contributed to the
gastrointestinal toxicity that was observed in the
trial. Among the  patients treated at 320-450 mg/m2,
two showed radiologically documented long term 15
stable disease. No complete or partial responses were
recorded. At the highest dose  level (450 mg/m2) the
plasma 17-AAG concentrations exceeded 10 M and
remained  above 120 nM for periods in excess of 24
hours. At the highest dose level of 450  mg/m2, the
mean volume of distribution was 142.6 L, mean
clearance was 32.2 L/h,  and the mean peak plasma
level was 8,998 gg/L. There was a linear correlation
20 between dose and area under the curve (AUC) for the
dose levels studied.  Pharmacodynamic (PD) parameters
were also measured and induction of the co- chaperone
protein Hsp70 was observed in 8 of 9 patients treated
at 320- 450mg/m2/week. Depletion of client proteins
was also observed in tumor biopsies:  CDK4 in 8 out of
9 patients and Raf-I depletion in 4 out of 6 patients
at 24 hours. 25 These data indicated that Hsp9O in
tumors is inhibited for between I and 5 days.
(Banerji et al., 2005). 



The in vivo anti-MM activity of 17-AAG has been
studied using a model of diffuse  GFP positive MM
lesions in SCID/NOD mice (Mitsiades et al., 2006).
Survival analysis  showed that treatment significantly
prolonged median overall survival, but non-clinical
data 30 are frequently not predictive of clinical
activity. As discussed above, this has particularly
been the case for 17-AAG in solid tumors, where the
promise of pre-clinical data has not  been borne out
in Phase 1 clinical trials. 5 WO 2006/118953
PCTIUS2006/016043  Thus, despite intensive efforts to
develop 17-AAG as an anti-cancer agent, no regulatory
agency has approved it for the treatment of any
cancer. There remains a need for  methods of dosing
and administering 17-AAG and prodrugs of 17-AAG (and
its metabolic  counterpart 17-AG) so that its
potential therapeutic benefits can be realized. The
present 5 invention provides such methods that are
efficacious in the treatment of MM using 17-AAG.  A
list references cited herein is provided at the end of
this specification. All  documents cited herein are
incorporated herein by reference as if each such
publication or  document were specifically and
individually incorporated herein by reference. BRIEF
SUMMARY OF THE INVENTION 10 The present invention
provides methods for treating multiple myeloma in a
subject in  need of such treatment, comprising the
step of administering a pharmaceutical formulation to
said subject, wherein said pharmaceutical formulation
comprises a therapeutically effective  dose of 17-AAG
or 17-AG or a prodrug of either 17-AAG or 17-AG and
optionally a  pharmaceutically acceptable carrier or
diluent, and optionally repeating said step until no
15 fu ther therapeutic benefit is obtained. In one
embodiment, the method comprises the administration of
multiple doses of  17-AAG or a prodrug thereof to a
subject with MM over a time period of at least 2
weeks,  wherein each such dose is in the range of
about 275 mg/m2 to about 420 mg/m2 of 17-AAG  or an
equivalent amount (on a molar basis) of a 17-AAG or
17-AG prodrug. In one 20 embodiment, the dose is about
340 mg/m2 of 17-AAG or an equivalent amount (on a
molar  basis) of a 17-AAG or 17-AG prodrug. In one
embodiment, this dose is administered twice  weekly
for at least two weeks. In one embodiment, this dose
is administered twice weekly  for at least two weeks
in a three week period, which rate of dosing per three
week period is  called a cycle, and multiple cycles of
such treatment are administered to the subject. 



25 In one embodiment, the therapeutically effective
dose of 17-AAG or a prodrug of 17- AAG is a dose that
results in an AUC,ow of 17-AAG per dose in the range
of about 12,500  ng/mL*h to 25,000 ng/mL*h. In one
embodiment, this dose is administered at a rate and
frequency such that the Cmax of 17-AAG does not exceed
15,000 ng/mL. In one embodiment,  this dose is
administered at a rate and frequency such that the
Cm,X of 17-AAG is greater 30 than 1,800 ng/mL. In one
embodiment, this dose is administered at a rate and
frequency such  that the Cmsx of 17-AAG is greater
than 3,000 ng/mL. In one embodiment, this dose is -6
WO 2006/118953 PCT/13S2006/016043  administered at a
rate and frequency such that the C. of 17-AAG is
greater than 1,800 but  does not exceed 15,000 ng/mL.
In one embodiment, this dose is administered at a rate
and  frequency such that the Cn,. of 17-AAG is greater
than 3,000 but does not exceed 15,000  ng/mL. s In one
embodiment, the therapeutically effective dose of
17-AG or a prodrug of 17- AG (which prodrug includes
17-AAG) is a dose that results in an AUCtatat of 17-AG
per  dose in the range of about 5,000 to 18,000
ng/mL*h. In one embodiment, this dose is  administered
at a rate and frequency such that the C. of 17-AG does
not exceed 2,000  ng/mL. In one embodiment, this dose
is administered at a rate and frequency such that the
1o C. of 17-AG is greater than 500 ng/mL. In one
embodiment, this dose is administered at a  rate and
frequency such that the C. of 17-AG is greater than
900 ng/mL. In one embodi- ment, this dose is
administered at a rate and frequency such that the Cm.
of 17-AG is greater  than 500 but does not exceed
2,000 ng/mL. In one embodiment, this dose is
administered at  a rate and frequency such that the
Cma, of 17-AG is greater than 900 but does not exceed
15 2,000 ng/mL. In one embodiment, the therapeutically
effective dose of 17-AAG, a prodrug of 17- AAG, 17-AG,
or a prodrug of 17-AG is a dose that results in a
combined AUCtouj of 17- AAG and 17-AG per dose in the
range of about 17,500 to 43,000 ng/mL*h. In one
embodi- ment, this dose is administered at rate and
frequency such that the Cmax of 17-AAG does not 20
exceed 15,000 ng/mL and/or the Cm= of 17-AG does not
exceed 2,000 ng/mL. In one embo- diment, this dose is
administered at a rate and frequency such that the Cmn
of 17-AAG is  greater than 1,800 ng/mL and/or the Cm.
of 17-AG is greater than 500 ng/mL. In one embo-
diment, this dose is administered at a rate and
frequency such that the Cmax of 17-AAG is  



greater than 3,000 ng/mL and/or the Cm. of 17-AG is
greater than 900 ng/mL. In one embo 25 diment, this
dose is administered at a rate and frequency such that
the C. of 17-AAG is  greater than 1,800 but does not
exceed 15,000 ng/mL and/or the Cm. of 17-AG is greater
than 500 but does not exceed 2,000 ng/mL. In one
embodiment, this dose is administered at  a rate and
frequency such that the Cmn of 17-AAG is greater than
3,000 but does not exceed  15,000 ng/mL and/or the Cm
of 17-AG is greater than 900 but does not exceed 2,000
30 ng/mL. -7 WO 2006/118953 PCT/US2006/016043 In one
embodiment, the therapeutically effective dose of
17-AAG or a prodrug of 17- AAG is a dose that results
in a Terminal t% of 17-AAG in the range of 3 to 4.5 h.
In one  embodiment, the therapeutically effective dose
of 17-AAG or a prodrug of 17-AAG is a dose  that
results in a Terminal ti, of 17-AAG in the foregoing
range and an AUCtotat of 17-AAG 5 per dose in the
range of about 12,500 to 25,000 ng/mL*h. In one
embodiment, the therapeutically effective dose of
17-AG or a prodrug of 17- AG is a dose that results in
a Terminal ti, of 17-AG in the range of 4 to 7 h. In
one  embodiment, the therapeutically effective dose of
17-AG or a prodrug of 17-AG is a dose  that results in
a Terminal ti, of 17-AG in the foregoing range and an
AUCtotet of 17-AG per 10 dose in the range of about
5,000 to 18,000 ng/mL*H. In one embodiment, the
therapeutically effective dose of 17-AAG or a prodrug
of 17- AAG is a dose that results in a Volume of
distribution Vz of 17-AAG in the range of 100 to  270
L. In one embodiment, the therapeutically effective
dose of 17-AAG or a prodrug of 17- AAG is a dose that
results in a Volume of distribution V. of 17-AAG in
the foregoing range 15 and an AUCtoto of 17-AAG per
dose in the range of about 12,500 to 25,000 ng/mL*h.
In one embodiment, the therapeutically effective dose
of 17-AAG or a prodrug of 17- AAG is a dose that
results in a Clearance in the range of 30 to 50 L/h.
In one embodiment,  the therapeutically effective dose
of 17-AAG or a prodrug of 17-AAG is a dose that
results  in a Clearance of 17-AAG in the foregoing
range and an AUCtotat of 17-AAG per dose in the  20
range of about 12,500 to 25,000 ng/mL*h. In one
embodiment, the therapeutically effective dose of
17-AAG or a prodrug of 17- AAG is a dose that results
in a V,3 in the range of 100 to 150 L. In one
embodiment, the  therapeutically effective dose of
17-AAG or a prodrug of 17-AAG is a dose that results
in a  



