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SUMMARY

Waldenstrém’s macroglobulinemia (WM) is a B-cell disorder character-
ized by the infiltration of the bone marrow with lymphoplasmacytic
cells, as well as detection of an immunoglobulin M (IgM) monoclonal
gammopathy in the serum. WM is an incurable disease, with an over-
all median survival of only 5-6 years. First-line therapy of WM has been
based on single-agent or combination therapy with alkylating agents
(e.g., chlorambucil or cyclophosphamide), nucleoside analogues
(cladribine or fludarabine phosphate) and the monoclonal antibody
rituximab. Novel therapeutic agents that have demonstrated efficacy
in WM include thalidomide, lenalidomide, bortezomib, everolimus,
atacicept and perifosine. The range of the overall response rate to these
agents is 25-80%. Ongoing and planned clinical trials include those
using protein kinase C (PKC) inhibitors such as enzastaurin hydrochlo-
ride, new proteasome inhibitors such as carfilzomib, histone deacetyl-
ase inhibitors such as panobinostat, humanized CD20 antibodies
such as ofatumumab and additional alkylating agents such as ben-
damustine hydrochloride. In comparison with traditional chemothera-
peutic agents, these agents may in the future lead to greater respons-
es, longer remissions and better quality of life for patients with WM.

INTRODUCTION

Waldenstrom’s macroglobulinemia (WM) is a B-cell disorder charac-
terized by the infiltration of the bone marrow with lymphoplasma-
cytic cells, as well as demonstration of an immunoglobulin M (IgM)
monoclonal gammopathy (1-4). According to the Revised European

Correspondence: |.M. Ghobrial, Dana-Farber Cancer Institute, Harvard Medical School,
Boston, MA 02115, USA. E-mail: Irene_ghobrial@dfci.harvard.edu.

American Lymphoma system and the World Health Organization,
WM is classified as a lymphoplasmacytic lymphoma (3, 4). The over-
all incidence of the disease is about 3 per million persons per year,
which includes 1,500 new cases diagnosed each year in the United
States. The incidence rates are higher in Caucasians than in
African-Americans, and when looking at the age-adjusted rates for
men and women within the U.S., men have a higher incidence than
women (incidence of 3.4 per million and 1.7 per million, respectively)
(5-7). The most recognized risk factor for developing WM is IgM
monoclonal gammopathy of undetermined significance, which con-
fers a 46-fold higher relative risk for WM compared with the general
population (8). Individuals who have a first-degree relative with a B-
cell neoplasm are also at higher risk for developing the disease,
namely ~18.7% of patients in various studies (9, 10).

WM remains an incurable disease with an overall median survival of
only 5-6 years and a median disease-specific survival of 11.2 years
(7). Factors associated with poor prognosis include advanced age,
high B,-microglobulin, cytopenias, low albumin, serum IgM mono-
clonal protein and organomegaly (7-11). A total of 587 WM patients
were recently analyzed to create an international prognostic scoring
system (WM-IPSS), based on 5 risk factors: age, ,-microglobulin,
anemia, thrombocytopenia and serum IgM monoclonal protein
(Table 1). Among the patients with low-risk disease, 87% had a 5-
year survival, while this value was only 36% in individuals with high-
risk disease. The WM-IPSS is now accepted as the uniform prognos-
tic staging system for WM (12).

CLINICAL MANIFESTATIONS

The signs and symptoms of WM may vary, but are usually related to
signs of bone marrow infiltration (e.g., anemia or cytopenias) or to
symptoms and signs of hyperviscosity caused by the elevated IgM
level in the serum (2, 3, 7). In addition, hepatosplenomegaly and
lymphadenopathy occur in about 20% of WM patients. Other possi-
ble symptoms include B symptoms (i.e., fever, night sweats and
weight loss) or rare symptoms and signs (e.g., cryoglobulinemia and
skin rash or Schnitzler's syndrome), Raynaud'’s disease, amyloidosis
and involvement of the central nervous system (Bing—Neel syn-
drome) (13-15).

WHEN AND HOW TO TREAT
Individuals with WM should be treated based on the presence of

signs or symptoms of disease progression. Patients who are asymp-
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Table I. International Prognostic Scoring System for WM (WM-IPSS).

