Myeloma Bone Disease and

Physical Exercise in Myeloma
Jens Hillengass MD, PhD

Department of Medicine

Roswell Park Comprehensive Cancer Center



Malighant Bone Destruction
in Multiple Myeloma

| increased cellularity and angiogenesis
replacement of fatty tissue
impairment of mineralized bone

. impairment of bone metabolism




Multiple Myeloma
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Pathophysiology of Bone disease

Initiating Factor:

- Imbalance of Osteoclasts and Osteoblasts

=1 n bone formation

bone destruction



Pathophysiology of Bone disease

* Osteoclasts:

- Increased Number of osteoclasts and -activity especially in proximity
of myeloma cells

* Osteoblasts:
- reduced osteoblast activity in proximity of myeloma cells
- Normal to increased osteoblast activity in other regions

=> bone destruction by myeloma leads to formation of a ,scar”

Valentin-Opran Br. J Haematol 1982



Bone Marrow Microenvironment

Balance of Tumor Supportive and Inhibitory Factors
in the Myeloma Immune Microenvironment

Tumor supporting Tumor suppressive

Immunosuppression
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Pathophysiology of Bone disease
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Overexpression of Genes of Bone Turnover

Imaging-guided biopsies

Merz unpublished



Overexpression of Genes of Bone Turnover

Differential expression analysis comparing

osteolytic lesion and bone marrow
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Clinical Significance of Bone Disease
in MGUS

* Predictors of fracture risk:

- previous fracture 100 -
. . . 80 -

- oral corticosteroid-intake OBSERVED
60 -

- serum calcium

40 -

20

- drugs

EXPECTED

CUMULATIVE INCIDENCE (%)

0 1 2 3 4 S5 6 7T 8 9 10
YEARS FOLLOWING DIAGNOSIS

FIG. 2. Observed vs. expected cumulative incidence (p < 0.001)

of any fracture among 165 Olmsted County, MN, residents after

an initial diagnosis of multiple myeloma in 1945-2001, with death
considered a competing risk.

Melton 2005 J Miner Res



Clinical Significance of Bone Disease
in Multiple Myeloma

* Approx. 90% of patients show lytic changes

* Patienten with bone disease show a by 20% increased mortality

* Approx. 80% of all myeloma patients suffer 50-
from a pathological fracture B o
S
=> important reasons of morbidity: s
- bone pain © I 00— 011011
_ -10 -5 0 5 10
- pathological fractures Years from diagnosis of MM

FIG. 1. Ratio of observed to expected fracture incidence (and
- h ercalcemla 95% CIT) by time before and after the diagnosis of multiple my-
yp eloma among 165 Olmsted County, MN, residents initially diag-
nosed in 1945-2001 (lines at the bottom of the figure indicate the

occurrence of fractures).

Saad 2007 Cancer, Melton 2005 J Miner Res



Treatment of Bone Disease

* Bisphosphonates

- Inhibition of osteoclasts (no stimulation of osteoblasts)

- Problems in case of longterm use:
» Osteonecrosis of the Jaw
» Nephrotoxicity
* RANKL inhibitors
* Vertebroplasty and kyphoplasty
* Analgesia

* Controlling the underlying disease

Kyle 1975 Mayo Clin Proc
Yeh 2006 Eur J Cancer
Roodman 2008 Hematology



Bisphosphonates — Mechanisms of Action
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Bisphosphonates — Mechanisms of Action
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Bisphosphonates — Mechanisms of Action
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Bisphosphonates

100
HR 0-87 (95% CI 0:77-0-99)
Zoledronic acid versus 80— p=0-04
Clodronic acid -1 : 1
N = 1960 g 60-
S
>
A 40
20
—— Zoledronic acid
—— (Clodronic acid
O | I | | I | |

0 1 2 3 4 5 6 7

Number at risk Time (years)