V,, of 17-AAG in the foregoing range and an AUCtatat
of 17-AAG per dose in the range of  25 about 12,500 to
25,000 ng/mL*h. BRIEF DESCRIPTION OF THE DRAWING(S)
Figure 1 shows the plasma concentration of 17-AAG and
17-AG versus actual time  for a dose level of 150
mg/m2 of 17-AAG (combined mean and standard deviation
(SD) for  Days 1 and 11). -8 WO 2006/118953
PCT/US2006/016043  Figure 2 shows the plasma
concentration of 17-AAG and 17-AG versus actual time
for a dose level of 220 mg/m2 of 17-AAG (combined mean
and SD for Days 1 and 11).  Figure 3 shows the plasma
concentration of 17-AAG and 17-AG versus actual time
for a dose level of 275 mg/m2 of 17-AAG (combined mean
and SD for Days 1 and 11). 5 Figure 4 shows the plasma
concentration of 17-AAG for Day 1 and Day 11 and 17-
AG for Day 1 and Day 11 versus actual time for a dose
level of 275 mg/m2 of 17-AAG (Day  1 and Day 11
(mean)). Figure 5 shows the plasma concentration of
17-AAG and 17-AG versus actual time  for a dose level
of 340 mg/m2 of 17-AAG (combined mean and SD for Days
1 and 11). 10 Figure 6 shows the AUCtotai for 17-AAG
and 17-AG for all patients. Figure 7 shows the mean
C,,,ax observed in the present study for 17-AAG and
17-AG  compared to the mean C., reported Banerji et
al. (2002) for 17-AAG on Day 1, 17-AAG on  Day 8,
17-AG on Day 1, and 17-AG on Day 8. Figure 8 shows the
mean AUCtotat of 17-AAG observed in the present study
in  15 compared to the mean AUCww of 17-AAG reported
in Banerji et al. (2002). Figure 9 shows the percent
of CD138+ cells with abnormal mitochondrial potential
in  BM for patients during pre-treatment and on Day 11
of treatment (after four infusions of 17- AAG). Figure
10 shows the percent AKT+ cells in total BM cells for
patients during pre- 20 treatment and on Day 11 of
treatment (after four infusions of 17-AAG). Figures
1IA (275 mg/m2 doses) and 11B (340 mg/m2 doses) show
immunoblots of  Hsp70, total AKT, ILK, raf-1, and LCK
from samples taken at 0 hours and 4 hours after
administration on Day 1 and Day 4 (all data from Cycle
1 of treatment; 1: Day 1, 0 hour; 2:  Day 1, 4 hours;
3: Day 11, 0 hour; 4; Day 11, 4 hours). 



25 Figure 12 shows the percent change of serum M-spike
and urine M-protein of a  patient treated at the 150
mg/m2 of 17-AAG dose level. Figure 13 shows the
percent change of serum M-spike and total IgG of a
patient  treated at the 275 mg/m2 of 17-AAG dose
level. -9 a WO 2006/118953 PCTIUS2006/016043  DETAILED
DESCRIPTION OF THE INVENTION Definitions  To aid in
understanding and practice of the present invention,
definitions for certain  terms used herein are
provided below. 5 "Adverse effects" are as defined in
National Cancer Institute (2003). A "dose limiting
toxicity" (DLT) is defined as any of the following
clinical toxicities,  referencing National Cancer
Institute (2003). Hematologic toxicities comprise: (1)
Grade 4  neutropenia (absolute neutrophil count (ANC)
<0.5 x 109/L) for more than 5 consecutive  days, or
febrile neutropenia (ANC < 1.0 x 109/L, fever _
38.5C), (2) Grade 4 1 o thrombocytopenia (platelets <
25.0 x 109/L or bleeding episode requiring platelets
transfusion), and/or Grade 4 anemia (Hemoglobin < 6.5
g/dl). Non-Hematologic toxicities  comprise: (1) any ?
Grade 3 non-hematologic toxicity (except Grade 3
injection site  reaction, alopecia, anorexia,
fatigue), (2) nausea, diarrhea and/or vomiting of
Grade? 3  despite the use of maximal medical
intervention and/or prophylaxis, and/or (3) treatment
15 delay of more than 4 weeks due to prolonged
recovery from a drug-related toxicity.  "Complete
response (CR)" is defined on the basis of negative
immunofixation ("IF")  on both serum and urine,
maintained for at least 6 weeks. A bone marrow
aspirate ("BMA")  containing <5% plasma cells can be
used to confirm a CR. A trephine biopsy is performed,
and the results indicate <5% plasma cells. In
non-secretory myeloma, the marrow biopsy is 20
repeated after a 6-week interval to confirm a CR. No
increase in the size or number of lytic  lesions
should occur (development of a compression fracture
does not exclude response),  with disappearance of
soft tissue plasmacytomas. (Blade at al., 1998). "KPS
performance status" is as defined in Table 1, which
also provides a comparison  against the ECOG scale.
-10 



WO 2006/118953 PCT/US2006/016043  Table 1- KPS
Performance Status Karnofsky Scale ECOG Scale Normal,
no complaints 100 Fully active, able to carry on all
pre- 0  disease performance without restriction  Able
to carry on normal activity, 90 minor signs or
symptons of disease Normal activity with effort 80
Restricted in physically strenuous I  activity but
ambulatory and able to carry out work of a light or
sedentary nature (e.g., office work  or light house
work) Unable to carry on normal activity 70  or
perform active work; cares for self  Requires
occasional assistance but 60 Ambulatory and capable of
all self- 2  is able to care for most own needs care
but unable to carry out any work activities; up and
about more  than 50% of waking hours  Requires
considerable assistance 50 and frequent medical care
Disabled; requires special medical 40 Capable of only
limited self-care, 3  care and assistance confined to
bed or chair more than 50% of waking hours  Severely
disabled; hospitalization 30 indicated although death
not  imminent Very sick; hospitalized and active 20
Completely disabled; cannot 4  perform any self-care;
totally confined to bed or chair  Moribund; fatal
processes 10 



progressing rapidly Dead 0  "Minimal response" is
defined as one or more of the following: between
25-49%  reduction in serum M-protein, maintained for
at least six weeks; between 50-89% reduction  in
urinary light chain excretion which still exceeds 200
mg/24 hours, maintained for at least 5 6 weeks; for
patients with non-secretory myeloma only, between
25-49% reduction in  plasma cells in a BMA or a bone
trephine biopsy, if biopsy is performed, maintained
for at  -11 WO 2006/118953 PCTIUS2006/016043  least 6
weeks; between 25-49% reduction in the size of soft
tissue plasmacytomas (by  radiography or clinical
examination); and no increase in the size or number of
lytic lesions  (development of a compression fracture
does not exclude response). (Blade et al., 1998). "No
Change" is defined as not meeting the criteria of
either minimal response or  5 progressive disease.
(Blade et al., 1998.) "Partial response (PR)" is
defined as occurring in patients in whom some, but not
all,  of the criteria for CR have been met, including
those in whom routine electrophoresis is  negative but
on whom IF has not been performed. See Blade et al.
(1998), which provides  examples. 10 "Plateau phase"
is defined on the basis of stable paraprotein levels
for a minimum of  3 months. Plateau will require
observations to be within 25% of the value when
response is  assessed, a rise above 25% being one of
the criteria for disease progression. (Blade et at.,
1998.) "Progression of disease," for patients not in
CR, is defined as a definite increase in  15 disease
activity in patients in partial remission or plateau
phase, whereas the term relapse  applies to a
recurrence of evident disease in patients previously
in CR. See Blade et al.  (1998), which provides
examples. "Refractory cancer" means a cancer that has
not responded to one or more previous  treatments. 20
"Relapse" means the return of signs and symptoms of
cancer after a period of  improvement from one or more
previous treatment. "Relapse from CR" is defined as
one or  more of the following: a reappearance of serum
or urinary paraprotein on IF or routine
electrophoresis, confirmed by at least one further
investigation and excluding oligoclonal  



reconstitution; a greater than 5% plasma cells in a
BMkor on trephine bone biopsy; 25 development of new
lytic bone lesions or soft tissue plasmacytomas or
definite increase in  the size of residual bone
lesions (development of a compression fracture does
not exclude  continued response and may not indicate
progression); and development of hypercalcemia
(corrected serum calcium greater than 11.5 mg/dL) not
attributable to any other cause. "Therapeutically
effective dose" means, unless otherwise indicated, the
amount of  30 drug that is required to be administered
to achieve the desired therapeutic result. -12 WO
2006/118953 PCTIUS2006/016043  Embodiments The present
invention provides important new methods for using
17-AAG or 17-AG  and their prodrugs that exert their
anti-cancer effect through the in vivo formation of
17- AAG or 17-AG to treat MM. In one embodiment of the
methods of the present invention, 5 17-AAG, or a
prodrug of 17-AAG, is the only therapeutic agent in
the pharmaceutical  formulation administered to the
patient to treat MM. The present invention arose in
part from  the discovery of new methods for dosing and
administering 17-AAG to achieve and maintain
therapeutically effective blood levels of 17-AAG or
17-AG (or blood levels of 17-AAG  added together with
17-AG, as these moieties are equipotent in cellular
assays), expressed as lo AUCtotal, Cmax, Terminal ti,
Clearance, and/or Volume of distribution, expressed as
either V.  or Vaa, without reaching blood levels
likely to cause unmanageable toxicity. In one
embodiment, the present invention comprises
administering multiple doses of  17-AAG, or a prodrug
of 17-AAG, over a period of three weeks. Collectively,
these doses  over the three week period are called a
cycle. A patient may be treated with multiple cycles
15 of therapy. Different cycles, including cycles of
longer or shorter duration or involving  greater or
fewer doses than described specifically herein, can be
used to practice the present  invention, so long as
the therapeutically effective doses described herein
are achieved. In one embodiment, the therapeutically
effective dose is achieved by the adminis- tration of
multiple doses of 17-AAG, or a prodrug of 17-AAG, to a
patient with MM over a  20 time period of at least 3
weeks, wherein such multiple doses result in an
AUCtotal for 17 AAG per dose of at least 12,500
ng/ml*h but does not exceed 25,000 ng/ml*h. In one
embodiment, four doses are administered per cycle,
with each dose being at least 150 mg/m2,  and a period
of 3 to 4 days between each dose. In another
embodiment, four doses are  