Based on five

risk factors* Low Intermediate High
<Tfactor 2 factors or age > 2 factors
> 65 years
n (%) 158 (27) 223 (38) 206 (35)
Survival at 5 years 87% 68% 36%

*Age > 65 years, hemoglobin < 11.5 g/dL, platelet count < 100 x 10%/L,
B,-microglobulin > 3 mg/L and serum monoclonal protein concentration
>7.0g/dL.

tomatic should not be treated, independent of the monoclonal pro-
tein level. Frequently, physical manifestations contributing to the
need to initiate therapy include a platelet count below 100 x 109/L,
a hemoglobin level below 10 g/dL, symptomatic hyperviscosity,
amyloidosis, bulky adenopathy or organomegaly, severe or advanc-
ing peripheral neuropathy, cryoglobulinemia and cold agglutinin
disease (15, 16). Determining the most appropriate route of therapy,
once established as necessary, should take into account the
patient’s age, the occurrence of cytopenias, the requirement for
rapid disease control, as well as the affected individual's eligibility for
autologous transplant therapy (16).

THERAPEUTIC OPTIONS

Standard therapeutic options

First-line therapy of WM has been based on single-agent therapy
with alkylating agents (e.g., chlorambucil or cyclophosphamide),
nucleoside analogues (cladribine or fludarabine phosphate) and the
monoclonal antibody rituximab (17-20). Response is assessed by the
consensus panel recommendations set at the Second International
Workshop on WM (16, 21, 22), listed in Table Il. The median duration
of response to the agents used for first-line WM therapy is 2-3 years
and these compounds produce overall response rates of 30-70% in
that setting, which includes complete response rates of < 10%, par-
tial response and minimal response (18, 23). In the salvage setting,
the overall response rates fall between 30% and 40%, with a medi-
an response duration of < 1vear (18, 24).

Fludarabine in combination therapy is another common treatment
option and is known to stimulate high responses, although signifi-
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cant toxicities are often a problem in elderly patients (25, 26). It can
also lead to long-term remissions; a recent update of the Southwest
Oncology Group-directed intergroup trial S9003 showed that the
10-year event-free survival with single-agent fludarabine was
20%. Unfortunately, as nucleoside analogues have been found to
increase the development of myelodysplasia or acute myelogenous
leukemia and have been associated with an increased risk for dis-
ease transformation, they should be used judiciously in WM patients
(27).

Cyclophosphamide-containing regimens have also produced signif-
icant responses in patients with WM (3, 28, 29). Dimopoulos et al.
(29) showed that the combination of rituximab, cyclophosphamide
and dexamethasone led to overall and complete responses in 78%
and 7%, respectively, of WM patients and a 2-year progression-free
survival of 80%. These results are comparable to those observed
with the combination of cyclophosphamide, doxorubicin, vincristine
sulfate, prednisone and rituximab (30), indicating that the addition
of vincristine and doxorubicin to WM therapy may not be necessary.

The most commonly used therapeutic agent for WM s rituximab.
Standard treatment involves four weekly infusions of 375 mg/m? or
extended treatment involving four weekly rituximab treatments
repeated at 3 months. This treatment regimen has yielded response
rates of 35-48% (19, 31-33). In about 54% of patients, rituximab has
been found to cause IgM flare, which is an initial increase in the IgM
level lasting up to 3-4 months (34, 35). These elevated IgM levels do
not indicate treatment failure.

A viable treatment option that could be employed, when feasible for
patients, is autologous transplant therapy. The European Bone
Marrow Transplant Registry recently reported the largest experience
in both autologous stem cell transplants and allogeneic stem cell
transplants for WM. They reported data from 202 WM patients who
mostly had relapsed or refractory disease. After autologous stem cell
transplants, the 5-year progression-free and overall survival rates
were 33% and 61%, respectively. In 44 heavily pretreated WM
patients who underwent a conventional myeloablative allogeneic
stem cell transplant and 62 patients who received a reduced-inten-
sity conditioning allogeneic stem cell transplant, the 3-year non-
relapse mortality rate for all patients was 33% and the 5-year pro-
gression-free and overall survival rates were 48% and 63%,
respectively (36). Patients who are eligible for an autologous stem
cell transplant should not be exposed to specific therapies, including
alkylating agents or nucleoside analogues, as a recent study found

Table Il. Response criteria recommended at the Second International Workshop on WM.

