
COMBINATIONS AND MODES OF ADMINISTRATION OF
THERAPEUTIC AGENTS AND COMBINATION THERAPY RELATED
APPLICATIONS [0001] This application claims priority
benefit to provisional application 60/654,245, filed
on February 18, 2005, which is incorporated by
reference herein in its entirety. TECHNICAL FIELD
[0002] The present invention relates to methods and
compositions for the treatment of proliferative
diseases comprising the administration of a
combination of a taxane and at least one other and
other therapeutic agents, as well as other treatment
modalities useful in the treatment of proliferative
diseases. In particular, the invention relates to the
use of nanoparticles comprising paclitaxel and albumin
(such as Abraxane ) in combination with other
chemotherapeutic agents or radiation, which may be
used for the treatment of cancer. BACKGROUND [0003]
The failure of a significant number of tumors to
respond to drug and/or radiation therapy is a serious
problem in the treatment of cancer. In fact, this is
one of the main reasons why many of the most prevalent
forms of human cancer still resist effective
chemotherapeutic intervention, despite certain
advances in the field of chemotherapy. [0004] Cancer
is now primarily treated with one or a combination of
three types of therapies: surgery, radiation, and
chemotherapy. Surgery is a traditional approach in
which all or part of a tumor is removed from the body.
Surgery generally is only effective for treating the
earlier stages of cancer. While surgery is sometimes
effective in removing tumors located at certain sites,
for example, in the breast, colon, and skin, it cannot
be used in the treatment of tumors located in other
areas, inaccessible to surgeons, nor in the treatment
of disseminated neoplastic conditions such as
leukemia. For more than 50% of cancer individuals, by
the time they are diagnosed they are no longer
candidates for effective surgical treatment. Surgical
procedures may increase tumor metastases through blood
circulation during surgery. Most of cancer individuals
do not die from the cancer at the time of diagnosis or
surgery, but rather die from the metastasis and the
recurrence of the cancer. [0005] Other therapies are
also often ineffective. Radiation therapy is only
effective for individuals who present with clinically
localized disease at early and middlestages of cancer,
and is not effective for the late stages of cancer
with metastasis. Radiation is generally applied to a
defined area of the subject's body which contains
abnormal proliferative tissue, in order to maximize
the dose absorbed by the abnormal tissue and minimize
the dose absorbed by the nearby normal tissue.
However, it is difficult (if not impossible) to
selectively administer therapeutic radiation to the
abnormal tissue. Thus, normal tissue proximate to the
abnormal tissue is also exposed to potentially
damaging doses of radiation throughout the course of
treatment. There are also some treatments that require
exposure of the subject's entire body to the
radiation, in a procedure called "total body
irradiation", or "TBI." The efficacy of
radiotherapeutic techniques in destroying abnormal
proliferative cells is therefore balanced by
associated cytotoxic effects on nearby normal cells.
Because of this, radiotherapy techniques have an
inherently narrow therapeutic index which results in
the inadequate treatment of most tumors. Even the best
radiotherapeutic techniques may result in incomplete
tumor reduction, tumor recurrence, increasing tumor
burden, and induction of radiation resistant tumors.
[0006] Chemotherapy involves the disruption of cell
replication or cell metabolism. Chemotherapy can be
effective, but there are severe side effects, e.g.,
vomiting, low white blood cells (WBC), loss of hair,
loss of weight and other toxic effects. Because of the
extremely toxic side effects, many cancer individuals
cannot successfully finish a complete chemotherapy
regime. Chemotherapy-induced side effects
significantly impact the quality of life of the
individual and may dramatically influence individual
compliance with treatment. Additionally, adverse side
effects associated with chemotherapeutic agents are
generally the major dose-limiting toxicity (DLT) in
the administration of these drugs. For example,
mucositis is one of the major dose limiting toxicity
for several anticancer agents, including the
antimetabolite cytotoxic agents 5-FU, methotrexate,
and antitumor antibiotics, such as doxorubicin. Many
of these chemotherapy-induced side effects if severe
may lead to hospitalization, or require treatment with
analgesics for the treatment of pain. Some cancer
individuals die from the chemotherapy due to poor
tolerance to the chemotherapy. The extreme side
effects of anticancer drugs are caused by the poor
target specificity of such drugs. The drugs circulate
through most normal organs of individuals as well as
intended target tumors. The poor target specificity
that causes side effects also decreases the efficacy
of chemotherapy because only a fraction of the drugs
is correctly targeted. The efficacy of chemotherapy is
further decreased by poor retention of the anti-cancer
drugs within the tai-get tumors.[0007] Due to the
severity and breadth of neoplasm, tumor and cancer,
there is a great need for effective treatments of such
diseases or disorders that overcome the shortcomings
of surgery, chemotherapy, and radiation treatment.
Problems of Chemotherapeutic Agents [0008] The drug
resistance problem is a reason for the added
importance of combination chemotherapy, as the therapy
both has to avoid the emergence of resistant cells and
to kill pre-existing cells which are already drug
resistant. [0009] Drug resistance is the name given to
the circumstance when a disease does not respond to a
treatment drug or drugs. Drug resistance can be either
intrinsic, which means the disease has never been
responsive to the drug or drugs, or it can be
acquired, which means the disease ceases responding to
a drug or drugs that the disease had previously been
responsive to. Multidrug resistance (MDR) is a
specific type of drug resistance that is characterized
by cross-resistance of a disease to more than one
functionally and/or structurally unrelated drags.
Multidrug resistance in the field of cancer is
discussed in greater detail in "Detoxification
Mechanisms and Tumor Cell Resistance to Anticancer
Drugs," by Kuzmich and Tew, particularly section VII
"The Multidrug-Resistant Phenotype (MDR)," Medical
Research Reviews, Vol. 11, No. 2, 185-217, (Section
VII is at pp. 208-213) (1991); and in "Multidrug
Resistance and Chemosensitization: Therapeutic
Implications for Cancer Chemotherapy," by Georges,
Sharom and Ling, Advances in Pharmacology, Vol. 21,
185-220 (1990). [001 0] One form of multi-drug
resistance (MDR) is mediated by a membrane bound
170-180 IcD energy-dependent efflux pump designated as
P-glycoprotein (P-gp). P-glycoprotein has been shown
to play a major role in the intrinsic and acquired
resistance of a number of human tumors against
hydrophobic, natural product drags. Drags that act as
substrates for and are consequently detoxified by P-gp
include the vinca alkaloids (vincristine and
vinblastine), anthracyclines (Adriamycin), and
epipodophyllotoxins (etoposide). While P-gp associated
MDR is a major determinant in tumor cell resistance to
chemotherapeutic agents, it is clear that the
phenomenon of MDR is multifactorial and involves a
number of different mechanisms. [001 1] A major
complication of cancer chemotherapy and of antiviral
chemotherapy is damage to bone marrow cells or
suppression of their function. Specifically,
chemotherapy damages or destroys hematopoietic
precursor cells, primarily found in the bone marrow
and spleen, impairing the production of new blood
cells(granulocytes, lymphocytes, erythrocytes,
monocytes, platelets, etc.). Treatment of cancer
individuals with 5-fluorouracil, for example, reduces
the number of leukocytes (lymphocytes and/or
granulocytes), and can result in enhanced
susceptibility of the individuals to infection. Many
cancer individuals die of infection or other
consequences of hematopoietic failure subsequent to
chemotherapy. Chemotherapeutic agents can also result
in subnormal formation of platelets which produces a
propensity toward hemorrhage. Inhibition of
erythrocyte production can result in anemia. For some
cancer individuals, the risk of damage to the
hematopoietic system or other important tissues
frequently limits the opportunity for chemotherapy
dose escalation of chemotherapy agents high enough to
provide good antitumor or antiviral efficacy. Repeated
or high dose cycles of chemotherapy may be responsible
for severe stem cell depletion leading to serious
long-term hematopoietic sequelea and marrow
exhaustion. [0012] Prevention of, or protection from,
the side effects of chemotherapy would be a great
benefit to cancer individuals. For life-threatening
side effects, efforts have concentrated on altering
the dose and schedules of the chemotherapeutic agent
to reduce the side effects. Other options are becoming
available, such as the use of granulocyte colony
stimulating factor (G-CSF), granulocyte-macrophage-CSF
(GM-CSF), epidermal growth factor (EGF), interleukin
11, erythropoietin, thrombopoietin, megakaryocyte
development and growth factor, pixykines, stem cell
factor, FLT-ligand, as well as interleukins 1, 3, 6,
and 7, to increase the number of normal cells in
various tissues before the start of chemotherapy (See
Jimenez and Yunis, Cancer Research 52:413-415; 1992).
The mechanisms of protection by these factors, while
not fully understood, are most likely associated with
an increase in the number of normal critical target
cells before treatment with cytotoxic agents, and not
with increased survival of cells following
chemotherapy. Chemotherapeutic Targeting For Tumor
Treatment [0013] Both the growth and metastasis of
solid tumors are angiogenesis-dependent (Folkman, J.
Cancer Res., 46, 467-73 (1986); Folkman, J. Nat.
Cancer Inst., 82, 4-6 (1989); Folkman et al., "Tumor
Angiogenesis," Chapter 10, pp. 206-32, in The
Molecular Basis of Cancer, Mendelsohn et al., eds. (W.
B. Saunders, 1995)). It has been shown, for example,
that tumors which enlarge to greater than 2 mm in
diameter must obtain their own blood supply and do so
by inducing the growth of new capillary blood vessels.
After these new blood vessels become embedded in the
tumor, they provide nutrients and growth factors
essential for tumor growth as well as a means for
rumor cells to enter the circulationand metastasize to
distant sites, such as liver, lung or bone (Weidner,
New Eng. J . Med., 324(1), 1-8 (1991)). When used as
drugs in tumor-bearing animals, natural inhibitors of
angiogenesis can prevent the growth of small tumors
(O'Reilly et al, O'Reilly et al., Cell, 79, 315-28
(1994)). Indeed, in some protocols, the application of
such inhibitors leads to tumor regression and dormancy
even after cessation of treatment (O'Reilly et al.,
Cell, 88, 277-85 (1997)). Moreover, supplying
inhibitors of angiogenesis to certain tumors can
potentiate their response to other therapeutic regimes
(e.g., chemotherapy) (see, e.g., Teischer et al., Int.
J . Cancer, 57, 920-25 (1994)). [0014] Protein
tyrosine kinases catalyze the phosphorylation of
specific tyrosyl residues in various proteins involved
in the regulation of cell growth and differentiation
(A. F. Wilks, Progress in Growth Factor Research,
1990, 2, 97-1 11; S. A. Courtneidge, Dev. Supp.l,
1993, 57-64; J . A. Cooper, Semin. Cell Biol, 1994,
5(6), 377-387; R. F. Paulson, Semin. Immunol., 1995,
7(4), 267-277; A. C. Chan, Curr. Opin. Immunol., 1996,
8(3), 394-401). Protein tyrosine kinases can be
broadly classified as receptor (e.g. EGFr, c-erbB-2,
c-met, tie-2, PDGFr, FGFr) or non-receptor (e.g.
c-src, Ick, Zap70) kinases. Inappropriate or
uncontrolled activation of many of these kinases, i.e.
aberrant protein tyrosine kinase activity, for example
by over-expression or mutation, has been shown to
result in uncontrolled cell growth. For example,
elevated epidermal growth factor receptor (EGFR)
activity has been implicated in non-small cell lung,
bladder and head and neck cancers, and increased
c-erbB-2 activity in breast, ovarian, gastric and
pancreatic cancers. Thus, inhibition of protein
tyrosine kinases should be useful as a treatment for
tumors such as those outlined above. [0015] Growth
factors are substances that induce cell proliferation,
typically by binding to specific receptors on cell
surfaces. Epidermal growth factor (EGF) induces
proliferation of a variety of cells in vivo, and is
required for the growth of most cultured cells. The
EGF receptor is a 170-180 IcD membrane-spanning
glycoprotein, which is detectable on a wide variety of
cell types. The extracellular N-terminal domain of the
receptor is highly glycosylated and binds EGF
antibodies that selectively bind to EGFR. Agents that
competitively bind to EGFR have been used to treat
certain types of cancer, since many tumors of
mesodermal and ectodermal origin overexpress the EGF
receptor. For example, the EGF receptor has been shown
to be overexpressed in many gliomas, squamous cell
carcinomas, breast carcinomas, melanomas, invasive
bladder carcinomas and esophageal cancers. Attempts to
exploit the EGFR system for anti-tumor therapy have
generally involved the use of monoclonal antibodies
against the EGFR. In addition, studieswith primary
human mammary tumors have shown a correlation between
high EGFR expression and the presence of metastases,
higher rates of proliferation, and shorter individual
survival. [0016] Herlyn et al, in U.S. Patent
5,470,571, disclose the use of radiolabeled Mab 425
for treating gliomas that express EGFR. Herlyn et al.
report that anti-EGFR antibodies may either stimulate
or inhibit cancer cell growth and proliferation. Other
monoclonal antibodies having specificity for EGFR,
either alone or conjugated to a cytotoxic compound,
have been reported as being effective for treating
certain types of cancer. Bendig et al, in U.S. Patent
5,558,864, disclose therapeutic anti-EGFR Mab's for
competitively binding to EGFR. Heimbrook et al., in
U.S. Patent 5,690,928, disclose the use of EGF fused
to aPseudomonas species-derived endotoxin for the
treatment of bladder cancer. Brown et al., in U.S.
Patent 5,859,01 8, disclose a method for treating
diseases characterized by cellular hyperproliferation
mediated by, inter alia, EGF. Chemotherapeutic Modes
of Administration [0017] People diagnosed as having
cancer are frequently treated with single or multiple
chemotherapeutic agents to kill cancer cells at the
primary tumor site or at distant sites to where cancer
has metastasized. Chemotherapy treatment is typically
given either in a single or in several large doses or
over variable times of weeks to months. However,
repeated or high dose cycles of chemotherapy may be
responsible for increased toxicities and severe side
effects. [0018] New studies suggest that metronomic
chemotherapy, the low-dose and frequent administration
of cytotoxic agents without prolonged drug-free
breaks, targets activated endothelial cells in the
tumor vasculature. A number of preclinical studies
have demonstrated superior anti-tumor efficacy, potent
antiangiogenic effects, and reduced toxicity and side
effects (e.g., myelosuppression) of metronomic regimes
compared to maximum tolerated dose (MTD) counterparts
(Bocci, et al., Cancer Res, 62:6938-6943, (2002);
Bocci, et al., PNAS, vol, 100(22):12917-12922, (2003);
and Bertolini, et al., Cancer Res, 63(15):4342-4346,
(2003)). It remains unclear whether all
chemotherapeutic drugs exert similar effects or
whether some are better suited for such regimes than
others. Nevertheless, metronomic chemotherapy appears
to be effective in overcoming some of the major
shortcomings associated with
chemotherapy.Chemotherapeutic Agents [0019] Paclitaxel
has been shown to have significant antineoplastic and
anticancer effects in drug-refractory ovarian cancer
and has shown excellent antitumor activity in a wide
variety of tumor models, and also inhibits
angiogenesis when used at very low doses (Grant et
al., Int. J . Cancer, 2003). The poor aqueous
solubility of paclitaxel, however, presents a problem
for human administration. Indeed, the delivery of
drugs that are inherently insoluble or poorly soluble
in an aqueous medium can be seriously impaired if oral
delivery is not effective. Accordingly, currently used
paclitaxel formulations (e.g., Taxol(r)) require a
Cremophor(r) to solubilize the drug. The presence of
Cremophor(r) in this formulation has been linked to
severe hypersensitivity reactions in animals (Lorenz
et al., Agents Actions 7:63-67 (1987)) and humans
(Weiss et al., J . Clin. Oncol. 8:1263-68 (1990)) and
consequently requires premedication of individuals
with corticosteroids (dexamethasone) and
antihistamines. It was also reported that clinically
relevant concentrations of the formulation vehicle
Cremophor(r) EL in Taxol(r) nullify the antiangiogenic
activity of paclitaxel, suggesting that this agent or
other anticancer drugs formulated in Cremophor EL may
need to be used at much higher doses than anticipated
to achieve effective metronomic chemotherapy (Ng et
al., Cancer Res., 64:821-824 (2004)). As such, the
advantage of the lack of undesirable side effects
associated with low-dose paclitaxel regimes vs.
conventional MTD chemotherapy may be compromised. See
also U.S. Patent Pub. No. 2004/0143004; WO00/64437.
Abraxane(tm) is a Cremophor (r) EL-free nanoparticle
albumin-bound paclitaxel [0020] Preclinical models
have shown significant improvement in the safety and
efficacy of Abraxane(tm) compared with Taxol(r) (Desai
et al., EORTC-NCI-AACR, 2004) and in individuals with
metastatic breast cancer (O'Shaughnessy et al., San
Antonio Breast Cancer Symposium, Abstract # 1122, Dec.
2003). This is possibly due to the absence of
surfactants (e.g., Cremophor(r) or Tween(r) 80, used
in Taxol(r) and Taxotere(r), respectively) in Abraxane
, and/or preferential utilization of an albumin-based
transport mechanism utilizing gp60/caveolae on
microvascular endothelial cells (Desai et al.,
EORTC-NCI-AACR, 2004). In addition, both Cremophor(r)
and Tween(r) 80 have been shown to strongly inhibit
the binding of paclitaxel to albumin, possibly
affecting albumin based transport (Desai et al.,
EORTC-NCI-AACR, 2004). [0021] IDN5109 (Ortataxel) is a
new taxane, currently in phase II, selected for its
lack of cross-resistance in tumor cell lines
expressing the multidrug resistant phenotype(MDR/Pgp)
and inhibition of P-glycoprotein (Pgp) (Minderman;
Cancer Chemother. Pharmacol. 2004; 53:363-9). Due to
its hydrophobicity, IDN5109 is cup-ently foraiulated
in the surfactant Tween(r) 80 (same vehicle as
Taxotere(r)) . Removal of surfactants from taxane
formulations e.g., in the case of nanoparticle
albumin-bound paclitaxel (Abraxane(tm)) showed
improvements in safety and efficacy over their
surfactant containing counterparts (O'Shaughnessy et
al., San Antonio Breast Cancer Symposium, Abstract #
1122, Dec. 2003). Tween(r) 80 also strongly inhibited
the binding of the taxane, paclitaxel, to albumin,
possibly compromising albumin based drug transport via
the gp60 receptor on microvessel endothelial cells
(Desai et al., EORTC-NCI-AACR, 2004). [0022] The
antitumor activity of colchicine, which is the major
alkaloid of the autumn crocus, Colchicum autumnale,
and the African climbing lily, Gloriosa superba, was
first reported at the beginning of the 20th century.
The elucidation of its structure was finally completed
from X-ray studies and a number of total syntheses
(see Shiau et al., J . Pharm. Sci. 1978, 67(3)
394-397). Colchicine is thought to be a mitotic
poison, particularly in tyhmic, intestinal, and
hematopoietic cells, which acts as a spindle poison
and blocks the kinesis. Its effect on the mitotic
spindle is thought to represent a special case of its
effects on various organized, labile, fibrillar
systems concerned with structure and movement. [0023]
Thiocolchicine dimer IDN5404 was selected for its
activity in human ovarian subline resistant to
cisplatin and topotecan A2780-CIS and A2780-TOP. This
effect was related to dual mechanisms of action, i.e.,
microtubule activity as in Vinca alkaloids and a
topoisomerase I inhibitory effect different from
camptothecin. (Raspaglio, Biochemical Pharmacology
69:113-121 (2005)). [0024] It has been found that
nanoparticle compositions of a taxane (such as albumin
bound paclitaxel (Abraxane(tm))) have significantly
lower toxicities than other taxanes like Taxol(r) and
Taxotere(r) with significantly improved outcomes in
both safety and efficacy. [0025] Combination
chemotherapy, e.g., combining one or more
chemotherapeutic agents or other modes of treatment,
e.g., combining for example, chemotherapy with
radiation or surgery and chemotherapy, have been found
to be more successful than single agent
chemotherapeutics or individual modes of treatment
respectively. [0026] , Other references include U.S.
Pub. No. 2006/0013819; U.S. Pub. No. 2006/0003931;
WO05/1 17986; WO05/1 17978; and WO05/000900.[0027]
More effective treatments for proliferative diseases,
especially cancer, are needed. [0028] The disclosures
of all publications, patents, patent applications and
published patent applications referred to herein are
hereby incorporated herein by reference in their
entirety. BRIEF SUMMARY OF THE INVENTION [0029] The
present invention provides methods for the treatment
of proliferative diseases such as cancer. The
invention provides combination therapy methods of
treating proliferative diseases (such as cancer),
comprising a) a first therapy comprising administering
to an individual an effective amount of a composition
comprising nanoparticles comprising a taxane (such as
paclitaxel) and a carrier protein (such as albumin)
and b) a second therapy, such as chemotherapy,
radiation therapy, surgery, or combinations thereof.
In another aspect, there are provided methods of
administering to an individual a composition
comprising nanoparticles comprising a taxane (such as
paclitaxel) and a carrier protein (such as albumin)
based on a metronomic dosing regime. [0030] In some
embodiments, the invention provides a method of
treating a proliferative disease (such as cancer) in
an individual comprising administering to the
individual a) an effective amount of a composition
comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin), and b) an effective
amount of at least one other chemotherapeutic agent.
In some embodiments, the invention provides a method
of treating a proliferative disease (such as cancer)
in an individual comprising administering to the
individual a) an effective amount of a composition
comprising nanoparticles comprising paclitaxel and an
albumin (such as Abraxane(tm)), and b) an effective
amount of at least one other chemotherapeutic agent.
In some embodiments, the chemotherapeutic agent is any
of (and in some embodiments selected from the group
consisting of) antimetabolites (including nucleoside
analogs), platinum-based agents, alkylating agents,
tyrosine kinase inhibitors, anthracycline antibiotics,
vinca alkloids, proteasome inhibitors, macrolides, and
topoisomerase inhibitors. In some embodiments, the
chemotherapeutic agent is a platinum-based agent, such
as carboplatin. [0031] In some embodiments, the
composition comprising nanoparticles (also referred to
as "nanoparticle composition") and the
chemotherapeutic agent are administered
simultaneously, either in the same composition or in
separate compositions. In some embodiments, the
nanoparticle composition and the chemotherapeutic
agent areadministered sequentially, i.e., the
nanoparticle composition is administered either prior
to or after the administration of the chemotherapeutic
agent. In some embodiments, the administration of the
nanoparticle composition and the chemotherapeutic
agent are concurrent, i.e., the administration period
of the nanoparticle composition and that of the
chemotherapeutic agent overlap with each other. In
some embodiments, the administration of the
nanoparticle composition and the chemotherapeutic
agent are non-concurrent. For example, in some
embodiments, the administration of the nanoparticle
composition is terminated before the chemotherapeutic
agent is administered. In some embodiments, the
administration of the chemotherapeutic agent is
terminated before the nanoparticle composition is
administered. [0032] In some embodiments, the first
therapy taxane is nano-particle albumin bound
paxlitaxel, described, for example, in U.S. Patent
6,566,405, and commercially available under the
tradename Abraxane(tm). In addition, the first therapy
taxane is also considered to be nanoparticle albumin
bound docetaxel described for example in U.S. Patent
Application Publication 2005/0004002A1. [0033] In
another aspect, there is provided a method of treating
a proliferative disease (such as cancer) in an
individual comprising a) a first therapy comprising
administering to the individual a composition
comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin), and b) a second
therapy comprising radiation therapy, surgery, or
combinations thereof. In some embodiments, there is
provided a method of treating a proliferative disease
(such as cancer) in an individual comprising a) a
first therapy comprising administering to the
individual a composition comprising nanoparticles
comprising paclitaxel and an albumin (such as
Abraxane(tm)), and b) a second therapy comprising
radiation therapy, surgery, or combinations thereof.
In some embodiments, the second therapy is radiation
therapy. In some embodiments, the second therapy is
surgery. In some embodiments, the first therapy is
carried out prior to the second therapy. In some
embodiments, the first therapy is carried out after
the second therapy. [0034] In another aspect, the
method comprises administering to a mammal having a
proliferative disease (such as cancer) a combination
therapy comprising a first therapy comprising a taxane
and a second therapy selected from the group
consisting of chemotherapeutic agent and radiation or
combinations thereof. The combination therapy may be
administered in any of a variety of ways such as
sequentially or simultaneously, and if sequential, the
taxane may be administered before or after the second
therapyalthough it is preferred that the first therapy
comprising a taxane is administered first. It will
also be understood that the second therapy can include
more than one chemotherapeutic agent. 



[0035] The present invention also provides metronomic
therapy regimes. In some embodiments, there is
provided a method of administering a composition
comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin), wherein the
nanoparticle composition is administered over a period
of at least one month, wherein the interval between
each administration is no more than about a week, and
wherein the dose of taxane at each administration is
about 0.25% to about 25% of its maximum tolerated dose
following a traditional dosing regime hi some
embodiments, there is provided a method of
administering a composition comprising nanoparticles
comprising paclitaxel and an albumin (such as
Abraxane(tm)), wherein the nanoparticle composition is
administered over a period of at least one month,
wherein the interval between each administration is no
more than about a week, and wherein the dose of
paclitaxel at each administration is about 0.25% to
about 25% of its maximum tolerated dose following a
traditional dosing regime. In some embodiments, the
dose of the taxane (such as paclitaxel, for example
Abraxane(tm)) per administration is less than about
any of 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%,
12%, 13%, 14%, 15%, 18%, 20%, 22%, 24%, or 25% of the
maximum tolerated dose hi some embodiments, the
nanoparticle composition is administered at least
about any of Ix, 2x, 3x, 4x, 5x, 6x, 7x (i.e., daily)
a week hi some embodiments, the intervals between each
administration are less than about any of 7 days, 6
days, 5 days, 4 days, 3 days, 2 days, and 1 day. hi
some embodiments, the nanoparticle composition is
administered over a period of at least about any of 2,
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 18, 24, 30 and 36
months. [0036] hi some embodiments, there is provided
a method of administering a composition comprising
nanoparticles comprising a taxane and a carrier
protein (such as albumin), wherein the taxane is
administered over a period of at least one month,
wherein the interval between each administration is no
more than about a week, and wherein the dose of the
taxane at each administration is about 0.25 mg/m2 to
about 25 mg/m2. hi some embodiments, there is provided
a method of administering a composition comprising
nanoparticles comprising paclitaxel and an albumin
(such as Abraxane(tm)) and a carrier protein (such as
albumin), wherein the paclitaxel is administered over
a period of at least one month, wherein the interval
between each administration is no more than about a
week, and wherein the dose of the taxane at each
administration is about 0.25 mg/m2 to about 25mg/m2.
