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Thalidomide in the Management of Multiple Myeloma

Bart Barlogie, Maunrizio Zangari, Trey Spencer, Athanasios Fassas, Elias Anaissie,
Ashraf Badros, Jeana Cromer, and Guido Tricot

W o \"4
Thalidomide has recently been shown to have significant activity in refractory multiple myeloma (MM). A
follow-up of the original phase Il trial, expanded to 169 patients, shows 2-year survival of 60%; patients
receiving =42 g over 3 months had a higher response rate and superior survival than those receiving lower
doses. The addition of thalidomide to dexamethasone and chemotherapy for the management of post-
transplant relapses results in higher response rates. The early results of the Total Therapy Il trial for newly
diagnosed MM patients show an unprecedented complete remission (CR) and near-CR rate of 69% after two
melphalan-based transplants (whether or not receiving thalidomide). In addition, available clinical trial
information involving at least 20 patients confirms that thalidomide is active in one third of patients in
single-agent trials for refractory disease, with response rates increasing to 50% to 60% in combination with
dexamethasone and to as high as 80% in combination with dexamethasone and chemotherapy. When applied
as primary therapy in smoldering myeloma, one third of patients experienced 50% paraprotein reduction (PPR);
in combination with dexamethasone pulsing, 70% to 80% of symptomatic patients responded. Thus,

makes it an ideal agent for combination with cytotoxic chemotherapy. Newer, more potent, and less toxic

derivatives of thalidomide are being evaluated.

Semin Hematol 38:250-259. Copyright © 2001 by W.B. Saunders Company.

thalidomide is a major new tool in the treatment armamentarium of MM. The virtual lack of myelosuppression |
|

ADVANCES IN THE management of multiple
myeloma (MM) can be traced to two seminal
observations. First, increasing dose intensity of glucocor-
ticoids, mainly in the form of dexamethasone pulsing as
realized in the vincristine, doxorubicin, and dexametha-
sone (VAD) regimen, was shown to overcome resistance
to standard alkylating agent—prednisone combinations
when applied in the setting of primary unresponsive and
resistant relapse.!? Similarly, dose escalation of the key
alkylating agent melphalan to myeloablative intensity,
facilirated by autologous hematopoietic stem cell support,
was shown to overcome resistance to both alkylating
agents in standard doses and high-dose glucocorticoid-
containing regimens.®%26 Historically controlled and
subsequently randomized trials demonstrated that high-
dose melphalan-based regimens, especially with periph-
eral blood stem cell (PBSC) support, when applied in the
setting of newly diagnosed symptomatic MM, increased
the incidence of true complete remission (CR) from 5%
with standard regimens to 50% with high-dose therapy
and markedly extended both event-free (EFS) and overall
survival (O8).1.210.11 This progress is closely linked to the
recognition that mobilized PBSC, with the use of either
stem cell-sparing chemotherapy (such as cyclophospha-
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mide) or hematopoietic growth factors alone, facilitated
brisker hematopoietic engraftment with eatlier neutro-
phil and platelet recovery than had been the case with
autologous bone marrow.% Thus, the duration at risk,
especially in elderly and frail patients, could be reduced
from 3 weeks to 7 days with a decrease in treatment-
related mortality to 1% to 2%. An important consider-
ation for successful high-dose therapy was the recognition
that stem cell-toxic agents such as melphalan, nitro-
soureas, and ionizing radiation to marrow-containing
bone sites needed to be avoided in order to obtain
hematopoietic stem cells of sufficient quantity and quality
to facilitate rapid engraftment!’#4 and avoid secondary
acute myelodysplasia syndrome (MDS)/acute myeloge-
nous lenkemia (AML).?? Single-agent melphalan, usually
at 200 mg/m?, as conditioning results in superior out-
come with less toxicity than regimens containing total-
body irradiation.!'® With appropriate dose modifications
of melphalan, such autotransplants can also be applied to
the elderly (>65 and >70 years)>4° and in the setting of
renal failure.%%> Post-transplantation management had
relied mainly on interferon® and in recent years on
consolidation chemotherapy with dexamethasone, cyclo-
phosphamide, etoposide, and cisplatin (DCEP)!® or glu-
cocorticoids.14

Unfortunately, once disease progression occurred, es-
pecially within the first year after single or tandem
autotransplants, few treatment options were available. In
search of an antiangiogenic agent to target the increased
microvessel density noted in the bone marrow of patients
with active MM,29:35 thalidomide was evaluated because
of its multiple, including antiangiogenic, anticumor
mechanisms.1641
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Table 1. Phase |l Study of Thalidomide

Regimen Parameter %
200 mg Age > 60 yr 44
! B2M > 6 mg/L 22
400 mg Abnormal cytogenetics 67
l Every 2 weeks Deletion 13 37
600 mg Prior therapy > 60 mo 20
| Prior high-dose therapy 76
800 mg >1 cycle 53