Complete response

Disappearance of monoclonal protein by immunofixation; no histological evidence of bone marrow involvement; resolution

of any adenopathy/organomegaly; reconfirmation of complete response is required after 6 weeks

Partial response
adenopathy/organomegaly

A = 50% reduction of serum monoclonal IgM concentration on protein electrophoresis and a = 50% decrease in

Minor response

A = 25% reduction of serum monoclonal IgM by protein electrophoresis

Stable disease

A < 25% reduction in serum monoclonal IgM by electrophoresis

Progressive disease
after 3 weeks

A > 25% increase in serum monoclonal IgM by protein electrophoresis; reconfirmation by a second measurement is required
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that treatment with these compounds has led to difficulty collecting
stem cells (19).

Novel therapeutic agents

Novel therapeutic agents that have demonstrated efficacy in WM in
clinical trials include thalidomide, lenalidomide, bortezomib,
everolimus, atacicept and perifosine (Table Ill). The range of the
overall response rates to these agents is 25-80% (18, 37-39).
Ongoing clinical trials include those of ofatumumab, enzastaurin
hydrochloride, panobinostat and carfilzomib (40). In addition, multi-
ple other novel therapeutic agents are currently being tested in the
preclinical setting, e.g., MDX-1097, PR-047, BEZ-235, midostaurin
(PKC-412), AZD-0635 and dovitinib lactate (TKI-258) (41-43).

Thalidomide has shown efficacy in WM either alone or in combina-
tion with rituximab. The combination of thalidomide and rituximab
was tested in 23 WM patients, using thalidomide 200 mg daily for
the first 2 weeks followed by 400 mg daily for a total of 1year. The
overall response rate was 78%, with 65% partial responses.
However, dose reductions were necessary in all patients due to neu-
ropathy caused by thalidomide, which also led to discontinuation of
therapy by 11 patients (44).

Based on the activity of lenalidomide in multiple myeloma, this
agent was tested in combination with rituximab at 25 mg/day. In
this phase Il trial, only 16 patients were treated and the trial was
stopped early due to toxicity of the treatment. Acute decreases in
hematocrit were observed during the first 2 weeks of lenalidomide
therapy in 13 of 16 (81%) patients, with a median hematocrit decrease
of 4.4% (1.7-7.2%) (45). The overall response rate was 67% in 12
evaluable patients, with 4 partial responses. Ongoing ascending-
dose phase | studies of lenalidomide should help define the role of
this agent in this disease.

Bortezomib has been tested in two phase Il trials as a single agent in
relapsed WM. The agent was used at the standard dose of 1.3
mg/m? twice weekly on days 1, 4, 8 and 11. The first study was per-
formed by Chen et al. (46) in 27 patients with untreated or previous-
ly treated WM. The overall response rate was 78% and major
responses (partial response or better) were seen in 44% of patients.
The main toxicity was sensory neuropathy and was observed in 20

Table lll. Novel therapeutic agents.
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patients. More recently, the combination of bortezomib, rituximab
and dexamethasone was tested in newly diagnosed WM patients
and showed an overall response rate of 96%, including 83% partial
responses. Given that neuropathy is a major toxicity in patients
receiving standard treatment schedules of bortezomib, we and oth-
ers have developed studies using bortezomib once weekly at 1.6
mg/m? in an attempt to reduce the occurrence of peripheral neu-
ropathy (47).