In some embodiments, the dose of the taxane (such as
paclitaxel, for example Abraxane(tm)) per
administration is less than about any of 2, 3, 4, 5,
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 18, 20, 22, and 25
mg/m2. In some embodiments, the nanoparticle
composition is administered at least about any of Ix,
2x, 3x, 4x, 5x, 6x, 7x (i.e., daily) a week. In some
embodiments, the intervals between each administration
are less than about any of 7 days, 6 days, 5 days, 4
days, 3 days, 2 days, and 1 day. In some embodiments,
the nanoparticle composition is administered over a
period of at least about any of 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 18, 24, 30 and 36 months. [0037] The
methods of the invention generally comprise
administration of a composition comprising
nanoparticles comprising a taxane and a carrier
protein hi some embodiments, the nanoparticle
composition comprises nanoparticles comprising
paclitaxel and an albumin. In some embodiments, the
paclitaxel/albumin nanoparticles have an average
diameter of no greater than about 200 nm. hi some
embodiments, the paclitaxel/albumin nanoparticle
composition is substantially free (such as free) of
surfactant (such as Cremophor). In some embodiments,
the weight ratio of the albumin to paclitaxel in the
composition is about 18:1 or less, such as about 9:1
or less hi some embodiments, the paclitaxel is coated
with albumin hi some embodiments, the
paclitaxel/albumin nanoparticles have an average
diameter of no greater than about 200 nm and the
paclitaxel/albumin composition is substantially free
(such as free) of surfactant (such as Cremophor). In
some embodiments, the paclitaxel/albumin nanoparticles
have an average diameter of no greater than about 200
nm and the paclitaxel is coated with albumin. Other
combinations of the above characteristics are also
contemplated. In some embodiments, the nanoparticle
composition is Abraxane(tm). Nanoparticle compositions
comprising other taxanes (such as docetaxel and
ortataxel) may also comprise one or more of the above
characteristics. [0038] These and other aspects and
advantages of the present invention will become
apparent from the subsequent detailed description and
the appended claims. It is to be understood that one,
some, or all of the properties of the various
embodiments described herein may be combined to form
other embodiments of the present invention. BRIEF
DESCRIPTION OF FIGURES [0039] Figure IA shows the
effect of AB1-007 on rat aortic ring angiogenesis.
Figure IB shows the effect of AB1-007 on human
endothelial cell proliferation. Figure 1C shows the
effect of ABI-007 on endothelial cell tube
formation.[0040] Figure 2 shows the determination of
an optimal biological dose of AB1-007 for metronomic
dosing. Shown are the levels of viable circulating
endothelial progenitors (CEPs) in peripheral blood of
Balb/cJ mice in response to escalating doses of
ABI-007. Untr'd, untreated control; S/A,
saline/albumin vehicle control. Bars, mean  SE. *
Significantly (p < 0.05 ) different from the untreated
control. [0041] Figures 3A and 3B show the effects of
ABI-007 and Taxol used in metronomic or MTD regimes on
MDA-MB-231 (A) and PC3 (B) tumor growth tumorbearing
SCID mice. Figures 3C and 3D show the effects of
ABI-007 and Taxol used in metronomic or MTD regimes on
the body weight of MDA-MB-23 1 (C) and PC3 (D)
tumor-bearing SCID mice. [0042] Figures 4A and 4B show
changes in the levels of viable circulating
endothelial progenitors (CEPs) in peripheral blood of
MDA-MB-231 (Fig. 4A) and PC3 (Fig. 4B) tumor-bearing
SCID mice after treatment with A, saline/albumin; B,
Cremophor EL control; C, metronomic Taxol 1.3 mg/kg;
D, E, and F, metronomic ABI-007 3, 6, and 10 mg/kg,
respectively; G, MTD Taxol; H, MTD ABI-007. Bars, mean
SE. a Significantly (p < 0.05) different from
saline/albumin vehicle control. b Significantly (p <
0.05) different from Cremophor EL vehicle control.
[0043] Figure 5A shows intratumoral microvessel
density of MDA-MB-231 () and PC3 ( ) xenografts
treated with A, saline/albumin; B, Cremophor EL
control; C, metronomic Taxol 1.3 mg/kg; D5E, and F,
metronomic ABI-007 3, 6, and 10 mg/kg, respectively;
G, MTD Taxol; H, MTD ABI-007. Bars, mean  SE. Figure
5B and 5C show the correlation between intratumoral
microvessel density and the number of viable CEPs in
peripheral blood in MDA-MB-231 (Fig. 5B) and PC3 (Fig.
5C) tumor-bearing SCID mice. [0044] Figure 6 shows the
effects of ABI-007 or Taxol used in metronomic or MTD
regimes on basic fibroblast growth factor
(bFGF)-induced angiogenesis in matrigel plugs injected
subcutaneously into the flanks of Balb/cJ mice.
Treatments-A, saline/albumin; B, Cremophor EL control;
C, metronomic Taxol 1.3 mg/kg; D, E, and F, metronomic
ABI-007 3, 6, and 10 mg/kg, respectively; G, MTD
Taxol; H5MTD ABI-007. Matrigel implanted without bFGF
(-bFGF) served as negative control. Bars, mean SE.
[0045] Figure 7A and Figure 7B show the cytotoxic
activity of nab-rapamycin in combination with
Abraxane(tm) on vascular smooth muscle cells.
Cytotoxicity was evaluated by staining with ethidium
homodimer-1 (Fig. 7A) or by staining with calcein
(Fig. 7B).[0046] Figure 8 shows the cytotoxic activity
of nab-rapamycin in combination with Abraxane(tm) in a
HT29 human colon carcinoma xenograft model. [0047]
Figure 9 shows the cytotoxic activity of nab- 17-AAG
in combination with Abraxane(tm) in a H358 human lung
carcinoma xenograft model. DETAILED DESCRIPTION OF THE
INVENTION [0048] The present invention provides
methods of combination therapy comprising a first
therapy comprising administration of nanoparticles
comprising a taxane and a carrier protein (such as
albumin) in conjunction with a second therapy such as
radiation, surgery, administration of at least one
other chemotherapeutic agent, or combinations thereof.
The invention also provides methods of metronomic
therapy. [0049] The present invention involves the
discovery that Abraxane(tm), due to its superior
anti-tumor activity and reduced toxicity and side
effects, can be administered in combination with other
therapeutic drugs and/or treatment modalities and can
also be used in metronomic chemotherapy. Due to
significantly improved safety profiles with
compositions comprising drug/carrier protein
nanoparticles (such as Abraxane(tm)), we believe that
combination chemotherapy with such nanoparticle
compositions (such as Abraxane(tm)) is more effective
than combination chemotherapy with other drugs. In
addition the use of nanoparticle composition (such as
Abraxane(tm)) in combination with radiation is also
believed to be more effective than combination of
other agents with radiation. Thus, the nanoparticle
compositions (especially a paclitaxel/albumin
nanoparticle composition, such as Abraxane(tm)), when
used in combination with other chemotherapeutic agents
or when combined with other treatment modalities,
should be very effective and overcome the deficiencies
of surgery, radiation treatment, and chemotherapy in
the treatment of proliferative disease (such as
cancer). [0050] The present invention in one its
embodiments is the use of a first therapy comprising a
taxane, such as Abraxane(tm), in combination with a
second therapy such as another chemotherapeutic agent
or agents, radiation, or the like for treating
proliferative diseases such as cancer. The first
therapy comprising a taxane and second therapy can be
administered to a mammal having the proliferative
sequentially, or they can be co administered, and even
administered simultaneously in the same pharmaceutical
composition.[0051] Further, a metronomic dosing regime
using Abraxane(tm) has been found to be more effective
than the traditional MTD dosing schedule of the same
drag composition. Such metronomic dosing regime of
Abraxane(tm) has also been found to be more effective
than metronomic dosing of Taxol(r). [0052] The methods
described herein are generally useful for treatment of
diseases, particularly proliferative diseases. As used
herein, "treatment" is an approach for obtaining
beneficial or desired clinical results. For purposes
of this invention, beneficial or desired clinical
results include, but are not limited to, any one or
more of: alleviation of one or more symptoms,
diminishment of extent of disease, stabilized (i.e.,
not worsening) state of disease, preventing or
delaying spread (e.g., metastasis) of disease,
preventing or delaying occurrence or recurrence of
disease, delay or slowing of disease progression,
amelioration of the disease state, and remission
(whether partial or total). Also encompassed by
"treatment" is a reduction of pathological consequence
of a proliferative disease. The methods of the
invention contemplate any one or more of these aspects
of treatment. [0053] As used herein, a "proliferative
disease" is defined as a tumor disease (including
benign or cancerous) and/or any metastases, wherever
the tumor or the metastasis are located, more
especially a tumor selected from the group comprising
one or more of (and in some embodiments selected from
the group consisting of) breast cancer, genitourinary
cancer, lung cancer, gastrointestinal cancer,
epidermoid cancer, melanoma, ovarian cancer,
pancreatic cancer, neuroblastoma, colorectal cancer,
head and neck cancer. In a broader sense of the
invention, a proliferative disease may furthermore be
selected from hyperproliferative conditions such as
hyperplasias, fibrosis (especially pulmonary, but also
other types of fibrosis, such as renal fibrosis),
angiogenesis, psoriasis, atherosclerosis and smooth
muscle proliferation in the blood vessels, such as
stenosis or restenosis following angioplasty. In some
embodiments, the proliferative disease is cancer. In
some embodiments, the proliferative disease is a
non-cancerous disease. In some embodiments, the
proliferative disease is a benign or malignant tumor.
Where hereinbefore and subsequently a tumor, a tumor
disease, a carcinoma or a cancer are mentioned, also
metastasis in the original organ or tissue and/or in
any other location are implied alternatively or in
addition, whatever the location of the tumor and/or
metastasis is. [0054] The term "effective amount" used
herein refers to an amount of a compound or
composition sufficient to treat a specified disorder,
condition or disease such as ameliorate, palliate,
lessen, and/or delay one or more of its symptoms. In
reference to cancers or other unwanted cell
proliferation, an effective amount comprises an
amountsufficient to cause a tumor to shrink and/or to
decrease the growth rate of the tumor (such as to
suppress tumor growth) or to prevent or delay other
unwanted cell proliferation. In some embodiments, an
effective amount is an amount sufficient to delay
development. In some embodiments, an effective amount
is an amount sufficient to prevent or delay occurrence
and/or recurrence. An effective amount can be
administered in one or more administrations hi the
case of cancer, the effective amount of the drug or
composition may: (i) reduce the number of cancer
cells; (ii) reduce tumor size; (iii) inhibit, retard,
slow to some extent and preferably stop cancer cell
infiltration into peripheral organs; (iv) inhibit
(i.e., slow to some extent and preferably stop) tumor
metastasis; (v) inhibit tumor growth; (vi) prevent or
delay occurrence and/or recurrence of tumor; and/or
(vii) relieve to some extent one or more of the
symptoms associated with the cancer. [0055] In some
embodiments, there is provided a method of treating a
primary tumor. In some embodiments, there is provided
a method of treating metastatic cancer (that is,
cancer that has metastasized from the primary tumor).
In some embodiments, there is provided a method of
treating cancer at advanced stage(s). In some
embodiments, there is provided a method of treating
breast cancer (which may be HER2 positive or HER2
negative), including, for example, advanced breast
cancer, stage IV breast cancer, locally advanced
breast cancer, and metastatic breast cancer. In some
embodiments, there is provided a method of treating
lung cancer, including, for example, non-small cell
lung cancer (NSCLC, such as advanced NSCLC), small
cell lung cancer (SCLC, such as advanced SCLC), and
advanced solid tumor malignancy in the lung. In some
embodiments, there is provided a method of treating
any of ovarian cancer, head and neck cancer, gastric
malignancies, melanoma (including metastatic
melanoma), colorectal cancer, pancreatic cancer, and
solid tumors (such as advanced solid tumors). In some
embodiments, there is provided a method of reducing
cell proliferation and/or cell migration. In some
embodiments, there is provided a method of treating
any of the following diseases: restenosis, stenosis,
fibrosis, angiogenesis, psoriasis, atherosclerosis,
and proliferation of smooth muscle cells. The present
invention also provides methods of delaying
development of any of the proliferative diseases
described herein. [0056] The term "individual" is a
mammal, including humans. An individual includes, but
is not limited to, human, bovine, horse, feline,
canine, rodent, or primate. In some embodiments, the
individual is human. The individual (such as human)
may have advanced disease or lesser extent of disease,
such as low tumor burden. In some embodiments, the
individual is at an early stage of a proliferative
disease (such as cancer).In some embodiments, the
individual is at an advanced stage of a proliferative
disease (such as an advanced cancer). In some
embodiments, the individual is HER2 positive. In some
embodiments, the individual is HER2 negative. [0057]
The methods may be practiced in an adjuvant setting.
"Adjuvant setting" refers to a clinical setting in
which an individual has had a history of a
proliferative disease, particularly cancer, and
generally (but not necessarily) been responsive to
therapy, which includes, but is not limited to,
surgery (such as surgical resection), radiotherapy,
and chemotherapy. However, because of their history of
the proliferative disease (such as cancer), these
individuals are considered at risk of development of
the disease. Treatment or administration in the
"adjuvant setting" refers to a subsequent mode of
treatment. The degree of risk (i.e., when an
individual in the adjuvant setting is considered as
"high risk" or "low risk") depends upon several
factors, most usually the extent of disease when first
treated. The methods provided herein may also be
practiced in a neoadjuvant setting, i.e., the method
may be carried out before the primary/definitive
therapy. In some embodiments, the individual has
previously been treated. In some embodiments, the
individual has not previously been treated. In some
embodiments, the treatment is a first line therapy.
[0058] It is understood that aspect and embodiments of
the invention described herein include "consisting"
and/or "consisting essentially of aspects and
embodiments. Combination therapy with chemotherapeutic
agent [0059] The present invention provides methods of
treating a proliferative disease (such as cancer) in
an individual, comprising administering to the
individual: a) an effective amount of a composition
comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin); and b) an effective
amount of at least one other chemotherapeutic agent.
In some embodiments, the taxane is any of (and in come
embodiments consisting essentially of) paclitaxel,
docetaxel, and ortataxel. In some embodiments, the
nanoparticle composition comprises Abraxane(tm). In
some embodiments, the chemotherapeutic agent is any of
(and in some embodiments selected from the group
consisting of) antimetabolite agents (including
nucleoside analogs), platinum-based agents, alkylating
agents, tyrosine kinase inhibitors, anthracycline
antibiotics, vinca alkloids, proteasome inhibitors,
macrolides, and topoisomerase inhibitors. [0060] In
some embodiments, the method comprises administering
to the individual: a) an effective amount of a
composition comprising nanoparticles
comprisingpaclitaxel and an albumin; and b) an
effective amount of at least one other
chemotherapeutic agent. In some embodiments, the
paclitaxel/albumin nanoparticles have an average
diameter of no greater than about 200 nm. In some
embodiments, the paclitaxel/albumin nanoparticle
composition is substantially free (such as free) of
surfactant (such as Cremophor). In some embodiments,
the weight ratio of the albumin to paclitaxel in the
composition is about 18:1 or less, such as about 9:1
or less. In some embodiments, the paclitaxel is coated
with albumin hi some embodiments, the
paclitaxel/albumin nanoparticles have an average
diameter of no greater than about 200 nm and the
paclitaxel/albumin composition is substantially free
(such as free) of surfactant (such as Cremophor). In
some embodiments, the paclitaxel/albumin nanoparticles
have an average diameter of no greater than about 200
nm and the paclitaxel is coated with albumin. In some
embodiments, the nanoparticle composition is
Abraxane(tm). [0061] In some embodiments, the
invention provides a method of treating a
proliferative disease (such as cancer) in an
individual comprising administering to the individual
a) an effective amount of Abraxane(tm), andb) an
effective amount of at least one other
chemotherapeutic agent. Preferred drug combinations
for sequential or co-administration or simultaneous
administration with Abraxane(tm) are those which show
enhanced antiproliferative activity when compared with
the single components alone, especially combinations
that that lead to regression of proliferative tissues
and/or cure from proliferative diseases. [0062] The
chemotherapeutic agents described herein can be the
agents themselves, pharmaceutically acceptable salts
thereof, and pharmaceutically acceptable esters
thereof, as well as steroisomers, enantiomers, racemic
mixtures, and the like. The chemotherapeutic agent or
agents as described can be administered as well as a
pharmaceutical composition containing the agent(s),
wherein the pharmaceutical composition comprises a
pharmaceutically acceptable carrier vehicle, or the
like. [0063] The chemotherapeutic agent may be present
in a nanoparticle composition. For example, in some
embodiments, there is provided a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the
individual: a) an effective amount of a composition
comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin); and b) an effective
amount of a composition comprising nanoparticles
comprising at least one other chemotherapeutic agent
and a carrier protein (such as albumin). In some
embodiments, the method comprises administering to the
individual: a) an effective amount of a composition
comprising nanoparticles comprisingpaclitaxel and an
albumin (such as Abraxane(tm)); and b) an effective
amount of a composition comprising nanoparticles
comprising at least one other chemotherapeutic agent
and a carrier protein (such as albumin). In some
embodiments, the chemotherapeutic agent is any of (and
in some embodiments selected from the group consisting
of) thiocolchicine or its derivatives (such as dimeric
thiocolchicine, including for example nab- 5404,
nab-5%00, and nab-5801), rapamycin or its derivatives,
and geldanamycin or its derivatives (such as 17-allyl
amino geldanamycin (17-AAG)). In some embodiments, the
chemotherapeutic agent is rapamycin. In some
embodiments, the chemotherapeutic agent is 17-AAG.
[0064] An exemplary and non-limiting list of
chemotherapeutic agents contemplated is provided
herein. Suitable chemotherapeutic agents include, for
example, vinca alkaloids, agents that disrupt
microtubule formation (such as colchicines and its
derivatives), anti-angiogenic agents, therapeutic
antibodies, EGFR targeting agents, tyrosine kinase
targeting agent (such as tyrosine kinase inhibitors),
transitional metal complexes, proteasome inhibitors,
antimetabolites (such as nucleoside analogs),
alkylating agents, platinum-based agents,
anthracycline antibiotics, topoisomerase inhibitors,
macrolides, therapeutic antibodies, retinoids ( such
as all-trans retinoic acids or a derivatives thereof);
geldanamycin or a derivative thereof (such as 17-AAG),
and other standard chemotherapeutic agents well
recognized in the art. [0065] In some embodiments, the
chemotherapeutic agent is any of (and in some
embodiments selected from the group consisting of)
adriamycin, colchicine, cyclophosphamide, actinomycin,
bleomycin, duanorubicin, doxorubicin, epirubicin,
mitomycin, methotrexate, mitoxantrone, fluorouracil,
carboplatin, carmustine (BCNU), methyl-CCNU,
cisplatin, etoposide, interferons, camptothecin and
derivatives thereof, phenesterine, taxanes and
derivatives thereof (e.g., paclitaxel and derivatives
thereof, taxotere and derivatives thereof, and the
like), topetecan, vinblastine, vincristine, tamoxifen,
piposulfan, nab-5404, nab-5800, nab-5801, Irinotecan,
HKP, Ortataxel, gemcitabine, Herceptin(r),
vinorelbine, Doxil(r), capecitabine, Alimta(r),
Avastin(r), Velcade(r), Tarceva(r), Neulasta(r),
Lapatinib, Sorafenib, derivatives thereof,
chemotherapeutic agents known in the art, and the like
some embodiments, the chemotherapeutic agent is a
composition comprising nanoparticles comprising a
thiocolchicine derivative and a carrier protein (such
as albumin). [0066] In some embodiments, the
chemotherapeutic agent is a antineoplastic agent
including, but is not limited to, carboplatin,
Navelbine(r) (vinorelbine), anthracycline(Doxil(r)),
lapatinib (GW57016), Herceptin(r), gemcitabine
(Gemzar(r)), capecitabine (Xeloda(r)), Alimta(r),
cisplatin, 5-fluorouracil, epirubicin,
cyclophosphamide, Avastin(r), Velcade(r), etc. [0067]
In some embodiments, the chemotherapeutic agent is an
antagonist of other factors that are involved in tumor
growth, such as EGFR, ErbB2 (also known as Herb),
ErbB3, ErbB4, or TNF. Sometimes, it may be beneficial
to also administer one or more cytokines to the
individual. In some embodiments, the therapeutic agent
is a growth inhibitory agent. Suitable dosages for the
growth inhibitory agent are those presently used and
may be lowered due to the combined action (synergy) of
the growth inhibitory agent and the taxane. [0068] In
some embodiments, the chemotherapeutic agent is a
chemotherapeutic agent other than an anti-VEGF
antibody, a HER2 antibody, interferon, and an HGF/3
antagonist. [0069] Reference to a chemotherapeutic
agent herein applies to the chemotherapeutic agent or
its derivatives and accordingly the invention
contemplates and includes either of these embodiments
(agent; agent or derivative(s)). "Derivatives" or
"analogs" of a chemotherapeutic agent or other
chemical moiety include, but are not limited to,
compounds that are structurally similar to the
chemotherapeutic agent or moiety or are in the same
general chemical class as the chemotherapeutic agent
or moiety. In some embodiments, the derivative or
analog of the chemotherapeutic agent or moiety retains
similar chemical and/or physical property (including,
for example, functionality) of the chemotherapeutic
agent or moiety. [0070] In some embodiments, the
invention provides a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the individual
a) an effective amount of a composition comprising
nanoparticles comprising a taxane and a carrier
protein (such as albumin), and b) an effective amount
of a tyrosine kinase inhibitor. In some embodiments,
the invention provides a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the individual
a) an effective amount of a composition comprising
nanoparticles comprising paclitaxel and an albumin
(such as Abraxane(tm)), and b) an effective amount of
a tyrosine kinase inhibitor. Suitable tyrosine kinase
inhibitors include, for example, imatinib
(Gleevec(r)), gefitinib (Iressa(r)), Tarceva,
Sutent(r) (sunitinib malate), and Lapatinib. In some
embodiments, the tyrosine kinase inhibitor is
lapatinib. hi some embodiments, the 



tyrosine kinase inhibitor is Tarceva. Tarceva is a
small molecule human epidermal growthfactor type
1/epidermal growth factor receptor (HER1/EGFR)
inhibitor which demonstrated, in a Phase III clinical
trial, an increased survival in advanced non-small
cell lung cancer (NSCLC) individuals. In some
embodiments, the method is for treatment of breast
cancer, including treatment of metastatic breast
cancer and treatment of breast cancer in a neoadjuvant
setting. In some embodiments, the method is for
treatment of advanced solid tumor. In some
embodiments, there is provided a method to inhibit the
proliferation of EGFR expressing tumors in a mammal
comprising administering to a mammal infected with
such tumors Abraxane(tm) and gefitinib, wherein the
gefitinib is administered by pulsedosing. [0071] In
some embodiments, the invention provides a method of
treating a proliferative disease (such as cancer) in
an individual, comprising administering to the
individual a) an effective amount of a composition
comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin), and b) an effective
amount of an antimetabolite agent (such as a
nucleoside analog, including for example purine
analogs and pyrimidine analogs). In some embodiments,
the invention provides a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the individual
a) an effective amount of a composition comprising
nanoparticles comprising paclitaxel and an albumin
(such as Abraxane(tm)), and b) an effective amount of
an antimetabolite agent. An "antimetabolic agent" is
an agent which is structurally similar to a
metabolite, but cannot be used by the body in a
productive manner. Many antimetabolite agents
interfere with production of nucleic acids, RNA and
DNA. For example, the antimetabolite can be a
nucleoside analog, which includes, but is not limited
to, azacitidine, azathioprine, capecitabine
(Xeloda(r)), cytarabine, cladribine, cytosine
arabinoside (ara-C, cytosar), doxifluridine,
fluorouracil (such as 5-fluorouracil), UFT,
hydoxyurea, gemcitabine, mercaptopurine, methotrexate,
thioguanine (such as 6- thioguanine). Other
anti-metabolites include, for example, L-asparaginase
(Elspa), decarbazine (DTIC), 2-deoxy-D-glucose, and
procarbazine (matulane). In some embodiments, the
nucleoside analog is any of (and in some embodiments
selected from the group consisting of) gemcitabine,
fluorouracil, and capecitabine. In some embodiments,
the method is for treatment of metastatic breast
cancer or locally advanced breast cancer. In some
embodiments, the method is for first line treatment of
metastatic breast cancer. In some embodiments, the
method is for treatment of breast cancer in a
neoadjuvant setting. In some embodiments, the method
is for treatment of any of NSCLC, metastatic
colorectal cancer, pancreatic cancer, or advanced
solid tumor.[0072] In some embodiments, the invention
provides a method of treating a proliferative disease
(such as cancer) in an individual, comprising
administering to the individual a) an effective amount
of a composition comprising nanoparticles comprising a
taxane and a earner protein (such as albumin), and b)
an effective amount of an alkylating agent. In some
embodiments, the invention provides a method of
treating a proliferative disease (such as cancer) in
an individual, comprising administering to the
individual a) an effective amount of a composition
comprising nanoparticles comprising paclitaxel and an
albumin (such as Abraxane1M), and b) an effective
amount of an alkylating agent. Suitable alkylating
agents include, but are not limited to,
cyclophosphamide (Cytoxan), mechlorethamine,
chlorambucil, melphalan, carmustine (BCNU), thiotepa,
busulfan, alkyl sulphonates, ethylene imines, nitrogen
mustard analogs, estramustine sodium phosphate,
ifosfamide, nitrosoureas, lomustine, and streptozocin.
