
AGENTES  FRENTE A NUEVAS DIANAS TERAPEÚTICAS

Inhibidores de proteasomas 
Ramón García‐Sanz

TRATAMIENTO ANTINEOPLÁSICO EN 
HEMATOLOGÍA: MUCHO QUE APRENDER, 

MUCHO QUE RECORDAR



Kindly provided by Dr. Ocio

Hsp90 
inhibitors

Tanespimycin
Alvespimycin

Proteasome
inhibitors

HDAC6
inhibitors

Ub

Hsp-90
Chaperone

Unfolded Protein Response Inhibitors

Tubacin

Bortezomib
Carfilzomib
Ixazomib

Unfolded Protein Response



Bortezomib
Carfilzomib
Ixazomib

Proteasome inhibitors



Proteasome

Schmidt et al, Biochimica Biophysica Acta 2014; 1843:13–25



UB
UB

UB
UB

UB

ATP

UB
UB

UB
UB

UB

UB

ATP

-subunits

-subunits

partially
unfolded
protein

ubiquitination

folded protein

Ubiquitin dependent pathway 

Ubiquitin independent pathway 

Ben-Nissan & Sharon. Biomolecules 2014, 4, 862-884; 



ç









Ocio et al, Leukemia 2014; 28, 525–542


 



Caspase-L Trypsin-LThree distinct 
N-terminal threonine protease 
active sites

Catalytic site

 



Carfilzomib
Ixazomib

Oprozomib



Bortezomib
Marizomib

Type
Catalytic inhibition

Reversibility PO/IV Dosing
(days/cycle)Chymotryp. Casp. Tryp.

Bortezomib Boronic X X Reversible IV 1, 4, 8, 11

Carfilzomib Epoxiketone X Irreversible IV 1-2, 8-9, 15-16

Marizomib Salinospora X X X Reversible IV/PO 1, 8, 15

Ixazomib X Reversible IV/PO 1, 8, 15

Oprozomib Epoxiketone X Irreversible IV/PO 1-2, 8-9, 15-16

Chymotry
psin-L

Chymotry
psin-L

-subunit ring of the proteasome



Proliferation

Accumulation of cyclin
or cyclin dependent kinase (CDK) 

inhibitors and tumor suppressor proteins
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Nix D. Presented at ASCO 2001. Abstract 339.

Bortezomib dose (mg/m2)
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Phase I trial of bortezomib in advanced 
hematological malignancies

• Advanced, previously treated haematologic malignancies (n=27)
– ECOG PS 0, 1, 2: 6/16/5
– Multiple myeloma (MM) (n=11), NHL (n=10)
– Median prior chemo: 3 regimens (1-12)

• Treatment schedule
– Bortezomib 0.40 mg/m2  1.38 mg/m2 IVP twice weekly  4 

weeks, followed by 2 weeks rest

• Activity observed
– 1 CR in patient with MM
– 8 other patients with MM experienced either minor response or SD 
– PR observed in mantle cell (n=1) and follicular NHL (n=1)

Orlowski RZ et al. J Clin Oncol. 2002;20:4420-27



Trial Summary Result Ref
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e
II CREST

Clinical response and efficacy study of bortezomib in the 
treatment of refractory myeloma in MM patients
54 patients with relapsed myeloma following 1 line of 
therapy at 1.0mg/m2 or 1.3mg/m2

33% ORR in patients treated with 
1.0mg/m2 of bortezomib
50% ORR in patients treated with 
1.3mg/m of bortezomib

Jagannath 2003
Jagannath 2008

SUMMIT
Study of uncontrolled myeloma management with 
proteasome inhibition therapy
202 patients with relapsed refractory myeloma

35% ORR with single agent bortezomib
50% ORR with addition of 
dexamethasone

Richardson 2003

Ph
as

e
III

APEX

The Assessment of Proteasome inhibition for EXtending
remissions
compared bortezomib with high dose dexamethasone
669 patients with MM relapsed after one or more prior 
therapies

38% ORR of bortezomib alone
8% dexamethasone alone
Trial was terminated early and 
dexamethasone arm joined the 
bortezomib arm