The Arkansas Experience

Single-Agent Thalidomide in Post-
transplant Refractory Myeloma?-13

Between December 1997 and December 1998, 169
consecutive eligible patients with extensively pretreated
and progressive MM were enrolled in a phase II trial that
called for a dose-escalating schedule of thalidomide of 200
mg daily with 200-mg increments every 2 weeks to a
maximum of 800 mg, according to tolerance. Study
endpoints included paraprotein reduction (PPR) in serum
or urine of at least 25%, 50%, 75%, or 90%; CR was
defined by the absence of monoclonal protein on immuno-
fixation analysis. Patients who achieved a PPR less than
25% or who discontinued treatment before response
could be assessed (minimum of 4 weeks of therapy) were
considered treatment failures. All results are presented on
an intent-to-treat basis; relapse criteria have been previ-
ously reported.

Table 1 summarizes patient characteristics. Impor-
tantly, 67% had cytogenetic abnormalities, including
37% who presented with chromosome 13 deletion. More
than two thirds had at least one and more than 50% had
two or more cycles of prior high-dose therapy with
autologous stem cell support. Dose escalation of thalido-
mide to 400 mg was possible in almost 90% and to 800
mg in more than 50% of patients. Treatment-related

Table 2. Responses to Phase Il Study of Thalidomide

"

mortality was not observed. Grade = 3 toxicities in-
cluded sedation/somnolence in 25%, constipation in
16%, and mainly sensory neuropathy in 9% (Table 2).
These toxicities were related to both intensity and cumu-
lative dose of thalidomide administered. Deep vein
thrombosis (DVT) or cytopenia was encountered in fewer
than 5% of patients.

PPR = 25% was observed in 37%; 30% achieved
PPR = 50%; and CR or near-CR (>90% PPR) was
obtained in 14% (Table 2). Response kinetics were such
that 90% had achieved PPR = 25% within 4.5 months.
PPR = 25% was more common when cytogenetics were
normal (52% v 28%, P = .003) and when the plasma cell
labeling index (PCLI) was less than the median of =
0.5% (44% v 10%, P < .001). Responses were associated
with significant reductions in marrow plasmacytosis and
B>-microglobulin (82M), as well as improvement in
hemoglobin and levels of IgM as an indicator of recovery
of normal B-cell function (Table 3).

With a median follow-up of 22 months among 84
alive and refractory patieats, 2-year EFS and OS estimates
are, respectively, 20% = 6% and 48% % 6% (Fig 1). On
multivariate analysis, EFS and OS were longer in the
presence of normal cytogenetics, low PCLI, and low S2M
(=3 mg/L), so that four distinct risk groups could be
identified (Fig 2). As cytogenetic and cytokinetic data are
not commonly available, the analysis was performed in
the absence of these two variables and demonstrated that
three risk groups could be readily discerned on the basis
of B2M and C-reactive protein (CRP) levels (Fig 2).
Prognosis was not superior in patients who had not
received prior high-dose therapy or in those wich a longer
time lapse since the last transplant.

As this phase II scudy was not designed to determine
whether a dose-response effect existed, a 3-month land-
mark analysis was performed to determine whether pa-
tients tolerating dose escalation had better disease con-
trol. Indeed, 54% of those receiving greater than 42 g of
thalidomide over a peried of 3 months (median cumula-
tive dose) responded (PPR = 25%), compared to 21% in
the lower-dose group (P << .001). Similarly, the 2-year

Response % Toxicity = Grade 3 % survival estimate was higher in the high-dose group (63%
+ + 139%- ; 4
CR 2 Treatment-related mortality 0 * 8% v 45% * 13%; P < .001) (Fig 3). Table. 4
=90% PPR 12 Sedation 25 examines whether such dose escalation benefited a partic-
=75% PRR 6 Constipation 16 ular subgroup defined on the basis of cytogenetics, B2M,
=50% PPR 10 Neuropathy 9 and PCLI; 2-year survival rates were superior among
0 j il . . .
=25% PPR 7 Degp vein firombosis 2 high-risk patients receiving the higher thalidomide dose.
Total 37
Table 3. Myeloma Protein Response and Associated Laboratory Changes
M-Proteln Response
Parameter N = 50% N < 50% P

Bone marrow

plasma cells 41 —20* (75)1 78 +13 (183) <.0001
B2M 42 —7(35) 86 +22 (55) <.0001
IgEM 29 +58 (107) 56 ~9(48) .002
Hemoglobin 44 +9 (15) 89 0(24) .003

* Median % change.
1 Interquartile range.
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Post-transplant relapse.  Clinical trials in progress will
determine the role of thalidomide in the management of
both refractory and newly diagnosed patients in combi-
nation with glucocorticoids and, because of its virtual
lack of myelosuppression, cytotoxic chemotherapy (Table
5). At our center, post-transplant relapses are categorized
in terms of cytogenetics and PCLI.