In some embodiments, the alkylating agent is
cyclophosphamide. In some embodiments, the
cyclophosphamide is administered prior to the
administration of the nanoparticle composition hi some
embodiments, the method is for treatment of an early
stage breast cancer. In some embodiments, the method
is for treatment of a breast cancer in an adjuvant or
a neoadjuvant setting. [0073] In some embodiments, the
invention provides a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the individual
a) an effective amount of a composition comprising
nanoparticles comprising a taxane and a carrier
protein (such as albumin), and b) an effective amount
of a platinumbased agent. In some embodiments, the
invention provides a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the individual
a) an effective amount of a composition comprising
nanoparticles comprising paclitaxel and an albumin
(such as Abraxane(tm)), and b) an effective amount of
a platinumbased agent. Suitable platinum-based agents
include, but are not limited to, carboplatin,
cisplatin, and oxaliplatin. In some embodiments, the
platinum-based agent is carboplatin. In some
embodiments, the method is for treatment of: breast
cancer (HER2 positive or HER2 negative, including
metastatic breast cancer and advanced breast cancer);
lung cancer (including advanced NSCLC, first line
NSCLC, SCLC, and advanced solid tumor malignancies in
the lung); ovarian cancer; head and neck cancer; and
melanoma (including metastatic melanoma). [0074] In
some embodiments, the invention provides a method of
treating a proliferative disease (such as cancer) in
an individual, comprising administering to the
individual a) an effective amount of a composition
comprising nanoparticles comprising ataxane and a
earner protein (such as albumin), and b) an effective
amount of an anthracycline antibiotic. In some
embodiments, the invention provides a method of
treating a proliferative disease (such as cancer) in
an individual, comprising administering to the
individual a) an effective amount of a composition
comprising nanoparticles comprising paclitaxel and an
albumin (such as Abraxane(tm)) and a carrier protein
(such as albumin), and b) an effective amount of an
anthracycline antibiotic. Suitable anthracycline
antibiotic include, but are not limited to, Doxil(r),
actinomycin, dactinomycin, daunorubicin (daunomycin),
doxorubicin (adriamycin), epirubicin, idarabicin,
mitoxantrone, valrubicin. In some embodiments, the
anthracycline is any of (and in some embodiments
selected from the group consisting of) Doxil(r),
epirubicin, and doxorubicin. In some embodiments, the
method is for treatment of an early stage breast
cancer. In some embodiments, the method is for
treatment of a breast cancer in an adjuvant or a
neoadjuvant setting. [0075] In some embodiments, the
invention provides a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the individual
a) an effective amount of a composition comprising
nanoparticles comprising a taxane and a carrier
protein (such as albumin), and b) an effective amount
of a vinca alkloid. In some embodiments, the invention
provides a method of treating a proliferative disease
(such as cancer) in an individual, comprising
administering to the individual a) an effective amount
of a composition comprising nanoparticles comprising
palitaxel and an albumin (such as Abraxane(tm)) and a
carrier protein (such as albumin), and b) an effective
amount of a vinca alkloid. Suitable vinca alkaloids
include, for example, vinblastine, vincristine,
vindesine, vinorelbine (Navelbine(r)), and VP-1 6. In
some embodiments, the vinca alkaloid is vinorelbine
(Navelbine(r)) . In some embodiments, the method is
for treatment of stage IV breast cancer and lung
cancer. [0076] In some embodiments, the invention
provides a method of treating a proliferative disease
(such as cancer) in an individual, comprising
administering to the individual a) an effective amount
of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b)
an effective amount of a macrolide. In some
embodiments, the invention provides a method of
treating a proliferative disease (such as cancer) in
an individual, comprising administering to the
individual a) an effective amount of a composition
comprising nanoparticles comprising paclitaxel and an
albumin (such as Abraxane(tm)) and a carrier protein
(such as albumin), and b) an effective amount of a
macrolide. Suitable macrolides include, for example,
rapamycin, carbomycin, anderythromycin. In some
embodiments, the macrolide is rapamycin or a
derivative thereof. In some embodiments, the method is
for treatment of a solid tumor. [0077] In some
embodiments, the invention provides a method of
treating a proliferative disease (such as cancer) in
an individual, comprising administering to the
individual a) an effective amount of a composition
comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin), and b) an effective
amount of a topoisomerase inhibitor. In some
embodiments, the invention provides a method of
treating a proliferative disease (such as cancer) in
an individual, comprising administering to the
individual a) an effective amount of a composition
comprising nanoparticles comprising paclitaxel and an
albumin (such as Abraxane(tm)) and a carrier protein
(such as albumin), and b) an effective amount of a
topoisomerase inhibitor. In some embodiments, the
chemotherapeutic agent is a topoisomerase inhibitor,
including, for example, inhibitor of topoisomerase I
and topoisomerase II. Exemplary inhibitors of
topoisomerase I include, but are not limited to,
camptothecin, such as irinotecan and topotecan.
Exemplary inhibitors of topoisomerase II include, but
are not limited to, amsacrine, etoposide, etoposide
phosphate, and teniposide. [0078] In some embodiments,
the invention provides a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the individual
a) an effective amount of a composition comprising
nanoparticles comprising a taxane and a carrier
protein (such as albumin), and b) an effective amount
of an antiangiogenie agent. In some embodiments, the
invention provides a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the individual
a) an effective amount of a composition comprising
nanoparticles comprising paclitaxel and an albumin
(such as Abraxane(tm)) and a carrier protein (such as
albumin), and b) an effective amount of an
antiangiogenic agent. In some embodiments, the method
is for treatment of metastatic breast cancer, breast
cancer in an adjuvant setting or a neoadjuvant
setting, lung cancer (such as first line advanced
NSCLC and NSCLC), ovarian cancer, and melanoma
(including metastatic melanoma). [0079] Many
anti-angiogenic agents have been identified and are
known in the art, including those listed by Carmeliet
and Jain (2000). The anti-angiogenic agent can be
naturally occurring or non-naturally occurring. In
some embodiments, the chemotherapeutic agent is a
synthetic antiangiogenic peptide. For example, it has
been previously reported that the antiangiogenic
activity of small synthetic pro-apoptic peptides
comprise two functional domains, one targeting the
CD13 receptors (aminopeptidase N) ontumor microvessels
and the other disrupting the mitochondrial membrane
following internalization. Nat. Med. 1999, 5(9):
1032-8. A second generation dimeric peptide,
CNGRC-GG-d(KLAKLAK)2, named HKP (Hunter Killer
Peptide) was found to have improved antitumor
activity. Accordingly, in some embodiments, the
antiangiogenic peptide is HKP. In some embodiments,
the antiangiogenic agent is other than an anti- VEGF
antibody (such as Avastin(r)). [0080] In some
embodiments, the invention provides a method of
treating a proliferative disease (such as cancer) in
an individual, comprising administering to the
individual a) an effective amount of a composition
comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin), and b) an effective
amount of a proteasome inhibitor, such as bortezomib
(Velcade). In some embodiments, the invention provides
a method of treating a proliferative disease (such as
cancer) in an individual, comprising administering to
the individual a) an effective amount of a composition
comprising nanoparticles comprising paclitaxel and an
albumin (such as Abraxane(tm)) and a carrier protein
(such as albumin), and b) an effective amount of a
proteasome inhibitor such as bortezomib (Velcade).
[0081] In some embodiments, the invention provides a
method of treating a proliferative disease (such as
cancer) in an individual, comprising administering to
the individual a) an effective amount of a composition
comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin), and b) an effective
amount of a therapeutic antibody. In some embodiments,
the invention provides a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the individual
a) an effective amount of a composition comprising
nanoparticles comprising paclitaxel and an albumin
(such as Abraxane(tm)) and a carrier protein (such as
albumin), and b) an effective amount of a therapeutic
antibody. Suitable therapeutic antibodies include, but
are not limited to, anti-VEGF antibody (such as
Avastin(r) (bevacizumab)), anti-HER2 antibody (such as
Herceptin(r) (trastuzurnab)), Erbitux(r) (cetuximab),
Campath (alemtuzumab), Myelotarg (gemtuzumab), Zevalin
(ibritumomab tiuextan, Rituxan (rituximab), and Bexxar
(tositumomab). hi some embodiments, the
chemotherapeutic agent is Erbitux(r) (cetuximab). In
some embodiments, the chemotherapeutic agent is a
therapeutic antibody other than an antibody against
VEGF or HER2. In some embodiments, the method is for
treatment of HER2 positive breast cancer, including
treatment of advanced breast cancer, treatment of
metastatic cancer, treatment of breast cancer in an
adjuvant setting, and treatment of cancer in a
neoadjuvant setting. In some embodiments, the method
is fortreatment of any of metastatic breast cancer,
breast cancer in an adjuvant setting or a neoadjuvant
setting, lung cancer (such as first line advanced
NSCLC and NSCLC), ovarian cancer, head and neck
cancer, and melanoma (including metastatic melanoma).
For example, in some embodiments, there is provided a
method for treatment of HER2 positive metastatic
breast cancer in an individual, comprising
administering to the individual 125 mg/m2
paclitaxel/albumin nanoparticle composition (such as
Abraxane rM) weekly for three weeks with the fourth
week off, concurrent with the administration of
Herceptin(r). [0082] In some embodiments, two or more
chemotherapeutic agents are administered in addition
to the taxane in the nanoparticle composition. These
two or more chemotherapeutic agents may (but not
necessarily) belong to different classes of
chemotherapeutic agents. Examples of these
combinations are provided herein. Other combinations
are also contemplated. [0083] In some embodiments,
there is provided a method of treating a proliferative
disease (such as cancer) in an individual, comprising
administering to the individual a) an effective amount
of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), b) an
effective amount of an antimetabolite (such as a
nucleoside analog, for example, gemcitabine), and c)
an anthracycline antibiotic (such as epirubicin). In
some embodiments, there is provided a method of
treating a proliferative disease (such as cancer) in
an individual, comprising administering to the
individual a) an effective amount of a composition
comprising nanoparticles comprising paclitaxel and an
albumin (such as Abraxane(tm)), b) an effective amount
of an antimetabolite (such as a nucleoside analog, for
example, gemcitabine), and c) an effective amount of
an anthracycline antibiotic (such as epirubicin). In
some embodiments, the method is for treatment of
breast cancer in a neoadjuvant setting. For example,
in some embodiments, there is provided a method of
treating locally advanced/inflammatory cancer in an
individual comprising administering to the individual
220 mg/m2 paclitaxel/albumin nanoparticle composition
(such as Abraxane(tm)) every two weeks; 2000 mg/m2
gemcitabine, every two weeks; and 50 mg/m2 epirubicin,
every two weeks. In some embodiments, there is
provided a method of treating breast cancer in an
individual in an adjuvant setting, comprising
administering to the individual 175 mg/m2
paclitaxel/albumin nanoparticle composition (such as
Abraxane(tm)) every two weeks, 2000 mg/m2 gemcitabine,
every two weeks, and 50 mg/m2 epirubicin, every two
weeks. [0084] In some embodiments, there is provided a
method of treating a proliferative disease (such as
cancer) in an individual, comprising administering to
the individual a) aneffective amount of a composition
comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin), b) an effective
amount of a platinum-based agent (such as
carboplatin), and c) a therapeutic antibody (such as
ant-HER2 antibody (such as Herceptin(r)) and anti-VEGF
antibody (such as Avastin(r))). In some embodiments,
there is provided a method of treating a proliferative
disease (such as cancer) in an individual, comprising
administering to the individual a) an effective amount
of a composition comprising nanoparticles comprising
paclitaxel and an albumin (such as Abraxane(tm)), b)
an effective amount of a platinum-based agent (such as
carboplatin), and c) a therapeutic antibody (such as
ant-HER2 antibody (such as Herceptin(r)) and anti-VEGF
antibody (such as Avastin(r))). In some embodiments,
the method is for treatment of any of advanced breast
cancer, metastatic breast cancer, breast cancer in an
adjuvant setting, and lung cancer (including NSCLC and
advanced NSCLC). In some embodiments, there is
provided a method of treating metastatic cancer in an
individual, comprising administering to the individual
75 mg/m2 paclitaxel/albumin nanoparticle composition
(such as Abraxane(tm)) and carboplatin, AUC=2, wherein
the administration is carried out weekly for three
weeks with the fourth week off. In some embodiments,
the method further comprises weekly administering
about 2-4 mg/kg of Herception(r). [0085] In some
embodiments, there is provided a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the individual
a) an effective amount of a composition comprising
nanoparticles comprising a taxane and a carrier
protein (such as albumin), b) an effective amount of a
platinum-based agent (such as carboplatin), and c) a
vinca alkaloid (such as Navelbine(r)) . In some
embodiments, there is provided a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the individual
a) an effective amount of a composition comprising
nanoparticles comprising paclitaxel and an albumin
(such as Abraxane(tm)), b) an effective amount of a
platinum-based agent (such as carboplatin), and c) a
vinca alkaloid (such as Navelbine(r)) . In some
embodiments, the method is for treatment of lung
cancer. [0086] In some embodiments, the invention
provides a method of treating a proliferative disease
(such as cancer) in an individual, comprising
administering to the individual a) an effective amount
of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), b) an
effective amount of an alkylating agent (such as
cyclophosphamide) and c) an anthracycline antibiotic
(such as adriamycin). In some embodiments, the
invention provides a method of treating a
proliferative disease (such as cancer) in an
individual, comprising administering to the individual
a) an effectiveamount of a composition comprising
nanoparticles comprising paclitaxel and an albumin, b)
an effective amount of an alkylating agent (such as
cyclophosphamide) and c) an anthracycline antibiotic
(such as adriamycin). In some embodiments, the method
is for treatment of an early stage breast cancer. In
some embodiments, the method is for treatment of a
breast cancer in an adjuvant or a neoadjuvant setting.
For example, in some embodiments, there is provided a
method of treating an early stage breast cancer in an
individual, comprising administering 260 mg/m2
paclitaxel/albumin nanoparticle composition (such as
Abraxane(tm)), 60 mg/m2 adriamycin, and 600 mg/m2
cyclophosphamide, wherein the administration is
carried out once every two weeks. [0087] Other
embodiments are provided in Table 1. For example, in
some embodiments, there is provided a method of
treating advanced breast cancer in an individual,
comprising administering to the individual a) an
effective amount of a composition comprising
nanoparticles comprising a paclitaxel and an albumin
(such as Abraxane(tm)), b) an effective amount of
carboplatin. In some embodiments, the method further
comprises administering an effective amount of
Herceptin(r) to the individual. In some embodiments,
there is provided a method of treating metastatic
breast cancer in an individual, comprising
administering to the individual a) an effective amount
of a composition comprising nanoparticles comprising
paclitaxel and an albumin (such as Abraxane(tm)), b)
an effective amount of gemcitabine. In some
embodiments, there is provided a method of treating
advanced non-small cell lung cancer in an individual,
comprising administering to the individual a) an
effective amount of a composition comprising
nanoparticles comprising paclitaxel and an albumin
(such as Abraxane(tm)), b) an effective amount of
carboplatin. [0088] In some embodiments, there is
provided a composition comprising nanoparticles
comprising a taxane (such as paclitaxel, docetaxel, or
ortataxel) and a carrier protein (such as albumin) and
at least one other chemotherapeutic agent. The
compositions described herein may comprise effective
amounts of the taxane and the chemotherapeutic agent
for the treatment of a proliferative disease (such as
cancer). In some embodiments, the chemotherapeutic
agent and the taxane are present in the composition at
a predetermined ratio, such as the weight ratios
described herein. In some embodiments, the invention
provides a synergistic composition of an effective
amount of a composition comprising nanoparticles
comprising a taxane (such as paclitaxel, docetaxel, or
ortataxel) and an effective amount of at least one
other chemotherapeutic agent.[0089] In some
embodiments, the invention provides pharmaceutical
compositions comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin) for use
in the treatment of a proliferative disease (such as
cancer), wherein said use comprises simultaneous
and/or sequential administration of at least one other
chemotherapeutic agent. In some embodiments, the
invention provides a pharmaceutical composition
comprising a chemotherapeutic agent for use in the
treatment of a proliferative disease (such as cancer),
wherein said use comprises simultaneous and/or
sequential administration of a composition comprising
nanoparticles comprising a taxane and a carrier
protein (such as albumin). In some embodiments, the
invention provides taxane-containing nanoparticle
compositions and compositions comprising one other
chemotherapeutic agent for simultaneous, and/or
sequential use for treatment of a proliferative
disease (such as cancer). Modes of administration
[0090] The composition comprising nanoparticles
comprising taxane (also referred to as "nanoparticle
composition") and the chemotherapeutic agent can be
administered simultaneously (i.e., simultaneous
administration) and/or sequentially (i.e., sequential
administration). [0091] In some embodiments, the
nanoparticle composition and the chemotherapeutic
agent (including the specific chemotherapeutic agents
described herein) are administered simultaneously. The
term "simultaneous administration," as used herein,
means that the nanoparticle composition and the
chemotherapeutic agent are administered with a time
separation of no more than about 15 minute(s), such as
no more than about any of 10, 5, or 1 minutes. When
the drugs are administered simultaneously, the drug in
the nanoparticles and the chemotherapeutic agent may
be contained in the same composition (e.g., a
composition comprising both the nanoparticles and the
chemotherapeutic agent) or in separate compositions
(e.g., the nanoparticles are contained in one
composition and the chemotherapeutic agent is
contained in another composition). For example, the
taxane and the chemotherapeutic agent may be present
in a single composition containing at least two
different nanoparticles, wherein some of the
nanoparticles in the composition comprise the taxane
and a carrier protein, and some of the other
nanoparticles in the composition comprise the
chemotherapeutic agent and a carrier protein. The
invention contemplates and encompasses such
compositions. In some embodiments, only the taxane is
contained in nanoparticles. In some embodiments,
simultaneous administration of the drug in
thenanoparticle composition and the chemotherapeutic
agent can be combined with supplemental doses of the
taxane and/or the chemotherapeutic agent. [0092] In
some embodiments, the nanoparticle composition and the
chemotherapeutic agent are administered sequentially.
The term "sequential administration" as used herein
means that the drug in the nanoparticle composition
and the chemotherapeutic agent are administered with a
time separation of more than about 15 minutes, such as
more than about any of 20, 30, 40, 50, 60 or more
minutes. Either the nanoparticle composition or the
chemotherapeutic agent may be administered first. The
nanoparticle composition and the chemotherapeutic
agent are contained in separate compositions, which
may be contained in the same or different packages.
[0093] In some embodiments, the administration of the
nanoparticle composition and the chemotherapeutic
agent are concurrent, i.e., the administration period
of the nanoparticle composition and that of the
chemotherapeutic agent overlap with each other. In
some embodiments, the administration of the
nanoparticle composition and the chemotherapeutic
agent are non-concurrent. For example, in some
embodiments, the administration of the nanoparticle
composition is terminated before the chemotherapeutic
agent is administered. In some embodiments, the
administration of the chemotherapeutic agent is
terminated before the nanoparticle composition is
administered. The time period between these two
non-concurrent administrations can range from about
two to eight weeks, such as about four weeks. [0094]
The dosing frequency of the drug-containing
nanoparticle composition and the chemotherapeutic
agent may be adjusted over the course of the
treatment, based on the judgment of the administering
physician. When administered separately, the
drugcontaining nanoparticle composition and the
chemotherapeutic agent can be administered at
different dosing frequency or intervals. For example,
the drag-containing nanoparticle composition can be
administered weekly, while a chemotherapeutic agent
can be administered more or less frequently. In some
embodiments, sustained continuous release formulation
of the drug-containing nanoparticle and/or
chemotherapeutic agent may be used. Various
formulations and devices for achieving sustained
release are known in the art. 



[0095] The nanoparticle composition and the
chemotherapeutic agent can be administered using the
same route of administration or different routes of
administration. In some embodiments (for both
simultaneous and sequential administrations), the
taxane in the nanoparticle composition and the
chemotherapeutic agent are administered at
apredetermined ratio. For example, in some
embodiments, the ratio by weight of the taxane in the
nanoparticle composition and the chemotherapeutic
agent is about 1 to 1. In some embodiments, the weight
ratio may be between about 0.001 to about 1 and about
1000 to about 1, or between about 0.01 to about 1 and
100 to about 1. In some embodiments, the ratio by
weight of the taxane in the nanoparticle composition
and the chemotherapeutic agent is less than about any
of 100:1, 50:1, 30:1, 10:1, 9:1, 8:1, 7:1, 6:1, 5:1,
4:1, 3:1, 2:1, and 1:1 In some embodiments, the ratio
by weight of the taxane in the nanoparticle
composition and the chemotherapeutic agent is more
than about any of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1,
8:1, 9:1, 30:1, 50:1, 100:1. Other ratios are
contemplated. [0096] The doses required for the taxane
and/or the chemotherapeutic agent may (but not
necessarily) be lower than what is normally required
when each agent is administered alone. Thus, in some
embodiments, a subtherapeutic amount of the drag in
the nanoparticle composition and/or the
chemotherapeutic agent are administered.
"Subtherapeutic amount" or "subtherapeutic level"
refer to an amount that is less than the therapeutic
amount, that is, less than the amount normally used
when the drug in the nanoparticle composition and/or
the chemotherapeutic agent are administered alone. The
reduction may be reflected in terms of the amount
administered at a given administration and/or the
amount administered over a given period of time
(reduced frequency). [0097] In some embodiments,
enough chemotherapeutic agent is administered so as to
allow reduction of the normal dose of the drug in the
nanoparticle composition required to effect the same
degree of treatment by at least about any of 5%, 10%,
20%, 30%, 50%, 60%, 70%, 80%, 90%, or more. In some
embodiments, enough drug in the nanoparticle
composition is administered so as to allow reduction
of the normal dose of the chemotherapeutic agent
required to effect the same degree of treatment by at
least about any of 5%, 10%, 20%, 30%, 50%, 60%, 70%,
80%, 90%, or more. [0098] In some embodiments, the
dose of both the taxane in the nanoparticle
composition and the chemotherapeutic agent are reduced
as compared to the corresponding normal dose of each
when administered alone. In some embodiments, both the
taxane in the nanoparticle composition and the
chemotherapeutic agent are administered at a
subtherapeutic, i.e., reduced, level. In some
embodiments, the dose of the nanoparticle composition
and/or the chemotherapeutic agent is substantially
less than the established maximum toxic dose (MTD).
For example, the dose of the nanoparticle composition
and/or the chemotherapeutic agent is less than about
50%, 40%, 30%, 20%, or 10% of the MTD.[0099] A
combination of the administration configurations
described herein can be used. The combination therapy
methods described herein may be performed alone or in
conjunction with another therapy, such as surgery,
radiation, chemotherapy, immunotherapy, gene therapy,
and the like. Additionally, a person having a greater
risk of developing the proliferative disease may
receive treatments to inhibit or and/or delay the
development of the disease. [0100] As will be
understood by those of ordinary skill in the art, the
appropriate doses of chemotherapeutic agents will be
approximately those already employed in clinical
therapies wherein the chemotherapeutic agent are
administered alone or in combination with other
chemotherapeutic agents. Variation in dosage will
likely occur depending on the condition being treated.
As described above, in some embodiments, the
chemotherapeutic agents may be administered at a
reduced level. [0101] The nanoparticle compositions
described herein can be administered to an individual
(such as human) via various routes, such as
parenterally, including intravenous, intra-arterial,
intraperitoneal, intrapulmonary, oral, inhalation,
intravesicular, intramuscular, intra-tracheal,
subcutaneous, intraocular, intrathecal, or
transdermal. For example, the nanoparticle composition
can be administered by inhalation to treat conditions
of the respiratory tract. The composition can be used
to treat respiratory conditions such as pulmonary
fibrosis, bronchiolitis obliterans, lung cancer,
bronchoalveolar carcinoma, and the like. In some
embodiments, the nanoparticle composition is
administrated intravenously. In some embodiments, the
nanoparticle composition is administered orally.