Richardson 2005
Richardson 2007

VISTA

Velcade as initial standard therapy in multiple myeloma
melphalan and prednisone (MP) with or without 
bortezomib were compared in 682 newly diagnosed MM 
patients not candidates for autologous stem cell 
transplantation

30% ORR with combination of 
bortezomib and MP
4% ORR without bortezomib addition to 
MP

San Miguel 2003
Mateos 2008

Ph
as

e
I/I

I PINNACLE
Study of 155 relapsed mantle cell lymphoma patients 
who had at least one prior therapy for use of bortezomib
as front line therapy

32% ORR with single agent bortezomib Fisher 2006
Goy 2009

VERTICAL
Velcade in combination with bendamustine and rituximab
73 subjects with relapsed or refractory follicular 
lymphoma

88% ORR with combination of 
bortezomib

Fowler 2011

Bortezomib Clinical Trials



SUMMIT – Response Rates 
Bortezomib Alone

• 35% overall response 
(CR+PR+MR)

• 27% CR+PR

• 24% stable disease

• 59% of patients SD
or better

Of 202 Patients, 193 were evaluable for response and duration of response by an Independent Review Committee.  All 
response data based on stringent Bladé criteria: CR as defined by Bladé required disappearance of M protein by 
immunofixation; bone marrow <5% plasma cells; no new bone disease; no plasmacytomas; and confirmation 6 weeks apart.
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APEX: Treatment Plan

273 treatment days 280 treatment days

1.3 mg/m2 IV push
D 1, 4, 8, 11 q 3-wk cycle

8 cycles

1.3 mg/m2 IV push
D 1, 8, 15, 22 q 5-wk cycle

4 cycles

3 cycles 5 cycles

40 mg PO 
D 1–4, 9–12, 17–20 q 5-wk cycle

40 mg PO 
D 1–4 q 4-wk cycle

Randomization
Bortezomib Dexamethasone

Induction

Maintenance

Richardson et al, N Engl J Med. 2005;352:2487-98.



Time to Progression (N = 669)

Median TTP:  Bortezomib 6.2 mos
Dexamethasone 3.5 mos

78% improvement in median TTP with Bortezomib

p < 0.0001

Richardson et al, N Engl J Med. 2005;352:2487-98.
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VMP
Cycles 1–4
Bortezomib 1.3 mg/m2 IV, d 1,4,8,11,22,25,29,32
Melphalan 9 mg/m2 IV, and prednisone 60 mg/m2 IV, 
d 1–4
Cycles 5–9
Bortezomib 1.3 mg/m2 IV, d 1,8,22,29
Melphalan 9 mg/m2 IV and prednisone 60 mg/m2 IV, 
d 1–4

MP
Cycles 1–9 
Melphalan 9 mg/m2 IV and prednisone 60 mg/m2 IV, 
d 1–4

R
A

N
D

O
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E

9 x 6-week cycles (54 weeks) in both arms

• Stratification: β2-microglobulin, albumin, region

Primary end point: TTP
Secondary end points: 

CR rate, ORR, time to 
response, DOR, time to 
next therapy, OS, PFS, 
QoL (PRO)

VISTA: VELCADE as Initial Standard Therapy in multiple 
myeloma: Assessment with melphalan and prednisone

• Randomized, international, phase III trial of VMP vs MP in previously untreated MM 
patients who were not candidates for HDT-ASCT

• Patients: Symptomatic multiple myeloma/end organ damage with measurable disease
– ≥ 65 years or < 65 years and not transplant-eligible; KPS ≥ 60%

San Miguel et al, N Engl J Med. 2008; 359:906-17



Bortezomib+MP (VMP) vs MP: Efficacy data
(682 patients)

San Miguel et al. N Engl J Med 2008;359:906–917 , Updated by Mateos et al JCO 2010

ORR:  VMP 71%, MP 35%,                              CR:  VMP 30%, MP 4%
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Time to progression Overall survival
52% reduced risk of progression on VMP ~36% reduced risk of death on VMP

Median follow-up 36.7 months
3-year OS:

VMP: 69%
MP: 54%, P=0.0008

VMP: 24.0 months
MP: 16.6 months, P<0.000001
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Bortezomib safety

On-Study adverse events (>30% overall) at 
1.3 mg/m2 dose (n=228)