administered per cycle, with two doses per week
administered for the first two weeks of the  25 three
week cycle. Compounds other than 17-AAG or 17-AG can
be administered that are converted in  vivo to 17-AAG
or 17-AG (prodrugs). One type of prodrug is that in
which the benzo- quinone ring is reduced to a
hydroquinone ring, but is metabolized back to a
benzoquinone  ring in the subject. A specific example
of a 17-AAG prodrug is 17-allylamino-18,21 30
dihydro-17-demethoxygeldanamycin. (Adams et al.,
2005). The methods of the present  invention therefore
include, in one embodiment, a method for treating MM
in a patient in  -13 WO 2006/118953 PCTIUS2006/016043
need of said treatment, wherein the method comprises
the administration of multiple doses  of 17-AAG or
17-AG, or a prodrug of 17-AAG or 17-AG, to a subject
with MM, over a time  period of at least 3 weeks,
wherein such multiple doses result in an AUCtotat for
17-AG per  dose of at least 5,000 but does not exceed
18,000 ng/mL*h. In one embodiment, four doses 5 are
administered per cycle, with each dose being at least
150 mg/m2, and a period of 3 to 4  days between each
dose. In another embodiment, four doses are
administered per cycle, with  two doses per week
administered for the first two weeks of the three week
cycle. Thus, the present invention includes within its
scope the use of prodrugs of 17-AAG  and the term
"administering" encompasses the treatment of MM with a
pharmaceutically 10 equivalent amount of a compound
that converts to 17-AAG or 17-AG in vivo after
administration to the subject in need thereof.
Conventional procedures for the selection and
preparation of suitable prodrug derivatives are
described in Wermuth, 2003. The subject in need of
treatment, for purposes of the present invention, is
typically a  human patient suffering from MM, although
the methods of the invention can be practiced  15 for
veterinary purposes, with suitable adjustment of the
unit dose to achieve the equivalent AUCtotat or other
PK and PD parameters described herein for the
particular mammal of  interest (including cats,
cattle, dogs, horses, and the like). Those of skill in
the art of  pharmaceutical science know or can readily
determine the applicable conversion factors for  the
species of interest. Typically, however, the methods
will be practiced to benefit human 20 subjects, and
those subjects will typically have exhibited some
histological evidence of MM,  including one or more of
the following: M-spike in serum or urine, BM
plasmacytosis of>  30%, anemia, renal failure,
hypercalcemia, and/or lytic bone lesions. 



In one embodiment, the subject has been diagnosed with
Stage III MM under the  Durie-Salmon system and
exhibits one or more of these symptoms: hemoglobin
value < 8.5  25 g/dL, serum calcium value > 12 mg/dL,
advanced lytic bone lesions (scale 3), high M-com
ponent production rate (IgG value > 7 g/dL; IgA value
> 5 g/dl; Bence Jones protein > 12  g/24 hour).
Alternatively, the subject has been diagnosed with
Stage III MM based on the  International Staging
System (ISS) system, with serum levels of (3-2
rnicroglobulin > 5.5 30 In another embodiment, the
patient will have been diagnosed with Stage 11 MM
based on the Durie-Salmon system, wherein the subject
does not have Stage III MM (based  -14 WO 2006/115953
PCT/US2006/016043  on the Durie-Salmon system) and has
one or more but does not have all of the following
symptoms: hemoglobin value > 10 g/dL, serum calcium
value :5 12 mg/dL, bone x-ray,  normal bone structure
(scale 0) or solitary bone plasmacytoma only, low
M-component  production rate (IgG value < 5 g/dL; IgA
value < 5 g/dL). In another embodiment, the 5 patient
will have been diagnosed with Stage II MM based on the
ISS system, wherein the  subject does not have Stage
III MM (based on the ISS system) and does not have
serum  levels of 0-2 microglobulin < 3.5 g/dL and
albumin?: 3.5 g/dL. In another embodiment, the patient
will have one or more of the following signs or
symptoms of MM: an elevated level of serum M protein
(such as > 3 g/dL), and/or more  10 than 10% of the
cells in a BM sample from the subject are plasma
cells. In another embodiment, prior to treatment the
Karnofsky performance status (KPS) of the patient is
at  least 70%. In another aspect, the KPS of the
patient is at least 60%, 50%, 40%, 30%, 20%, or  10%.
In one aspect, the ECOG of the patient is at least 0,
1, 2, or 3. A therapeutically effective dose of
17-AAG, 17-AG, or a prodrug or either 17-AAG  15 or
17-AG is the amount of 17-AAG that is administered at
each administration over one  treatment cycle to the
subject that brings about a therapeutic result. The
therapeutic result  can be that the rate of the
progression or spread of the cancer is slowed or
stopped for some  period of time. In some patients,
the therapeutic result can be complete elimination of
MM.  In some patients, a therapeutic result will be
achieved with one treatment cycle. In other 20
patients, a therapeutic result will be achieved only
after multiple cycles of treatments. As  those of
skill in the art will appreciate, however, there can
be no assurance that every MM  patient will achieve a
therapeutic result. 



As noted above, in one embodiment, each treatment
cycle is three weeks. In other  embodiments, other
treatment cycle times can be employed, such as two or
four weeks (or  25 one month), so long as the
equivalent AUCrotai or other PK and PD parameters
described herein are achieved. The unit dose employed
in each cycle is administered at least once and  up to
eight times per treatment cycle. Typically, the dose
is administered two to four times  per treatment
cycle. In one embodiment, the dose is administered
twice weekly for 2 weeks  out of each treatment cycle
of three weeks. For example, if one starts a cycle at
the 30 administration of the first dose, then in one
embodiment, the unit dose is administered once  or
twice in the first two weeks of the treatment cycle
and not during the third week. In one  -15 WO
2006/118953 PCT/US2006/016043  embodiment, the dose is
administered on days 1, 4, 8, and 11 of each treatment
cycle, with  day 1 being the day the first dose is
administered. Each dose of 17-AAG is a dose of not
more than the maximally tolerable dose  ("MTD"), which
can be defined as the maximum dose at which less than
two or fewer of six  5 subjects undergoing the method
of treatment experience hematologic or non-hematologic
toxicity that is not amenable to supportive care.
Preferably, the amount of 17-AAG  administered is
equal to or less than the MTD. Preferably, the amount
of 17-AAG  administered is one that does not result in
unacceptable and/or unmanageable hematologic or
non-hematologic toxicity. Preferably, the MTD is about
340 mg/m2 per dose. 10 The therapeutically effective
amount of a unit dose 17-AAG or 17-AG or a prodrug  of
either is the amount that, after one or more cycles of
administration in accordance with  this invention,
results in a complete response (CR), a partial
response (PR), a minimal  response (MR), a stable
disease (StD) condition, a reduction of serum
monoclonal protein  (serum M protein), or a reduction
of plasma cells in the BM of the subject (Blade et
al., 15 1998), for at least a period of time, such as
3 weeks, 6 weeks, 2 months, 6 months, one year,  or
several years. In one embodiment, the administration
of 17-AAG results in a decrease in  serum and/or urine
M protein, BM plasmocytosis, alleviation of anemia,
alleviation of renal  failure, alleviation of
hypercalcemia, and/or reduction/alleviation of lytic
bone lesions in the  MM patient. In one embodiment,
some patients will not relapse from a CR or will 20
experience a significant delay in the progression of
the disease. The amount of 17-AAG administered in a
single unit dose can range from 275 to 340  



mg/m2 per dose. Where the 17-AAG is administered twice
weekly for two out of every three  weeks, the amount
of 17-AAG administered ranges from 275 to 340 mg/m2
per dose. Those  of skill in the art will recognize
that the unit dose amounts of 17-AAG or 17-AG prodrugs
or  25 17-AG itself can be calculated from the doses
provided herein for 17-AAG and the molecular weight
and relative bioavailability of the prodrug or 17-AG.
The method of the invention can also be described in
terms of the amount of 17-AAG  administered per
treatment cycle. The per cycle amount will typically
be at least 1,100  mg/m2. Typically the per cycle
amount will be at least 1,360 mg/m2. In various 30
embodiments, the amount of 17-AAG administered is at
least 1,100 to 1,360  mg/m2/treatment cycle. 16 WO
2006/118953 PCTIUS2006/016043 As noted above, the
frequency of the administration of the unit dose is
once weekly  or twice weekly. In one embodiment of the
method of the invention, the pharmaceutical
formulation is administered intravenously twice weekly
for 2 weeks every 3 or 4 weeks. In  one embodiment,
the patient is administered a pre-treatment medication
to prevent or 5 ameliorate treatment related
toxicities. Such pre-treatment medications are
described in the  examples below. In one embodiment of
the method of the invention, the administration of
17-AAG or 17-AG or a prodrug of either is performed on
day 1, 4, 8 and 11 of each cycle,  and the cycle time
is 3 weeks. 17-AAG will typically be administered by
intravenous  infusion, infused in a period of at least
30, 60, 90, or 120 minutes. For patients with a body
10 surface area (`BSA") greater than 2.4 m2, dosing
can be calculated in accordance with the  methods
herein using a maximum BSA of 2.4 rn2. In human
clinical trials of the method of the invention, the
following administration  regimens have been employed
without reaching dose limiting toxicity ("DLT) in any
treated patient: 275 mg/m2 per single administration
of 17-AAG twice weekly for two out of 15 three weeks
(Days 1, 4, 8, and 11, with a cycle time of 21 days).
As noted above, after 17-AAG is administered, the
major metabolite 17-AG, having  anti-cancer activity
in its own right, appears in the subject. 17-AAG and
17-AG are thus  each, and together, responsible for
the therapeutic benefit of the method of the
invention.  The therapeutically effective dose and
dosing regimen of 17-AAG is one that achieves an 20
Area Under Curve (AUCtatai) of 17-AAG and/or 17-AG in
the subject as described herein.  



