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Hypercalcemia — PTH Dependent
PTH high or inappropriately normal

P Primary hyperparathyroidism

P> Sporadic (SGD, MGD, carcinoma,
parathyromatosis)

P Familial (Amy Donahue will discuss)

»MEN1, MEN 2, MEN 3 (2b), MEN 1-like,
MEN 4, HRPT2, FIH

P Familial hypocalciuric hypercalcemia (FHH)
P Autoimmune hypocalciuric hypercalcemia
P> Lithium associated hypercalcemia

P> Ectopic PTH — RARE!

Typical PHPT Evaluation

P Mean Ca 10.6-10.8 - How with PHPT b

. Biochemical: Measure adjusted total serum calcium

i i (lonized if normacalcemic PHPT is a consideration),
with nl/h Igh PTH & phosphorus, intact PTH, 250HD, creatinine

i 32 Skeletal: Threesite dual-energy X-ray absorptiometry

nl/hlgh Uca (DXA) (lumbar spine, hip, distal 1/3 radius); imaging

for vertebral fractures (vertebral fracture assessment
[VFA] or vertebral X-rays); trabecular bone score (TBS)

P> Persistent/Intermittent
. if avail
hypercalcemia 33. M:;:Iz:iemated glomerular filtration rate (eGFR) or,

preferably, creatinine clearance, 24-hour urinary
P> Pathology;

P adenoma ~ 80% -

90%
. Genetic Testing
P multiple gland <30y

disease 10 -20% xGD

P> parathyroid Syndromic

Atypical adenoma/parathyroid carcinoma
Suspicion FHH
Bilezikian et al, JBMR 2022

carcinoma rare

Lithium associated hypercalcemia

P> Changes set point for PTH resulting in
higher calcium to lower PTH (via CaSR)

P> May have similar effect on renal CaSR
resulting in hypocalciuric hypercalcemia

P> Higher incidence MGD
P> Lower surgical cure rate

P> Usually does NOT resolve with stopping
lithium

Joseph L. Shaker, MD
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Brown Tumor in Severe PHPT

Brown Tumor in Severe PHPT
How about the Skeleton in “Typical” PHPT?

il &

8

Scanning EM of bone
biopsy from normal and
PHPT

Silverberg JBMR, 1989

DXA suggests cortical deficit in
PHPT

Trabecular

Cortical

Joseph L. Shaker, MD
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Fractures in PHPT

674 patients with PHPT (mean sCa 11.8 mg/dl) compared with 2021 controls.
Fractures increased up to 10 years before PTx and declined after surgery. Denmark

Vestergaard BMJ 2000

RR of Fx before and after surgery (95% Cl)

Khosla JBMR 1999

Mayo
Site Before Surgery After Surgery
Vertebra 3.5(1.3-9.7) 0.8 (0.2-2.7)
Forearm 1.9 (1.1-3.3) 0.7 (0.4-1.4)
Femur 1.5 (0.8-2.6) 1.3 (0.8-2.0)
Any site 1.8(1.3-2.3) 1.0 (0.8-1.3)

Recent Danish population-based study found increased
hip and MOF fx in PHPT compared to controls
Kanis et al, Ost Int 2023

TBS/HRpQCT in PHPT

TBS reduced PHPT (1,2)
Low TBS assoc. with vert fx in PHPT
— Independent of BMD (2)
TBS improves after PTx (2)
PHPT Abnormal HRpQCT (3)
HRpQCT distal radius
and tibia (4)
— Microstructure improves
after PTx
— FEA estimated bone strength

increases after PTx
+ 1.Silva et al, JCEM 2013
* 2. Eller-V: h t al, Eur J Endoc 2013 .

ervainicher eta, Eurd Endoc Liu et al, JBMR 2010
* 3. Stein et al, JBMR 2013
* 4. Cusano etal, JCEM 2018

PHPT Bone

Cortical and trabecular defects

— Trabecular Bone Score, HRpQCT
— Vertebral and other fx
Columbia prospective data

— BMD decreases over time

RTCs show BMD increases after PTx and stable in those
without surgery 1-2 y. TBS and HRpQCT improve w/ Ptx

Scandinavian RCT at 10 years — no difference in fx but
number way to small for fx trial

— Pretorius et al, Ann Intern Med 2022
| believe PTx decreases fracture risk in mild PHPT
— Dr. Yen will discuss in detail
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PHPT Stones

* PTx decreases stone events (“low quality
evidence” (1)) over time but some still form
stones (Dr. Yen will discuss)

* If marked hypercalciuria before
surgery, | do 24 h U (Ca, Cr, Na) after
surgery

* If stones before surgery, | do 24 h U
stone panel after surgery

1. Ye et al, JBMR 2022

Observations CV P H PT RCTs

Mortality increased in more * 116 patients at 2yr .
severe PHPT. Not clear in — No diff in BP, markers of insulin
mild PHPT (1). resistance, lipids etc. (2)

Hypertension 49 Patients at 2 yr.