Zoledronic acid 981 806 675 418 222 79 3
Clodronic acid 979 776 642 399 208 69 0

Morgan 2013 Lancet



RANKL Inhibitors —

Mechanisms of Action
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RANKL Inhibitors — Mechanisms of Action
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Denosumab

Study Design
Denosumab acid versus
. . . Randomization
zoledronic acid - 1 : 1 (N=1700)

N =1700 Stratified by:

* Anti-Myeloma Therapy:
Novel Based (IMiDs,
Proteasome Inhibitors) vs
Non-Novel Based

+ Planned Autologous . Daily Supplements
PBSC Transplant: of Calcium and 676 Benefit:Risk

Yes/No Vitamin D Events Positive?

* Disease Stage:
ISS1,2,0r3

Offered Open-Label
Denosumab Up to
2 Years

Denosumab 120 mg
SC

+

Placebo IV Over
15 minutes Q4W
(N = 850)

* Previous SRE:
Yes/No

2-Year
Follow-up for
Survival

* Region:
Japan; Yes/No

Raje 2017 IMW



Denosumab — Time to SRE

Denosumab acid versus
zoledronic acid -1 : 1

N =1700
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Patients without a skeletal-related event on study (%)

HR 0-98 (95% Cl 0-85-1-14); p=0-010
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Raje 2018 Lancet Oncol



Denosumab — Time to SRE (after month 15)

Denosumab acid versus
zoledronic acid -1 : 1

N =1700

Patients without a skeletal-related event on study (%)
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Denosumab acid versus
zoledronic acid -1 : 1

N =1700

Overall survival (%)
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Guidelines

ASCO IMWG EMN ESMO NCCN
Initial 2 years 1 year continuous |1-2 years in| 2 years
duration CR/VGPR
Long term | Resume at | Decrease Continue if | According
relapse frequency <PR to clinical
judgement

Adapted from Hussain 2022 Blood Rev




Osteonecrosis of the Jaw

Definition
Loss or Destruction of jaw bone by
avascular necrosis

Incidence:
1-10 %

Symptoms:

Pain, ulcerations at the gingiva,
loosening of teeth, impaired wound
healing




Osteonecrosis of the Jaw

Drug related Potency of antiresorptive agent
Higher dose (denosumab 120 mg Q4W)
Intravenous bisphosphonates > oral bisphosphonates
Corticosteroid therapy
Chemotherapy
Antiangiogenic therapy
Duration of exposure to antiresorptive treatment

Local Dentoalveolar surgery
Concomitant oral disease
Poor oral hygiene
Intraoral trauma
Poor fitting dentures

Other Increased age
Race (Caucasian)
Cancer diagnosis: multiple myeloma > breast cancer > others
Comorbid conditions (i.e. malignancy)

Adapted from: Yamashita J Evid Base Dent Pract 2012.



Influence of Bortezomib
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Remineralization in Imaging

study-Date:
Study Tirr

initial after end of treatment



Local versus Systemic Treatment

* Pro local:

- Pain reduction
- Prevention of permanent disability
- improved mobility, therefore:
- lower risk for infections
- lower risk for thrombo-embolic events

* Pro systemic:

- Prevention of further end organ damage
- Pain reduction without side effects of local therapy
- Lower tumor burden



Local versus Systemic Treatment

* local treatment options:

- Radio therapy
- Surgery
- Kyphoplasty/ vertebroplasty



Surgical Therapy

In case of increased fracture risk or
after fracture adequate endoprothetic
or osteosynthetic treatment is

necessary.

before after



Kyphoplasty/ Vertebroplasty

Filling of vertrebral bodies with bone

substitute material
=> Because of increased stability

decrease of pain and fractures




Kyphoplasty




midline vertebral body height

[mean % +/- SE]
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Kasperk J Surg Oncol 2012



Physical Exercise in Myeloma



Physical Exercise

Myeloma
Steroid-  Osteoclast = Osteoblast Fatigue Hours of Physical Activity per Week
therapy activity 1 activity |
——>  Bone mass) 100% -
80% - i
Fracture risk! sl a6
@ 2t04
40% - “0to2
> Paint 2
20% 1 o
; 0% ' '
L Physical activityli_l pre now desired

Muscle mass | Risk of Cardio-pulmonary

U obesity? function {

Muscular tension?