T T Flgure 1. EFS and OS survival after

21 24 27  single-agent thalidomide for 169 pa-
tlents with advanced and refractory
myeloma.

Patients with low tumor burden or at low risk of
relapse post-transplantation are randomized to dexameth-
asone with or without thalidomide. To date, 25 patients
have been enrolled and their characteristics are listed in
Table 6. Responses graded by tumor cytoreduction and
survival are depicted in Fig 4. With a median follow-up
of 23 months, 2-year EFS and OS rates for the entire
population are 40% and 80%, respectively. The incidence
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Flgure 2. EFS (left) and OS (right)

(B2M >3 mg/L, L1 >0.5%, and Abnormal Cytogenetics)
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Table 4. Higher Thalidomide Dose Benefits High-Risk Disease

No. of Risk Thalidomlde Dose > Response % Alive
Factors* 42 g/3 mo N = 25% P at 2 yr P
=1 Yes 55 45 74
No 36 19 01 66 NS
>1 Yes 28 43 02 42 .01
No 30 13 ' 20

* B2M > 3 mg/L; PCLI > 0.5%; abnormal cytogenetics.
Abbreviation: NS, not significant.

of 250% PPR was 57% among 14 patients on dexameth-
asone plus thalidomide versus 27% on dexamethasone
alone; 29% on the combination but none of 11 patients
on dexamethasone alone achieved CR (P = .04).

DCEP plus thalidomide was offered to patients relaps-
ing with high tumor burden, high proliferative disease,
or high-risk cytogenetics (Table 7). With a median

Table 5. Thalidomide Alone and in Combination
for Multiple Myeloma (as of April 1, 2001)

Study Phase N Ellglbility

Thalidomide I} 169 Advanced, refractory

Dex *+ Thalidomide il 25 Post-HDT relapse,
low risk

DCEP * Thalidomide 1 80 Post-HDT relapse,
high risk

DT PACE L] 229 Prior therapy

Total Therapy Il 1 309 Untreated

Abbreviations: Dex, dexamethasone; DCEP, dexamethasone, cyclo-
phosphamide, etoposide, cisplatin; HDT, high-dose therapy.

Table 6. Patient Characteristics for
Dexamethasone + Thalidomide Study

follow-up of 17 months, response could be assessed in
80 patients. After three cycles (intent-to-treat), 27%
achieved =50% myeloma protein reduction including
18% with CR or near-CR. Added thalidomide doubled
the response rate (36% v 18%), including =90% PPR in
25% versus 109% (P = .07). At 2 years, 38% are
event-free and 48% are alive; no difference is yer apparent
between the two treatment arms (data not shown).

DT PACE salvage therapy without prior transplant.  The
combination DT PACE regimen consists of dexametha-
sone, thalidomide, and 4-day continuous infusions of
cisplatin 40 mg/m?, doxorubicin 40 mg/m?, cyclophos-
phamide 1,600 mg/m>, and etoposide 160 mg/m?. A
previous pilot trial in 12 high-risk patients with high
lactate dehydrogenase (LDH) levels and proliferative
disease demonstrated a first-cycle CR rate of greater than
50%.® Hence, patients not qualifying for Total Therapy II
(those with more than one cycle of prior therapy) are
eligible for two induction cycles with PBSC collection.
Responders (=50% PPR) with a CD34 yield large
enough for two aucotransplants (>12 X 10° CD34/kg)
are randomized to continuation of DT PACE versus the
standard melphalan (200 mg/m*)-based tandem trans-

Dex Alone (n Dex + Thal . . : _
- i n = 14), % P plam? program. For maintenance, patlen.ts arc.a again ran
domized to dexamethasone plus thalidomide at 200
Age > 60 yr 36 57 4 versus 50 mg daily. Another question examines the CD34
e 3 64 10 d dministered with the nd transplant and it
B2M > 2.5 mg/L 45 43 10 : ose administered wi seco nspla S
CRP > 4.0 mg/L 27 43 7 impact on the subsequent development of MDS/AML.
18G 45 43 1.0 As of March 1, 2001, 229 patients have been enrolled.
IEA 9 36 2 Patient characteristics are depicted in Table 8, and the
—13/13q— 18 14 1.0 a . . i .
through th T s shown in Fig 6. The median
Prior HDT g0 03 P ow throug e program is shown in Fig i
1
% Responding After 31 Cycle g
. . Alive
Thalidomide 0.8
+ - L
CR* 29 0 Zosf "L.'L
a L o Event-Free
> 90%* 7 0 8 i *
2 0.4} i=f]=F-]
> 75% 14 18 & 1
B I
Figure 4. Results of randomized > 50% 7 9 0.2k Median Follow-up: 23 months
trial of dexamethasone * thalidomide =
for post-transplant relapse (low risk). -
Significantly higher response rate with Total 57 27
dexamethasone + thalidomide. No " 0
apparent difference in EFS or 0S yet p=0.04 0 6 12 18 24 30