Several clinical trials are ongoing of weekly bortezomib in combina-
tion with rituximab in newly diagnosed or relapsed WM patients (48,
49). The results of a study of weekly bortezomib and rituximab with-
out the addition of dexamethasone in patients with relapsed WM
were recently presented (48). All patients received weekly i.v. borte-
zomib 1.6 mg/m? on days 1, 8 and 15 every 28 days for 6 cycles, in
addition to weekly rituximab 375 mg/m? during cycles 1 and 4.
Among the 37 patients who were treated, a minimal response or bet-
ter was observed in 81% (95% confidence interval [Cl]: 65-92), with
2 patients (5%) in or near complete remission, 17 (46%) partially
responding and 11 (30%) showing a minimal response. Data from the
same study in untreated WM were presented at the American
Society of Hematology meeting in 2009. Using serum protein elec-
trophoresis, a minimal response or better was observed in 24 (92%)
of the 26 treated patients, with 2 individuals (8%) in or near com-
plete remission and 15 (58%) showing partial response. Employing
the same method, minimal response was observed in 7 (27%) of the
participants and 2 patients (8%) had stable disease. Using neph-
elometry to quantify IgM, all 26 patients (100%) showed at least a
minor response, with 2 (8%) complete responses, 15 (58%) partial
responses and 9 (35%) minor responses (49).

Most recently, the mTOR inhibitor everolimus (RAD-001) was stud-
ied in a 50-patient phase Il trial of daily oral treatment with a dose
of 10 mg (16, 50). The overall response rate was 70%, with a partial
response of 42% and an estimated progression-free survival of 75%
and 62%, respectively, at 6 and 12 months. The most common grade
3 or 4 toxicities were anemia (18%), thrombocytopenia (16%), neu-
tropenia (14%), diarrhea (6%), fatigue (10%) and stomatitis (8%).

Similarly, a phase Il trial of the Akt inhibitor perifosine was conduct-
ed in 37 WM patients (57). In this study, the overall response rate was
35%, with 4 patients (11%) achieving a partial response. The median

Study (Ref.) Regimen N Phase ORR (%)
46 Bortezomib 27 Il 78
39 Bortezomib 26 Il 84
47 Bortezomib + Dexamethasone + Rituximab (upfront) 23 Il 96
44 Thalidomide + Rituximab 23 Il 78
45 Lenalidomide + Rituximab 16 Il 67
50 Everolimus 50 Il 70
51 Perifosine 37 Il 35
48 Bortezomib weekly + rituximab (relapsed) 37 Il 81
49 Bortezomib weekly + rituximab (upfront) 37 Il 92
54 Bendamustine + rituximab (upfront) 42 Il 96
52 Atacicept 4 | NR

ORR = overall response rate; NR = not reported.
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progression-free survival was 12.6 months. Perifosine was generally
well tolerated; adverse events related to therapy were cytopenia
(grade 3-4, 13%), gastrointestinal symptoms (grade 1-2, 81%) and
arthritis flare (all grades, 11%) (15).

Atacicept, a soluble fusion protein between the IgG, Fc domain and
the TACI (transmembrane activator and CAML interactor) receptor,
binds to and neutralizes the B-cell survival factors B-lymphocyte
stimulator and proliferation-inducing ligand APRIL. Atacicept was
well tolerated in a phase | study in patients with multiple myeloma
and WM, in which 16 patients with advanced disease (12 with multi-
ple myeloma and 4 with WM) received 1 cycle of 5 once-weekly s.c.
injections of atacicept. Patients with stable disease after cycle 1
entered an extension study. Of the 4 patients with WM, 3 were pro-
gression-free after cycle 1(52).

Bendamustine hydrochloride was recently tested in combination
with rituximab in 42 patients with untreated WM (16, 53, 54).
Encouragingly, this treatment produced an overall response rate of
96% and lower incidences of grade 3 and 4 cytopenias, infectious
complications and alopecia when compared with a standard treat-
ment of rituximab, cyclophosphamide, doxorubicin hydrochloride,
vincristine sulfate and prednisone.

FUTURE DIRECTIONS OF NOVEL THERAPEUTIC AGENTS

Ongoing and planned future clinical trials include those using pro-
tein kinase C (PKC) inhibitors such as enzastaurin, new proteasome
inhibitors such as carfilzomib, histone deacetylase (HD) inhibitors
such as panobinostat and ofatumumab.