LVH in some studies — Minor and borderline significant
Increased carotid IMT and effect of surgery on echo (3)
stiffness 50 patients at 1 year

Increased aortic stiffness — Baseline echo normal and no
Increased cardiac change in either group (4)
calcification area 130-170 patients at 10 yrs
Abnormal vascular function — No diff in survival/CV events (5)

al, Am J Med 1998
CEM 2009

ni et al, JCEM 2007
etal, Ann Intern Med 2022

Observations CV P H PT RCTs

» Mortality increased in more * 116 patients at 2yr .

“Causality between PHPT and CVD mortality remains
uncertain due to lack of consistent reversibility of mortality
risk post-PTX” (El-Hajj Fuleihan et al, JBMR 2022)

No proven benefit of surgery on CVD/mortality (? Adequate
power)

Dr. Yen will discuss

calcification area ¢ 130-170 patients at 10 yrs
* Abnormal vascular function — No diff in survival/CV events (5)

1. Wermers J Med 1998
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PHPT and Neuropsych

Observations RCTs
Classical PHPT Detroit (53 patients) PTx vs.

— Framiirem: pEyEiem an conservative followed at least 2 yr (3)

neurological manifestations
Observations in mild PHPT
— anxiety, depression, decreased”
concentration, decreased
memory, sleepiness

Pisa (50 patients) PTx vs. conservative
management in mild PHPT at 1 yr (4)
Scandinavia (191 patients) PTx vs.
conservative management in mild PHPT
at 1yr (119), 2 yr (99) reported (5). 10-

i 5 year data (6)
Non- randomized/observational

trials suggest improvement (1, 2) — Very modest effects of questionable

clinical significance
Houston (18 patients) RCT PTx vs.
observation in mild PHPT
— Improved sleep and decreased
sleepiness (7)

PHPT and Neuropsych

Observations RCTs
e (lacsical PHPT * Detroit (53 patients) PTx vs.

Difference between observational and RCT could suggest selection
bias/PBO.

“Randomized clinical trials (RCTs) comparing parathyroidectomy vs
observation in mild PHPT showed no clear evidence for causal
relationship between PHPT and neuropsychiatric symptoms” (El-Hajj
Fuleihan et al, JBMR 2022)

My opinion

If significant depression/neuropsych, strongly consider surgery
Manage patient’s expectations

My experience for what it’s worth - 3 groups

1. Better and stay better

2. Feel no different

3. Better at 3 months but convinced PHPT back 12 months later

Table 2. ions for Surgical of PHPT

These are the patients A Surgery "9
. . 1. Serum calcium >1 mg/dL (0.25 mmol/L) above upper limit
in whom surgery is , oo
definitely w ‘

v b. BMD by T-score < ~25 at any site
recommended. Surgery 3. Ren fetues

a. Fracture by VFA or vertebral X-ray
. . . . . a. eGFR or CrCl <60 co/minute
is still a consideration in . Nephrocakinoss or nephroithiass on Xay,

ultrasound, or other imaging modality

other patients and the © ey cadum excreion 250my g bomen) >

guidelines are NOT 6. Surgery 1 b recommended i one ofth following

intended to say the ecsh oo drec itk
2. Fracture

other patients should e o in MO0 Tscref <251

5. Significant reduction in CrCI*™*

not have surgery!

epn change from prior .
++ For monitoring of renal function, the calculated C1€1 is preferred

10 be clinically meaningful (€9,  verfied annual decline of 3 mUimin
over several years to below 60 co/min).

Abbreviations: CrC), creatinine clearence; eGFR, estimated glomerdar
filration rate; PHPT, primary hyperpasathyroidism.

Bilezikian et al, JBMR 2022
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Summary of Panel Recommendations for Nutritional and Pharmacological
Management of PHPT in those not to undergo parathyroid surgery

BP or DMAB if needed for low BMD

Cinacalcet if needed for hypercalcemia

25D > 30 ng/ml (? 20 ng/nl)

Calcium I0M Total; 800 mg/day for women < 50 and men < 70 years
old; 1000 mg/day for women > 50 and men > 70 years old.