(data shown for combined groups).
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Table 7. Patient Characteristics for
DCEP = Thalidomide Study

Table 8. Patient Characteristics (N = 229)
for DT PACE Study

DCEP Alone DCEP + Thal Parameter %
Parameter (n=42), % (n =38), % P

Age > 60 yr 53
Age > 60 yr 38 39 1.0 Male 64
Male 71 55 2 B2M > 6 mg/L 25
B2M > 2.5 mg/L 71 74 1.0 CRP > 4 mg/L 13
CRP > 4.0 mg/L 55 75 A Deletion 13 21

1gG 60 47 4 Months of prior therapy
IgA 19 24 8 =12 75
—13/13q— 45 32 2 12-24 15
Prior HDT 98 89 2 >24 12

age is GO years with an upper age of 89 years. Twenty-
seven percent had greater than 12 months of prior
therapy, and 20% had chromosome 13 abnormalities. A
full-dose first cycle was given to 73% of the patients.
Among the 179 enrolled at least 15 weeks prior to
analysis, and hence reaching the first randomizarion stage,
only 45% rather than the expected 80% were random-
ized, mainly due to a lower than expected response rate to
the induction regimen. Thus, only 26% achieved =75%
tumor mass reduction, indicating that only a small
percentage indeed of cases is exquisitely sensitive to DT
PACE. Among the first 80 patients randomized and
actually treated according to the randomization arm, 26
of 39 on the tandem transplant arm and only 11 of 41 on
the DT PACE continuation arm achieved CR (P =
.0005). In addition, by protocol design, 40% of patients
on the DT PACE arm crossed over to the tandem
transplant arm because of failure to show ongoing re-
sponse and especially to acheive CR. Importantly, how-
ever, the 2-year EFS of 73% =+ 20% was identical
between the two arms. In addition, 33 patients failing
two cycles of DT PACE received tandem transplant as a
rescue regimen with a 2-year EFS rate of 70% * 27%
(Fig 7). A multivariate prognostic factor analysis was
performed to determine features associated with at least a
partial response (PR) (PPR = 75%) after two induction
cycles. Higher PR rates were noted with the application
of full doses of DT PACE (odds ratio [OR}, 19.4; P =
.005) and, surprisingly, in the presence of cytogenetic

abnormalities, including those involving chromosome 13
(OR, 2.9; P = .05), whereas a level of marrow plasma-
cytosis greater than 309 was an unfavorable feature (OR,
0.2; P = .002). Thus, for the first time, we have identified
an active regimen for high-risk chromosome 13 disease, as
observed in the initial pilot trial.

On the basis of these results, the trial has been
modified to call for one cycle of DT PACE with PBSC
collection and immediate randomization to tandem trans-
plants with melphalan 200 mg/m>, or the use of a
recently developed hybrid regimen employing DT PACE
(with whole doses given in 48 rather than 96 hours)
combined with melphalan 100 mg/m? and PBSC support.
The latter regimen, when tested in the third and fourth
transplant salvage setting, had a high incidence of CR and
considerably less stomatitis than standard melphalan 200
mg/m?®. Three hundred patients will be enrolled to
determine whether EFS increases from 25% to 35% at the
end of 5 years.

Total Therapy II as front-line therapy for newly diagnosed
patienis (<1 cycle prior standard therapy).  The trial
design (Fig 8) consists of four phases: (1) induction
chemotherapy with VAD, DCEP, and cyclophosphamide,
doxorubicin, and dexamethasone (CAD) with subsequent
PBSC collection followed by a further cycle of DCEP; (2)
tandem autotransplants with two cycles of melphalan 200
mg/m?; (3) consolidation chemotherapy with either
DCEP every 3 months for four cycles or DCEP alternating
with CAD every 6 weeks for 1 year; and (4) interferon

* p=0.07

Months From Enroliment

% Responding After 3 Cycle 1
Thalidomide 0.5
+
CR* 8 Zos
> 90% * 17 5 1
[ - M
> 75%) 3 0 IS 0.4 _..1
- - Event-Free
> 50% 8 8 0.2k o
- Median Follow-up: 17 months Figure 5. Results of randomized
Total 36 18 0 trial of combination chemotherapy
0 6 12 18 24 30 36 with DCEP = thalidomide; no appar-

ent difference yet in EFS or OS (data
shown for combined groups).

Dr. Reddy’s Laboratories, Inc. v. Celgene Corp.
IPR2018-01504
Exhibit 2032, Page 5



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