Various therapeutically effective doses and dose
regimen are illustrated in the examples  below.
Therapeutically effective doses and dosing regimen of
17-AAG and/or 17-AG  provided by the present invention
can also be described in terms of Terminal Half Life
(t!/,);  Clearance (CL); and/or Volume of Distribution
in the elimination phase or steady state (Vz  25
and/or V,,) The therapeutic benefit from the treatment
method of the present invention can be  observed in
responding subjects as soon as 3, 6, 12, 18 or 24
weeks from the start of  treatment. In one embodiment,
a therapeutic benefit from the treatment is a
reduction in a  serum protein, and/or BUN or serum
calcium, of the patient. In various embodiments, the
30 reduction is at least 25%; at least 50% to 80%; at
least 90%; and 100%. The reduction in  serum M protein
can be determined, for example, by serum protein
electrophoresis or  -17 h, WO 2006/118953
PCTIUS2006/016043  immuno-nxation tecnmques. The
percent reduction is the level of the serum protein,
BUN,  or calcium in the patient, measured after a
period of treatment and then compared to the level  of
the serum M protein, BUN, or calcium in the patient
measured just prior to treatment.  Serum proteins are
proteins that, when present in elevated levels in the
serum, indicate the 5 subject suffers from MM. Such
serum proteins include, but are not limited to, serum
M  protein (also known as serum M paraprotein),
(32-microglobulin, light chain, and total  protein.
Other therapeutic benefits that can be achieved via
the present invention include one  or more of the
following: decrease in BM plasmaocytosis, alleviation
of anemia, alleviation  10 of renal failure,
alleviation of hypercalcemia, and/or reduction/
alleviation of lytic bone lesions. Another therapeutic
benefit is an improvement of the KPS of the patient by
10% or  more, 20% or more, 30% or more, 40% or more,
or 50% or more. Another therapeutic  benefit is an
improvement of the ECOG of the patient by 1 or more, 2
or more, or 3 or more. Ideally, practice of the
present invention does not result in unmanageable hema
15 tologic or non-hematologic toxicity. Hematologic
toxicities to be avoided include: Grade 4
neutropenia, Grade 4 thrombocytopenia, and/or Grade 4
anemia. Non-hematologic toxicities  include: any _
Grade 3 non-hematologic toxicity (except Grade
injection site reaction, alope- cia, anorexia, and/or
fatigue), nausea, diarrhea and/or vomiting > Grade 3
(despite use of  



maximal medical intervention and/or prophylaxis),
and/or treatment delay of more than 4 20 weeks due to
prolonged recovery from a drug related toxicity. Those
of skill in the art will  recognize that various
toxicities may occur in a cancer patient; the method
of the present  invention provides the benefit of
reduced or elimination of the occurrence of such
toxicities. Where the pharmaceutical formulation
comprises an additional compound that might  cause an
anaphylactic reaction (like Cremophor), additional
medications can be 25 administered to prevent or
reduce the anaphylactic reaction, such as (a)
loratidine or  diphenhydramine, (b) famotidine, and
(c) methylprednisone or dexamethasone. The present
invention also provides, in various embodiments,
methods for treating  MM by administering 17-AAG or
17-AG or a prodrug of either in combination with
another  anti-cancer compound, which can be, for
example, Thalomid(r), Aredia, and Zometa(r) or 30
Revlimid(r) (lenalidomide). The other anti-cancer drug
or agent can be administered in unit  doses and dosing
regimen currently employed in the art. -18 WO
2006/118953 PCTIUS2006/016043  Importantly, Me present
invention can be used to treat patients with MM who
have failed at least one prior anti-cancer therapy
regimen, that is, have refractory or relapsed
refractory MM. These prior anti-cancer therapies
include, but are not limited to,  monotherapy (single
agent therapy) or combination therapies of the
following treatments and 5 anti-cancer agents:
chemotherapy, stem cell transplantation, Thalomid(r),
Velcade(r), and  Revlimid(r). Chemotherapy includes
treatment with a combination melphalan and prednisone
(NIP), VAD, or an alkylating agent alone or in
combination with other agent(s), such as
cyclophosphamide plus etoposide or combinations of
etoposide, dexamethasone,  doxorubicin. 10 Diagnostic
and laboratory methods and tests that may be of
benefit in practice of the  present invention are well
known to one of ordinary skill in the art. See, for
example, Pagana  and Pagans, Mosby's Manual of
Diagnostic and Laboratory Tests, 2d Ed., Mosby-Year
Book, 2002 and Jacobs & DeMott Laboratory Test
Handbook, 5th Ed., Jacobs et al. (eds),  Lexi-Comp,
Inc., 2001 (each incorporated herein by reference).
Free kappa and free lambda 15 light chain
concentrations in serum can be measured using
FreeliteTM (The Binding Site Inc.,  Birmingham, United
Kingdom). An active pharmaceutical ingredient ("API,"
17-AAG, 17-AG, prodrug, other anti- 



cancer compound, etc.) useful in the method of the
present invention can be formulated for
administration orally or intravenously, in a suitable
solid or liquid form. See Gennaro, ed., 20 Remington:
The Science and Practice of Pharmacy, 20th Ed.
(Lippincott Williams &  Wilkins 2003), incorporated
herein by reference. The API can be compounded, for
example,  with a non-toxic, pharmaceutically
acceptable carrier or excipient for solutions,
emulsions,  suspensions, or any other form suitable
for enteral or parenteral administration. Pharma-
ceutically acceptable carriers include water and other
carriers suitable for use in manufac 25 turing
preparations in liquefied form. In addition, auxiliary
stabilizing, thickening, and  coloring agents may be
used. An API useful in the method of the invention may
be formulated as microcapsules,  nanoparticles, or
nanosuspensions. General protocols for such
formulations are described,  for example, in
Microcapsules and Nanoparticles in Medicine and
Pharmacy by Max 30 Donbrow, ed., CRC Press (1992) and
in Bosch et al. (1996), De Castro (1996), and Bagchi
-19 WO 2006/118953 PCT/US2006/016043  et at. (1997).
By increasing the ratio of surface area to volume,
these formulations are  especially suitable for the
delivery of 17-AAG or another relatively insoluble
API. 17-AAG can be formulated in an emulsion with
vitamin E or a PEGylated derivative  thereof. Generic
approaches to formulations with such excipients are
described in Quay et at  5 (1998) and Lambert et at
(2000). The 17-AAG can be dissolved in an aqueous
solution containing ethanol (preferably less than 1 %
w/v). Vitamin E or a PEGylated-vitamin E is  added.
The ethanol is then removed to form a pre-emulsion
that can be formulated for  intravenous or oral routes
of administration. Another method for preparing a
pharmaceutical formulation useful in the present  1o
method involves encapsulating 17-AAG in liposomes.
Methods for forming liposomes as  drug delivery
vehicles are well known in the art. Suitable protocols
adaptable for the present  invention include those
described by Boni et at (1997), Straubinder et at
(1995), and  Rahman et at (1995) for paclitaxel and by
Sonntag et at (2001) for epothilone, nzutatis
nautandis. Of the various lipids that maybe used in
such formulations, phosphatidylcholine 15 and
polyethyleneglycol-derivatized distearyl
phosphatidyl-ethanoloamine are noteworthy.  The amount
of 17-AAG or other API that may be combined with the
carrier materials  to produce a single or unit dosage
form will vary depending upon the subject treated and
the  



particular mode of administration. For example, a
formulation for intravenous use comprises  an amount
of 17-AAG ranging from about 1 mg/mL to about 25
mg/mL, preferably from 20 about 5 mg/mL, and more
preferably about 10 mg/mL. Intravenous formulations
are  typically diluted between about 2 fold and about
30 fold with water for injection (WF1),  normal
saline, or 5% dextrose solution prior to use. In many
instances, the dilution is  between about 5 and about
10 fold. In one embodiment of the method of the
invention, 17-AAG is formulated as a 25 pharmaceutical
solution formulation comprising 17-AAG dissolved in a
vehicle comprising  (i) a first component that is
ethanol; (ii) a second component that is a
polyethoxylated castor  oil; and (iii) a third
component selected propylene glycol, PEG 300, PEG 400,
glycerol, and  combinations thereof, as disclosed in
Zhong et al. (2005). Another formulation of 17-AAG
that may be used is one based on dimethylsulfoxide  30
("DMSO") and egg lecithin (egg phospholipids), as
taught in Tabibi et at (2004). However,  -20 WO
2006/118953 PCT/US2006/016043  because of certain
characteristics of DMSO (odor, patient adverse
reactions), such  formulations are less preferred than
the DMSO-free ones taught herein. Other formulations
for 17-AAG that may be employed in the method of the
invention  are described in Ulm et al. (2003), Uhn et
al. (2004), Mansfield et al. (2006), Desai et al. 5
(2006), and Isaacs et al. (2006). In another
embodiment, the pharmaceutical formulation can be
diluted 1:7 prior to  administration with sterile WFI,
USP (one part undiluted drug product to 6 parts
sterile  WFI). Dilution is performed under controlled,
aseptic conditions. The final diluted drug  product
concentration is, using 17-AAG as an example, at least
1.00 mg/mL, such as lo approximately 1.43,
approximately 2.00 or approximately 10.00 mg/mL.
Depending on the BSA and the assigned dose for the
subject, the dose of 17-AAG or  other API will require
different volumes of drug product to be added to the
admixture bag.  An overfill can be calculated and
employed to account for loss in the administration
set.  Preferably, the pharmaceutical formulation, with
the diluted drug product, is pH neutral, and 15 the
solution is hypertonic at approximately 600 mOsm. The
pharmaceutical formulation can  be stored at -20C,
with protection from light. Drug product is allowed to
come to room  temperature prior to admixture and then
is mixed is by gentle inversion. After dilution, the  