Hillengass 2017 IMW



Effects of Exercise on the Immune System

< Intervention: 6 months >

— Cohort 1 (IPSRT): N RS RS Follow-up: 6 months
Screening; Twice weekly, in-person h ” 79 ” Ve ”
] supervised group . S~ e
- MM patlgnts / N\ resistance training sessions \ \ e N N
with active > 52 total 6-Month / 3-Month 6-Month
disease or in Consent End of Post- Post-
remission and Cohort Baseline . 3-Month . Intervention . Intervention . Intervention
- Age 18+ . Self- v|5|t Visit Visit Visit Visit
- ECOG 0-1 . — = — a = =
- No bone Selection ﬁ j== ﬂ §== ﬁ ﬂ §== ﬂ i_—: ﬂ =
instability or Cohort 2 (HBUW): o — ) —
other impediment Gradually increasing active

to safe exercise minute goal = 300/week & i i & & & i & & &
./

* Primary endpoint: Feasibility « Secondary endpoint: Adherence

« Exploratory endpoints: Changes in immune fitness', physical function?, patient-reported

outcomes (psycho-oncological, pain, fatigue), lab parameters, clinical performance, physical
activity level, polyneuropathy, opioid and other drug consumption

Joseph,..., Hillengass 2024 Clin Lymphom Myeloma Leuk



Physical Exercise

For all patients in remission/after ASCT

No acute bone fractures/instabilities

No major comorbidities

2 times a week for 6 months

Combination of cardiovascular and strength training

Individualized after PT assessment

Patients get Fitbit to track heartrate, moving habits, sleep patterns

Courtesy Michaela Hillengass



Physical Exercise

Exercise training

Cardiovascular training:

10 min.warm up/cool down
Strength training:

Major muscle groups

2-4 sets

w/without weights

Courtesy Michaela Hillengass



Effects of Exercise on the Immune System

Intervention
* 6 months

« Walking arm: 12 patients - activity promptings - Fitbit

» Strength training arm: 12 patients — in person resistance training twice

weekly

Endpoints

» Effects on immune cells in the peripheral blood by flow cytometry

Joseph 2024 Clin Lymphom Myeloma Leuk



Effects of Exercise on the Immune System

Results (significant findings only)

Table 1. Changes in ratios of exhausted to non-exhausted T cell populations of 24 participants
with multiple myeloma who completed at least three months of physical activity intervention
(2020-2022)

Baseline Final p-value®
CD4" T cell markers ? All Subjects (n=24)
CD4* TIGIT* : Non-exhausted CD4* 0.7 (0.6) 0.6 (0.4) 0.04
CD8" T cell markers ? All Subjects (n=24)
Total exhausted CD8*: Non-exhausted CD8* 2.5 (4.7) 2.2 (2.7) 0.03

Strength Training (n=12)

CD8* TIM3* : Non-exhausted CD8* 0.1 (1.2) 0.0 (0.1) 0.03

Joseph 2024 Clin Lymphom Myeloma Leuk



Effects of Exercise on the Immune System

AM PAC

TUG

ore (%)

ds)

Timed Up And Go Test (Secon

AM-PAC Basic Mobility Short Form Sci

Strength Training

BL 3M 6M 3P 6P

BL

Walking

4
0

Combined

)
- ‘
30

3M 6M 3P 6P

3M 6M 3P 6P

BL 3M 6M 3P 6P

Hillengass 2024 in Remission



Effects of Exercise on the Immune System
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Effects of Exercise on the Immune System
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