Enzastaurin is a selective PKC inhibitor that showed significant in
vitro and in vivo cytotoxicity in WM cell lines and patient samples
(55). A phase Il study of this agent is ongoing in patients with
relapsed or refractory WM (40). Carfilzomib is a selective inhibitor of
the chymotrypsin-like activity of the immunoproteasome and consti-
tutive proteasome. Preclinical studies are under way to support the
initiation of future phase Il clinical trials in WM. Similarly, panobino-
stat and other HD inhibitors have been tested in the preclinical set-
ting in WM and a phase Il clinical trial of panobinostat has been ini-
tiated in patients with relapsed or refractory WM. Finally, the new
humanized CD20-directed antibody ofatumumab is currently being
tested in patients with relapsed WM. Given the tolerability and
efficacy of ofatumumab in follicular lymphoma and chronic lympho-
cytic leukemia and the need to improve WM therapy, especially the
side effects observed with rituximab, the phase Il ofatumumab trial
may lead the way to change monoclonal therapeutic options in
WM patients. In addition, multiple other novel therapeutic
agents are currently being tested in the preclinical setting. As men-
tioned before, these include MDX-1097, PR-047, BEZ-235,
midostaurin (PKC-412), AZD-0635 and dovitinib lactate (TKI-258)
(41-43).

CONCLUSIONS

There has been a momentous shift in the understanding of WM and
mechanistic ways to manipulate WM cell lines. New therapeutic
agents have revolutionized the options for patients with WM. Future
combinations of these agents should increase overall response rates
and decrease toxicities. In the future, these compounds may provide
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WM patients with greater responses, longer remissions and a better
quality of life than traditional chemotherapeutics.

DISCLOSURES

This work was supported in part by the Kirsch lab for Waldenstrém
and the Heje Fellowship for WM. X. Leleu has received lecture fees
and research grants from Janssen Cilag, Roche, Novartis, Amgen
and Celgene.

REFERENCES

1. Dimopoulos, M.A., Panayiotidis, P., Moulopoulos, L.A., Sfikakis, P,
Dalakas, M. Waldenstrom’s macroglobulinemia: Clinical features, compli-
cations, and management. J Clin Oncol 2000, 18(1): 214-26.

2. Ghobrial, I.M., Witzig, T.E. Waldenstrom macroglobulinemia. Curr Treat
Options Oncol 2004, 5(3): 239-47.

3. Dimopoulos, M.A., Kyle, R.A., Anagnostopoulos, A., Treon, S.P. Diagnosis
and management of Waldenstrom’s macroglobulinemia. J Clin Oncol
2005, 23(7): 1564-77.

4. Owen, R.G., Treon, S.P., Al-Katib, A. et al. Clinicopathological definition of
Waldenstrom’s macroglobulinemia: Consensus panel recommendations
from the Second International Workshop on Waldenstrom’s
Macroglobulinemia. Semin Oncol 2003, 30(2): 110-5.

5. Jemal, A., Murray, T., Ward, E. et al. Cancer statistics, 2005. CA Cancer J
Clin 2005, 55(1): 10-30.

6. Herrinton, L., Weiss, N.S. Incidence of Waldenstrém’s macroglobulinemia.
Blood 1993, 82(10): 3148-50.

Dhodapkar, M.V., Jacobson, J.L., Gertz, M.A. et al. Prognostic factors and
response to fludarabine therapy in patients with Waldenstrom macroglob-
ulinemia: Results of United States intergroup trial (Southwest Oncology
Group S9003). Blood 2001, 98(1): 41-8.

8. Dimopoulos, M., Gika, D., Zervas, K. et al. The international staging
system for multiple myeloma is applicable in symptomatic Waldenstrom’s
macroglobulinemia. Leuk Lymphoma 2004, 45(9): 1809-13.

9. Dimopoulos, M.A., Hamilos, G., Zervas, K. et al. Survival and prognostic
factors after initiation of treatment in Waldenstrom’s macroglobulinemia.
Ann Oncol 2003, 14(8): 1299-305.

10. Kyle, R.A., Treon, S.P,, Alexanian, R. et al. Prognostic markers and criteria
to initiate therapy in Waldenstrom’s macroglobulinemia: Consensus panel
recommendations from the Second International Workshop on
Waldenstrom’s Macroglobulinemia. Semin Oncol 2003, 30(2): 116-20.