drug product should stable for up to about 10 hours at
room temperature (at a dilution of  1:7). 20 The
present invention, having been described in summary
fashion and in detail above  is illustrated in the
following Examples. Example 1- Pharmacokinetics of
17-AAG in the Cremophor(r)-based Formulation in  Dogs
Prior clinical reports of 17-AAG in cancer involved
trials in which the 17-AAG was  25 administered in a
formulation comprised of DMSO with egg phospholipids
(Tabibi et al  2004 and 2005). To compare the PK of
this formulation of 17-AAG with the Cremophor(r)-
based formulation to be used in the clinical trial
reported in Example 2, each formulation of  17-AAG was
administered at two doses (1 and 2 mg/kg; 20 and 40
mg/m2) to beagle dogs.  Six dogs received the 1 mg/kg
dose, and 5 dogs received the 2 mg/kg dose, in a
crossover 30 design, so that each dog received both
formulations. The results, summarized in the table
below, show that the Cremophor(r)-based formulation is
comparable to the DMSO/egg  -21 WO 2006/118953
PCTIUS2006/016043  phospholipid formulation. Mean AUC
is within 20%; C,,,II, Tmax, and elimination half-life
values were also similar for the two formulations.
Table 2 - Pharmacoknetic Parameters (Mean  SD)
Formulation Dose level N Cmu Tma. (hrs) AUCo. ti/2
(mg/kg) (ng/mL) (ng-h/mL) (hrs)  DMSO/egg lecithin 1 6
27827 1.00 39220 2.0  Cremophor(r) based 1 6 32237
1.00 45959 1.9  DMSO/egg lecithin 2 5 643126 0.958
853181 2.1  Cremophor(r) based 2 5 788143 0.900
1,057155 2.2  5 Example 2 - Treatment of Patients with
Multiple Mveloma with 17-AAG The method of the
invention was tested in an open-label, dose escalating
clinical  trial. The trial was designed to establish
the MTD of 17-AAG administered by 1V infusion  over 60
minutes, on Days 1, 4, 8, and 11 of a dosing cycle
lasting 3 weeks. The trial was  designed with a
dose-escalating component in which the dose of 17-AAG
was escalated  1o from 150 mg/m2 to the MTD. Disease
response evaluations were performed following every
two cycles of  



treatment (approximately every 6 weeks). The
determination of anti-tumor efficacy in stable  or
responding patients was based on objective tumor
assessments made according to a  standardized myeloma
response assessment system. 15 All baseline
imaging-based tumor assessments were were performed
within 28 days  prior to the start of treatment and
were reevaluated every 6 weeks (approximately every
two  cycles) thereafter. All patients with responding
tumors (CR or PR) were examined to  confirm the
response 6 weeks after the first documentation of
response. Response criteria  used were according to
Blade et al. (1998). 20 Pharmacokinetic (PK) and
pharmacodynamic (PD) sampling was obtained during the
first treatment cycle only. In the event of
drug-related serious adverse events (SAES) and/or
Grade 4 toxicities, additional PK samples were
collected. MM patients enrolled in this study were
those who had failed at least two prior anti- cancer
therapy regimens. The enrollment criteria were: (1)
patients were at leastl 8 years old;  -22 WO
2006/118953 PCT/US2006/016043 (2) had a KPS
performance status of > 70%; (3) had histologic
evidence of MM but did not  necessarily have
measurable disease, although disease had to have been
assessed within 28  days prior to treatment
initiation; (4) were, with respect to all adverse
events of any prior  chemotherapy, surgery, or
radiotherapy, resolved to NCI CTCAE (v. 3.0) Grade 5
2; and (5) 5 had the following laboratory results
within 10 days of 17-AAG administration: hemoglobin
>_8 g/dL, absolute neutrophils count ? 1.5 x 109 /L,
platelet count 2:75 x 109 /L, serum bili- rubin <_ 2 x
upper limit of normal (ULN), AST :5 2.5 ULN, and serum
creatinine <_ 2 x ULN. Patients were graded according
to the KPS Performance Status scale and criteria as
described in Table 1. Patients were excluded from the
study if they had a condition such as  10 pre-existing
neuropathy, pregnancy, breast-feeding, recent
chemotherapy, and so forth. To be eligible for
enrollment, patients also had to meet certain
hematologic conditions.  17-AAG is highly protein
bound in plasma (approximately 95% in in vitro assays
using human blood); however, the plasma protein to
which the drug binds and the affinity of  binding are
not known. Patients who are receiving agents that are
known to be highly protein 15 bound were subjected to
close clinical monitoring while enrolled in the trial.
In vitro studies  implicate the involvement of
cytochrome P450 enzymes in the metabolism of 17-AAG.
No  formal drug-drug interaction studies have been
performed with 17-AAG and drugs that are  



substrates, inhibitors, or inducers of cytochrome
P450-3A4. While there is no contra- indication to the
concomitant use of any medication with 17-AAG, 17-AAG
was used with 20 caution in combination with drugs
that are also highly protein bound (e.g. warfarin) and
drugs that are a substrate, inhibitor, or inducer of
cytochrome P450-3A4. Hormonal contra- ceptives were
not used in women of childbearing potential enrolled
in the trial. No other  investigational agents were
permitted during the entire duration of the study. PK
assessments included the following tests: Blood
samples for determination of  25 plasma concentrations
of the parent compound and its primary metabolite were
collected  following the first and fourth 17-AAG
administration only (Day 1 and 11). The total number
of PK samples collected was approximately 110 mL of
whole blood (7-8 tablespoons). If a  patient
experienced a potentially drug-related SAE, additional
PK samples were collected.  Blood was drawn from the
contralateral arm to the infusion site using an
indwelling catheter 30 to avoid multiple needle
sticks. For the 17-AAG samples, 5 mL of blood was
drawn into a  vacuum tube containing heparin as
anti-coagulant. The blood tube was inverted several
-23 WO 2006/118953 PCT/US2006/016043  times, and the
tube placed in wet ice immediately pending separation
of the plasma. If a  catheter was used for blood
collection, the fluid in the catheter was completely
withdrawn  prior to each sample collection and
discarded. Plasma samples were kept on wet ice during
collection and centrifugation. Plasma samples were
split into two cryovials prior to freezing 5 at -70C.
Plasma concentrations of 17-AAG and its primary
metabolite(s) were measured by  a validated liquid
chromatography-mass spectrometry method. (Egorin et
al, 1998). PD assessment included the following tests:
The occurrence of specific toxicities  (e.g.,
severity, duration and reversibility) was compared to
PK parameters (e.g., clearance,  exposure, elimination
half-life, maximal plasma concentration, and time
above a target 10 plasma concentration). These
toxicities included hepatotoxicity and
gastrointestinal  toxicities. The laboratory
correlates included a) surface expression of
insulin-like growth  factor receptor-I (IGF-1R) and
b), total expression of Alct, Hsp90 and Hsp70. MM
cells  were purified from BMAs performed at baseline,
within 24 hours of the first dose of 17- AAG, and
after the end of treatment. MM cells were purified
from the BMA based upon 15 CD138 expression using
magnetic bead technology and confirmed by flow
cytometric ana- lysis to be >95% CD138+ MM cells. Flow
cytometric analysis was used to assess TGF-1R  



surface expression using fluorescein isothyocynate
(FITC)-conjugated anti-human IGF-1R  monoclonal
antibody (Mitsiades et al., 2002). Immunoblotting
analyses were used to  evaluate the total levels of
Akt, Hsp90 and Hsp70. BM aspirations are routinely
performed 20 to assess clinical status in MM. These
correlative studies allowed a) assessment of the
degree  to which 17-AAG inhibited Hsp90 function in
tumor cells from MM patients treated on  protocol; and
b) correlation of clinical responses to 17-AAG with
the degree of modulation  of the biomarkers. In
addition, gene expression profiling (Davies et al.,
2003) was used to  identify other potential
bio-markers for drug sensitivity versus resistance,
which can be 25 validated in future clinical trials.
Finally, peripheral blood mononuclear cells were
isolated  on two occasions (the first and last
infusion in Cycle 1, on Days 1 and 11) prior to and 4
hours following the infusion. Cells were examined for
change in client protein expression by  Western Blot.
Client proteins of interest include Hsp70, RAF1, LCK
and CDK4 and others  as indicated. 30 The
end-of-treatment assessment was conducted as follows.
The planned treatment  period was 24 weeks (8 cycles).
Patients were treated in the absence of progressive
disease  or unacceptable treatment-associated
toxicities. All patients who received at least one
dose  -24 WO 2006/118953 PCT/US2006/016043  of the
study drug and discontinued treatment for any reason
(except death) had the end of  treatment assessment
performed. The assessment occurred up to 28 days
following the last  administration of 17-AAG and
included a physical examination, with body weight and
vital  signs measurements, documentation of KPS
Performance Status, hematology, coagulation 5 and
chemistry/electrolyte determinations, urinalysis,
assessment of the patient's current  medications and
ongoing clinical adverse events (if any). Tumor
assessments (myeloma  laboratory tests, assessment of
extramedullary disease, BMA, and other radiographic
staging, if appropriate) were done at this time only
if the previous assessment occurred more  than 4 weeks
prior to withdrawal. 10 The dose and schedule of
administration of 17-AAG in the trial were as follows.
17- AAG was administered intravenously twice weekly
for 2 weeks (on Day 1, 4, 8 and 11)  every 3 weeks at
escalating doses (calculated mg/m2) infused over 60
minutes after pre- medication. For patients with a
body surface area greater than 2.4 m2, dosing was
calculated  using a maximum BSA of 2.4 m2. 