Annual serum calcium, renal function, 25-hydroxyvitamin D

BMD every 1 or 2 years (? longer interval if BMD normal)

If indicated

— VFA or spine films

— TBS useful

— Renal imaging (X-ray, ultrasound, or CT) or 24-hour for calcium/creatinine

Bilezikian et al, JBMR 2022

Case

* 62 male “normocalcemic PHPT” Calcium 9.2, 9.3 mg/dI
— Imaging finds compression PTH 79, 87 pg/ml
deformity, Phos 2.9 mg/ml
— BMD T-scores 25D 34 ng/ml
Spine -4.0, FN -2.9, TH -2.3 lonized calcium 1.24 mmol/I
Calcium/D intake good «  Urinary calcium 129 mg/day
Celiac serology/small bowel bx ok
Has surgery at famous institution
3 glands removed

Calcium 9.1, 9.3 mg/dI with PTH 70,
105 pg/ml

Goes to another famous institution
“Never had normocalcemic PHPT”

No stones .

Nothing to suggest
syndromic PHPT

— FH, SH, Exam N/C

Case

* 62 male “normocalcemic PHPT” * Calcium 9.2, 9.3 mg/dl

aoino finde comprossion o _DTL po/m

8. How should normocalcemic PHPT be managed? Panel
recommendations
8.1. Because of limited data, we cannot recommend guide-
lines for surgery in normocalcemic PHPT at this time.

* Nothing to suggest
syl mic PHPT
— FH, SH, Exam N/C

Has surgery at famous institution
3 glands removed

Calcium 9.1, 9.3 mg/dI with PTH 70,
105 pg/ml

Goes to another famous institution
“Never had normocalcemic PHPT”

Bilezikian et al, JBMR 2022
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Definitions
* Hypercalcemic primary hyperparathyroidism (HPHPT)

— Hypercalcemia or intermittent hypercalcemia with high or
inappropriate PTH due to autonoumous parathyroid tissue
(adenoma, multiple gland disease, cancer)

« Secondary hyperparathyroidism (SHPT)

— Normal calcium with elevation in PTH that is a physiologic
response

* Eg CKD, vitamin D deficiency, Gl malabsorption
* Normocalcemic PHPT (NPHPT)

— Persistently (over 3-6 months minimum) normal corrected
calcium and ionized calcium with persistently elevated PTH due
to autonomous parathyroid tissue (adenoma, multiple gland
disease, cancer)

* Often found during evaluation of low BMD or kidney stones

SHPT and NPHPT may be very difficult to differentiate

Normocalcemic PHPT

Course Assay Issues
* Some become * False elevation in PTH (1-
hypercalcemic 3)
* PTH sometimes normalizes — Heterophile ab
— Antimurine heterophile
ab
* Muronumab CD3
immunosuppression
— Rheumatoid arthritis

1.Cavali al, Clin Chim Acta 2007
t Int 2021
I, Endoc Pract 2011
al, Horm Met Res 2022

Normocalcemic PHPT

The Diagnosis of Normocalcaemic Hyperparathyroidism is
Strikingly Dissimilar Using Different Commercial Laboratory

Assays Abbott, Roche, Siemens
Authors
Tejas Kalaria! ™, Jonathan Fenn!, Anna Sanders?, Alexandra Yates?, Christopher Duff*-, Helen Ashby?,

Pervaz Mohammed?, Clare Ford', Rousseau Gama'->

r et al, Clin Chim Acta 2007
et al, Ost Int 2021

3.Levin et al, Endoc Pract 2011
4 Kalaria et al, Horm Met Res 2022
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NPHPT

Less likely to localize (1,2)
MGD more common

— 45% (3)
— Collaborative Endocrine Surgery Quality Improvement
Database) 47% (4)
—53.5% (5)
Persistent elevated PTH not uncommon in HPHPT (~23.5%) (6)
— 46.5% in one study of NPHPT (5)
— BMD only improved in those who PTH normalized (5)

Cunha-Bezerra et al, ] Med Imag Rad Onc 2018
Musumeci et al, Clin Endoc 2022

If only need for surgery is bone density, could consider antiresorber.

If only need for surgery is hypercalciuria/stones, could try thiazide and
see if patient becomes hypercalcemic.

The diagnosis of normocalcemic PHPT should be made with caution
and patients should be carefully evaluated before considering surgery.

Joseph L. Shaker, MD
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Case

36 yo G1P0 24 weeks « Now

pregnant — Calcium 10.8-11.1

4 years earlier dx PHPT — PTH 33 pg/ml

— Calcium 10.8-11.3 — Urinary calcium 226

— PTH high normal mg/day (pre-pregnancy)

— Urinary calcium 239 mg/day * What next?