[0102] The dosing frequency of the administration of
the nanoparticle composition depends on the nature of
the combination therapy and the particular disease
being treated. An exemplary dosing frequency include,
but is not limited to, weekly without break; weekly,
three out of four weeks; once every three weeks; once
every two weeks; weekly, two out of three weeks. See
also Table 1. [0103] The dose of the taxane in the
nanoparticle composition will vary with the nature of
the combination therapy and the particular disease
being treated. The dose should be sufficient to effect
a desirable response, such as a therapeutic or
prophylactic response against a particular disease. An
exemplary dose of the taxane (in some embodiments
paclitaxel) in the nanoparticle composition include,
but is not limited to, about any of 50 mg/m2, 60
mg/m2, 75 mg/m2, 80 mg/m2, 90 mg/m2, 100 mg/m2, 120
mg/m2, 160 mg/m2, 175 mg/m2, 200 mg/m2, 210 mg/m2, 220
mg/m2, 260 mg/m2, and 300 mg/m2. For example, the
dosage of paclitaxel in a nanoparticle composition can
be in the range of 100-400mg/m2 when given on a 3 week
schedule, or 50-250 mg/m2 when given on a weekly
schedule. See also Table 1. [0104] Other exemplary
dosing schedules for the administration of the
nanoparticle composition (such as paclitaxel/albumin
nanoparticle composition, for example Abraxane(tm))
include, but are not limited to, 100 mg/m2, weekly,
without break; 75 mg/m2 weekly, 3 out of four weeks;
100 mg/m2, weekly, 3 out of 4 weeks; 125 mg/m2,
weekly, 3 out of 4 weeks; 125 mg/m2, weekly, 2 out of
3 weeks; 130 mg/m2, weekly, without break; 175 mg/m2,
once every 2 weeks; 260 mg/m2, once every 2 weeks; 260
mg/m2, once every 3 weeks; 180-300 mg/m2, every three
weeks; 60-175 mg/m2, weekly, without break. In
addition, the taxane (alone or in combination therapy)
can be administered by following a metronomic dosing
regime described herein. [0105] Exemplary dosing
regimes for the combination therapy of nanoparticle
composition (such as paclitaxel/albumin nanoparticle
composition, for example Abraxane(tm)) and other
agents include, but are not limited to, 125 mg/m2
weekly, two out of three weeks, plus 825 mg/m2
Xeloda(r), daily; 260 mg/m2 once every two weeks, plus
60 mg/m adriamycin and 600 mg/m cyclophosphamide, once
every two weeks; 220-340 mg/m2 once every three weeks,
plus carboplatin, AUC=6, once every three weeks;
100-150 mg/m2 weekly, plus carboplatin, AUC=6, once
every three weeks; 175 mg/m2 once every two weeks,
plus 2000 mg/m2 gemcitabine and 50 mg/m2 epirubicin,
once every two weeks; and 75 mg/m2 weekly, three out
of four weeks, plus carboplatin, AUC=2, weekly, three
out of four weeks. [0106] In some embodiments, the
nanoparticle composition of the taxane and the
chemotherapeutic agent is administered according to
any of the dosing regimes described in Table 1. [0107]
In some embodiments, there is provided a method of
treating breast cancer in an individual comprising
administering to the individual: a) an effective
amount of a composition comprising nanoparticles
comprising a taxane (such as paclitaxel) and an
albumin, and b) an effective amount of at least one
other chemotherapeutic agent as provided in Rows 1 to
35 in Table 1. In some embodiments, the administration
of the nanoparticle composition and the
chemotherapeutic agent may be any of the dosing
regimes as indicated in Rows 1 to 35 in Table 1. In
some embodiments, there is provided a method of
treating metastatic breast cancer in an individual
comprising administering to the individual: a) an
effective amount of a composition comprising
nanoparticles comprising a taxane (such as paclitaxel)
and an albumin, and b) an effective amount of at least
one otherchemotherapeutic agent as provided in Rows 2,
4-8, and 10-15 in Table 1. In some embodiments, the
administration of the nanoparticle composition and the
chemotherapeutic agent may be any of the dosing
regimes as indicated in Rows 2, 4-8, and 10-15 in
Table 1. [0108] In some embodiments, there is provided
a method of treating advanced breast cancer in an
individual comprising administering to the individual:
a) an effective amount of a composition comprising
nanoparticles comprising a taxane (such as paclitaxel)
and an albumin, and b) an effective amount of at least
one other chemotherapeutic agent as provided in Rows 1
and 16 in Table 1. In some embodiments, the
administration of the nanoparticle composition and the
chemotherapeutic agent may be any of the dosing
regimes as indicated in Rows 1 and 16 in Table 1. In
some embodiments, there is provided a method of
treating stage IV breast cancer in an individual
comprising administering to the individual: a) an
effective amount of a composition comprising
nanoparticles comprising a taxane (such as paclitaxel)
and an albumin, and b) an effective amount of at least
one other chemotherapeutic agent as provided in Row 3
in Table 1. In some embodiments, the administration of
the nanoparticle composition and the chemotherapeutic
agent may be the dosing regime as indicated in Row 3
in Table 1. [0109] In some embodiments, there is
provided a method of treating breast cancer in an
individual in an adjuvant setting comprising
administering to the individual: a) an effective
amount of a composition comprising nanoparticles
comprising a taxane (such as paclitaxel) and an
albumin, and b) an effective amount of at least one
other chemotherapeutic agent as provided in Rows 18 to
24 in Table 1. In some embodiments, the administration
of the nanoparticle composition and the
chemotherapeutic agent maybe any of the dosing regimes
as indicated in Rows 18 to 24 in Table 1. [0110] In
some embodiments, there is provided a method of
treating breast cancer in an individual in a
neoadjuvant setting comprising administering to the
individual: a) an effective amount of a composition
comprising nanoparticles comprising a taxane (such as
paclitaxel) and an albumin, andb) an effective amount
of at least one other chemotherapeutic agent as
provided in Rows 25 to 35 in Table 1. In some
embodiments, the administration of the nanoparticle
composition and the chemotherapeutic agent maybe any
of the dosing regimes as indicated in Rows 25 to 35 in
Table 1. [0111] In some embodiments, there is provided
a method of treating lung cancer in an individual
comprising administering to the individual: a) an
effective amount of a composition comprising
nanoparticles comprising a taxane (such as paclitaxel)
and an albumin, and b) an effective amount of at least
one other chemotherapeutic agent asprovided in Rows 36
to 48 in Table 1. In some embodiments, the
administration of the nanoparticle composition and the
chemotherapeutic agent may be any of the dosing
regimes as indicated in Rows 36 to 48 in Table 1.
[0112] In some embodiments, there is provided a method
of treating NSCLC (including advanced NSCLC and first
line NSCLC) in an individual comprising administering
to the individual: a) an effective amount of a
composition comprising nanoparticles comprising a
taxane (such as paclitaxel) and an albumin, and b) an
effective amount of at least one other
chemotherapeutic agent as provided in Rows 36-40 and
42-43 in Table 1. In some embodiments, the
administration of the nanoparticle composition and the
chemotherapeutic agent may be any of the dosing
regimes as indicated in Rows 36-40 and 42-43 in Table
1. In some embodiments, there is provided a method of
treating advanced solid tumor malignancy in the lung
in an individual comprising administering to the
individual: a) an effective amount of a composition
comprising nanoparticles comprising a taxane (such as
paclitaxel) and an albumin, and b) an effective amount
of at least one other chemotherapeutic agent as
provided in Row 4 1 in Table 1. In some embodiments,
the administration of the nanoparticle composition and
the chemotherapeutic agent may be the dosing regimes
as indicated in Row 4 1 in Table 1. In some
embodiments, there is provided a method of treating
SCLC in an individual comprising administering to the
individual: a) an effective amount of a composition
comprising nanoparticles comprising a taxane (such as
paclitaxel) and an albumin, and b) an effective amount
of at least one other chemotherapeutic agent as
provided in Row 48 in Table 1. In some embodiments,
the administration of the nanoparticle composition and
the chemotherapeutic agent may be the dosing regimes
as indicated in Row 48 in Table 1. [0113] In some
embodiments, there is provided a method of treating
ovarian cancer in an individual comprising
administering to the individual: a) an effective
amount of a composition comprising nanoparticles
comprising a taxane (such as paclitaxel) and an
albumin, and b) an effective amount of at least one
other chemotherapeutic agent as provided in Rows 49 to
52 in Table 1. In some embodiments, the administration
of the nanoparticle composition and the
chemotherapeutic agent may be any of the dosing
regimes as indicated in Rows 49 to 52 in Table 1.
[0114] In some embodiments, there is provided a method
of treating head and neck cancer in an individual
comprising administering to the individual: a) an
effective amount of a composition comprising
nanoparticles comprising a taxane (such as paclitaxel)
and an albumin, and b) an effective amount of at least
one other chemotherapeutic agent asprovided in Rows 53
to 55 in Table 1. In some embodiments, the
administration of the nanoparticle composition and the
chemotherapeutic agent may be any of the dosing
regimes as indicated in Rows 53 to 55 in Table 1.
[0115] In some embodiments, there is provided a method
of treating solid tumor (including advanced solid
tumor) in an individual comprising administering to
the individual: a) an effective amount of a
composition comprising nanoparticles comprising a
taxane (such as paclitaxel) and an albumin, and b) an
effective amount of at least one other
chemotherapeutic agent as provided in Rows 56 to 59 in
Table 1. hi some embodiments, the administration of
the nanoparticle composition and the chemotherapeutic
agent may be any of the dosing regimes as indicated in
Rows 56 to 59 in Table 1. [0116] In some embodiments,
there is provided a method of treating melanoma
(including metastatic melanoma) in an individual
comprising administering to the individual: a) an
effective amount of a composition comprising
nanoparticles comprising a taxane (such as paclitaxel)
and an albumin, and b) an effective amount of at least
one other chemotherapeutic agent as provided in Rows
60-63 in Table 1. In some embodiments, the
administration of the nanoparticle composition and the
chemotherapeutic agent may be any of the dosing
regimes as indicated in Rows 60 to 63 in Table 1.
[0117] In some embodiments, there is provided a method
of treating metastatic colorectal cancer in an
individual comprising administering to the individual:
a) an effective amount of a composition comprising
nanoparticles comprising a taxane (such as paclitaxel)
and an albumin, and b) an effective amount of at least
one other chemotherapeutic agent as provided in Row 64
in Table 1. In some embodiments, the administration of
the nanoparticle composition and the chemotherapeutic
agent may be the dosing regime as indicated in Row 64
in Table 1. [0118] In some embodiments, there is
provided a method of treating pancreatic cancer in an
individual comprising administering to the individual:
a) an effective amount of a composition comprising
nanoparticles comprising a taxane (such as paclitaxel)
and an albumin, and b) an effective amount of at least
one other chemotherapeutic agent as provided in Rows
65 to 66 in Table 1. In some embodiments, the
administration of the nanoparticle composition and the
chemotherapeutic agent may be any of the dosing
regimes as indicated in Rows 65 to 66 in Table 1.
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60/457,273, filed March 25, 2003. [0004] U.S.
provisional application No. 60/475,374 filed June 3,
2003. [0005] U.S. provisional application No.
60/475,283, filed June 3, 2003.[0006] U.S. provisional
application No. 60/475,307 filed June 3, 2003. [0007]
PCT application No. US2005/025330, filed July 15, 2005
which claims priority to U.S. patent application
10/897,192, filed July 21, 2004. [0008] U.S.
provisional application No. 60/486,306, filed April
28, 2003. [0009] U.S. provisional application No.
60/567,893, filed May 3, 2004. FIELD BACKGROUND [0010]
CMP utilizes a slurry, referred to as a reactive
liquid medium, in conjunction with a polishing pad to
provide the chemical and mechanical action for removal
of material from the substrate surface during the
planarization process. For example, one area of use
for CMP is for the planarization of individual layers
(dielectric or metal layers) during integrated circuit
(IC) fabrication on a semiconductor substrate. CMP
removes undesirable topographical features of the IC
layers, such as excess metal deposits subsequent to
damascene processes, removal of excess oxide from
shallow trench isolation (STI) steps, or planarizing
inter-level dielectric (ILD) and inter-metal
dielectric (IMD) layers. The main purpose of CMP used
in IC fabrication is to maintain planarity at each
step of depositing and photo-lithographically imaging
sequential dielectric and metal layers. [0011] During
the CMP process, the chemical interaction of the
slurry with the substrate forms a chemically modified
layer at the polishing surface. Simultaneously,
abrasives in the slurry mechanically interact with
chemically modified surface layers resulting in
material removal. Polishing pads are typically made of
a rigid, micro-porous polymeric material, such as
polyurethane, and perform several functions including
providing uniform slurry transport, distribution and
removal of the reacted products, and uniform
distribution of applied pressure across the wafer. At
the nano to micron-scale, the interaction of the pad
and slurry in the formation and removal of the thin
surface layer determine the removal rate (RR), surface
planarity, surface non-uniformities, surface defects,
and selectivity of material removal. In that regard,
the pad local material/tribological/mechanical
properties are critical to both local and global
planarization during the CMP process.[0012] As
previously mentioned, one area of use of CMP is for
the semiconductor industry, where CMP is used in
different process steps. The current art of CMP pads,
which are both open-pore and closed-pore polymeric
pads, are not tailored to achieve customized
tribological, chemical and frictional characteristics.
Although, such pads maybe suitable for the processing
of conventional ICs, for the new and evolving sub-90
nm CMOS technologies, high yields are not obtained
with these pads. These challenges result from
increased complexities in design [i.e. system on a
chip (SOC)], and process [i.e. silicon on insulator
(SOI)], as well as differences and changes in
materials [i.e. STI; copper and low k dielectrics],
variation in chip pattern density, and increased chip
size. The impact of these challenges related to the
processing of sub-90 nm technologies is that chip
yields, device performance, and device reliability
have deteriorated significantly. [0013] A typical CMP
process would be able to remove excess dielectric
during the semiconductor fabrication process. With
complexities in design, the first dimension which gets
affected is the increase in the number of material
being polished simultaneously. For example, both STI,
and copper CMP (Cu CMP) represent challenges of the
CMP of dissimilar materials. During STI CMP, dishing
of oxide, and erosion of nitride are typically
observed, where the differences in materials demand a
CMP process with selectivity for removal rate (RR) of
such materials. Similarly, for the Cu CMP of the
evolving sub 90 nm technologies, dishing occurs when
copper is unevenly removed through mechanical action,
such as pad flexing and abrasive gouging, while
erosion creates surface anomalies due to localized
excessive removal of dielectric. A high degree of
planarization is compromised by excessive dishing and
erosion, which causes difficulties in meeting
resistance specifications across different pattern
densities. Presently, the problem of feature loss due
to loss of planarization resulting from dishing and
erosion accounts for over 50% of yield loss for the
sub 90 nm technologies. Dishing and erosion are
impacted by pad properties, such as hardness,
toughness, and porosity. [0014] As another example,
variation of pattern density presents challenges for
the CMP of ICs. For example, pattern density is
correlated with chip size, so that a lower pattern
density is correlated with smaller chip size, and
conversely, a higher pattern density exists for larger
chip size. It is desired to vary pad features, such as
hardness, surface architecture, and surface texturing,
as a function of variation of pattern density. Further
complexities arise since thepattern densities within a
single chip typically vary as well. The polishing
parameters such as removal rate are dependent on the
chip pattern density. SUMMARY [0015] Given the
numerous variables in IC fabrication, such as IC
design, material differences, and pattern density,
there is a need in the art for polishing pads which
can systematically address these issues to achieve
high quality of polishing taking into consideration
the various eventual outputs of a polishing process.
Such avenues of customized polishing methods require
various techniques of pad engineering. Considering
size scales, pad engineering can be viewed as a
customization process at the nano-micron length scale
as well as macro length scales (macro length scale is
on the order of approximately 1 cm). For example, at
the nano-length scale it can be desirable to have a
tailored pad nano-structure (i.e. distribution, size ,
and type of hard domains throughout the pad). At the
macro-length scale, several opportunities for
engineering exist. CMP pads can be designed and
fabricated so that there is spatial distribution of
chemical and physical properties of the pads that are
customized for performance suited to a specific type
of substrate. In this regard, in can be desirable to
have polishing pads in which properties, such as
material type, as well as physical properties, such as
hardness, porosity, toughness, and compressibility are
selectively designed before fabrication. In can also
desirable to include add features to pad. One feature
is the surface engineering of pads through the
additional of solid lubricants within the body of the
pad. Another feature is the control of the porosity
through out the pad, through the use of different
amounts and sizes of porosity agents as well as
manufacture processing temperatures. Another feature
is functionally grading the pad by adjusting the
polymeric composition of the pad in different regions
along the polishing surface. Another feature is the
manufacture of low shear pads, in which interfaces are
deliberately added within the pad body. Another
feature is the addition of embedded abrasive in pads
by distributing selected abrasives within the pads.
Another feature is the manufacture of in situ grooves
on the polishing surface to optimize slurry transport.
Another feature is the manufacture of an optically
transparent region in the pad for endpoint detection.
Various customized polishing pads disclosed herein
address the need in the art for such pads having
customized design, as well as fabrication control in
implementing such customized design. Such customized
design andfabrication control produce a single unified
pad thereby specifically suited to provide superior
performance of CMP of the targeted substrate. [0016]
In general, for CMP, uniformity of pad properties,
such as pad modulus, pore size distribution and the
chemical structure of the material are known to be
critical for stable operation in the boundary
lubrication regime. Design methods through which these
fundamental pad properties are obtained, as well as
customized polishing requirements like low COF are
described. [0017] Pads having one or any combination
of the following characteristics are described: 1) Pad
Micro-Structure [0018] The choice of pad
micro-structure can have a impact on the polishing
properties. Several polymers have been used in the
past as polishing pad materials, which include
polyolefins, polyurethanes and polycarbonates. Amongst
all polymers, urethanes are used most commonly to make
CMP pads. In the present invention, the pad
micro-structure has been controlled through selection
of appropriate polymeric components. An isocyanate
prepolymer is first synthesized or commercially
obtained. The isocyanate prepolymer is then reacted in
with a mixture of polyamine and polyol chain extenders
and polyamine and polyol curatives to complete the 



polymer formation. As a result, a uniform spatial
distribution of alternating hard and soft domains with
a long range order is obtained at the nano-micron
length scale. Such a pad microstructure can allow for
a flat and extended Stribeck curve. Further, such pad
structure can allow for superior control of
tribological, thermal and optical properties.
Accordingly, these properties can also be spatially
distributed to achieve customized polishing
functionality. [0019] As a result of this polymeric
formulation several properties of the polymer pad,
such as the storage modulus (E') of the polymer, loss
modulus (E") of the polymer can be increased while the
glass transition temperature (Tg) of the pad polymer,
the ratio (tand) of E" to E' of the pad, KEL
(tand*1012(E'(l+tan 2d))), surface tension,
compressibility, thermal transient, DE' as a function
of temperature, and the compressibility can be
decreased and the surface tension can be modulated. 2)
Controlled porosity[0020] Control of pad porosity;
i.e. in controlling the size, density, and shape of
pores can have an impact on factors such as the slurry
transport, microtexture and abrasive distribution,
which in turn can have impact on key metrics of
uniform performance of CMP, such as removal rate (RR),
and the number of within wafer non-uniformities
(WIWNU). Additionally, it is further observed that
pads fabricated without control of porosity can cause
a non-uniform shear force on the substrate from
different regions of the pad, and therefore a
non-uniform COF over the entire process range. The
non-uniformity of shear force has an impact on two
additional metrics of CMP performance, planarity and
defectivity. [0021] Various customized polishing pads
disclosed herein can be fabricated so that the
porosity formed in the subject pads is highly
controlled with respect to porosity, i.e. pore size
and shape and pore density, and the distribution of
porosity. 3) Functional Grading of mechanical
properties [0022] Function grading of materials refers
to different regions of polymeric material along the
polishing surface which may or may not be radially
symmetric. Functional grading of pad mechanical
properties can be used to modulate pad tribology and
polishing properties in a pre defined systematic
manner and can lead to an increase in the
planarization length and efficiency. Functional
grading can also be useful for overcoming outer edge
yield loss during CMP. One reason for outer edge yield
loss is the uneven distribution of pressure as seen by
the wafer during the polishing process. The uneven
distribution of pressure from the center to the edge
is inherent to the way the wafer is mounted on the
polishing head. Reduction in the outer edge yield and
a decrease in the number of defects can be achieved if
radially symmetric functional grading isused to
compensate for the uneven pressure distribution.
Functional grading of mechanical properties (hardness,
compressibility, pore size and distribution) can be
used to compensate for any non-uniformity in pressure
distribution. 4) Surface-Engineering [0023]
Surface-engineering of pads is achieved through the
addition of solid lubricants and/or polymeric
lubricants within the pad. Such methods of
surface-engineering through lubricant addition can be
used effectively to reduce the coefficient of friction
while maintaining the desired removal rate. These pads
can be used for most polishing applications, since a
lower COFcan be desirable for most applications. In
particular, these surface engineered pads can be used
for all the processing steps in copper CMP, which
include the bulk, the soft landing and the barrier
removal steps, eliminating the need for three
different pads for each of the processing steps. 5)
Low-shear integral pads [0024] Low-shear integral pads
have at least one interface which can be parallel to
the polishing surface. This interface can be
selectively formed in situ between materials having
either the same or different properties and can lead
to a reduction of the shear force at the pad/substrate
boundary. Reduction of shear force allows for the
reduction of COF during polishing while maintaining
the desired removal rate. A schematic of a low-shear
pad is shown in Figure 11 which shows an interface
parallel to the polishing surface. 6) Embedded
abrasive pad [0025] Embedded abrasive pads may be made
by incorporating abrasives within a pad during pad
manufacture by techniques such as liquid
casting/molding, injection molding, sintering and
others. The embedded abrasive pads can have the
advantage of eliminating the need for the addition of
abrasives to the slurry, by providing these abrasives
through the pad composition. Embedded abrasive pads
can comprise individual abrasive particles and also
block copolymers, where the block copolymer has a
differing constituent abrasive polymeric composition
in the block copolymer over distance. 7) In situ
grooved pads [0026] In general, the methods for
producing in-situ grooves comprise the steps of
patterning a silicone lining, placing the silicone
lining in, or on, a mold, adding CMP pad material to
the silicone lining, and allowing the CMP pad to
solidify. In some variations, the silicone lining can
be made from a silicone elastomer, and in some
variations, patterning the silicone lining comprises
the step of patterning the silicone lining using
lithography or embossing. The methods of producing
in-situ grooves may further comprise the step of
adhering the silicone lining to the mold, for example,
using glue, tape, clamps, pressure fitting techniques,
or mixtures thereof.[0027] In some variations, the
mold is metallic. For example, the mold may be made
from a material selected from the group consisting of
aluminum, steel, ultramold material, and mixtures
thereof. In some variations, the mold is patterned, in
addition to the patterning of the silicone lining
(i.e, a combination of patterning is used). In some
variations, the CMP pad material comprises a
thermoplastic materi al hi other variations, the CMP
pad material comprises a thermoset material. In some
variations, the CMP pad material is polyurethane.
[0028] CMP pads comprising novel groove designs are
also described. For example, described here are CMP
pads comprising reverse logarithmic grooves,
concentric circular grooves and axially curved
grooves. In one variation, the axially curved grooves
are discontinuous. The concentric circular grooves and
the axially curved grooves may also intersect. [0029]
The grooves produced therein may be made by a method
from the group consisting of silicone lined molding,
laser writing, water jet cutting, 3-D printing, thermo
forming, vacuum forming, micro-contact printing, hot
stamping, and mixtures thereof. 8) Pads with a
transparent window for endpoint detection [0030]
Polishing pads are provided comprising a transparent
region and methods of manufacturing such pads. The
pads are useful in methods of detecting the end point
of a substrate polishing process, such as a CMP
process, wherein optical measurements are used to
assess the surface of the substrate. Such optical
measurements can measure the light transmitted through
the polishing pad, either from a light source to the
substrate surface or to the slurry below the substrate
surface, or from the substrate surface or from the
slurry below the substrate surface to a detector, or
both. As such, the transparent region of the polishing
pad is sufficiently transparent over a spectrum or a
wavelength of light. Preferably it is sufficiently
transparent to at least one or more wavelengths of
light from the ultraviolet, visible and infrared
spectra, such as from 100 nm to 1,000 ran. The
transparent region need not be transparent across the
entire spectra, but could be transparent to one or
more wavelengths within such a broad spectra. [0031]
Optical transparency is achieved by reducing
scattering centers through reduction of porous
elements. In one instance, the polishing pad comprises
a polymer having a transparent region that lacks pores
so as to be sufficiently transparent to a desired
wavelength or wavelengths of light and a microporous
region that is sufficiently less transparent to a
desiredwavelength or wavelengths of light than the
transparent region. The less transparent region is
sufficiently porous such that it has a desired
compressibility or hardness. [0032] In one instance,
the transparent region is sufficiently transparent to
light comprising wavelengths within the range of about
100 to 1,000 nm, also about 200 to 800 nm, or about
250 to 700 nm. In one instance, the sufficiently less
transparent region comprises the same materials as the
transparent region wherein the less transparent has a
higher porosity than the transparent region. In one
instance, the transparent region comprises a first
polymer and sufficiently lacks pores and the less
transparent region comprises a second polymer and is
substantially microporous. In one instance, a
transparent region comprising a first polymer and
sufficiently lacking pores is surrounded by a less
transparent region comprising a second polymer that is
substantially microporous. In one instance, the first
and second polymers are the same polymer. In one
instance, the pore density of the less transparent
region gradually increases as the distance from the
transparent region increases up to a maximum pore
density for the pad. In this instance, most of the pad
is at or near the maximum pore density, where
noticeable variation in the pore density may be found
around the transparent region, such as within about 2
cm, also within about 1 cm of any boundary of the
transparent region. In one instance the pore structure
is formed using one or more pore forming agents
selected from the group consisting of an inorganic
salt, a foaming agent, a supercritical fluid, a
chemical blowing agent, a micelle, a block copolymer,
a porogen material and a microballoon DESCRIPTION OF
THE DRAWINGS [0033] Figure IA and IB is a exemplary
deposition layer formed on an underlying layer. [0034]
Figure 2A and 2B depict dishing and erosion in a metal
deposited within a trench in a dielectric layer.
[0035] Figure 3 is a schematic of the elements of a
CMP apparatus. [0036] Figure 4 is an example of a
Stribeck Curve. [0037] Figure 5 is an example of a
Prestonian plot.[0038] Figure 6 is a schematic of how
the pore-forming material or agent can be used to
create uniform pore size, pore density, and
distribution in a matrix. [0039] Figure 7 is a
schematic of discontinuous radially symmetric
functionally graded pad. [0040] Figure 8 is a
schematic of combining porosity with a functionally
graded pad. [0041] Figure 9 is a schematic of a
non-radially symmetric functionally graded pad. [0042]
Figure 10 is a schematic of continuous radially
symmetric functionally graded pad. [0043] Figure 1IA-B
is a schematic of low shear integral pad having one
(A) or multiple (B) interfaces, with grooves on the
surface. [0044] Figure 12 depicts effect of an
interface as a stress sink for CMP. [0045] Figure 13
depicts the stress-strain characteristics of
polycrystalline copper. [0046] Figure 14A-B depicts a
wafer pressure profile for nongrooved (14A) and
grooved (14B) pads. [0047] Figure 15 provides a
cross-sectional view of an illustrative silicone lined
mold. [0048] Figures 16A-16C depict novel groove
designs for 20(16A), 24(16B), and 30(16C) inch pads.
[0049] Figure 17 is a schematic of examples of
possible geometries for the transparent region. [0050]
Figure 18 shows a transparent base with less
transparent grooves. [0051] Figures 19 and 20
demonstrate examples where the window is the same
thickness as the remainder of the pad (19), or is
thinner than the remainder of the pad (20). [0052]
Figure 2 1 is a schematic of a manufacture process
which can be used to make transparent regions in a CMP
pad. [0053] Figure 22 is an example of compensation
grading to nullify any adverse effects due to the
changed hardness in the transparent region.[0054]
Figure 23 is a picture of a transparent pad. [0055]
Figure 24 is a schematic of the multiple steps in
copper CMP. [0056] Figure 25 is a thermal transient
comparing two commercial pads and three novel Neopad
pads. [0057] Figures 26a-26d are prestonian plots for
two customized pads (26a-26b) and two commercial pads
(26c-26d). [0058] Figures 27a-27d are Stribeck curves
for two customized pads (27a-27b) and two commercial
pads (27c-27d). [0059] Figure 28A-28B shows the die
measurement plan where 9 dies are chosen per wafer
measurement (28A) and depicts the structural elements
within each of the individual dies (28B). [0060]
Figure 29 compares the oxide thickness as a function
of the layout pattern density within one dies for
three polishing times (30s, 60s, and 120s) for
commercial pads, as a function of pressure and
velocity. [0061] Figure 30 compares the oxide
thickness as a function of the layout pattern density
within all 9 dies in Figure 28A for three polishing
times (30s, 60s, and 120s), for commercial pads.