1. Ghobrial, .M., Fonseca, R., Gertz, M.A. et al. Prognostic model for disea-
se-specific and overall mortality in newly diagnosed symptomatic patients
with Waldenstrom macroglobulinaemia. Br J Haematol 2006, 133(2): 158-
64.

12. Morel, P, Duhamel, A., Gobbi, P. et al. International prognostic scoring
system for Waldenstrom’s macroglobulinemia. Blood 2009, 113(18): 4163-
70.

~

13. Gertz, M., Kyle, R.A., Noel, P. Primary systemic amyloidosis: A rare compli-
cation of immunoglobulin M monoclonal gammopathies and
Waldenstrém’s macroglobulinemia. J Clin Oncol 1993, 11(5): 914-20.

14. Ghobrial, I.M., Gertz, M.A., Fonseca, R. Waldenstrom macroglobuli-
naemia. Lancet Oncol 2003, 4(11): 679-85.

15. Vijay, A., Gertz, M.A. Waldenstrom macroglobulinemia. Blood 2007,
109(12): 5096-103.

16. Treon, S.P. How [ treat Waldenstrom’s macroglobulinemia. Blood 2009,
N4(12): 2375-85.

THOMSON REUTERS - Drugs of the Future 2010, 35(1)



J. Stedman et al.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

3.

32.

33.

. Gertz, M.A., Anagnostopoulos, A., Anderson, K. et al. Treatment recom-

mendations in Waldenstrom’s macroglobulinemia: Consensus panel rec-
ommendations from the Second International Workshop on
Waldenstrom’s Macroglobulinemia. Semin Oncol 2003, 30(2): 121-6.

. Treon, S.P., Morel, P, Leblond, V., Fermand, J.P. Report of the Third

International Workshop on Waldenstrom’s macroglobulinemia. Clin
Lymphoma 2005, 5(4): 215-6.

Treon, S.P., Emmanouilides, C., Kimby, E. et al. Extended rituximab the-
rapy in Waldenstrom’s macroglobulinemia. Ann Oncol 2005, 16(1): 132-8.

Dimopoulos, M.A., O'Brien, S., Kantarjian, H. et al. Fludarabine therapy in
Waldenstrom’s macroglobulinemia. Am J Med 1993, 95(1): 49-52.

Weber, D., Treon, S.P., Emmanouilides, C., Branagan, A.R., Byrd, J.C.,
Blade, J., Kimby, E. Uniform response criteria in Waldenstrom's
macroglobulinemia: Consensus panel recommendations from the Second
International Workshop on Waldenstrom’s Macroglobulinemia. Semin
Oncol 2003, 30(2): 127-31.

Kimby, E., Treon, S.P., Anagnostopoulos, A. et al. Update on recommen-
dations for assessing response from the Third International Workshop on
Waldenstrom’s Macroglobulinemia. Clin Lymphoma Myeloma 2006, 6(5):
380-3.

Weber, D.M., Dimopoulos, M.A., Delasalle, K., Rankin, K., Gavino, M.,
Alexanian, R. 2-Chlorodeoxyadenosine alone and in combination for pre-
viously untreated Waldenstrom’s macroglobulinemia. Semin Oncol 2003,
30(2): 243-7.

Dimopoulos, M.A., Weber, D., Delasalle, K.B., Keating, M., Alexanian, R.
Treatment of Waldenstrom’s macroglobulinemia resistant to standard
therapy with 2-chlorodeoxyadenosine: Identification of prognostic factors.
Ann Oncol 1995, 6(1): 49-52.

McLaughlin, P., Estey, E., Glassman, A. et al. Myelodysplasia and acute
myeloid leukemia following therapy for indolent lymphoma with fludarabi-
ne, mitoxantrone, and dexamethasone (FND) plus rituximab and interferon
alpha. Blood 2005, 105(12): 4573-5.

Treon, S.P., Gertz, M.A., Dimopoulos, M. et al. Update on treatment rec-
ommendations from the Third International Workshop on Waldenstrom'’s
macroglobulinemia. Blood 2006, 107(9): 3442-6.