At that time CDC73, MEN1, — ? Second trimester PTx
CaSR genetic testing negative

Single gland removed (170

mg)

IOPTH 56 — 21

Hypercalcemia persisted

* Maternal complications 12. How should PHPT be managed during pregnancy?
P Panel recommendations
— Nephrolithiasis 121, Mild cases should be managed by maintaining good
— i hydration and monitoring calcium levels
Bone disease 122, Bisphosphonates and denosumab should not
s be used
— Pancreatitis 123, Data are very limited on use of cinacalcet
124, Consider surgery in the second trimester for patients
with serum calcium >11.0 mg/dL and for whom sur-
gery is not contraindicated

— Hyperemesis gravidarum

— Preeclampsia 125. Preoperative imaging should be limited to
. o ultrasound
— Hypercalcemic crisis 126. If surgery is deferred, the neonate should be closely
. . monitored for hypocalcemia
* Fetal complications 127, If surgery is deferred, PTX should be done after deliv-

ery, and before a subsequent pregnancy.

— Prematurity

— Neonatal hypocalcemia
— Stillbirth, Miscarriage Bilezikian et al, JBMR 2022
— IUGR, low birth weight

Risks low if mild hypercalcemia

29

Back to Patient

* What next?
— Calcium to creatinine clearance ratio
* 0.008 (0.8%)

* 0.012 (1.2%) prior to initial surgery

» Genetic testing revealed a pathogenic
variant in the AP2S1 gene - FHH3

30
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Familial Hypocalciuric
Hypercalcemia (FHH)

Genetics

Asymptomatic, modest, o
|ife|ong hyperca|cemia FHH1 Most families - CaSR

(chromosome 3) (~2/3)

FHH2 (G protein alpha 11)
PTH not suppressed .
(normal ~85-88%, Nesbit et al, NEJIM 2013.
elevated <15%) FHH3 (Adapter Protein 2
Sigma 1) (AP2S1) Nesbit et al,
Nat Genet 2013
Some FHH families have
unknown mutation

Hypocalciuria

Magnesium highish
Autosomal dominant
Surgery not indicated

Autoimmune Hypocalciuric

Hypercalcemia

Acquired hypocalciuric
hypercalcemia

No FH

No mutations FHH1, FHH2, FHH3
Autoimmune disease

Antibodies to CaSR

Kifor et al, JCEM 2003

FHH vs PHPT

FHH1 Mutations PHPT
¢ Kaiser Permanente (2)

* Large Data Base ~51K (1)
e <50yo - 12-24/100K

¢ Geisinger
— 74.1/100K * 50-59
— 40.9/100K (FHH1 — F80/100K
&hypercalcemia) — M 36/100K
¢ Does not count FHH2 or 60-69
FHH3 — F 131/100K
— M 59/100K
70-79
— F 196/100K
— M 95/100K

m J Hum Gen 2020
2013

33
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FHH vs PHPT

FHH1 Mutations PHPT
Kaiser Permanente (2)
e <50vo - 12-24/100K

¢ Large Data Base ~51K (1)

FHH]1 may be just as common as PHPT <50y

- LUES 1IUL LUUIIL FRIFZ Ul ERRCIVEIVE)
FHH3 — F131/100K
— M 59/100K
e 70-79
— F 196/100K
— M 95/100K

m J Hum Gen 2020

FHH

FHH vs PHPT 2014 Guidelines Screen for FHH

54 FHH1 and 97 PHPT surgically * CCCR<0.01

cured — 25D > 20 ng/ml

CCCR <0.02 picked up 53/54 FHH = CEAE Eastell et al, JCEM 2014
(0.01 missed 20% FHH) — Probably FHH >
Problem 35% (34/97) PHPT were ., (ccRr 0.01- 0.02
<0.02

— 25D > 20 ng/ml
— Christensen Clin Endoc 2008

— eGFR >60
— Might be FHH

My opinion
Sensitivity most important
Do not want to operate on FHH
Look at old calcium levels, family etc
Clues to FHH; lifelong, young age, FH, normal PTH, higher Mg
All 3 genes need to be done

61F 50M 36y0G1P0 24 weeks | 56yo woman

Hypercakce | Hypercalcemia first pregnant with

mia for noted age 40 AN Age 32 hypercalcemia

decades Calcium 10.8-11.3PTH | and low urinary

Stones (UA) high normalUrinary | calcium
calcium 239 mg/day.