[0062] Figure 31 compares the oxide thickness as a
function of the layout pattern density within one dies
for three polishing times (30s, 60s, and 120s) for
customized pads, as a function of pressure and
velocity. [0063] Figure 32 compares the oxide
thickness as a function of the layout pattern density
within all 9 dies in Figure 28A for three polishing
times (30s, 60s, and 120s), for customized pads.
[0064] Figure 33 depicts XRD data. [0065] Figure 34
compares the lattice constants generated from the XRD
data are compared for the unprocessed wafer (BULK).
[0066] Figure 35 compares the full width at half
maximum height (FWHM) of the 222 peak is compared for
the unprocessed wafer (BULK).[0067] Figure 36 depicts
the Stribeck curve data, and the Prestonian plot for
two subject pads used for copper CMP having solid
lubricants and are not a low shear integral pads.
[0068] Figure 37 depicts pad break in analysis for a
Neopad and commercial pad. [0069] Figure 38 depicts
temporal process stability analyses for commercial pad
A and novel pad C. [0070] Figure 39 depicts Stribeck
curves for two commercially available pads and novel
pad C. [0071] Figure 40a-40b depicts copper dishing
(40a) and copper erosion (40b) results. [0072] Figures
41a-41c compare polishing performance of a commercial
one layer pad with a sub-surface engineered pad, a
subsurface engineered and low shear integral pad, and
a low shear integral pad for polishing oxide (41a),
for polishing nitride (41b), and for selectively
removing nitride and oxide (41c). [0073] Figures
42a-42c compare polishing performance of a commercial
one layer pad with a sub-surface engineered pad, a
subsurface engineered and low shear integral pad, and
a low shear integral pad for polishing oxide (42a),
for polishing nitride (42b), and for selectively
removing nitride and oxide (42c). DETAILED DESCRIPTION
[0074] Various polishing pads disclosed herein are
pads in which certain aspects of the substrate to be
polished including (but not limited to) the structure,
material, and characteristics of the substrate have
been taken into consideration in the customized design
of the polishing pad. Pads are then fabricated using
fabrication means that control the properties of the
pad according to the customized design, producing
single unified customized pads thereby. [0075] What is
meant by substrate is any material or device for which
a polishing process such as CMP is indicated. In this
regard, various customized polishing pads described
herein may be useful for processing various types of
substrates, including (but not limited to): 1.)
Wafers, such as silicon, quartz, silicon carbide,
gallium arsenide, and germanium, 2.) Layers deposited
or grown on wafers formed in semiconductor processing,
such as reducing topography across adielectric region,
clearing oxide in an aluminum technology damascene
process, clearing metal deposits (copper and tantalum
barriers) in dual damascene processes, producing
uniform FinFet structures, producing SoC devices, or
removing excess oxide in STI steps. 3.) Rigid disks
used for storage media, such as nickel plated
aluminum, glass, and other magnetic materials
typically used in storage media. 4.) Optical devices
used for the internet and digital optical networks,
such as fiber optic cables and optical interconnects.
5.) Materials, such as metallurgical materials,
ceramics, inorganics, polymers, epoxy based carbon
fiber composites and nano-composite substrates, and
the like. 6.) Micro- and nano- structures and devices
created in numerous materials using micromachining
techniques, such as lithographic techniques, laser
ablation, hot embossing, and micromolding, etc. In
short, various subject customized polishing pads are
useful for a variety of materials, devices and systems
where the requirements of surfaces are precision in
finish, evenness, flatness and less defectivity.
[0076] It is contemplated that various subject
customized polishing pads disclosed herein may be
customized for use in the semiconductor industry for
the CMP of integrated circuits (ICs) on a wafer
substrate. For such a use, a polishing pad for CMP of
an IC structure is customized by obtaining one or more
characteristics of the IC structure on the substrate,
such as the IC size, pattern density, IC architecture,
film material, film topography, and the like. Based on
the one or more characteristics of the IC structure
pad properties, such as pad nano-structure with long
range and short range order, pad material type,
hardness, porosity, toughness, compressibility,
surface architecture, surface texturing, the addition
of lubricants, the formation of interfaces within the
pad and the addition of abrasives, of the pad is
selected. Such custom design and in situ fabrication
of a single unified pad can lead to desired uniform
performance for the CMP processing of ICs. [0077] What
is meant by uniform performance of the CMP process for
ICs has to do with a number of criteria that can be
used to assess the quality of the process including,
but are not limited to, maintaining a removal rate
which is Prestonian, having a coefficient of friction
which is constant in the boundary lubrication regime,
and maintaining uniform polishing performance across
different regions of the substrate. One criterion of
polishing performance is removal rate (RR). As will be
discussed in more detail subsequently, removal rate is
affected by a number of apparatus and consumable
parameters. Examples of pad properties, such as
compressibility,porosity, and surface texture, may
impact slurry transport, for example, which in turn
may impacts RR. Another criterion of polishing
performance is substrate planarity, so that
occurrences of dishing and erosion, such as of
dielectric materials in an STI stack or of a
dielectric material during a copper polishing process,
are minimized or eliminated. Pad hardness, toughness,
and porosity, are examples of pad properties that have
an impact on substrate planarity. It has been observed
that pads which have controlled porosity, i.e.
controlled size and density of pores and distribution
of porosity, can better planarize the substrate. The
number of substrate non-uniformities (NUs), such as
scratches and chips, is still another criterion of
polishing performance. Examples of pad properties that
impact the number of NUs include hardness, and surface
texture, which impacts slurry transport. Finally,
defectivity is yet another criterion by which the
polishing process is evaluated. The CMP process is
harsh, both chemically and mechanically, and
stress-induced defects in ICs reduce device yield. An
example of a pad property that affects defectivity is
pad hardness. A harder pad may yield good planarity at
the expense of increased defectivity. A lack of
control in any of the above mentioned pad properties
can affect the pad performance, For example, lack of
control of pad porosity may result in non-uniform
shear force across the polishing surface, and
therefore non-uniform COF, which may result in
increased defectivity. Further, lack of control of
other pad parameters can lead to degradation in pad
performance in a manner similar to the pad performance
issues caused by lack of porosity control. The
criteria of polishing performance, RR, substrate
planarity, incidence of NUs, and defects are examples
of criteria that impact the cost of ownership of CMP
processes. [0078] Several variables of the IC design
have an impact on pad design and on polishing
performance. One such a variable can be the pattern
density of an IC. The pattern density can have an
affect on the film removal amount, and therefore the
uniformity within an IC and across a wafer. In Figure
1 an IC 10 being fabricated has underlying features
12, such as metal lines, which can create high regions
16 and low regions 18 in the topography of the
deposited film 14. In particular, the topography is
strongly dependent on pattern density in copper based
dual damascene structures because of the nature of
electroplating in trenches that have different widths
across a chip and the chemistry associated with the
additives used in the electroplating process. In
general, high regions 16 in the topography polish
faster than the low regions 18. As depicted in Figure
IA, an initial step height 20 is associated with
deposited film 14 beforepolishing. As depicted in
Figure IB, a final step height 22 is associated with
deposited film 14 after polishing. The differential
removal rate for high regions 16 and low regions 18,
indicated by the difference in initial step height 20
and final step height 22, is a figure of merit for
planarization. The larger this difference, the better
the planarity after the CMP process. [0079] Another
example of a variable in IC fabrication that has an
impact on uniform polishing performance within an IC
and across the wafer is the film material. In
particular, dishing and erosion can occur in a CMP
process involving multiple film materials, due to the
fact that different materials frequently have
different polishing rates. In Figure 2A is a schematic
of an IC being fabricated 30, which has a metal line
32 deposited within a trench in a dielectric layer 34.
In Figure 2B, dishing of metal line 32 is depicted as
a deviation in height 36 of metal line 32 from
planarity with dielectric layer 34. Also, erosion of
dielectric layer 34 is depicted as a deviation in
height 38 of dielectric layer 34 from its intended
height. Dishing and erosion can exist in shallow
trench isolation (STI), tungsten plug, and dual
damascene process for copper based interconnects. When
copper is used, an additional film material is used as
a barrier layer between the copper and the dielectric
material. [0080] A property of the pads which can be
selected for is the porosity (i.e. pore size and
density). The typical pore density is between about
5-20% of the polishing pad. Zero pore density i.e.
nonporous pad may not allow for a uniform slurry flow
and therefore leads to problems in removal rate
uniformity. Pore size is usually a good indicator of
pad performance. Approx. 40 microns can be the desired
size for good pad performance. If slurry reduction is
not a big concern, then higher pore size, such as 80
micron, may be used. A higher pore size will provide
more uniform removal rate while a lower pore size can
be used when the slurry flow rate reduction is
required. [0081] Yet another property of the pad that
can be selected based on IC size is pad surface
architecture, such as grooving, and surface texturing,
or asperity. In particular, a higher degree of
asperity may be used for larger IC size and higher
density than for smaller IC size and density. While
many of these determinations can be made based on
knowledge of IC sizes, pattern densities, and the
materials being polished, for sub 90nm technologies
these determinations become extremely complex. It
should also be noted that a pattern density of
lessthan about 30% is typical for smaller IC size,
while a pattern density of about 50% is typical for
larger IC size. Therefore, a higher pattern density is
correlated with a larger IC size. [0082] Within the
field of CMP, a domain which may be described as "pad
engineering" has been explored to a very limited
extent. Pad engineering, in general terms, can be
described as the use of fundamental materials along
with scientific concepts, both at the nano and micron
length scale as well as the macro, 1 cm and above,
length scale to selectively control and individually
tune the various aspects of the polishing process; for
example control of lubricity, uniformity in removal
rate, thermal behavior and stress control.
Conventional open-pore and closed-pore polymeric pads
used in the industry today have several limitations
with the limitations becoming prominent at the lower
technology nodes. Several of these limitations may be
overcome by novel "pad engineering" methods. Multiple
pad engineering inventive designs are disclosed:
molecular engineering of pad micro-structure,
functional grading of pads, surface engineering in
pads design, through the addition of solid lubricants,
manufacture of low shear integral pads have multiple
polymeric layers which form an interface within the
pad parallel to the polishing surface which can have
the effect of reducing the shear on a substrate being
polished, embedded abrasive pads, in situ grooved
pads, and pads containing transparent regions for
endpoint detection. [0083] In Figure 3, a generalized
depiction of key elements of a CMP apparatus 50 is
shown. The slurry 52 is typically dispensed via a
slurry dispenser 54 onto the polishing pad 56, as
shown in Figure 3. Alternatively, the slurry 52 may be
delivered from the bottom of the pad to the surface of
the pad there through. The polishing pad 56 is mounted
on a rotateable platen 58, from which a rotateable
platen shaft 60 extends. The substrate 66 is held by a
substrate chuck 62, from which a substrate chuck shaft
64 extends. The arrows show the direction of vector
forces which act to rotate the polishing pad 56 and
the substrate chuck 62, and hence the substrate (not
shown). A down force is controllably applied to the
substrate chuck 62 via the substrate chuck shaft 64,
providing controllable contact between the polishing
pad 56 and the substrate 66. [0084] To understand some
of the factors affecting CMP processing, an
understanding of Figure 4 the Stribeck curve is
useful. The Stribeck curve displays the relationship
of the coefficient of friction (COF) vs. the
Sommerfeld number (So) where the COF and So are given
by.COF = Fshear/Fnormal (1) where FShear is the shear
force; Fpormai is the normal force So [=mV/(p deff)]
(2) where m = slurry viscosity, V= the relative
pad-wafer velocity, p pressure; and d eff = aRa+[l- a]
dgroove where Ra = average pad roughness, dgroove pad
groove depth, and a, a scaling factor, is given b y
~Aup-features' Aflat pad where A is the corresponding
area. [0085] There are three regions indicated on the
generalized Stribeck-curve shown in Figure 4 In the
region indicated as "boundary lubrication", both the
polishing pad and the substrate are in intimate
contact with slurry abrasive particles, and COF
remains constant with increasing values of So. In this
regime larger values of both the COF and removal rate
(RR) are obtained. Such constancy is desirable for
process stability. Any drift in the boundary
lubrication regime is a result of variability in
wafer/slurry/pad interface during the CMP process. In
the partial lubrication regime, the substrate and pad
are separated by a fluid film layer that has a
thickness approximately the roughness of the pad.
Since RRs are lower in this regime than in the
boundary 



lubrication regime, pad life is increased in the
partial lubrication regime. However, the rate of
change of the negative slope indicates for the partial
lubrication regime there is less stability, control,
and predictability than in the boundary lubrication
regime. In the hydrodynamic lubrication regime, an
even larger fluid layer results in even lower RRs.
[0086] In Figure 5, an idealized Prestonian plot is
shown, where the removal rate (RR) is given as: RR kPr
x p x V (3)where kp = Preston constant; p - actual
pressure between the pad and the substrate; and V =
relative pad-substrate velocity. [0087] Ideally, the
Prestonian plot is linear as a function of the
pressure times the velocity. Deviation from ideal
linear behavior can be attributed to slurry rheology
and polishing pad tribology. For instance, a
comparison of different slurries under constant
conditions has shown that some exhibit non-ideal
Prestonian behavior at high pressures. Such slurries
are referred to as pressure-sensitive slurries.
Additionally, polishing pad tribology, which is
influenced by variables such as pad hardness,
thickness, compressibility, porosity, and surface
texture may also contribute to non-ideal Prestonian
behavior. [0088] Through several of the Neopad designs
which include sub surface engineering and low shear
design of the pads, a CMP pad with a low COF can be
manufactured. The uniformity of the COF can be
controlled by the pad microstructure, through the use
of numerous and small hard segments distributed
throughout the matrix of the urethane. Extension of
the boundary lubrication regime also correlates
directly to the pad microstructure. [0089] Pad
customization can be systematically carried out based
on the polishing process. Since the "art" of CMP
involves several parameters, customization has to be
carried out in accordance to the various aspects which
affect the process. Methods according to the material
to be polished as well as the IC characteristics for
pad customization are described below which can be
used systematically in order to design pads according
to specific requirements. Our customization which is
based on polyurethane / polyureas engineering which
allow for control of critical parameters like tand,
loss modulus (E"), storage modulus (E'), microtexture
(also called as micro-structure), glass transition
temperature, hard segment and soft segment
distribution, and micropore size and distribution. We
have achieved these controls through selection of
appropriate materials and through use of specialized
manufacturing process. [0090] I . Polymer formulation
for polymeric pads used in chemical mechanical
planarization and control of pad microstructure[0091]
A variety of materials are contemplated for use in the
fabrication of the subject customized polishing pads.
Though the pads are substantially polymeric and have
tailored size and density of hard and soft domains,
other inventive embodiments include the introduction
of materials, such as pore-forming materials, solid
lubricants, embedded abrasive, one or more layers
normal to the polishing surface to relieve stress, in
situ grooves, and a transparent regions for endpoint
detection may be added into the continuous polymer
phase. [0092] The subject customized polishing pads
are typically made from polymers. Examples of polymers
contemplated for fabrication of the various customized
polishing pads disclosed herein are drawn from classes
of polyurethanes, polyureas, epoxide polymers,
phenolic polymers, polycarbonates, polyamides,
polyimides, polyesters, polysulfones, polyacetals,
polyacrylates, polystryrenes, polyarlyetherketones,
polyethyleneterephthlates, polyvinyls, polypropylenes,
polyethylenes, polysilanes, and polysiloxanes.
Further, polymers suitable for various customized
polishing pads disclosed herein may be copolymers,
blends, complexes, networks, composites, grafts, and
laminates, and the like, of members selected from the
exemplary classes of polymers. Other polymers suited
for use in pads may be used, as would be clear to one
of skill in the art. [0093] Formulations using these
materials can involve some understanding of the
relationships between the structure of the
macromolecules and the resulting physical properties
of the polymer material used in the pad. Examples of
such properties include, but are not limited to
hardness, toughness, porosity, compressibility, and
the like. [0094] For instance, polymers having a
significant scientific, engineering, and commercial
history for CMP polishing pads include polyurethanes,
polyureas, and copolymers thereof. Such polymers can
be prepared using starting materials such as
isocyanates, polyols, and polyamines, as well as chain
extenders, and crosslinking agents etc. The reaction
of an alcohol with an isocyanate functional group
forms a urethane linkage which is the basis for
polyurethane polymers. The reaction of an amine with
an isocyanate functional group forms a urea linkage
which the basis for polyurea polymers. For
polyurethanes, minimally diol and diisocyanate
monomers are required for the polymerization reaction,
alternatively three or more hydroxyl or isocyanate
groups in a polyol or polyisocyanate respectively,
provide reactive sites for crosslinking. For polyurea
minimally diamine and diisocyanate monomers are
required for the polymerization reaction,
alternatively three or more amine or isocyanate groups
in a polyamineor polyisocyanate respectively, provide
reactive sites for crosslinking. Examples of
crosslinlcing agents which react with hydroxyl or
amine groups include diisocyanate crosslinkers such as
toluene-diisocyanate (TDI),
diphenylmethane-diisocyanate (MDI) and polymethylene
polyphenyl isocyanate (PAPI). The type of crosslinking
agent and extent of crosslinking of polymer chains can
have an impact on material properties, such as
hardness, toughness, and porosity, for example. The
size and molecular weight of the hydrophilic molecules
like polyamines and polyols impact material properties
such as flexibility, melt temperature, and surface
energy. [0095] Polyurethanes and polyureas which can
allow for the control of the hardness and mechanical
properties, which have a high storage (E') and loss
modulus (E") and which have low thermal transients,
glass transition temperatures (Tg), KEL values, change
in storage modulus as a function of temperature (DE'),
compressibility, and tand values can be used for pad
manufacture. Casting / Molding, Pad Material, and
Microstructure Control [0096] Several methods for
casting and molding are appropriate for the
fabrication of various customized polishing pads in
situ as a single, unitary structure. Some exemplary
fabrication methods for casting and molding polishing
pads as a single, unitary structure, which fabrication
methods additionally allow for the spatial control of
physical features designed into the pads, are included
in the following discussion. Liquid Casting of
polymers [0097] Liquid casting of polymers can be used
to make pads for CMP. Liquid casting is a
manufacturing technique which can be suitable for
fabricating polymer parts from the simplest of designs
to intricate polymer parts. Shapes like polymer disks
can be made using this technique, and hence polymer
pads for chemical mechanical planarization can be
fabricated using liquid casting. Liquid casting allows
for spatial control of the pad material properties
during fabrication and hence it can be an appropriate
choice to make pads for CMP. In using this process to
make a polymer pad for CMP, a mold with the
appropriate dimensions is first made. Further, liquid
casting may be earned out to make the CMP pad in which
grooves would be fabricated using the two possible
options: ex-situ or in-situ. Ex-situ groove formation
is typicallyused in the industry. However, this method
is very expensive. In-situ grooving the mold can be
adapted to provide grooves in the pad once the polymer
cures of solidifies. Depending on whether or not the
polymer is being cured in situ, the appropriate
materials are poured inside the mold. In the case
where the polymer is not already cured, the
appropriate monomers, crosslinking agents,
pore-forming agents, initiators and catalysts are
added to the mold and the reaction taken to completion
after reaching a certain temperature. Using liquid
casting, once a first layer or section is poured
cured, a second layer or section can be poured if
desired. Also in the liquid casting methods, embedded
abrasives as well as solid lubricants can be added to
the polymer mixture in order to achieve a desired
polishing performance as will be subsequently
discussed. Multiple Injection Molding [0098] Another
method for making customized pads is known as multiple
point injection molding. Multiple injection molding is
a sequential process in which two or more polymeric
materials are utilized, with each of the materials
injected into the mold at a different time. This
method may be used to form customized pads with two or
more layers, as well as pads having different areas
across the entirety of the pad. Further, this method
may be used to achieve any spatially designed pattern
of polymeric material, from the simplest, most well
defined annular patterns, to the most complex and
random of patterns, either in a single layer or
multiple layers. Multiple live-feed (or in situ)
injection molding [0099] Molds including multiple
in-situ injection ports may be used to make customized
pads. In this method a mold is selected having at
least two ports, generally independent, for injection
of polymer. At least two different polymers are
injected through the ports during the same injection
step, often at the same time, to fill the mold.
Depending on the spatial variation desired for the
customized pads, fluid flow and heat transfer
calculations are carried out and appropriate injection
points and injection flow rates for the different
polymers and materials being fed into the mold are
selected. In this fashion, it is possible to fabricate
customized pads having two of more layers, as well as
having different areas of polymeric materials across
the diameter of the pad. Reaction injection molding
(RBVI)[0100] Particular polymeric systems (e.g.,
polyurethanes) are amenable to molding steps using the
RIM techniques. In this molding process, instead of
injecting previously synthesized polymers, the
constituent monomeric materials and appropriate
crosslinking agents as well as the initiating agents
and chain extenders are added and the resulting
mixture is polymerized while molding. To make
customized pads with a variation in chemical structure
throughout different regions of the pad, multiple
ports can be used to inject two or more types of
monomeric units (and corresponding chain extenders),
as well as other selected materials, such as
pore-forming agents, solid lubricants, and embedded
abrasives. This can result in functional gradation of
the chemical composition of the polymers and
mechanical and physical properties. By differentially
adding the various materials to the mold, this method
may be used to produce customized pads in which
properties vary substantially from one layer or region
to the next or gradually from one layer or region to
the next. In this fashion, RTM may also be used to
make customized pads with uniform properties in a
plane across the diameter of the pad and/or across the
depth of the pad. Lamellar injection molding [0101] By
using mixtures of polymers that have been previously
extruded, for example in layers, in an injection
molding procedure such as those discussed above,
customized polishing pads having spatial variation of
properties may be produced. This way of producing
simple physical mixtures of polymers is direct and
easily applied to changing demands upon a producer.
The resulting spatial variation of properties will be
according to the mechanical and physical
characteristics of the individual polymers, as well as
other selected materials, such as solid lubricants or
embedded abraisives, that may be added to the
continuous polymer phase. This method can be used to
create microdomain gradation in either horizontal or
vertical regions or layers. Injection molding of a gas
to produce pads having micropores [0102] One method
for producing customized pads having micropores in one
or more sections of the pad may include injecting a
gas during the injection molding step to achieve
variation of porosity in the customized polishing pad.
Gas may be dispersed into and injected into the mold
from different ports with different flow rates in
order to attain spatial distribution of the
gaseouscomponent within the pad. The resulting pad can
contain differing amounts of included gas at differing
points; hence a systematic variation in hardness
and/or density can be achieved. Microcellular (Mucell
molding) [0103] In this technique the polymer fluid
being molded is mixed with gas in order to form a
solution mixture. Utilizing two or more such solutions
with different chemistries (i.e. different starting
chemical materials, such as two different polymers)
will lead to a spatial variation of physical
properties. One-shot and two-shot polymeric synthesis
techniques [0104] The manner in which the polymer is
prepared prior to molding or casting may have an
impact on the polishing pad properties, and the
consistency thereof. For example, there are two
well-known approaches for formulating polyureas and
polyurethanes, known as the one-shot and the two-shot
techniques. In the one-shot technique, all the
reaction components (e.g., monomers, chain extenders,
crosslinking agents) can be reacted together. Such a
process is difficult to control, due to factors such
as varying local concentrations of reactants, and
uneven local thermal gradients, which can result in
widely varying polymer product characteristics. In the
two-shot technique, the isocyanate is pre-reacted in a
first step with a polyamine or polyol chain extender
to form a high molecular weight prepolymer. This
functionalized prepolymer is then further reacted with
polyamine or polyol curatives and/or chain extenders
to complete the polyurea or polyurethane formation.
This process is more easily controlled but requires
higher processing temperatures often in the
neighborhood of 1000C. When a highly consistent
material is required, a process lending itself to such
consistency is desired. CMP pad synthesis [0105] In
the present study, the uniformity of the size,
density, and type of hard domains throughout the CMP
pad can be controlled through the selection of the
appropriate relative concentrations of polyurethanes
and polyureas in the final product. A two-shot
technique can be used. In the first step a poly or di
funcitonal isocyanate prepolymer is either synthesized
or is obtained from a commercial vendor. A tight
distribution in the molecular weight of the isocyanate
prepolymer can allow for a uniform distribution and
size of hard domains throughoutthe pad when desired.
In the second step the synthesized or commercially
obtained isocyanate prepolymer of about 60 - 80 wt %
is reacted with either one or a mixture of polyamine
and polyol chain extenders of about 1 - 15 wt % and
one or a mixture of polyamine and polyol curatives of
about 5 - 25 wt % to complete the
polyurea/polyurethane formation. Also, in the second
step stabilizers of about .1-3 wt % can added to
prevent U.V. degradations, porosity agents of about
0.1 - 5 wt % can be added to create micropores, and
solid lubricant of about 0.1 - 20 wt % and embedded
abrasives of about 0.1 - 10 wt % can be added for
desired polishing performance. In some cases the
chemical composition of the polyol used as a chain
extender is the same or similar to the polyol used in
the isocyanate prepolymer synthesis. [0106] As a
result, a uniform distribution of the size, type, and
density of hard domains can be obtained at the
nano-micron length scale. The individual hard domains
segments comprise the region about the urethane or
urea linkage in the polyurethane and polyurea
formulation respectively. The hard domains can be
comprised of one or more of the individual hard
segments. The type of the hard domain can depend on
the relative concentration of urea and urethane
segments which constitute the hard domain. The density
of hard domains can be well controlled using a very
systematic process control. For example, the length
and functionality of the prepolymer can affect the
density of hard domains. The size of the domains can
be governed by the relative amounts of urethane to
urea because urethane has a single H-bond while urea
has two H-bonds and can form larger blocks of hard
segments by hydrogen bonding to other regions about a
urethane or urea linkage, increasing the size of the
domain. The size of the individual hard segment or
segments which comprise the hard domain can be
controlled by controlling the size of the isocyanate
monomer used to synthesize the isocyanate prepolymer.
For example, a larger monomer can form a larger domain
segment and thus a combination of larger domain
segments can form larger domain. The temperature at
which the polymerization reaction occurs can also have
an effect on the size and density of the hard domains.