Leleu, X., Soumerai, J., Roccaro, A. et al. Increased incidence of transfor-
mation and myelodysplasia/acute leukemia in patients with Waldenstrom
macroglobulinemia treated with nucleoside analogs. J Clin Oncol 2009,
27(2): 250-5.

Dimopoulos, M.A., Gertz, M.A., Kastritis, E. et al. Update on treatment
recommendations from the Fourth International Workshop on
Waldenstrom’s Macroglobulinemia. J Clin Oncol 2008, 27(1): 120-6.

Dimopoulos, M.A., Anagnostopoulos, A., Kyrtsonis, M.C. et al. Primary
treatment of Waldenstrom macroglobulinemia with dexamethasone, ritux-
imab, and cyclophosphamide. J Clin Oncol 2007, 25(22): 3344-9.

Treon, S.P.,, Hunter, Z., Barnagan, A.R. CHOP plus rituximab therapy in
Waldenstrom’s macroglobulinemia. Clin Lymphoma 2005, 5(4): 273-7.

Dimopoulos, M.A., Zervas, C., Zomas, A. et al. Extended rituximab the-
rapy for previously untreated patients with Waldenstrom’s macroglobuline-
mia. Clin Lymphoma 2002, 3(3): 163-6.

Dimopoulos, M.A., Zervas, C., Zomas, A. et al. Treatment of
Waldenstrom’s macroglobulinemia with rituximab. J Clin Oncol 2002,
20(9): 2327-33.

Gertz, M.A., Rue, M., Blood, E., Kaminer, L.S., Vesole, D.H., Greipp, P.R.
Multicenter phase 2 trial of rituximab for Waldenstrom macroglobulinemia
(WM): An Eastern Cooperative Oncology Group Study (E3A98). Leuk
Lymphoma 2004, 45(10): 2047-55.

THOMSON REUTERS - Drugs of the Future 2010, 35(1)

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

WALDENSTROM'S MACROGLOBULINEMIA TREATMENT

Ghobrial, I., Fonseca, R., Greipp, P.R. et al. Initial immunoglobulin M ‘flare’
after rituximab therapy in patients diagnosed with Waldenstrém
macroglobulinemia: An Eastern Cooperative Oncology Group Study.
Cancer 2004, 101(11): 2593-8.

Treon, S., Branagan, A.R., Hunter, Z., Santos, D., Tournhilac, O.,
Anderson, K.C. Paradoxical increases in serum IgM and viscosity levels fol-
lowing rituximab in Waldenstrém’s macroglobulinemia. Ann Oncol 2004,
15(10): 1481-3.

Kyriakou, H. Haematopoietic stem cell transplantation for Waldenstrom'’s
macroglobulinemia. Proc 5th Int Workshop Waldenstrom’s Macro-
globulinemia (Stockholm) 2008 2008, Abst 146.

Dimopoulos, M.A., Zomas, A., Viniou, N.A. et al. Treatment of
Waldenstrom’s macroglobulinemia with thalidomide. J Clin Oncol 2001,
19(16): 3596-601.

Hunter, Z., Branagan, A., Treon, ST. et al. Campath-1H in Waldenstrém'’s
Macroglobulinemia. Blood [46th Annu Meet Am Soc Hematol (Dec 4-7,
San Diego) 2004] 2004, 104(11): 313B.

Treon, S., Hunter, Z, Matous, J, et al. Phase Il study of bortezomib in
Waldenstrom’s macroglobulinemia: Results of WMCTG Trial 03-248. Blood
[47" Annu Meet Am Soc Hematol (Dec 10-13, Atlanta) 2005] 2005,
106(11): Abst 490.

Ghobrial, I., Harousseau, J.L., Treon, S.P., Wooldridge, J., Leblond, V.
Enzastaurin in previously treated Waldenstrom’s macroglobulinemia: An
open-label, multicenter, phase I study. Blood [51°' Annu Meet Am Soc
Hematol (Dec 5-8, New Orleans) 2009] 2009, 114(22): Abst 3867.