* AEs reported for all events, drug related or not.  † National Cancer Institute Common Toxicity Criteria (NCI CTC, Version 2.0).
1. Millennium Pharmaceuticals, Inc., 2003.

combined data from 
SUMMIT and CREST

APEX Trial
Treatment‐Emergent ≥ G3 AEs Reported by ≥ 5%

of Pts Receiving Bortezomib or Dex
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Bortezomib (n = 331)
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Mean Platelet Count During Treatment

• Bortezomib arm: platelet counts measured on D1, 4, 8, 11 of each 21d cycle
• Dexamethasone arm: platelet counts measured every 3 wks



Peripheral Neuropathy (PNP)
• 69% of 310 pts on Bortezomib reported symptoms of PNP at baseline 

(FACT/GOG-Ntx score >0) 

• PNP reported in:
– Bortezomib 36% (≥ Grade 3 = 8%) 
– Dex 9% (≥ Grade 3 < 1%) 

• Baseline FACT/GOG-Ntx score directly correlated with development of ≥ 
Grade 3 PNP

• PNP ≥ Grade 2 improved or resolved in 51% of pts
– Median time to improvement or resolution from first onset = 107 d (~ 

3.5 mos)



Bortezomib: Treatment schedule

Day
1  2  3  4        8        11                     22         25       29      32       33–42 
█  █      █       █                    █         █       █       █

Day
1  2  3  4        8              15              22   23–35
█  █             █              █

• Six week cycles (1,3 mg/m2/day)

• Five week cycles (1,3 mg/m2/day) (1,6 mg/m2/day)

Day
1  2  3  4        8        11
█  █      █       █

• Three week cycles (1,3 mg/m2/day)

IV vs. SC



Bortezomib combinations

• VATD
• VRTD
• VMTP

• VTD-PACE
• VRD-PACE

• VT
• VDex

• VDox

• VTD
• VRD
• PAD
• DVd
• VMP
• VCD



Bortezomib in NHL
II) 155 relapsed or refractory mantle cell lymphoma (MCL) 

patients treated with bortezomib monotherapy: overall response 

rate (ORR) of 32% [PINNACLE study, FDA approval for MCL]

Fisher 2006

Goy 2009.

II) Bortezomib and gemcitabine combination for relapsed or 

refractory: ORR 60%

Kouroukis 2011

II) VERTICAL  trial: relapsed/refractory follicular lymphoma (n=73)

bortezomib + bendamustine+ rituximab: ORR of 88% (CR, 53%) 

Fowler 2011

I/II) Bortezomib + R-CHOP

• DLBCL (n=40): ORR, 100%, CR/uCR 86%

• MCL (n=36): ORR 91%, CR/uCR 72%. 

Ruan 2011



Bortezomib in WM

Authors n Courses Assot MR HQR

Dimopoulos, Haematologica 05 10 6 No 60% 0%

Chen et al., JCO 07 27 6 No 44% 0%

Treon et al., CCR 07 27 6 No 48% 0%

Ghobrial et al, JCO 10 37 6 R 87% 5%

Treon et al., JCO 2009* 23 6 RD 96% 22%

Dimopoulos, Blood 2013* 59 6 RD 85% 10%

Tr
ea
te
d

U
nt
re
at
ed

*PNP 69%, G2 39%, G3 30%; **45% PNP any grade; only 7% G3



Conclusions

Bortezomib demonstrated high efficacy in 1st and 
≥2nd line MM

Bortezomib is safe: thrombocytopenia and PNP 
concerns

Bortezomib can be used in combination with other
drugs in MM

Boretozmib can be useful in other Hematological
malignancies: WM, Amyloidosis, MCL DLBCL, FL
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Carfilzomib completed and ongoing studies



Siegel et al, Blood. 2012; 120:2817-25
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Ixazomib: secondary effects
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Richardson 60

Kumar 60

Kumar et al Blood. 2014;124:1047; Richardson et al Blood. 2014;124:1038.



Kumar et al Blood. 2014;124:1047; Richardson et al Blood. 2014;124:1038.