At higher reaction temperatures, smaller domains can
form and can result in an increase in the density of
the domains and vice versa. As previously discussed a
uniform distribution of the size and density of the
hard domains can be achieved through tight control of
the molecular weight distributions of the polymeric
components. Tight control of the temperature
distribution in the reaction vessel and in the mold
can also be important to achieve a uniform
distribution of the size and density of the hard
domains, because of the effects that the temperature
can have on the size and the densityof hard domains.
Typically, the ratio of polyamines to polyols is
around about 20% - 40% polyamine to about 60% - 80%
polyol. Typically the number of hard chain segments
per domain can be anywhere from about 1 to 20. Such a
distribution of the size and density of hard domains
allows for a flat and extended Stribeck curve in the
boundary lubrication region. Accordingly, the density
and size of the hard domains can be varied throughout
different regions of the pad in order to achieve
customized polishing functionality. [0107] This
consistency in the type, size and density of the hard
domains can allow for uniformity in the bulk
properties. The more consistent and spatially uniform
the type, size and density of the hard domains are the
more consistency can be seen in the tribological
properties. For example, thermal characteristics can
be better controlled through the use of uniformly
spaced alternate blocks of polyamines/polyols whereas
random distribution would lead to local differentials
in heating. [0108] Polishing pads for CMP can be
individually manufactured. During pad fabrication all
the pad materials are divided into two batches. The
first batch of the raw materials contains the
isocyanate prepolymer, abrasives, lubricants and
porosity forming agents, such as microballoons or gas.
The second batch contains the curative, U.V.
stabilizers, and a mixture of polyol and polyamine
chain extenders. Batch 1 is first blended in a vacuum
at a temperature between about 8O0F - 1000F to achieve
homogeneity and remove any air that may be trapped in
the mixture as a result of the addition of the
porosity agents. Batch 1 then is heated to the
required temperature between about 120F-200F. Batch 2
is kept at about room temperature and blended for
about 15 min. Batch 1 and batch 2 are then both added
together in the correct amounts. Liquid casting is
used to mold the pad. Accordingly, the material, after
thorough mixing, is poured on top of a rotating mold
which is at a temperature between about 150F-220F.
Uniformity in the temperature of the mold can allow
for a uniform distribution of type, size and density
of the hard domains throughout the pad and can allow
for uniformity of tribological properties. The pad is
then further formed by either compressive centrifugal
casting, the vacuum forming or the pressure forming
methods described below. [0109] For compressive
centrifugal casting, after the mixture of batch 1 and
2 is poured on to the mold. The mixture is allowed to
sit and react for approximately 2-3 minutes. After
that the mold is covered by a flat stainless steel
plate and put in a compression molding machine.
Compressiontakes place at approx. 10O OOO psig and
about 200F-300F. After about 10 minutes of
compression, the pad is demolded from the mold. The
pad is then cured for approximately 6-12 hours at
about 100F-200F. Uniformity in temperature of the
compression molding machine can allow for maintaining
a uniform distribution of type, size and density of
the hard domains throughout the pad and can allow for
uniformity in tribological properties. Fore, example a
uniform temperature can be maintained by contacting
the outside of the mold with a fluid maintained at a
constant temperature. [0110] Compressive centrifugal
casting causes the pores to take on an oblong shape.
Oblong oriented pores can act as microgrooves during
polishing and thus obviate the need to introduce
higher groove density. The oblong orientation is
coplanar with the polishing surface, and has an aspect
ratio of at least about two to one or even more. When
evenly distributed, the oblong pores act as periodic
discontinuities in the polishing surface thus creating
natural microtexture, which improves the conditioning
efficiency (i.e. reduces conditioning time). Oblong
pores also act as mico-slurry reservoirs, which
prevent the wafer from losing slurry during polishing,
even at lower slurry flow rates. This has the
advantage of reduction of slurry usage, in some
instances, by over 40% in comparison to a spherical
pore structure. Another advantage is that oblong
shaped micropores can provide for stability in the
removal rate (maintains higher removal rate/ and or
tunable removal rate) and coefficient of friction.
[0111] For the vacuum forming method, immediately
after batch 1 and 2 are mixed, the mixture is poured
into the mold, the entire mold is put inside a closed
chamber. The closed chamber is then brought under
vacuum, to approximately 10-30% of atmospheric
pressure and the temperature of the mold is uniformly
maintained at about 150F-220F. The vacuum allows for
any air trapped within the pad pour to be expelled.
After approximately 2-5 minutes within the vacuum, the
vacuum is broken and the mold is taken out. After
about 15 minutes the pad is demolded from the mold.
The pad is then cured for approximately 6-12 hours at
about 1000F- 2000F. [0112] For the pressure forming
method, immediately after batch 1 and 2 are mixed, the
mixture is poured into the mold and the entire mold is
put inside a closed chamber. The closed chamber is
then brought under pressure, to approximately 3-10
times the atmospheric pressure and the temperature of
the mold is uniformly maintained at about 150F-220F.
The pressure allows forany air trapped within the pad
pour to be expelled. After approximately 2-5 minutes
the pressure chamber is depressurized and the mold is
taken out. After about 15 minutes the pad is demolded
from the mold. The pad is then cured for approximately
6-12 hours at about 100F-200F. [0113] During the
curing of the individual CMP pads, a skin in the range
of about less than 2 mM is formed on the surface of
the polishing pad. This skin can be important for
protecting the pad surface from damage caused during
handling of the CMP pads. Prior to use, the pads need
to be conditioned (break in), which can be done using
a diamond conditioner. In some cases the skin is less
than about 2 mM for efficient break in of the pad
prior to polishing of the substrate. [0114] Some of
the materials that are used for pad fabrication are
discussed below. The materials fall into several
categories. These categories include: isocyanate
prepolymers and monomer, polyol and polyamine monomer
and chain extenders, curative agents (crosslinking
agents), stabilizers, porosity agents, solid
lubricants, and abrasives. [0115] Isocyanate monomer
and prepolymers which may be used for the fabrication
of the pads are shown in Table 1. Table 1: Isocyanate
monomers and prepolymers[0116] Polyol monomers and
chain extenders which maybe used for the fabrication
of the pads are shown in Table 2. Table 2: Polyol
monomers and chain extenders [0117] Polyamine chain
extenders and monomers which may be used for the
fabrication of the pads are shown in Table 3. Table 3
: Polyamine monomers and chain extenders. [0118]
Curative agents which may be used for the fabrication
of the pads are shown in Table 4.Table 4: Curative
agents [0119] Stabilizers which may be used for the
fabrication of the pads are shown in Table 5. Table 5:
Stabilizers[0120] Porosity agents which may be used to
create micropores during pad fabrication are shown in
Table 6. Table 6: Porosity agents [0121] Solid
lubricants which may be used for pad fabrication are
shown in Table 7. Table 7 : Solid Lubricants[0122]
Embedded abrasive which may be used for pad
fabrication are shown in Table 8. Table 8: Embedded
abrasives [0123] A non limiting description of some of
the possible combinations of the materials described
above that can be used for pad fabrication are shown
in table 9. All the customized pads using the
combination of materials in table 9 can be cast using
the liquid casting technique and can bee further
formed using compressive centrifugal casting Table 9.
Exemplary combination of materials used for pad
fabrication. The first number is representative of the
number of the compound in the respective table as
displayed above. Values in parentheses correspond to
the wt % of each material.IPCT .-" USOB./ OIB .1 7 IB
II. Controlled porosity pads [0124] As has been
previously discussed, one exemplary property having an
impact on the performance of CMP in the processing of
semiconductor wafers is porosity. Control of porosity
can be achieved by carefully controlling the
distribution of the porosity agents within the polymer
material and carefully controlling the uniformity of
the temperature during the manufacture process. Lack
of control of pad porosity; i.e. in controlling the
size and density of pores, and distribution of pore
size and density within a pad, can have an impact on
factors such as the slurry transport, and abrasive
distribution, which in turn can have an impact on the
performance of CMP pad, such as the removal rate (RR),
and the number of within wafer nonuniformities
(WIWNU). Additionally, it is further observed that
pads fabricated without control of porosity can have a
non-uniform shear force across the polishing surface,
and therefore a non uniform COF over the entire
process range. The non-uniformity of the shear force
can affect the planarization efficiency, and introduce
defects on the substrate leading to a decrease in the
product yield. [0125] Various customized polishing
pads disclosed herein are fabricated so that the
porosity formed in the subject pads is uniform with
respect to porosity, i.e. pore size, and pore density,
and the distribution of porosity. Figure 6 is a
schematic of how the pore-forming material or agent
can be used to create uniform pore size, pore density,
and distribution in a matrix. In these examples, the
pore-forming materials or agents have different
properties under different external conditions, such
as temperature or pressure. Initially, the
pore-forming material or agent is addedto the matrix,
and then by uniformly applying heat, the pore-forming
material or agents can expand to a desired pore size.
The distribution and density of the pores can be
controlled by the amount of pore-forming material or
agents added to the matrix, where, typically, the
matrix is polymeric. [0126] In some variations of the
subject customized polishing pads, the pore size range
is from about 20 nm to about 80 mm, while in other
variations of the subject customized polishing pads,
pore size range may be from about 50 nm to about 15
mm, and in still other variations of the subject pads,
the pore size range may be from about 100 nm to about
10 mm. In some cases the pore range size range can be
between about l Omm - 80mm. The pore density variation
of the 



subject customized polishing pads is determined by the
concentration of the materials and agents added to the
polymer before casting or molding. It is contemplated
that pore density can be varied so that the polishing
pads will have pore density of between about 1% to
about 20% of the total pad. [0127] It is contemplated
that a variety of materials may be useful for
generating pores in a controlled fashion within the
polymer matrix during fabrication. Some exemplary
materials include foaming agents, chemical blowing
agents, supercritical fluids, block copolymers,
micelles, and porogen materials, are discussed below.
A. Polymeric hollow micro-elements (microballoons)
[0128] Polymeric hollow micro-elements materials are
usually spherical balls in the size range of 10-100 mm
made from polymers. For example materials such as
Expancel, PVDF, phenolic resin and inorganic materials
such as silicates and zirconates which have gas, for
example such as iso-butane gas, encapsulated within
the sphere can be used. When these materials are added
to the polymer melt prior to molding, the gas within
expands to a desirable size through the controlled
application of heat. Such hollow microelements are
available both in expanded and unexpanded versions and
either of these versions can be used for pad
formation. In the expanded version the hollow
microelements are pre-expanded and do not undergo size
change during the eventual polymer processing
operation. In the unexpanded version the hollow
microelements expand during the pad fabrication
process. There is a great deal of control of pore size
usingsuch microballoon materials. The pore density is
controlled by the quantity of microballoons added. B.
Chemical Blowing agents [0129] Chemical blowing
agents, for example Hydrocerol, sodium bicarbonate,
which upon heating produces carbon dioxide, and
complex salts, like azodicarbonamide and
oxybisenzenesulphonylhydrazide, which lead to
generation of nitrogen gas can be added into the
polymer batch. On heating the polymer these chemical
blowing agents decompose to give gases which lead to
formation of pores in the molded part. Other examples
of blowing agents include solids which can be leached
using solvents after molding of the polymer. C.
Supercritical fluids [0130] In the Mucell process,
supercritical gas is dissolved within the polymer feed
to create a single phase solution. Once this polymer
feed is allowed to cool down within the mold the gas
forms microscopic bubbles, ranging in size from 0.1-10
mm. D. Micelles [0131] Micelle structures can be
introduced within the polymer feed stream. Such
micelles (liquids or solids) can then be leached out
using selective solubility using a solvent which is
selectively soluble for the micelles such as hexane,
leaving porous regions within the polymer matrix. For
example materials such as Dodecylphophocholine,
Ci6SO3Na can be used to introduce micelles into the
polymer formulation. E. Porogen Material [0132]
Porogen materials can be used to create pores in the
polymer matrix. These porogen materials are made of
another polymer for example polystyrene which has a
low degradation temperature. After the desired amount
of the porogen material is added to the polyurethane
matrix and after the pad is formed, the porogen
material can be removed by heat treatment of the
entire pad. III. Functionally Graded Pads[0133] One
family of customized polishing pads contemplated
herein is the family of functionally graded polishing
pads. Such pads are comprised of a customized
polishing pad having a polishing surface for polishing
a substrate that is one piece, substantially flat, and
comprises at least two areas having differing physical
characteristics. The at least two areas may have
discrete boundaries or boundaries that are formed of
mixtures of constituent polymers. The at least two
areas may each comprise a compositionally different
polymeric material and the region between the areas
may comprise mixtures of the compositionally different
polymeric materials. [0134] A schematic of a radially
symmetric two-area graded pad where two different
polymeric compositions are used, one for each area, is
shown in Figure 7, a first outer annular ring of the
pad is formed using the centrifugal liquid casting
process. The center of the pad ring is then filled
with a second polymeric material. Two different
materials are used so that in the resulting pad there
are two distinct regions or areas having different
physical properties. Proper bonding at the interface
between the two materials may require selection of
materials that are compatible with each other. [0135]
In addition to being functionally graded, variations
of functionally graded pads can additionally have the
same and different pore sizes and densities in the
different polymeric regions. Figures 8a is a schematic
of a functionally graded pad having a harder inner
region comprised of short chain prepolymers and a soft
outer region comprised of long chain prepolymer.
Figure 8b is a schematic showing that different size
pores can be formed in the different region with the
same pore density. Figure 8c is a schematic showing
that same sized pores can be formed in the different
region with different pore densities. The at least two
areas may each compromise a compositionally different
polymeric material. Having an inner layer which is
harder than the outer layer can be advantageous when
the polishing head (retaining ring) applies more
pressure on the outer region of the polishing pad than
on the inner region causing high removal rates in area
polished by the outer edge. Reduction in the outer
edge yield loss and minimization of pattern density
effects can be achieved by this method which
compensates for the uneven pressure distribution.
Functional grading of polymeric material can lead to
the grading of mechanical properties (hardness,
compressibility, pore size and pore distribution) and
can be used to equalize any non-uniformity in pressure
distribution.[0136] Figures 9 shows a schematic of a
more complex patterns as may be made using this
process in which a non-regular set of patterns are
functionally graded on polishing pad 200, having a
variety of chosen areas such as ovals (202, 204, 206)
and flags (208). In each of the noted areas, the
respective polymers may each be a different polymer of
the types discussed above or at least two differing
ones. Again, such patterns may be achieved by using
appropriate mold geometries. [0137] Figure 10 is a
schematic of an exemplary customized functionally
graded polishing pad 200, which is a continuously
graded pad, made using a fabrication process in which
a first polymer is injected from the outer periphery
212 of a mold while simultaneously injecting a second
polymeric material from the center 214. [0138] A
graded pad may have polymers and/or formulation
selected to provide different values for the
coefficient of restitution in different areas of the
pad. An outer annulus or an outer ring of the
polishing surface of a circular pad may have a higher
coefficient of restitution than an inner portion of
the pad in order to provide more uniform wafer
polishing. The outer annulus may be formed by
increasing the amount of curative and/or changing the
chemical composition of the polymer formulation
compared to the formulation for the inner portion of
the pad (for instance, by changing the type of
curative, when forming the outer annulus), as is
discussed later. In this manner, the hardness of the
polishing surface may remain substantially or
essentially unaltered, but the pad may provide
improved planarity and/or device yield from the wafer
upon which the pad acts. Coefficient of restitution
can be estimated by measuring using Bashore Rebound %.
typically the bashore rebound for a polishing pad can
lie from about 0.05 - 0.6 for Neopad pads. Another
estimation of the coefficient of restitution can be
done using a compression set test at about 22 hrs and
158F (7O0C). Again the value obtained from compression
set test for Neopad pads is between about 0.05 -0.6
[0139] Likewise, a graded pad may have polymers and/or
formulation selected to provide different values for
the compressibility in different areas of the pad. An
outer annulus or an outer ring of the polishing
surface of a circular pad may have a higher
compressibility than an inner portion of the pad in
order to provide more uniform wafer polishing. The
outer annulus may be formed by increasing the amount
of curative and/or changing the chemical composition
of the polymer formulation compared to the formulation
for the inner portion of the pad (forinstance, by
changing the type of curative, when forming the outer
annulus). Again, in this manner, the hardness of the
polishing surface may remain substantially or
essentially unaltered, but the pad may provide
improved planarity and/or device yield from the wafer
upon which the pad acts. Compressibility is defined as
the inverse of the bulk modulus. Bulk modulus is
defined as the amount of pressure required to bring
about a unit change in volume. [0140] Graded pads as
discussed above, in which a property varies e.g.
across a radius of the pad drawn from an axis of
rotation of the pad, often have at least about 75% of
the inner surface area of the polishing surface or
volume of the pad formed to have one value and the
remaining amount of the surface area of the polishing
surface or volume of the pad to have a second value.
While not being limited to the following theory, it is
believed that the outer periphery of a circular pad or
the outer edges of e.g. a belt polishing pad are more
prone to movement from e.g. equipment vibration, edge
effects, higher torque, etc., and grading accommodates
the unequal forces acting along the surface of the pad
IV. Low shear integral pads [0141] Another family of
customized polishing pads contemplated herein is the
family of low shear integral pads. Customized low
shear polishing pads are multilayer or integral pads
that are made of at least two materials so that the
interface between the two layers acts as a stress sink
to reduce the COF at the pad/substrate boundary. The
materials on either side of the interface can be the
same or different. An interface is formed using the
fabrication methods previously described except that
layers of material are poured one at a time. After
pouring the first layer of material the material is
allowed to cure from 0.5-2 minutes before a second
layer is poured. This is repeated if multiple layers
are required. After the final layer is poured the
entire pad is compressed, vacuum formed or pressure
formed as previously described. [0142] Pads having
multiple layers may be of a unitary construction in
which the multiple layers are covalently bonded to one
another through an integral interface, or pads may be
formed by calendering or adhering precured layers to
one another. Many pads as disclosed herein are unitary
and therefore have an integral interface through which
layers are covalently bonded to one another. A unitary
pad may have additional layers that are added to it,
such as a doublesided tape to adhere the cured pad to
a platen of a chemical mechanical polisher, but these
additional layers do not add appreciably to the
performance characteristics of the pad in use. [0143]
Figure H A is a schematic of a two layer customized
low shear stress pad 100, having layers 102 and 104,
with interface 103. An integral pad with one interface
would have two layers, while a pad with two interfaces
would have 3 layers, and an integral pad of N layers
would have N-I interfaces. [0144] This is evident in
the subject low stress pad shown in Figure 1IB. In
this exemplary pad 300, there are five layers of
materials 302, 304,306, 308, and 310, and four
interfaces, 303, 305, 307, and 309. The material
layers 302, 304,306, 308, and 310, can be made from
the same or different materials and have the same or
different physical properties and characteristic such
as porosity and gradation. The four interfaces 303,
305, 307, and 309, formed thereby act as a stress
sinks, and effectively lower the shear force, and
hence the COF. [0145] This effect of an interface
acting as a stress sink is shown in a schematic in
figure 12. In schematic 100 the shear force, S, at the
pad/substrate boundary, 104, is orthogonal to the
applied normal force, N, on the substrate 102, because
in the single layer pad 106, there is no interface
selected to act as a stress sink. hi schematic 300,
the polishing substrate 302; the pad having layers 306
and 308, is designed with interface 307, where the
shear force S2 results at the interface 307 between
pad layers 306 and 308. As a result of the shear force
S2 at the interface 307 of the low shear integral pad
306 and 308, the shear force S1 at the pad/substrate
interface 304 is reduced, so that Sl is considerably
less than S. V. Subsurface Engineered Pads [0146]
Still another family of customized polishing pads
contemplated herein is the family of subsurface
engineered pads. Various subsurface engineered pads
described herein, have properties imparted through a
combination of the structural properties designed into
the polymer pad, in combination with the dispersion of
a solid lubricant within at least about 1 % of the pad
depth from the polishing surface. The use of pads with
solid lubricants dispersed throughout the polymer
matrix effectively minimizes the COF, without
sacrificing RR.[0147] A solid lubricant is a material,
such as a powder or thin film, which is used to
provide protection from damage during relative
movement and to reduce friction and wear. Some
preferred characteristics of solid lubricants are that
they are thermally stable, chemically inert, and
nonvolatile, and mechanically stable, but having a
hardness not exceeding about 5 on the Mohs scale.
Solid lubricants meeting these criteria have the
advantage over other types of lubricants generally due
to greater effectiveness at high loads and velocities,
high resistance to deterioration, and high stability
in extreme temperature, pressure, radiation, and other
reactive environments. There are many classes of solid
lubricants that include inorganic solids, polymers,
soft metals, and composites of materials represented
in these classes. Further, subsurface engineered pads
can be used in combination with previously described
functionally graded, porosity controlled and low shear
pads. [0148] In addition to these general properties
of solid lubricants previously mentioned, solid
lubricants contemplated for use in the subject pads
typically have a coefficient of friction of between
about 0.001 to about 0.5, and particle size of between
about 10 nm to about 50 mm. It is further contemplated
that various customized pads would be fabricated
having at least one solid lubricant within at least
about 1 % of the pad depth from the polishing surface.
A combination of lubricants can be used instead of a
single lubricant. [0149] Examples of inorganic solid
lubricants having the desired properties recited above
include lamellar solids, such as graphite, graphite
fluoride, niobium sulfide, tantalum sulfide,
molybdenum sulfide, tungsten sulfide, magnesium
silicate hydroxide (talc), hexagonal boron nitride,
and cerium fluoride. Such lamellar solids are
crystalline solids layered in sheets, in which
slipping planes occur between the sheets. Other
inorganic solids that are suitable as solid lubricants
include calcium fluoride, barium fluoride, lead oxide,
and lead sulfide. Though not lamellar in structure,
such solid lubricants have surfaces that slip easily
along one another at the molecular level, thereby
producing lubrication at the macroscopic level. [0150]
Examples of polymeric solid lubricants include: 1.)
Polyhalogenated hydrocarbons, such as PTFE, and
related members. 2.) Polyamides, such as nylon 6,6 and
related members. 3.) Polyarylketones, such as PEK
(polyether ketone), PEEK (polyetheretherketone), PEKK
(polyetherketoneketone) and PEKEKK
(polyetherketoneetherketoneketone). 4.) Boron nitride
polymers, such as PBZ (poly (p-borazylene)) or PVZ
(poly(p-vinyleneborazylene)). Suchpolymeric solid
lubricants generally have low surface energy, are
stable as unflocculated dispersion, have low
coefficients of friction, and are thermally and
chemically stable. For example, PTFE has substantially
small static and dynamic coefficients of friction at
about 0.04, is known to be chemically inert, and is
stable to about 260 C. Like the calcium fluoride
family of inorganic solid lubricants, the polymeric
solid surfactants have surfaces that slip easily over
one another. [0151] Other solid lubricants
contemplated for use include a variety of materials
with suitable properties formed into nanospheres,
nanotubes, or other nanoparticle structures useful for
lubrication. As an example, such nanospheres of
carbon, are known as buckminsterfullerenes, or
"buckyballs." A variety of solid lubricant materials,
for example inorganics, such as molybdenum sulfide,
tungsten sulfide, or polymeric materials, such as PTFE
or boron nitride polymers, can be made into
nanostmctures useful as solid lubricants. Since such
structures generally have nanopores, they can include
other solid or liquid lubricants, creating solid
lubricants with a variety of properties. Additionally,
solid lubricants made from polymeric, blends,
networks, composites, and grafts, of polymer and
copolymer molecules as well as composites and grafts
made from inorganic and polymeric solid lubricants are
also possible. [0152] The customized subsurface
engineered pads may be used for all processing steps
in Cu CMP; including the bulk, the soft landing and
the barrier removal steps. Particularly, the impact of
the single pad solution for Cu CMP is to reduce the
cost of consumables, so as to make the cost of
ownership for processing the sub-90 nm technologies
attractive. [0153] As shown in Figure 13, copper has a
very high strain before failure occurs. Additionally
copper undergoes substantial plastic deformation
before fracture. In the case of strain-induced defects
of dielectrics, the natural bonding characteristic of
the material leads to brittle fracture. Such brittle
fracture occurs at fairly low strain values, for
example < 2%. Due to the high plasticity of copper,
several issues need to be addressed for Cu CMP. The
first issue is the selective elongation of the
material in the regions which are stressed leading to
plastic deformation. As such this induced plastic
deformation is a permanent deformation leading to
long-term stress. Under conditions where selective
elongation occurs due to the contact of regions of
copper with the polishing pad, such regions will be
plastically deformed and will have properties
different from the inner copper regions. The second
issue is the localized strainhardening of copper,
which results just before fracture. AUthese issues of
copper elongation and strain hardening are accentuated
due to the confinement of the copper in vias and
trenches. Finally, depending on how the pad interacts
with the copper layers, copper residue may also be
left behind after CMP is completed and can introduce
defects into the substrate being polished. Minimizing
stress incorporation can be attained through lowering
the COF by lowering the effective shear force acting
at the wafer/slurry/pad interface. For CMP in general,
uniformity of pad properties, such as pad modulus,
pore size distribution, and the chemical structure of
the material, are known to be important in proving CMP
processes operating in the highly stable boundary
lubrication regime. Additionally, in order to achieve
uniformity for Cu CMP processes, there is a
requirement for significant reduction in shear force
in order to reduce or eliminate stress-induced
defects. In order to reduce the shear force, a high
degree of lubrication uniformity is also required. For
various customized subsurface engineered polishing
pads described herein, the use of pads with solid
lubricants dispersed in the polymer matrix within at
least about 1 % of the pad depth from the polishing
surface, effectively minimizes shear force, without
sacrificing RR, and can reduces or eliminate the
strain hardening of copper thereby. VI. Embedded
abrasive chip customized pads [0154] Unlike
commercially available "fixed abrasive pads", the
abrasives in the embedded abrasive pads disclosed
herein are distributed throughout the polymer matrix
and not only at the surface. If a multiple layer pad
is desired the embedded abrasives may or may not be
distributed in all of the layers. The advantage of an
embedded abrasive pad over a fixed abrasive pad is the
stability in the process over time. During polish, the
pad wears out. In case of the embedded abrasive pads,
the same conditions of polish can be expected since
the abrasive distribution within the depth of the pad
can be well designed and controlled. Li contrast, the
commercially available fixed abrasive pad sees a
gradual wear in the shape, size and distribution
density as the polish process progresses. This results
in uneven polish rate, control of the process and
therefore high cost of ownership due to the need for
frequent pad replacement. [0155] Pads for CMP can be
embedded with ceramic or glass particles (alumina,
silica, ceria). These particles can be between about
1OOnm - 30 mm in size, depending on the desired
performance. In some cases the adhesion between the
particles and the pad matrix would be at a minimum.