15 The preparation and administration of 17-AAG was as
follows. 17-AAG was  dissolved in 30% propylene
glycol, 20% Cremophor(r) EL, and 50% ethanol to a
concen- tration of 10 mg/niL in the vial. Drug product
was available in 20 mL type 1 clear glass vials  with
a 20 mm finish (containing 200 mg/vial). The vials
were closed with gray 20 mm  Teflon coated serum
stoppers and white 20 mm flip-off white lacquered flip
tops. It was 20 diluted 1:7 prior to administration
with sterile WFI, USP (one part undiluted drug product
to  6 parts sterile WF1). Dilution was performed under
controlled, aseptic conditions. Final  diluted drug
product had a concentration of approximately 1.43
mg/mL. 17-AAG was  prepared either using glass vacuum
containers or compatible non-PVC, non-DEHP (di(2-
ethylhexyl)phthalate) IV admixture bags. Both systems
require non-PVC, non-DEHP 25 containing administration
sets and either an in-line 0.22 pm filter or use of an
extension set  containing such a filter. Due to the
light sensitivity of 17-AAG, protection from light is
advised. Depending on the body surface area and the
assigned dose for individual patients, the  dose of
17-AAG required different volumes of drug product to
be added to the admixture 30 bag. An overfill was
calculated to account for any loss in the
administration set.  -25 WO 2006/118953
PCT/13S2006/016043 lul uul AS notea aoove, 17-AAG was
administered intravenously over 60 minutes twice
weekly for 2 weeks out of every 3 weeks. The total
dose delivered was rounded to the  nearest milligram.
[0101] All patients were pre-medicated prior to each
infusion of 17-AAG. An 5 appropriate pre-medication
regimen was used for each patient based upon past
history of  potential Cremophor(r)-induced
hypersensitivity reactions and the type and severity
of the  hypersensitivity reaction observed following
treatment with 17-AAG. The standard pre- medication
regimen was to pre-medicate with loratidine 10 mg
p.o., famotidine 20 mg p.o.,  and either
methylprednisolone 40-80 mg N or dexamethasone 10-20
mg IV 30 minutes 1 a prior to infusion of 17-AAG.
Choice of antihistamine and corticosteroid, route of
administration, doses prior to 17-AAG infusion was at
the investigator's discretion, but was  similar to
prophylaxis for other Cremophor(r)-containing products
(such as Taxol(r)  (paclitaxel)). Doses of
corticosteroid were lowered if the patient was
receiving concomitant  prednisone. The high dose
pre-medication regimen was to pre-medicate with 



15 diphenhydramine 50 mg IV, famotidine 20 mg IV and
either methylprednisolone 80 mg IV  or dexamethasone
20 mg IV, at least 30 minutes prior to the infusion of
17-AAG. [0102] The doses and schedule of study drug
were as follows. The initial patient cohort  received
the intravenous infusion of 17-AAG at a unit dose of
150 mg/m2. Subsequent  patient cohorts were enrolled
per the escalation scheme outlined in the table below,
as 20 supported by observed toxicities. The subsequent
cohorts received the following dosages:  220 mg/m2,
275 mg/mz, and 340 mg/m2. with dose escalation to
occur if <1 out of 6  evaluable patients has DLT at
the 340 mg/m2 dose level. Three patients were assigned
to  each cohort. If no DLT was observed in a cohort of
three patients evaluable for dose  escalating decision
("evaluable" is defined here as having received four
treatments in a 3 25 week period and not having been
withdrawn due to drug-related toxicity), then the next
dose  level was evaluated. If one of three evaluable
patients experienced a DLT, then the cohort  was
increased to six evaluable patients. If two or more of
six evaluable patients in a cohort  experienced a DLT,
then the MTD was deemed to have been exceeded; all
further accrual  was at the previous dose level. If no
more than one of the six patients experienced a DLT,
30 then the next dose level was evaluated. Once the
MTD was defined, an additional number of  patients was
enrolled to arrive at a cumulative total of 12
patients at the MTD dose level.  -26 WO 2006/118953
PCT/US2006/016043  [01031 Twenty-two patients were
treated in accordance with this protocol. The patients
had a median KPS of 90. 17-AAG was administered over
approximately 1.0 hour. Of these  22 patients,
currently 19 are evaluable. [0104] Four patients were
administered the 150 mg/m2 dose (one hour intravenous
5 infusion) twice weekly for every 2 out of 3 weeks.
Of these four patients, all four are  evaluable. One
showed a MR (at least 25% reduction of serum
M-protein). DLT was not  observed in any of these four
patients. [0105] Nine patients were administered the
220 mg/m2 dose (one hour intravenous  infusion) twice
weekly for every 2 out of 3 weeks. Of these nine
patients, seven are currently  10 evaluable. Of these
seven evaluable patients, four are stable disease and
three are progressive disease. ALT was observed in one
patient; the DLT was liver infiltration of plasma
cells  with a Grade 3 elevated ALT. DLT was not
observed in the other six patients. Analysis of  BMAs
of patients showed increased apoptosis (as determined
by measuring mitochondrial  



potential) and decreased Akt comparing the data for
that obtained at screening and Day 11 15 (p=0.06).
Peripheral blood leukocytes (PBL) showed reactive
induction of Hsp70 following  treatment with 17-AAG.
[0106] Three patients were administered the 275 mg/m2
dose (one hour intravenous  infusion) twice weekly for
every 2 out of 3 weeks. Of these three patients, all
three are  evaluable. DLT was not observed in any of
these three patients. 20 [0107] Six patients were
administered the 340 mg/m2 dose (one hour intravenous
infusion) twice weekly for every 2 out of 3 weeks. Of
these six patients, five are evaluable.  101081 Other
than the single patient with a Grade 3 elevated ALT,
the only drug-related  toxicities observed in the
patients were Grade 1-2 elevated transaminases,
nausea, fatigue,  diarrhea, anemia, myalgias and rash.
No contraindication to Cremophor(r)-containing drugs
25 was observed. [0109] Of the above patients, 19
evaluable patients have been evaluated for anti-
myeloma activity. Of these 19 patients, there is one
patient with a MR, eleven patients with  stable
disease after three or more cycles of treatment. One
patient was considered a PR (90%  reduction of urine
M-protein) but was withdrawn from the study for skin
rash and wheezing. 30 The percent of patients with
response (MR) is 5%, and the percent of patients with
stable  disease is 58%. Of the four patients dosed at
150 mg/m2, one patient had a MR, two had  -27 WO
2006/118953 PCT/US2006/016043  stable disease and one
had progressive disease. Of the seven patients dosed
at 220 mg/m2,  four patients had stable disease and
three had progressive disease. Of the three patients
dosed  at 275 mg/m2, all three had stable disease. Of
the five patients dosed at 340 mg/m2, two  patients
had stable disease and three had progressive disease.
5 [0110] The PK analysis was performed as follows.
Blood was collected as follows for  plasma drug
concentration analysis: pre-dose, 30 mins
intra-infusion, just before the end-of- infusion
(801), and 5, 15, 30 minutes and 1, 2, 4, 8 and 24
hours post infusion. Figures 1-3,  and 5 plot the
plasma concentration of 17-AAG and a major metabolite,
17-amino geldanamycin (17-AG), versus actual time by
dose cohort. Figure 4 shows the Day 1 and the  10 Day
11 mean curves for parent drug and metabolite for dose
cohort 275 mg/m2. [0111] The plasma concentration vs.
time curves for parent drug 17-AAG and the major
metabolite (17-AG) demonstrated very similar decay for
Day 1, after the first infusion and  