Roccaro, A.M., Sacco, A., Husu, E.N. et al. Dual targeting of the
PISK/Akt/mTOR pathway as an antitumor strategy in Waldenstrom’s
macroglobulinemia. Blood 2010, 115(3): 559-69.

Ngo, H.T,, Azab, A.K., Farag, M. et al. Src tyrosine kinase regulates adhe-
sion and chemotaxis in Waldenstrom macroglobulinemia. Clin Cancer Res
2009, 15(19): 6035-41.

Azab, F., Azab, A.K., Roccaro, A. et al. The role of FGFR in the progression
of Waldenstrom’s macroglubulinemia and the effect of its inhibition by TKI-
258. Blood [51° Annu Meet Am Soc Hematol (Dec 5-8, New Orleans)
2009] 2009, 114(22): Abst 3737.

Treon, S.P., Soumerai, J.D., Branagan, A.R. et al. Thalidomide and ritux-
imab in Waldenstrom macroglobulinemia. Blood 2008, 112(12): 4452-7.

Treon, S.P., Soumerai, J.D., Branagan, A.R. et al. Lenalidomide and ritux-
imab in Waldenstrom’s macroglobulinemia. Clin Cancer Res 2009, 15(1):
355-60.

Chen, C.1., Kouroukis, C.T., White, D. et al. Bortezomib is active in patients
with untreated or relapsed Waldenstrom’s macroglobulinemia: A phase Il
study of the National Cancer Institute of Canada Clinical Trials Group. J Clin
Oncol 2007, 25(12): 1570-5.

Treon, S.P., loakimidis, L., Soumerai, J.D. et al. Primary therapy of Walden-
strom macroglobulinemia with bortezomib, dexamethasone, and ritux-
imab: WMCTG Clinical Trial 05-180. J Clin Oncol 2009, 27(23): 3830-5.

Ghobrial, I., Hong, F., Padmanabhan, S. et al. Phase Il trial of weekly borte-
zomib in combination with rituximab in relapsed or relapsed/refractory
Waldenstrom’s macroglobulinemia. Blood [51 Annu Meet Am Soc
Hematol (Dec 5-8, New Orleans) 2009] 2009, 114(22): Abst 2727.

Ghobrial, I., Padmanabhan, S., Badros, A.Z. Phase Il trial of weekly borte-
zomib in combination with rituximab in untreated patients with
Waldenstrom’s macroglobulinemia. Blood [51 Annu Meet Am Soc
Hematol (Dec 5-8, New Orleans) 2009] 2009, 114(22): Abst 3752.

Ghobrial, I.M., Gertz, M., LaPlant, B. Phase Il trial of the oral mammalian
target of rapamycin inhibitor everolimus in relapsed or refractory
Waldenstrém macroglobulinemia. J Clin Oncol 2010, Epub ahead of print.

57



WALDENSTROM'S MACROGLOBULINEMIA TREATMENT

51.

52.

53.

58

Ghobrial, .M., Roccaro, A., Hong, F. Clinical and translational studies of a
phase |l trial of the novel oral Akt inhibitor perifosine in relapsed or
relapsed/refractory Waldenstrom’s macroglobulinemia. Clin Cancer Res
2010, 16(3): 1033-41.

Rossi, J.F., Moreaux, J., Hose, D. et al. Atacicept in relapsed/refractory
multiple myeloma or active Waldenstrom’s macroglobulinemia: A phase |
study. Br J Cancer 2009, 101(7): 1051-8.

Kalaycio, M. Bendamustine: A new look at an old drug. Cancer 2009,
15(3): 473-9.

J. Stedman et al.

54. Rummel, M.J., Al-Batran, S.E., Kim, S.Z. et al. Bendamustine plus ritux-
imab is effective and has a favorable toxicity profile in the treatment of
mantle cell and low-grade non-Hodgkin's lymphoma. J Clin Oncol 2005,
23(15): 3383-9.

55. Moreau, A.S., Jia, X., Ngo, H.T. et al. Protein kinase C inhibitor enzastaurin
induces in vitro and in vivo antitumor activity in Waldenstrom macroglob-
ulinemia. Blood 2007, 109(11): 4964-72.

THOMSON REUTERS - Drugs of the Future 2010, 35(1)