This could allow the particles incorporated throughout
the pad to be uncovered andreleased into the slurry.
Such a polymer pad would allow for abrasive action
without the use of a slurry containing abrasives. In
fact, the entire process can be carried out using
distilled water and the embedded abrasive pad. [0156]
A new class of abrasive materials called nano-abrasive
particles have recently been developed as known in the
field. These particles have a size range from a few
lO's of nanometers to a few 100 nanometers. Polymer
pads can be functionalized with such nanoabrasive
slurry particles by incorporation into the pads
directly using the fabrication methods previously
discussed. Several classes of nano-abraisive particles
can be utilized including ceramics and glasses like
zirconia, silica, ceria and even materials like carbon
nanotubes (fullerene rings) as well as clay particles.
[0157] The distribution of embedded abrasives in the
pad can be customized to pattern density of the chip
on the wafer through functional grading of the self
abrasives in different regions on the polishing
surface. Grading may also be achieved through the
grading of abrasive characteristics, such as the size
distribution, density, and shape of the abrasives.
This can be done independently or in combination with
other means for grading (i.e. the use of different pad
materials (porosity, [0158] Both the micron scale
particles and nano-abrasives discussed above may be
added to the polymer dry or in an appropriate liquid
vehicle such as a solvent. These particles may
optionally have groups such as oligomeric or polymeric
groups attached to their surfaces that aid the
incorporation of particles selectively or
preferentially into the polymer or one of the polymer
phases if discontinuous phases are formed in the
selected polymer. For two- or more-phase polymers, the
groups bonded or otherwise adhered to the surfaces of
particles may be sufficiently similar to one phase in
which they prefer and sufficiently dissimilar to the
other phase that the abrasive particles gather in the
desired phase(s) as the polymer melt solidifies. The
groups bonded or adhered to particle surfaces may also
be selected to be dissimilar to the polymer in which
they are placed. This aids release of abrasive
particles from the polymer as the pad wears to expose
new particles. Block copolymers to make self abrasive
pads[0159] A diblock copolymer can be used to make
self abrasive pads where one block can act as a matrix
and the second block can act as an abrasive material.
The blocks are selected to provide the desired
continuous phase, abrasive phase, and immiscibility so
that the abrasive phase forms within the continuous
phase. In one embodiment, the pad can consist of
higher percentage (cocontinuous matrix) of one block
with the other block being discontinuous. The
discontinuous block can be chosen such that it acts as
an abrasive for the material to be abraded. In order
to make the second phase abrasive, inorganic or metal
particles can optionally be added into the block. For
example, abrasive materials may be chemically bonded
to some or all of the monomer molecules in the
discontinuous phase of the block copolymer when it is
formed into a pad or abrasive particles may be
incorporated into the polymer melt. The abrasive
particles have one or more properties (for example
surface interactions and thermodynamic conditions)
that favor the abrasive particles being preferentially
incorporated into one of the phases. For instance,
abrasive particles may be selected such that a higher
concentration of abrasive particles is found in the
discontinuous phase than in the continuous phase.
Mixtures of abrasive particles may also be used. In
some instances, each of the types of abrasive
particles in the mixtures is found in greater
concentration in one phase than the other (preferably
the discontinuous phase, although particles may
instead be selected so that there is a higher
concentration in the continuous phase). However,
mixtures of particles may be selected so that one or
more types of particles are found in higher
concentration in the discontinuous phase, one or more
types of particles is found in higher concentration in
the continuous phase, and/or one or more types of
particles is distributed approximately evenly
throughout both phases. [0160] It may not be necessary
to incorporate abrasive particles into one of the
phases, since one of the blocks may itself be
abrasive. Certain silicone blocks can be incorporated
as part of a copolymer as the lower percentage
material and a carbon backbone can act as the higher
percentage material. When the pad is used for
polishing, the silicone part of the polymer can be
exposed and can act as an abrasive. This abrasive
material made out of a silica polymer can be tailored
to have a consistency similar to that of silica
particles which are currently being used as abrasive
particles in several technologies. [0161] The polymer
which incorporates the previously discussed embedded
and nano-abrasive particles may be a polymer that
forms one continuous phase, or alternatively the
polymer may bea specialized block copolymer which
forms discontinuous phases as discussed above. The
nanoparticles can be selected to provide uniform
dispersion or preferential accumulation in either the
discontinuous phase or the continuous phase, and
mixtures may be used as described above. Flame
Spraying [0162] In addition to using previously
discussed fabrication techniques another technique
which can be potentially used to provide a polishing
surface is the flame spraying technique used to make a
polymer coating on a pad. Such a flame sprayed polymer
can have ceramic or glass particles incorporated in
the material at the time of the coating formation so
that a self abrasive surface can be formed. The pad on
which polymer and accompanying abrasive particles may
be flame sprayed will typically be a polymer such as a
polyurethane or polycarbonate that has no
discontinuous phase(s). The pad may be one that has at
least one discontinuous phase as described above if
desired. In this event, the flame sprayed
polymer/abrasive layer wears first, and once this
layer has worn off, the pad that was beneath the
polymer/abrasive layer wears. This type of
construction may be used, for instance, to abrade a
layer on a wafer that is particularly difficult to
abrade or which has some other property that differs
from another layer or layers to be abraded or where an
initial abrasion rate when using the pad should differ
from a later abrasion rate. VII. In Situ grooved pads
[0163] Grooves in CMP pads are thought to prevent
hydroplaning of the wafer being polished across the
surface of the pad; to help provide distribution of
the slurry across the pad surface; to help ensure that
sufficient slurry reaches the interior of the wafer;
to help control localized stiffness and compliance of
the pad in order to control polishing uniformity and
minimize edge effects; and to provide channels for the
removal of polishing debris from the pad surface in
order to reduce defectivity. Figs. 14a and 14b provide
a schematic representation of the impact of 



grooving on the hydrodynamic pressure generated around
the pad/wafer region. For example, Figure 14a, depicts
a wafer pressure profile (indicated by the diagonally
striped triangular regions) when a non-grooved
polishing pad is used. Figure 14b illustrates how the
pressure around the periphery of the wafer is released
along the grooves. That is, the grooves conform tothe
pressure generated at every groove pitch and, help
provide uniform slurry distribution along the
wafer/pad region. [0164] In general, any suitable
method of producing in-situ grooves on a CMP pad may
be used. Unlike the current methods of ex-situ
grooving, which are mainly mechanical in nature, the
insitu methods described here may have several
advantages. For example, the methods of in-situ
grooving described here will typically be less
expensive, take less time, and require fewer
manufacturing steps. In addition, the methods
described here are typically more useful in achieving
complex groove designs. Lastly, the in-situ methods
described here are typically able to produce CMP pads
having better tolerances (e.g., better groove depth,
etc.) [0165] In one variation, the methods for in-situ
grooving comprise the use of a silicone lining placed
inside a mold. The mold may be made of any suitable
metal for molding. For example, the mold maybe
metallic, made from aluminum, steel, ultramold
materials (e.g., a metal/metal alloy having "ultra"
smooth edges and "ultra" high tolerances for molding
finer features), mixtures thereof, and the like. The
mold may be any suitable dimension and the dimension
of the mold is typically dependent upon the dimension
of the CMP pad to be produced, for example for a 20
inch pad a mold will have a 22 inch diameter and will
be 2 inch thickness. The pad dimensions, in turn, are
typically dependent upon the size of the wafer to be
polished. For example, illustrative dimensions for CMP
pads for polishing a 4, 6, 8, or 12 inch wafer may be
about 12, 20, 24, or 30.5 inches respectively. [0166]
The silicone lining is typically made of a silicone
elastomer, or a silicone polymer, but any suitable
silicone lining may be used. The silicone lining can
then be embossed or etched with a pattern, which is
complementary to the desired groove pattern or design.
The lining can then be glued or otherwise adhered to,
or retained in, the mold. It should be noted that the
lining may also be placed in the mold prior to it
being patterned. The use of lithographic techniques to
etch patterns into the silicone lining may help
provide better accuracy in groove size. See, e.g., C.
Dekker, Stereolithography tooling for silicone
molding, Advanced Materials &Processes, vol. 161 (I) 5
pp. 59-61, Jan.2003; and D. Smock, Modem Plastics,
vol.75(4), pp. 64-65, April 1998, which pages are
hereby incorporated by reference in their entirety.
For example, grooves in the micron to sub micron range
may be obtained. Large dimensions in the millimeter
range may also be obtained with relative ease. In this
way, the silicone lining serves as the
"moldingpattern." However, in some variations, the
mold may be patterned with a complementary groove
design. In this way, the mold and the lining, or the
mold itself, may be used to produce the CMP pad groove
designs. [0167] Figure 15 provides a cross-sectional
view of an illustrative silicone lined mold (200) as
described herein. Shown there are an upper mold plate
(202), lower mold plate (204) and silicone lining
(206). The silicone lining (206) has embossed or
etched patterns (208) therein. It should be understood
that while the silicone lining (206) is depicted in
Figure 15 along the upper mold plate (202), it need
not be. Indeed, the silicone lining (206) may also be
adhered to, or otherwise retained in, the lower mold
plate (204). The silicone lining may be adhered to, or
retained in the mold plate using any suitable method.
For example, the silicone lining may be glued, taped,
clamped, pressure fit, or otherwise adhered to, or
retained in, the mold plate. [0168] Using this method,
the CMP pad can be formed from a thermoplastic or a
thermoset material, or the like. In the case of a
thermoplastic material, a melt is typically formed and
injected into the silicone lined mold. In the case of
a thermoset material, a reactive mixture is typically
fed into the silicone lined mold. The reactive mixture
may be added to the mold in one step, or two steps, or
more. However, irrespective of the material used, the
pad can be allowed to attain its final shape by
letting the pad material cure, cool down, or otherwise
set up as a solid, before being taken out of the mold
hi one variation, the material is polyurethane, and
polyurethane pads are produced. For example,
polyurethane pellets may be melted and placed into the
silicone lined mold. The silicone lined mold can be
etched with the desired pad pattern as described
above. The polyurethane is allowed to cool, and is
then taken out of the mold. The pad then has patterns
corresponding to those of the silicone lined mold.
[0169] The potential advantages of producing in-situ
grooves using this silicone lining method are several.
For example, it may provide for a longer life of the
mold because the silicone lining can be replaced
easily if it breaks or if there is any wear or tear,
and the silicone lining itself typically has a very
long lifetime. Similarly, it is easier to remove the
pad from the silicone lined mold as compared to a mold
where the patterns are engraved therein. Hence,
grooves produced using silicone lined molds may be
more accurate, and damage to the pads during removal
may be minimized. In a like manner, the groove sizes
produced using silicone lined molds may be better
controlled and better defined. For example, very small
dimensions (e.g.,lateral and horizontal grooves in the
micron to submicron ranges) may be achieved. Better
control and better definition of groove dimensions may
be of particular interest in pads for specialized
purposes such as low-K dielectrics, Cu removal, STI,
SoC, and the like. [0170] Novel groove designs are
also described here. These novel groove designs were
largely developed based on flow visualization studies.
These studies helped to identify the flow patterns of
the slurry on top of the pads. In this way, desirable
trajectories of the grooves were calculated. Figures
16A-16C provides nonlimiting exemplary illustrations
of suitable groove designs for a 20, 24, and 30 inch
pad. As depicted, at smaller radius values (i.e., near
the inner portion of the pads), grooves can be
designed with concentric circular grooves and
overlapping linear grooves which extend radially to
follow the identified flow patterns. At higher radius
values (i.e., near the outer portion of the pads), the
radially extending grooves which were initially linear
near the inner portion of the pad can be curved to
prevent the slurry from flowing off of the pad and
also to increase the density of the grooves near the
periphery. The distribution of grooves on the
polishing surface can also be used to control the
distribution of slurry over the polishing surface,
such as maintaining a constant slurry density over the
polishing surface. The increase in the density of
grooves near the periphery can be done to maintain an
approximately constant groove density across the
polishing surface which can be important for
maintaining uniformity in polishing performance across
the surface of the pad. In some cases as depicted in
figure 16A additional radial grooves can be added
which do not extend into the interior of the pad in
order to maintain a constant groove density across the
polishing surface. Typical groove widths can range
from about 10 to about 500 microns, while typical
groove depths can ranges from about 10 to about 1000
microns. [0171] These novel groove designs may be
produced by any suitable method. For example, they may
be produced using the in-situ methods described above,
or additionally they may be produced using ex-situ or
mechanical methods, such as laser writing or cutting,
water jet cutting, 3-D printing, thermoforming and
vacuum forming, micro-contact forming, hot stamping or
printing, and the like. A. Laser Writing (Laser
Cutting)[0172] Laser writing or cutting may be used to
make the novel groove designs described herein. Laser
cutters typically consist of a downward-facing laser,
which is mounted on a mechanically controlled
positioning mechanism. A sheet of material, e.g.,
plastic, is placed under the working area of the laser
mechanism. As the laser sweeps back and forth over the
pad surface, the laser vaporizes the material forming
a small channel or cavity at the spot in which the
laser hits the surface. The resulting grooves/cuts are
typically accurate and precise, and require no surface
finishing. Typically, grooving of any pattern may be
programmed into the laser cutting machine. More
information on laser writing may be found in J.Kim et
al, J. Laser Applications,vol.l5(4), pp 255-260,
Nov.2003, which pages are hereby incorporated by
reference in their entirety. B. Water Jet Cutting
[0173] Water jet cutting may also be used to produce
the novel groove designs described herein. This
process uses a jet of pressurized water (e.g., as high
as 60,000 pounds per square inch) to make grooves in
the pad. Often, the water is mixed with an abrasive
like garnet, which facilitates better tolerances, and
good edge finishing. In order to achieve grooving of a
desired pattern, the water jet is typically
pre-programmed (e.g., using a computer) to follow
desired geometrical path. Additional description of
water jet cutting may be found in J.P. Duarte et al,
Abrasive water jet, Rivista De Metalurgica,vol.34(2),
pp 217-219, Mar-April 1998, which pages are hereby
incorporated by reference in their entirety. C. 3-D
Printing [0174] Three Dimensional printing (or 3-D
printing) is another process that may be used to
produce the novel groove designs described here. In
3-D printing, parts are built in layers. A computer
(CAD) model of the required part is first made and
then a slicing algorithm maps the information for
every layer. Every layer starts off with a thin
distribution of powder spread over the surface of a
powder bed. A chosen binder material then selectively
joins particles where the object is to be formed. Then
a piston which supports the powder bed and the
part-in-progress is lowered in order for the next
powder layer to be formed. After each layer, the same
process is repeated followed by a final heat treatment
to make the part. Since 3-D printing can exercise
local control over the material composition,
microstructure, and surface texture, many new
(andpreviously inaccessible) groove geometries may be
achieved with this method. More information on 3-D
printing may be found in Anon et al, 3-D printing
speeds prototype dev., Molding Systems, vol.56(5), pp
40-41, 1998 , which pages are hereby incorporated by
reference in their entirety. D. Thermoforming and
Vacuum Forming [0175] Other processes that may be used
to produce the novel groove designs described here are
thermoforming and vacuum forming. Typically, these
processes only work for thermoplastic materials. In
thermoforming, a flat sheet of plastic is brought in
contact with a mold after heating using vacuum
pressure or mechanical pressure. Thermoforming
techniques typically produce pads having good
tolerances, tight specifications, and sharp details in
groove design. Indeed, thermoformed pads are usually
comparable to, and sometimes even better in quality
than, injection molded pieces, while costing much
less. More information on thermoforming may be found
in M.Heckele et al., Rev. on Micro Molding of
Thermoplastic Polymers, J . Micromechanics and
Microengineering, vol. 14(3), pp Rl -Rl 4, Mar. 2004,
which pages are hereby incorporated by reference in
their entirety. [0176] Vacuum forming molds sheet
plastic into a desired shape through vacuum suction of
the warmed plastic onto a mold. Vacuum forming may be
used to mold specific thicknesses of plastic, for
example 5 mm. Fairly complex moldings, and hence
complex groove patterns, may be achieved with vacuum
molding with relative ease. E. Micro-contact printing
[0177] Micro contact printing is a high-resolution
printing technique in which grooves can be embossed or
printed on top of a CMP pad. This is sometimes
characterized as "Soft Lithography." This method uses
an elastomeric stamp to transfer a pattern onto the
CMP pad. This method is a convenient, low-cost,
non-photolithographic method for the formation and
manufacturing of microstructures that can be used as
grooves. These methods may be used to generate
patterns and structures having feature sizes in the
nanometer and micrometer (e.g., 0.1 to 1 micron)
range. F. Hot Stamping, Printing[0178] Hot stamping
can be used to generate the novel grooves designs
describe here as well. In this process, a
thermoplastic polymer may be hot embossed using a hard
master (e.g., a piece of metal or other material that
has a pattern embossed in it, can withstand elevated
temperatures, and has sufficient rigidity to allow the
polymer pad to become embossed when pressed into the
hard master.) When the polymer is heated to a viscous
state, it may be shaped under pressure. After
conforming to the shape of the stamp, it may be
hardened by cooling below the glass transition
temperature. Grooving patterns of different types may
be achieved by varying the initial pattern on the
master stamp. In addition, this method allows for the
generation of nanostructures, which may be replicated
on large surfaces using molding of thermoplastic
materials (e.g., by making a stamp with a nano-relief
structure). Such a nano-structure may be used to
provide local grading/grooving VIII. Integrated
optical transparent window for endpoint detection
during CMP [0179] Polishing pads are provided having
at least one region which is sufficiently transparent
to one or more wavelengths of light used for endpoint
detection and methods of making such polishing pads.
The polishing pads may be used with optical detection
or monitoring methods in any suitable chemical
mechanical planarization system. Whether a polishing
pad is mounted on a rotateable plate, as described,
for example, in U.S. Patent Number 6,280,289 hereby
incorporated by reference, is a linear driven sheet,
as described, for example, in U.S. Patent Number
6,179,709 hereby incorporated by reference, or is some
other configuration, it can be modified by methods of
the invention to include a transparent region that
allows for optical detection methods at or near the
surface of the substrate being polished. Optical
detection and monitoring methods are useful in end
point determination, such as measuring of light
reflected off of the substrate surface described in
the above-mentioned patents. It is also possible to
monitor the solution that is at the interface between
the polishing pad and substrate surface. Optical
measurements may be made on this solution, for
example, to measure the distribution of the slurry
layer between the substrate surface and polishing pad
as described in U.S. Patent Number 6,657,726 hereby
incorporated by reference. This solution might also
contain a luminescent material that is sensitive to
the localized concentration of material being released
by the substrate surface, such that detecting the
light emitted by the luminescent material as a
function of position below the substrate surface
provides a map of the substrate surfacecomposition
that can be used to determine the end point. Such a
system is described in U.S. provisional patent
application No. 60/654,173 and is hereby incorporated
by reference. All of these systems and methods require
that at least a region of the polishing pad be
sufficiently transparent, either to pass light from a
light source through the pad to a substrate surface or
the slurry interface, or to pass light from the
substrate surface or slurry interface through the pad
to a detector, or both. [0180] In one instance, new
methods include a process to make a localized area
transparency pad. The method involves the sufficient
removal of porosity by redixcing or not adding
porosity forming agents during the pad fabrication
process in the area which needs to be made
transparent, while preferably essentially maintaining
the chemical (polymer) composition the same throughout
the entire pad. This new method of making a localized
area transparent window allows for much greater pad
life and substantially improved polishing performance
of windowed pads. Additionally, methods may be
included to compensate for the difference in
properties, such as hardness, between the window and
the pad. For example the removal of micropores from a
region on the pad to sufficiently increase
transparency for optical end point detection can make
the less porous region harder than, and thus a softer
polymeric material can be used in the less porous
region to account for the increased hardness. This
compensation provides more controlled or uniform
polishing of the wafer. [0181] Another, property which
can affect the transparency is the size and density of
the hard domains within the CMP pad. Larger sized hard
domains scatter light and thus make the pad less
transparent to light used for endpoint detection. Thus
a decrease in the size and the number of the
hard-domain within the pad may be required to achieve
sufficient transparency for endpoint detection. [0182]
This concept of 'local area transparency' can be
easily implemented to form multiple windows during pad
fabrication, such as by liquid casting or reaction
injection molding, to provide suitable pads for the
optical paths of multiple detector assemblies on a
polishing platform. Such multiple window schemes can
be used to provide accurate end point detection and
instantaneous wafer polished surface profiles.[0183]
The polishing pads provided are described in terms of
a transparent region and a less transparent region.
While the entire pad may be transparent, this is less
desirable since the transparent regions substantially
lack properties of a porous structure as previously
described. As such, typically the pad has transparent
regions within the less transparent portion, which is
not limited to any geometry. For example, within a
circular pad, a variety of geometries may be used.
Figure 17 is a schematic of non-limiting examples of
possible geometries for the transparent region within
the less transparent region, where the region can be
cylindrical (102), rectangular (104) or ring-shaped
(106). Further, with a square or rectangular window,
the direction of the window maybe varied. Other
configurations are also possible, such as a
transparent base pad with less transparent grooves as
shown in Figure 18. The formation of grooves is
discussed in section VII. Figures 19 and 20
demonstrate examples where the window is the same
thickness as the remainder of the pad, or is thinner
than the remainder of the pad. The transparent region
may be of any size and shape, and the total
transparent area may be anywhere up to 100% of the
total pad area, and is typically less than the total
less transparent area, i.e. about less than 50% of the
total area. In some aspects, the total transparent
area is about less than 40%, about less than 30%,
about less than 20%, about less than 10% or about less
than 5% of the total area. The polishing pad may have
multiple transparent regions, where the total area of
all transparent regions is typically less than the
total area of the less transparent region or regions.
There is typically one continuous less transparent
region with one or more transparent regions within,
although one or more transparent regions could divide
the pad into two or more less transparent regions.
[0184] A transparent region is a region or portion of
the pad that is sufficiently transparent to light of
desired wavelengths. The region is sufficiently
transparent if light is transmitted through the pad
region in an amount sufficient to allow the necessary
optical monitoring or detection described herein. The
transparent region need not be completely transparent
and some scattering or absorption of incident light is
acceptable. Preferably, the region transmits light
over a broad range of wavelengths, although the
transmission may vary as a function of wavelength
across the desired range. When desired, the region may
also transmit only a single wavelength. Light
comprising a spectrum of wavelengths is not
necessarily transmitted at all wavelengths, but only
as needed to use the appropriate optical detection
methods. As such, the transparent region is
sufficiently transparent to some or all of the
wavelengths from ultra-violet to infrared. Forexample,
the transparent region is sufficiently transparent to
some or all of the wavelengths in the range of 100 to
1,000 nm, also about 200 to 800 ran, or about 250 to
700 nm, where in one aspect, sufficiently transparent
means at least about 20%, also at least about 50% or
at least about 75% of light of a given wavelength is
transmitted through the region. [0185] The transparent
region comprises a suitably transparent polymer, where
the region sufficiently lacks porosity. The pores
scatter light so that if the pore density is too high,
much of the light is scattered and the region is not
sufficiently transparent. The remainder of the pad is
less transparent and may sufficiently transmit light
useful for optical end point detection. The remainder
is less transparent because it has a pore density such
that the pores scatter the incoming light and thus
make the region less transparent. In one instance, the
less transparent portion has substantial porosity, or
is substantially micro-porous, such that it will
transmit less than about 20%, also less than about
10%, also less than about 5% or less than about 1% of
light that is transmitted by the transparent region.
The pore density may vary across the less transparent
portion, such that different regions of the less
transparent portion of the pad may not block the same
amount of light, but all regions block sufficient
light due to the porosity, as discussed herein. [0186]
The following examples set forth certain examples of
new polishing pads and methods of making such pads.
Example 1: Process for forming a windowed pad. [0187]
An situ window formation manufacturing process may be
used. The manufacturing process is designed such that
each of the product streams: curing agent, diol,
pre-polymer, and microballoons are added separately in
a continuous process prior to or during mixing. This
is demonstrated schematically in Figure 2 1 Using such
a manufacturing process, each of the required feed
streams can be easily controlled to deliver the
desired amount of curing agent, diol, pre-polymer, and
microballoons. [0188] While this process provides
remarkable tunability and flexibility, one of the
other goals which can be achieved using such a
manufacturing process is the formation of a window
in-situ. During the manufacturing process, each part
of the mold which needs to be filled in order to make
the pad can be traversed by the insertion nozzle at a
pre-defined speed. Li order to achievetransparency for
a certain local region, the microballoons stream can
be shut off or the flow rate reduced while the feeder
is traversing that particular region. Transparency is
achieved since the inherent polymer matrix, which is
composed of a polyurethane formed by the reaction of
the curing agent, diol (or amine) and pre-polymer, is
transparent. The opacity of the pad is due to the
introduction of the microballoons in the non-window
region. [0189] Although the absence of microballoons
to achieve transparency in the entire pad is possible,
such a transparent pad may not have the desired
flexibility for polishing purposes. The absence of
microballoons can increase the hardness by about 5-10
shore D. It is thus preferable to make local regions
transparent for end-point detection purposes and then
create a compensation grading scheme for the pad in
order to nullify any adverse effects due to the
changed hardness in the transparent region. An example
of such a pad is shown in Figure 22. Such compensation
grading would be very efficiently achieved with
pre-defined grading schemes. Such grading schemes can
be achieved by the tunability allowed in the
manufacturing process described in this example. For
example, the hardness in the transparent region can be
accommodated through the addition of a softer
material. Such a manufacturing process can also be
used to make more than one window if desired. Example
2 : Properties of polishing pad with window
transparent to visible light. [0190] As an example,
the present formulation is specified for making a
graded CMP polyurethane pad with window of dimensions
0.75 x 2.25 inches used for polishing the wafers. A
polyurethane-polishing pad is made with predetermined
hardness, pore size and porosity. The pad has a
hardness ranging from about 65 D to 75 D and has a
pore density ranging from about 25 % to 15 % of the
pad material, respectively with the pore size 35-55
mm. The hardness value for the pad is typically in the
45D-75D shore hardness range, and in one instance is
preferably approximately 7OD for a window. In order to
achieve the desired goal of optical end point
detection using commercially available CMP equipment,
the pad window is preferably transparent to visible
light, since visible light is used in such detection
schemes. Figure 23 shows a fully transparent pad.