Day 11, and after the fourth infusion of 17-AAG
(Figure 4). Interpatient standard deviations  were
small. 15 [0112] Plasma concentration vs. time curves
for 17-AG peaked (C.) approximately  half an hour
after the Cmax for 17-AAG and the plasma level of
17-AG exceeded the parent  drug from approximately 3
hours post infusion for the 150 and 275 mg/m2 cohorts
and  approximately 7 hours post infusion for the 220
mg/m2 cohort. The Cmax of 17-AAG  increased in an
approximately dose proportional manner. However, the
C, of the 17-AG 20 metabolite did not increased in a
dose proportional manner. The Cmax of 17-AAG
apparently  goes up with increasing doses of 17-AAG
but this is not necessarily true for the C. of 17- AG.
This is true for the 275 and 340 mg/m2 doses. (See
Figure 7.) [0113] The pattern of elimination did not
change from Day I to Day 11 as demonstrated  by all
three patients on dose level 275 mg/m2 (Figure 4).
None of them showed non-zero pre- 25 dose plasma
levels on Day 11. However, for dose level 220 mg/m2,
there was metabolite concentration in the trough
levels on Day 11 for 2 out of the 10 patients. Both of
these  patients had slower clearance for 17-AAG than
average (CL = 16.8 and CL = 17.3 LJh/m2  compared to
the average for the cohort CL = 25.3 f 9.6 L/h/m2).
[0114] PK parameters were calculated on plasma
concentration time data by non- com- 30 partmental
analysis using Kinetica version 4.3 software
(Itmaphase, Champs sur Marne,  France). AUC was
calculated by the mixed log-linear rule: the linear
rule was applied to the -28 WO 2006/118953
PCT/13S2006/016043  range where concentration was
ascending and the log-linear rule was applied to the
range  where the concentration was descending. AUCtast
is the area from t-0 to ttast, the last sam- pling
time. AUCextra is the extrapolated area from AUCtast
to infinity and AUCtotat = AUCtast  + AUCextra and is
also named AUCo- area under the concentration-time
curve from time zero 5 to infinity. The terminal rate
constant %z was calculated on at least three points on
the  elimination curve with values greater than the
lower limit of quantitation. Table 4 lists the  PK
parameters for 17-AAG (mean :L one standard
deviation). Table 5 lists the areas, C,,,ax,  and
half-life for the metabolite 17-AG (mean 4: one
standard deviation). Across all patients,  the
half-life for 17-AAG ranged from 2.19  0.58 hours to
3.68  0.27 hours. Across all 10 patients, the
half-life for 17-AG ranged from 4.6  0.50 hours to
5.40  1.39 hours. There  was no dose dependency for
half-life, clearance or distributive volumes for these
dose  



administrations. Total systemic clearance for 17-AAG
ranged from 38.18  11.10 L/h to  54.92  6.76 L/h. The
distributive volume (VZ) for 17-AAG ranged from 159.6
54.4 L to  204.2  65.6 L. The distributive volume
(Vss) for 17-AAG ranged from 123.4  23.4 L to  15
170.941.7 L. Table 4 - PK Parameters for 17-AAG  PK
Parameter Dose (mg/m2) 150 220 275 340  Cmax (ng/mL)
2,403  605 4,671  1,449 6,820  1,715 9,355  2,678
AUCtast (ng/ml*h) 5,304  757 9,162  2,778 13,411
1,482 18,653  4,020  AUCtotal (ng/mL*h) 5,592  757
9,460:b 3,788 13,803:1:1,540 18,997  4,195  Terminal
T112 (h) 2.19:1: 0.58 2.68+0.99 2.96 11.34 3.300.83
Clearance (L/h) 54.92  6.76 46.77  14.66 39.63  8.92
35.71  9.08  VZ (L) 169.9:k 30.3 171.0:L 67.1 159.6
4:54.4 174.0  71.2  Vas (L) 170.941.7 139.145.7
123.423.4 101.3  27.7  -29 WO 2006/118953
PCT/US2006/016043  Table 5 - PK Parameters for 17-AG
PK Parameter Dose (mg/m2) 150 220 275 340  C. (ng/mL)
725:h 191 689  265 1,493 f 426 1,644:L 440  AUCtast
(ng/ml*h) 5,232  3,489 5,351 + 2,485 9,335  2,400
12,613 f 5,369  AUCtotat (ng/mL*h) 5,787  3,785 4,645
2,585 9,636 f 2,400 13,121 f 5,658  Terminal T1 /2 (h)
5.40  1.39 5.25  1.01 4.76 0.34 4.70 f 0.50  [0115]
AUCtotat increased with dose for 17-AAG, for the
metabolite both the average  AUCtotat and the average
Cmax levels were lower than would be expected for a
linear dose  response for the 220 mg/m2 cohort. In
these 17 patients, there was no increase in AUCmatat 5
between Day 1 and Day 11 for 17-AAG. For the
metabolite (17-AG), the results were  similar with no
pattern of increase or decrease (Figure 6). However,
for two patients on 150  mg/m2, the AUCtotat for
metabolite exceeded the AUCtoet parent drug. [0116]
Between patients, the ratio of the metabolite to
parent drug varied widely, from  31% to 173%. From Day
I to Day 11 the ratio was similar for any specific
patient 10 sometimes slightly higher and for other
patients slightly lower. Consequently, although the  



interpatient ratio differs greatly, each patient
metabolizes the drug in a unique manner which  does
not change with subsequent doses. [0117] This trial
employed a formulation of 17-AAG in a Cremophor(r)
base (cf. the  DMSO/egg phospholipid formulation used
in a previous trial (Banerji et al. 2002)). Figure 7
15 superimposes the mean C, of 17-AAG and 17-AG for
the results of this trial onto the results of that
previous trial. Figure 8 does the same for AUCt=j of
17-AAG. [0118] Results for 17-AAG indicate that there
is no difference in the C. or the AUCtotat  for the
two formulations. The very wide variation in AUCtotet
for the 320 mg/m2 dose level in  Banerji et al. (2002)
was not seen in either the 275 mg/m2 or 340 mg/m2 dose
levels for the 20 present study. The volume of
infusates for the Cremophor(r) product for the 340
mg/m2 was  about 428 cc delivered in over 1 hour. The
volume of infusate for the egg  phospholipid/DMSO
product for the 320 mg/m2 was about 576 cc delivered
in over 1 hour.  Although the results for the first
few patients may appear to give a lower C. for the -30
WO 2006/118953 PCT/US2006/016043  metabolite than
found m the previous study using the DMSO/egg
phospholipid formulation,  there are too few patients
to ensure statistical significance. [01191 The
half-life (TvJ for 17-AAG and for 17-AG was similar to
other studies and the  CL = 47.52. 12.81 L/h and V,,
=144.45  43.51 L results were very close to the values
5 reported in a previous study for treating various
solid tumors for the weekly dosing schedule  (Baneiji
et at 2002; 17-AAG CL = 33-71 L/h, V~ = 130f 50 L and
ti, = 2.98 f 1.0 hours).  [0120] PD analysis was
performed and indicated the following. The PD data for
the 150  mg/m2 and 220 mg/mz doses indicate that BMAs
obtained prior to administration of 17- AAG and at Day
11 have an increase in apoptosis and a decrease in
pAKT. BMAs were 10 obtained from patients pre-study
(prior to administration of 17-AAG) and on Day 11. MM
cells were purified by a Fluorescence Activated Cell
Sorter (FAGS) from the BMA based  upon CD138
expression. These CD138+ cells collected were then
tested for abnormal  mitochondrial potential by
measuring mitochondrial potential in plasma cells
using Annexin  V (BD Biosciences, San Jose, CA).
Figure 9 shows the percent of apoptosis of CD138+ 15
myeloma cells from samples from patients prior to
administering 17-AAG and on Day 11.  Abnormal
mitochondrial potential is observed prior to apoptosis
of that cell (programmed  cell death). The statistical
significance of the increased apoptosis has a p-value
of 0.06. The  



percent of CD128+ cells with abnormal mitochondrial
potential in BM increased from less  than 5% (prior to
treatment) to more than 40% (in Day 11 of treatment).
The percent change 20 increased by more than 35%. The
percent change increased by more than eight-fold-
[0121] BMAs collected also showed decreased
phosporylated AKT and pAKT when  comparing samples
from patients prior to administering 17-AAG and on Day
11 (see Fig.  10). Figure 10 shows the percent of
cells that have AKT detected over the total number of
BM cells. AKT is a signalling protein that is
upregulated in myeloma cells on the 25 Ras/Raf/MAPK
intracellular pathway critical to myeloma cell growth
and progression. The  statistical significance of the
decrease in AKT+ cells has a p-value of 0.057. The
percent of  AKT+ cells over total BM cells decreased
from more than 20% (prior to treatment) to less  than
10% (in Day 11 of treatment). The percent change
decreased by more than 10%. The  percent change
decreased by more than one half. 30 [0122] PBL
obtained from patients prior to and four hours
following the infusions of 17- AAG on Day I and Day 11
were run on a protein gel and immunobloted for Hsp70,
total  -31 WO 2006/118953 PCTIUS2006/016043  AKT, ILK,
raf-1 and LCK. Figure 10 shows the results for two
patients (one dosed at 275  mg/m2, and the other at
340 mg/m2). The results for both of these patients
showed an  increase of Hsp70 (see Fig. 11), the
typical heat stress response seen with HSP90
inhibitors.  [0123] The measurement of serum M-spike
and urine M-protein in a patient treated at 5 the 150
mg/m2 dose level showed a 41% reduction of urine
M-protein after two cycles of  treatment (Figure 12).
The patient is considered to have a MR. The patient
had the following  regimens prior to enrolling in this
study (and the respective results from these prior
treat- ments): VAD (unknown response), bortezomib
(progressive disease), bortezomib/dexame- thasone
(stable disease), lenalidomide (progressive disease),
and autologous transplant. 10 [0124] The measurement
of serum M-spike and IgG in a patient treated at the
275 mg/m2  dose level showed a I I% reduction of serum
M-spike after eight cycles of treatment (see  Figure
13). The patient is considered to have a stable
disease three months, without any  treatment, after
completing the eight cycles of treatment. The patient
had the following  regimens prior to enrolling in this
study (and the respective results from these prior 15
treatments): thalidomide/dexamethasone (PR),
thalidomide/dexamethasone/  cyclophosphamide (PR),
bortezomib (PR), and dexamethasone (progressive
disease).  