Kumar (wk) Richardson (Bwk)

Evaluable 50 % 55 %

CR 0 0% 1 2%

VGPR 1 2% 1 2%

PR 9 18% 6 11%

MR 1 2% 1 2%

SD 7 30% 33 60%

PD 25 50% 13 24%

Ixazomib: Efficay



PI: Conclusions

Proteasome inhibitors are efficient in MM, and 
probably in NHL, WM, Amyloidosis, in first and 2nd

line

PI are safe: thrombocytopenia, viral reactivation, 
PNP, and rare cardiopulmonary secondary effects

They can be used in combination with other drugs in 
several subsets

They are mostly available as IV compounds, but SC 
is also possible and ORAL formulations are coming
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Several mechanisms have been proposed to explain these observed 
effects, such as: 
• down regulation of NFκB and other anti‐apoptotic proteins
• activation of the tumor suppressor protein p53
• modulation of cell cycle proteins and other pro‐apoptotic factors.



29: 61 cases R/R MM: 18% PR, Grade 3–4 thrombocytopenia and neutropenia occurred in 
33% and 18% of patients, respectively. Thrombocytopenia was typically transient and cyclical, 
and only 8% of patients required platelet transfusions. Nonhematologic adverse events mainly 
included diarrhea (17%), nausea (7%), and vomiting (5%). Only 2% of patients experienced 
grade 3 peripheral neuropathy, and 12% discontinued therapy due to adverse events.

30: orally on days 1, 4, 8, and 11 . N=60. Grade 3 thrombocytopenia and neutropenia were 
reported in 37% and 17% of patients, respectively; skin disorders in 8%. 13% of patients 
discontinued

31. 5.5 mg days 1, 8, 15 every 28 days (+dexa 20 mg in 50%). N=33. Grade PNP. At 4  cycles PR 
in 16%, increasing to 34% after addition of dexa. With a median follow‐up of 7 months, overall 
survival (OS) at 6 months was 96%. 

Newly diagnosed, ixazomib on days 1, 8, and 15, lenalidomide 25 mg on days 1–21, and 
dexamethasone 40 mg on days 1, 8, 15, and 22 for up to 12 28‐day cycles. Then, maintenance 
with ixazomib, same schedule every 28 days until progression.  N=50: ORR 96%. G3–4 
neutropenia and thrombocytopenia in 9% & 6% of patients. At least PR was documented in 
94% of patients (CR 19%, VGPR 30%, PR 45%), and response improved after eight cycles when 
CR was documented in 32% of patients (88% of them MRD FCM‐)

Ixazomib: some ongoing studies



Carfilzomib completed and ongoing studies



MLN9708, ixazomib, is another boronate PI that is a reversible inhibitor of primarily the
chymotrypsin-like activity of the 20S proteasome. However, in contrast to bortezomib,
ixazomib has a shorter dissociation half-life, and in preclinical studies, it demonstrated
greater tissue penetration compared with bortezomib.9 Most importantly, ixazomib is orally
available. Pharmacokinetic examinations confirmed that ixazomib was rapidly absorbed
(median Tmax was 1 hour), with a dose-proportional increase in plasma exposure.
Pharmacodynamic studies in both trials indicated a dosedependent increase in whole blood
20S proteasome inhibition. The safety profile of ixazomib was favorable. With weekly dosing,
drug-related grade $3 AEs were seen in 53% of the 60 patients treated, including
thrombocytopenia (33%), neutropenia (18%), diarrhea (17%), and fatigue (8%).1
Thrombocytopenia appeared transient and cyclical. Of note, only 1 case of grade 3 PN was
observed. With biweekly dosing, the most common drug-related grade $3 AEs overall in 60
treated patients were similar, including thrombocytopenia (37%), neutropenia (17%), skin
rash (8%), and fatigue (7%).2 Interestingly, no grade 3 PN was reported. Disease response
was also promising. Using weekly dosing, 8 of 30 (27%) response-evaluable patients treated
at the MTD achieved a partial response.1 The median duration of response was 7.3 months.
Of note, patients had received a median of 6 prior regimens, and nearly three quarters of
them were refractory to their last prior therapy. With the biweekly regimen, 15% of 55
response-evaluable patients achieved PR or better, with 76% reaching at least stable
disease, and 18% of the patients remained on treatment of $12 cycles.2