[0191] Aspects of the characteristics, described in
sections II-VIII of the customized pads for CMP, which
can be made by the process described and materials
described in section I can becombined achieve the
desired properties of the pad. Table 10 lists the
characteristics described in sections II-VIII . Table
10: Pad characteristics described in sections II-VIII.
[0192] In addition to the polymer formulations
described in section I the characteristics listed in
table 10 can be combined to form customized pads with
controlled microstructure along with the additional
characteristics listed in table 10. The combinations
of characteristics which can be combined with the
controlled microstructure are as follows (the number
represents the characteristic in table 10): 1, 2, 3,
4, 5, 6, 7, 1&2, 1&3, 1&4, 1&5, 1&6, 1&7, 2&3, 2&4,
2&5, 2&6, 2&7, 3&4, 3&5, 3&6, 3&7, 4&5, 4&6, 4&7, 5&6,
6&7, 1&2&3, 1&2&4, 1&2&5, 1&2.&6, 1&2.&7, 1&3&4,
1&3&5, 1&3&6, 1&3&7, 1&4&5, 1&4&6, 1&4&7, 1&5&6,
1&5&7, 1&6&7, 2&3&4, 2&3&5, 2&3&6, 2&3&7, 2&4&5,
2&4&6, 2&4&7, 2&5&6, 2&5&7, 3&4&5, 3&5&6, 3&5&7,
3&6&7, 4&5&6, 4&5&7, 4&6&7, 5&6&7, 1&2&3&4, 1&2&3&5,
1&2&3&6, 1&2&3&7, 1&2&4&5, 1&2&4&6, 1&2&4&7, 1&2&5&6,
1&2&5&7, 1&2&6&7, 1&3&4&5, 1&3&4&6, 1&3&4&7, 1&3&5&6,
1&3&5&7, 1&3&6&7, 1&4&5&6, 1&4&5&7, 1&4&6&7, 1&5&6&7,
2&3&4&5, 2&3&4&6, 2&3&4&7, 2&3&5&6, 2&3&5&7, 2&3&6&7,
2&4&5&6, 2&4&5&7, 2&4&6&7, 2&5&6&7, 3&4&5&6, 3&4&5&7,
3&4&6&7, 3&5&6&7, 4&5&6&7, 1&2&3&4&5, 1&2&3&4&6,
1&2&3&4&7, 1&2&3&5&6, 1&2&3&5&7, 1&2&3&6&7, 1&2&4&5&6,
1&2&4&5&7, 1&2&4&6&7, 1&2&5&6&7, 1&3&4&5&6, 1&3&4&5&7,
1&3&4&6&7, 1&3&5&6&7, 1&4&5&6&7, 2&3&4&5&6, 2&3&4&5&7,
2&3&4&6&7, 2&3&S&6&7, 2&4&5&6&7, 3&4&5&0&7,
1&2&3&4&5&6, 1&2&3&4&5&7, 1&2&3&4&6&7, 1&2&3&5&6&7,
1&2&4&5&6&7, 1&3&4&5&6&7, 2&3&4&5&6&7,
1&2&3&4&5&6&7.IX. Methods for customization [0193]
Customization of pads can be based on the desired pad
property. For example, creation of urethane hard pads
is achieved through the use of a higher degree of
crosslinking, the use of a TDI based system instead of
MDI and the use of shorter polyol and polyamine
chains. Lower glass transition temperature pads can be
made using polyether polyols, and by decreasing the
size and increasing the number of the hard segments.
Pads with improved tear strength can be made using
polyester polyols. Transparent pads can be made by
increasing the number of hard segments, not allowing
for the phase separation of the shorter soft chains,
by reducing the size of the pores, using polyols with
less aromaticity, and having linearity in the
molecules (i.e. the stoichiometry should be
approximately. Hydrophilic pads can be made through
the addition of select hydrophilic and low molecular
weight polyols. A. Methods for customizing pads
according to material to be polished [0194] Polishing
of oxides, such as SiO2, can be achieved through the
addition of embedded abrasives, such as SiO2 particles
within the polymeric material of the polishing pad.
[0195] Copper polishing involves a three step process.
Figure 24 is a schematic of the copper polishing
process. The first step is bulk copper removal. The
second step in the removal of the 



low K barrier which can require low a COF. Finally the
third step is the removal of the tantalum/tantalum
nitride barrier layer. Typically three different pads
are used for the individual steps. With some of
Neopad's pads, as described herein single pad
functionality can be achieved (i.e. a single pad can
be used for all three steps). This can be achieved
through the addition of solid lubricants, such as
boron nitride and/or Teflon(r) and the use of low
shear integral pads. Low shear integral pads and pads
containing solid lubricants such as Boron nitride or
Teflon(r), which can be a solid lubricant for copper
polishing, allow for a lower COF which can be desired
for the copper polishing process. [0196] STI (nitride
and oxide stack) can be polished through the addition
of embedded abrasives such as cerium oxide as well as
by the use of low shear integral pads. The cerium
oxide can allow for selectivity in the polishing
process, because cerium oxide can selectively polish
nitride. The interfaces in the low shear integral pads
can allow for lower COF. Functional grading of the
abrasives can also be used to polish STIs.[0197] A
softer pad with a higher compressibility than pads
used for polishing oxide can be used to polish
tungsten, which is a soft brittle material. The
reduction in pad hardness can be achieved by using
soft polymers, such as one manufactured using a longer
chain polyol material, and by increasing the porosity
in the pad. [0198] Optical material, which are
extremely brittle and can require a low removal rate,
can desire methods such as whisper or cluster
polishing which has a very low COF. This can be
achieved by the addition of solid lubricants and/or
the use of low shear integral pads with multiple
interfaces. [0199] As with optical material, strained
silicon, vertical gates, FinFet structures, or SOIs,
present in the substrate are extremely brittle and can
require a low removal rate, can desire methods such as
whisper or cluster polishing which has a very low COF.
This can be achieved by the addition of solid
lubricants and/or the use of low shear integral pads
with multiple interfaces. [0200] If SoCs are present,
polishing can be achieved with the addition of solid
lubricants such as Boron nitride or Teflon(r) and the
use of low shear integral pads. Functional grading may
be needed if large pattern densities are present. B.
Methods for customizing pads according to IC
characteristics to be polished [0201] For a high IC
pattern density, greater than 70 %, on the substrate,
a tighter control of the pad properties, such as long
range order, pore size, and distribution, is desired.
Tighter control of these properties can be achieved
through control of the pad fabrication process, such
as controlling the uniformity of the temperature
during the manufacture process and having homogenized
mixtures of the polymeric starting components. [0202]
For a high IC pattern density range on the substrate,
functional grading of the pads can be desired to
accommodate the density range. For a high pattern
density range, such as about 50%- 100% of the
substrate, continuous or discontinuous radially
symmetric functional grading, as schematically
depicted in figures 7 and 10 respectively, can be
used. For an even higher pattern density range, such
as about 80%- 100% of the substrate, non-radially
symmetric grading, asschematically depicted in figure
9, can be used for a more customized distribution of
the pad properties on the polishing surface. [0203]
For a smaller line width of the IC, a smaller COF of
the pads is desired. This can be achieved with the
addition of solid lubricants and/or the use of low
shear integral pads. [0204] The chip size can
determine the desired properties of the CMP pad. For a
large the chip, such as SoCs, functional grading can
be important for high chip yield. [0205] The size of
technology nodes, such as transistors and metal lines,
can determine the desired properties of the polishing
pads. For lower technology nodes, below 90 nm, the use
of solid lubricant within pad material, and low shear
integral pads can be critical because they provide a
low COF. A low COF can be critical, because as
structures get smaller the chances they may break
during polishing increases, and hence a low COF can be
required. Some of Neopad's pads can be designed to
accomplish highly uniform polishing performance at all
the technology nodes at 90 nm and above as well as
technology nodes such as 65 nm, 45 nm, 32 nm and
lower. C . The Properties of Customized Pads for CMP
[0206] Pad thermal properties (temperature transient)
[0207] The temperature transient during a polishing
operation can affect the polishing performance. The
temperature transient depends on several variables
which include the slurry flow rate as well as the loss
modulus (E") and storage modulus (E') of the pad. A
smaller temperature transient is desirable since a
fluctuation in the polishing temperature can lead to a
variation in the removal rate and consequently affect
the polishing rate and hence the uniformity of the
process. For example, it has been shown that a change
in 2 C of the polishing temperature can lead to change
in approximately 20% in the removal rate. In this
invention, new methods are developed to reduce the
temperature transient during polishing. A low
temperature transient can be maintained by maintaining
a uniform distribution of the type, size and density
of hard domains within the polymeric matrix of the
pad, having high E' and E" values, having a small loss
in storage modulus DE'(20C-40C), which should be about
less than 20%, smaller tandvalues, and decreasing the
size of hard domains and increase the density of hard
domains (can cause increases E' and E" values). [0208]
Neopad's novel customized pads have a thermal
transient within 30C (maximum) while the commercial
pads have a thermal transient which is greater than
100C. The temperature as a function of pxV for three
customized Neopad's pads and two commercial pads are
shown in Figure 25. DMA/TMA properties [0209] The
thermo-mechanical properties of the pad can be
important for the polishing performance of the CMP
pads. The key properties are the glass transition
temperature (Tg), the loss modules (E"), the storage
modulus (E'), the tand (E'VE'), KEL(tand*1012(E'(l+tan
2d))), the surface tension, compressibility and the
thermal transient properties described above. For
uniform and improved polishing a lower glass
transition temperature is desirable. Higher E" and E'
values are desired because they lead to an increase in
polishing performance. Higher E" and E' values can be
achieved by reducing the size and increasing the
density of hard domains within the CMP pad. Further, a
lower tand value is desirable in the polishing
temperature range because lower values allow for a
lower temperature transient. [0210] The DMA/TMA
properties are shown in Table 1. The storage modulus
(E') is greater than about 400 MPa for Neopad's novel
customized pads compared with less than 300 MPa for
commercial pads. The loss modulus (E") is greater than
about 250 MPa for Neopad's novel customized pads
compared with less than 250MPa for commercial pads.
The novel pads have a Tg below about -300C as compared
to the Tg of the commercial pads which have a Tg of
greater the -2O0C. A lower Tg is desirable because
when Tg is further away from the working temperature,
the effect of the temperaure, on the pad properties is
reduced. At or near Tg, the polymer properties undergo
drastic changes and have a large temperature
dependence. [0211] Further, the lowering of the change
in storage modulus (DE') as function of temperature
can be important. Lower values can suggest the change
in the properties of the polymer is at a minimum (ie.
that the material properties remain the same and
clearly this property is desirable). A smaller change
in storage modulus between 4O0C and 2O0C is obtained
for the Neopad pads(19%) as compared to the commercial
pads (30% and higher) as shown in Table 11. The
reduction in the storage modulus can be achieved by
maintaining a uniform distribution of the type, size
and density of hard domains within the polymeric
matrix of the pad Table 11: Pad properties [0212]
Other properties shown in table include tand, which is
typically less than about .7 for Neopad's pads and
greater than 1 for commercial pads, KEL(tan d*10
12(E'(l+tan 2d)), which is less than about 100 (1/Pa)
for Neopad's pads and range from 100-1000 for
commercial pads, the surface tension, which is less
than about 25 mN/m for Neopad's pads and greater than
34 mNZm for commercial pads, and the compressibility
which is less than about 1% for Neopads pads and
ranges between 1% - 5% for commercial pads. The
desired characteristics of the polishing pads are
shown in table 12. [0213] Table 12. Desired pad
characteristicsRECOVERY OF CCl-779 FROM MOTHER LIQUORS
BACKGROUND OF THE INVENTION This invention relates to
the recovery of CCI-779 from mother liquors. CCI-779
(rapamycin 42-ester with
3-hydroxy-2-(hydroxymethyl)-2- methylpropionic acid)
is an ester of rapamycin, which has demonstrated
significant inhibitory effects on tumor growth in both
in vitro and in vivo models. CCI-779 binds to and
forms a complex with the cytoplasmic protein FKBP,
which inhibits an enzyme, mTOR (mammalian target of
rapamycin, also known as FKBP12-rapamycin associated
protein [FRAP]). Inhibition of mTOR's kinase activity
inhibits a variety of signal transduction pathways,
including cytokine-stimulated cell proliferation,
translation of niRNAs for several key proteins that
regulate the Gl phase of the cell cycle, and IL-2-
induced transcription, leading to inhibition of
progression of the cell cycle from Gl to S. CCI-779
has been demonstrated to be effective in multiple
applications, including inhibition of central nervous
system cancer, leukemia, breast cancer, prostate
cancer, melanoma, gliomas, and glioblastoma. The
preparation and use of hydroxyesters of rapamycin,
including CCI-779, is disclosed in US Patent No.
5,362,718. A regioselective synthesis of CCI-779 is
described in US Patent No. 6,277,983 . However, the
yield of CCI-779 resulting is only in the range of
70-80%. Still another regioselective synthesis is
described in US Patent Publication No. US 2005-0033046
Al. Recrystallization of CCI-779 is necessary in order
to obtain crystalline product for use in clinical
applications. What is needed is a process for
recovering additional crystalline CCI-779 from the
mother liquors obtained as a by-product of CCI-779
crystallization. SUMMARY OF THE INVENTION The
invention provides a process for the recovery of
CCI-779 from mother liquors. The process includes
concentrating the mother liquor, treating the
concentrated CCI-779 with a buffer, drying and
concentrating the organic layer, and recrystallizing
the CCI-779, preferably from ether.In another
embodiment, the mother liquor obtained from the
process is used in the process in order to obtain
additional yields. In other embodiments, the process
is repeated multiple times. Other aspects and
advantages of the invention will be apparent from the
following detailed description of the invention.
DETAILED DESCRIPTION OF THE INVENTION The present
invention provides a novel method for the recovery of
CCI-779 from mother liquors. CCI-779 (rapamycin
42-ester with 3-hydroxy-2-(hydroxymethyl)-2-
methylpropionic acid) can exist in the form of two
isomers illustrated below in Scheme 2. The CCI-779
recovered from mother liquors in accordance with the
invention generally contains about 95 wt% of CCI-779
Isomer B and about 3 wt% Isomer C. As used herein, the
terms combined yield or total combined yield mean the
total CCI-779 recovered from all recrystallization
steps, including initial recrystallization by
conventional techniques and CCI-779 recovered from
mother liquors by the process of the invention. In one
embodiment, CCI-779 is prepared as described in US
Patent No. 5,362,718. In another embodiment, CCI-779
is prepared as described in US Patent Publication No.
US 2005-0033046 Al . In another embodiment, CCI-779 is
obtained from the acidic hydrolysis of rapamycin
42-ester with
2,2,5-trimethyl[1.3-dioxane]-5-carboxylic acid. In one
embodiment this is accomplished using sulfuric acid
followed by silica gel chromatography. The acidic
hydrolysis is described in US Patent No. 6,277,983
(Shaw, et al). Scheme 1 herein summarizes the
hydrolysis process. Following hydrolysis,
recrystallization is accomplished using conventional
techniques. In one embodiment, recrystallization is
performed with ether. Typically, the CCI-779 obtained
from recrystallization has a B:C isomeric ratio in the
range of about 30 : 1 to about 35 : 1, and a yield in
the range of about 70% to about 80%, or about 72% to
about 76%. hi one embodiment, the CCI-779 obtained
from recrystallization has a B:C isomeric ratio of
about 32 : 1 and a yield of about 74%.Scheme 1
Rapamycin 42-ester with Rapamycin 42-ester with
2,2,5-trimethyl[1 .3-dioxane] 2,2-bis-(hydroxymethyl)
propionic -5-carboxylic acid acid (CCI-779)
(WAY-130159) The by-products of the recrystallization
process are mother liquors containing additional
CCI-779. Typically, the amount of CCI-779 present in
the mother liquors is 20% or more of the product after
recrystallization. Ih one embodiment, 25 to 26% of the
CCI-779 product is present in the mother liquors.
Further, the CCI-779 in these mother liquors contains
a higher proportion of CCI-779 isomer C, i.e., a lower
B:C ratio, than is typically found in CCI-779. In one
embodiment, the B:C isomer ratio in the mother liquors
is in the range of about 1.5 : 1 to 3 : 1, about 1.5 :
1 to 2.5 : 1, about 2 : 1 or about 1.6 : 1. The
presence of a greater percentage of isomer C in mother
liquors, as opposed to that in the crystalline
CCI-779, indicates a higher solubility of isomer C in
the crystallization solvent. While not wishing to be
bound by theory, isomer C is believed to be less
crystalline than isomer B, leading to the increased
presence of isomer C in the mother liquors. Applicants
have discovered that the isomeric ratio can be
increased in order to recover additional yield from
mother liquors through modification of the pH. Scheme
2 herein illustrates the desired isomeric shift.Scheme
2 Isomer B Isomer C Mother liquors obtained from the
crystallization of CCI-779, as described above, are
first concentrated under reduced pressure. The
resulting foam is combined with a buffer system, i.e.,
a pH adjusting buffer (buffer solution) and solvent.
In one embodiment, the pH of the buffer is
approximately 5 to 6.5. In another embodiment, the pH
of the buffer is approximately 5 to 5.5. In one
embodiment, the buffer solution contains sodium
acetate, m other embodiments, the buffer solution
contains potassium acetate or zinc acetate. In still
other embodiments, the buffer solution contains a
mixture or sodium acetate, potassium acetate, and/or
zinc acetate. In one embodiment, the solvent is an
organic solvent. In a further embodiment, the organic
solvent is acetone. In still other embodiments, the
organic solvent is tetrahydrofuran, acetonitrile, or
acetic acid. In other embodiments, the solvent is a
mixture of solvents, e.g., a mixture of acetone,
tetrahydrofuran, acetonitrile, and/or acetic acid. In
one embodiment, the volume ratio of solvent to buffer
is between 1.5 to 1.1 : 1.0. hi another embodiment,
the volume ratio is 1.1 : 1.0. Other buffer systems,
solutions, solvents, and volume ratios to adjust the
pH are contemplated by the invention and would be
known to one of skill in the art. The solution of
residual foam, from the mother liquors, and buffer
system (i.e., buffer solution and solvent) is mixed,
hi one embodiment, the solution is mixed undernitrogen
at a temperature of approximately 20 to 250C for 24
hours. In other embodiments, the solution is mixed for
48 hours. The length of time may be adjusted in order
to maximize the ratio of isomer B to isomer C. In
another embodiment, the ratio is monitored during the
mixing, for example, by HPLC. Following mixing, the
product is separated by conventional means, hi one
embodiment, the mixture is diluted with ethyl acetate
and washed with a brine solution. This is followed by
washing of the organic layer (or organic layers
combined) with water and brine. The organic layer is
then dried over sodium sulfate and concentrated under
reduced pressure, generating a foam. Other methods of
separating the product would be known to one of skill
in the art, and are contemplated by the invention. The
method of separating the product comprises addition of
an organic medium so as to form the organic layer.
Following separation, the foam is recrystallized by
conventional techniques, e.g., precipitation. In one
embodiment, the foam is recrystallized from an ether,
hi further embodiments, the ether is diethyl ether, or
t-butyl methyl ether. As solvent for recrystallization
there may also be used acetonitrile, a mixture of
ether with hexanes or heptane, or a mixture of t-butyl
methyl ether with hexanes or heptane. In still a
further embodiment, the ether is diethyl ether. In one
embodiment, the precipitated CCI-779 may be dried, for
instance, under vacuum by conventional techniques. hi
one embodiment, the recrystallized CCI-779 has a B.C
isomer ratio greater than about 30:1. hi other
embodiments, the recrystallized CCI-779 has a B:C
isomer ratio of about 45:1, or about 49:1, or greater.
In still other embodiments, the recrystallized CCI-
779 has a B:C isomer ratio of about 55:1, or about
57:1, or greater. In other embodiments, the process is
repeated using the mother liquors obtained from the
process in order to obtain a desired total yield of
CCI-779. In one embodiment, the total combined yield
achieved by the process of the invention is about 90%,
or about 95%, or greater, hi other embodiment, the
total combined yield achieved is about 98%, or
greater. Scheme 3 below illustrates the process.Scheme
3 CCI-779 (crude before ether CCI-779 (mother liquors)
CCI-779 final crystallization) Isomers B : C
(purified, crystalline) Isomers B:C = 1.6 : 1 Isomers
B : C = >9: 1 = 32 : 1 Acetoneacetate buffer, pH 5 -
5.5 2 days CCI-779 Isomers B : C = 9 : 1
Acetoneacetate buffer, pH 5 - 5.5 2 days ether CCI-779
(purified.crystalline) CCI-779 (mother liquors)
Isomers B : C Isomers B : C =49 : 1 = 3 : 1 The
following example is illustrative of the present
invention, but is not a limitation thereof. EXAMPLE
Recovery of CCI-779 from mother liquors: The acetate
buffer (pH 5-5.5) was prepared by adding 400 ml of
water to a suitable container followed by 5.5 g of
sodium acetate and stirred to form a solution. To this
solution was added 0.05 M acetic acid (300 ml) and
stirred to form acetate buffer (pH 5-5.5). To a 2-L
flask was charged 600 ml of acetone, followed by 545
ml of acetate buffer (pH 5 -5.5). The mixture is
stirred to form a homogeneous solution as 1.1 : 1
acetone-acetate buffer (pH 5-5.5). To a 1-L flask was
charged 500 g of CCI-779 mother liquor (diethyl ether
solvent) (assay contained 7.9 % of CCI-779 with
isomeric ratio B:C = 1.6 : 1 ) . The mother liquor was
concentrated under reduced pressure to obtain 49.85 g
of product as a foam. The foam was dissolved in 750 ml
of 1.1 : 1 acetone-acetate buffer and mixed under
nitrogen at 20 to 25C for a minimum of 24 h with the
progress of the reaction monitored byHPLC. After one
day, the ratio of B:C of a work-up sample was 8.1 : 1
and 9 : 1 after 48 h. The ratio of the two isomers
remained the same after 48 h. The reaction mixture was
diluted with 1200 ml of ethyl acetate and washed with
300 ml of brine. The aqueous layer was separated and
extracted with 300 ml of ethyl acetate. The organic
layers were combined and washed with water (300 ml)
and brine (300 ml). The organic layer was dried over
sodium sulfate and then concentrated under reduced
pressure to obtain 45.45 g of product as pale yellow
foam. The foam was recrystallized from ether (180 ml).
The product was dried in an vacuum oven at 50-55C to
constant weight to obtain 22.5 g of product as a white
crystalline solid with purity 93.2 % (isomer B+C) and
an isomeric ratio of B : C = 57 : 1. The recovery
yield was 57 %. The mother liquor was concentrated
under reduced pressure to obtain 19.5 g of product as
a light yellow foam with B:C isomers ~ 3.3 : 1. The
foam was treated with 300 ml of acetone-acetate buffer
at 20 to 25C for 48 h. The reaction mixture was
diluted with 450 ml of ethyl acetate and washed with
150 ml of brine. The aqueous layer was separated and
extracted with 150 ml of ethyl acetate. The organic
layers were combined, washed with water (200 ml),
brine (200 ml), and dried over sodium sulfate. After
concentration under reduced pressure, 17.24 g of
product was obtained as light yellow foam with a B:C
isomer ratio of 9 : 1. This material can be
recrystallized from ether to obtain more crystalline
CCI-779 as described in the process cycle. All
patents, publications, and other documents identified
herein are incorporated by reference. One of skill in
the art will recognize that minor modifications to the
conditions and techniques described in the specific
embodiments described herein can be varied without
departing from the present invention. Such minor
modifications and variants are within the scope of the
invention as defined by the following claims.CLAIMS:
1. A process for recovering CCI-779 from mother
liquors, comprising: (a) concentrating the mother
liquor; (b) subjecting CCI-779 obtained by
concentrating the mother liquor to treatment with a pH
adjusting buffer having a pH in the range of about 5
to about 5.5; (c) subjecting the mixture to solvent
extraction; (d) drying and concentrating the resultant
organic layer; and (e) recrystallizing the CCI-779. 2.
The process according to claim 1, wherein steps (a)
through (d) are repeated using the mother liquor
obtained from step (e). 3. The process according to
claim 2, wherein the final combined yield exceeds 95%.
4. The process according to claim 2, wherein the final
combined yield exceeds 98%. 5. The process according
to any one of claims 1 to 4, wherein the pH adjusting
buffer comprises sodium acetate, potassium acetate, or
zinc acetate. 6. The process according to claim 5,
wherein the pH adjusting buffer comprises sodium
acetate. 7. The process according to any one of claims
1 to 6, wherein the pH adjusting buffer is used with
acetone, tetrahydrofuran, acetonitrile, or acetic acid
as solvent. 8. The process according to claim 7,
wherein the pH adjusting buffer is used with acetone
as solvent.9. The process according to any one of
claims 1 to 8, wherein an ether is used in
recrystallization. 10. The process according to any
one of claims 1 to 6, wherein diethyl ether, tbutyl
methyl ether, acetonitrile, a mixture of ether with
hexanes or heptane, or a mixture of t-butyl methyl
ether with hexanes or heptane is used as solvent for
recrystallization. 11. The process according to claim
10, wherein the solvent is diethyl ether. 12. The
process according to any one of claims 1 to 11,
further comprising the steps of: (f) precipitating the
CCI-779; and (g) drying the CCI-779 under vacuum. 13.
The process according to any one of claims 1 to 12,
wherein the CCI-779 produced thereby has a B:C
isomeric ratio greater than 30:1 . 14. The process
according to any one of claims 1 to 12, wherein the
CCI-779 produced thereby has a B:C isomeric ratio
greater than 45:1. 15. The process according to any
one of claims 1 to 12, wherein ethyl acetate is used
as solvent for the solvent extraction. 