[0125] Although the present invention has been
described in detail with reference to  specific
embodiments, those of skill in the art will recognize
that modifications and improve- ments are within the
scope and spirit of the invention. Citation of
publications and patent 20 documents is not intended
as an admission that any such document is pertinent
prior art, nor  does it constitute any admission as to
the contents or date of the same. The invention having
now been described by way of written description,
those of skill in the art will recognize that  the
invention can be practiced in a variety of embodiments
and that the foregoing description  are for purposes
of illustration and not limitation of the following
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or diluent, for the manufacture of a medicament for
treating multiple myeloma (MM) in a  subject in need
of such treatment, comprising the step of
administering to said subject the  medicament and
optionally repeating said administering step until no
further therapeutic 10 benefit is obtained. 2. Use of
a pharmaceutical composition comprising multiple doses
of 17-AAG or 17- AG or a prodrug of either for the
manufacture of a medicament for treating MM in a
subject  in need of such treatment, comprising the
step of administering to said subject multiple doses
of 17- AAG or 17- AG or a prodrug of either to said
patient over a time period of at least 2 15 weeks,
wherein each such dose is in the range of about 275 to
about 420mg/m2 of 17-AAG,  or an equivalent amount of
17-AG or a 17-AAG prodrug or 17-AG prodrug. 3. The use
of claim 2, wherein each dose of 17-AAG is about 340
mg/m2 or an  equivalent amount of 17-AG or a 17-AAG
prodrug or 17-AG prodrug. 4. The use of claim 2,
wherein said dose is administered twice weekly for at
least two  20 weeks. 5. The use of claim 4, wherein
said dose is administered twice weekly for at least
two  weeks in a three week period. 6. The use of claim
5, wherein multiple cycles of treatment are
administered to the  subject, wherein each cycle of
treatment comprises of said dose administered twice
weekly  25 for at least two weeks in a three week
period. 7. Use of a pharmaceutical composition
comprising a therapeutically effective dose of  17-AAG
or a prodrug of 17-AAG that results in an AUCtotai of
17-AAG per dose in the range  of about 12,500 to about
25,000 ng/mL*h for the manufacture of a medicament for
treating  MM in a subject in need of such treatment,
comprising the step of administering to said 30
subject the medicament. 8. The use of claim 7, wherein
said dose is administered at a rate and frequency
such that the Cmax of 17-AAG does not exceed 15,000
ng/mL. -36 WO 2006/118953 PCT/US2006/016043  9. The
use of claim 7, wherein said dose is administered at a
rate and frequency such that the Cmax of 17-AAG is
greater than 1,800 ng/mL. 10. The use of claim 9,
wherein said dose is administered at a rate and
frequency  5 such that the Cmax of 17-AAG is greater
than 3,000 ng/mL. 



11. The use of claim 7, wherein said dose is
administered at a rate and frequency  such that the
Cmax of 17-AAG is greater than 1,800 but does not
exceed 15,000 ng/mL. 12. The use of claim 11, wherein
said dose is administered at a rate and frequency such
that the C. of 17-AAG is greater than 3,000 but does
not exceed 15,000 ng/mL. 10 13. Use of a
pharamaceutical composition comprising a
therapeutically effective dose of  17-AG or a prodrug
of 17-AG that results in an AUCtotat of 17-AG per dose
in the range of  about 5,000 ng/mL*h to about 18,000
ng/mL*h for the manufacture of a medicament for
treating MM in a subject in need of such treatment,
comprising the step of administering to  said subject
the medicament. 15 14. The use of claim 13, wherein
said dose is administered at a rate and frequency
such that the Cmax of 17-AG does not exceed 2,000
ng/mL. 15. The use of claim 13, wherein said dose is
administered at a rate and frequency  such that the
Cmax of 17-AG is greater than 500 ng/mL. 16. The use
of claim 15, wherein said dose is administered at a
rate and frequency such  20 that the C. of 17-AG is
greater than 900 ng/mL. 17. The use of claim 13,
wherein said dose is administered at a rate and
frequency such  that the Cmax of 17-AG is greater than
500 but does not exceed 2,000 ng/mL. 18. The use of
claim 17, wherein said dose is administered at a rate
and frequency such  that the Cmax of 17-AG is greater
than 900 ng/mL but does not exceed 2,000 ng/mL. 25 19.
Use of a pharamaceutical composition comprising a
therapeutically effective dose of  17-AAG, a prodrug
of 17-AAG, 17-AG, or a prodrug of 17-AG that results
in a combined  AUCtotat of 17-AAG and 17-AG per dose
in the range of about 17,500 ng/mL*h to about  43,000
ng/mL*h for the manufacture of a medicament for
treating MM in a subject in need of  such treatment,
comprising the step of administering to said subject
the medicament. 30 20. The use of claim 19, wherein
said dose is administered at a rate and frequency such
that the C. of 17-AAG does not exceed 15,000 ng/mL or
the C. of 17-AG does not  exceed 2,000 ng/mL. -37 WO
20061118953 PCT/1JS2006/016043 21. The use of claim
19, wherein said dose is administered at a rate and
frequency such  that the Cmax of 17-AAG is greater
than 1,800 ng/mL or the Cmax of 17-AG is greater than
500  ng/mL. 



5 22. The use of claim 21, wherein said dose is
administered at a rate and frequency such  that the
Cma,; of 17-AAG is greater than 3,000 ng/mL or the C.
of 17- AG is greater than  900 ng/mL. 23. The use of
claim 19, wherein said dose is administered at a rate
and frequency such  that the Cmax of 17-AAG is greater
than 1,800 but does not exceed 15,000 ng/mL or the
C,,,ax  10 of 17-AG is greater than 500 but does not
exceed 2,000 ng/mL. 24. The use of claim 23, wherein
said dose is administered at a rate and frequency such
that the Cma,, of 17-AAG is greater than 3,000 but
does not exceed 15,000 ng/mL or the Cma,,  of 17-AG is
greater than 900 but does not exceed 2,000 ng/mL. 25.
Use of a pharamaceutical composition comprising a
therapeutically effective dose of  15 17-AAG or a
prodrug of 17-AAG that results in a Terminal TI/2 of
17-AAG in the range of 3  to 4.5 h for the manufacture
of a medicament for treating MM in a subject in need
of such  treatment, comprising the step of
administering to said subject the medicament. 26. The
use of claim 25, wherein said dose administered
results in an AUCtotat of 17-AAG  per dose in the
range of about 12,500 ng/mL*h to about 25,000 ng/mL*h.
20 27. Use of a pharamaceutical composition comprising
a therapeutically effective dose of  17-AG or a
prodrug of 17-AG that results in a Terminal T112 of
17-AG in the range of 4 to 7 h  for the manufacture of
a medicament for treating MM in a subject in need of
such treatment,  comprising the step of administering
to said subject the medicament. 28. The use of claim
27, wherein said dose results in an AUCtotai of 17-AG
per dose in the  25 range of about 5,000 to about
18,000 ng/niL*h. 29. Use of a pharamaceutical
composition comprising a therapeutically effective
dose of  17-AAG or a prodrug of 17-AAG that results in
a Volume of distribution Vz of 17-AAG in  the range of
100 to 270 L for the manufacture of a medicament for
treating MM in a subject  in need of such treatment,
comprising the step of administering to said subject
the  30 medicament. 30. The use of claim 29, wherein
said dose results in an AUGoat of 17-AAG per  dose in
the range of about 12,500 to about 25,000 ng/mL*h. -38
WO 20061118953 PCTIUS2006/016043 31. Use of a
pharamaceutical composition comprising a
therapeutically effective dose of  17-AAG or a prodrug
of 17-AAG that results in a Clearance of 17-AAG in the
range of 30 to  



50 L/h for the manufacture of a medicament for
treating MM in a subject in need of such  5 treatment,
comprising the step of administering to said subject
the medicament. 32. The use of claim 31, wherein said
dose results in an AUCtotal of 17-AAG per dose in  the
range of about 12,500 to about 25,000 ng/mL*h. 33. Use
of a pharamaceutical composition comprising a
therapeutically effective dose of  17-AAG or a prodrug
of 17-AAG that results in a Volume of distribution V,,
of 17-AAG in  10 the range of 100 to 150 L for the
manufacture of a medicament for treating MM in a
subject in need of such treatment, comprising the step
of administering to said subject the  medicament. 34.
The use of claim 33, wherein said dose results in an
AUCto,a] of 17-AAG per  dose in the range of about
12,500 to about 25,000 ng/mL*h. 15 35. The use of
claim 1, wherein said administering step results in an
induction of HSP70  in the peripheral blood
mononuclear cells of said subject. 36. The use of
claim 35, wherein said induction of HSP70 is
observable one day  after said administering step. 37.
The use of claim 1, wherein said administering step
results in an increase of apoptosis  20 of CD138+
cells among the bone marrow aspirate cells of said
subject. 38. The use of claim 37, wherein said
increase of apoptosis of CD138 cells is observable
four hours after said administering step. 39. The use
of claim 1, wherein said administering step results in
a decrease of total AKT  in bone marrow aspirate cells
of said subject. 25 40. The use of claim 39, wherein
said decrease of total AKT is observable four hours
after  said administering step. -39 