Patient/siste Ref endo. 35 gland PTX late Ref endo no

rCask CaSR negative (Mayo) 1980s (no records yet) variants in

negathe Single gland removed  [[RsAall

(HRPT2),
(U0 ) CDKN1B, MEN1,

and RET genes

A—
Stster,Mom Brother and Mom . o
hypercalce recently found hypercakemia
mia Ry elevated calcium

hypercalcemia

Calcium (mg/dl) ~ 105-113 99106 1011 108111
1Ca (mmol/l)
Phos (mg/dl) . X 2534
PTH (pg/dl) 3345
Mag (mg/dl)
25D ng/dl) 5
Urinary Ca me/d 70 239,226
2 SRS AL
Genetics VUSGNA 11  Pathogenic CasR AP251

FHHZ (FHH1) deletions exon 5~ (FHH1) (FHH3) s1
(eorelaes 7 (FHH3)

with Ca in

family)

36

Joseph L. Shaker, MD




2023 Endocrine Surgery &
Neuroendocrine Tumor Symposium

Summary (1)

Diagnosis of PHPT usually clear
There are new guidelines for management

Surgery improves bone and stone disease with decreased
fractures and stone events

Data on neuropsych and CV in mild disease remain unclear
Neuropsych - | typically advise surgery but manage
expectations
| favor initial surgery in most patients with DEFINITIVELY
diagnosed PHPT if they are good surgical candidates

* Reop may have different risk-benefit ratio

* Hypopara QOL much worse than mild PHPT

Summary (2)

* NPHPT dx should be made with caution after careful
consideration of SHPT. | am cautious with surgery in
NPHPT.

— NPHPT is overdiagnosed

* FHH is more common than most believe
— Surgery not indicated
— Many of us have missed FHH

Thanks

Osteoporosis and
Calcium Disorders Clinic
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Amy Donahue, MLIS, MGCS, CGC

Genetic Evaluation for Primary
Hyperparathyroidism

* No financial conflicts

biases.

Contlicts of Interest

* Acknowledgement that | have my own unique experiences, values, and
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Hereditary PHPT: Statistics

St

* ~10% of all PHPT has a monogenic etiology

* De Sousa et al found “a positive testing
rate of 15-26% in patients with suspected
hyperparathyroidism syndromes

« They also proposed “Prospective studies
evallating patients by uniform testing criteria
and a single standardised testing process
encompassing all definitively associated genes
will improve our understanding of the yield of
genetic testing in the PHPT and FHH
settings.

* More likely to be monogenic:

* Younger age (males/females affected
equally)

* Multiglandular disease

* Family history of PHPT

* Personal and/or family history of
related tumors (for syndromic
causes)

Amy E. Donahue, MLIS, MGCS,

CGC
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Table 1. Incidence and Prevalence of Primary Hyper in the World
Incidence per 100,000 Prevalence per
Area person-years 100,000 people
UsA 48.3-504 Women 233
Men 85

Black women, 70-79 years old 1409

White women, 70-79 years old 110
Spain Unspecified type of

hyperparathyroidism
Women 403
Men 137
Denmark 16
Scandinavian countries Observational studies in 2000-5000
perimencpausal and
postmenopausal women

Sweden Men 730
Czech Republic 24
serbia General population 300
China Middle-aged and elderly 200
South Africa (hospital inpatients) 78

Miisola et al, 2022

4

Newey et al. 2022
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Hereditary PHPT: Testing

Endocrine (and other) tumor - CDKN1B
syndromes. * MEN1
« RET

Familial solated HPT

Famillal Hypocalciuric
Hypercalcemia

Amy E. Donahue, MLIS, MGCS, CGC
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Hereditary PHPT: Testing

~Sge

* Panel testing
* Available through multiple genetic testing laboratories

* MCW&F genetic counseling team currently uses 1 laboratory
* In-network w/ most insurance, lower cost at baseline
* Most patients cost is <$100
* Free family member testing for 150 days (currently)
* Fastest turnaround time (2-3 weeks)

Hereditary PHPT: Genetic Counseling Appt

~S

« Family history
+ Known tumor/cancer/calcium/parathyroid history
* Idonotask .
* Doesn't typically change ts tegy
* Informs risk discussion and post-test interpretation
* Opportunity for rapport building & provides context for test discussion

ity

* Anticipatory guidance
* Surveillance

f family members
‘e hyperparathyroidism risk (CASR)

* Testing
* Result types (positive/d
* Logistics (costs, turnaround

ti

regative/normal, variants of uncertain significance)
reslts disclosure, sample collection)

Forward thinking

o—

* Research opportunities
* New gene discoveries (check back in a year or 2!)

* Polygenic risk
* Soto-Pedre E, Newey PJ, Srinivasan S, Siddiqui MK, Palmer CNA, Leese GP. Identification of 4
New Loci Associated With Primary Hgge@arathyrowdwsm éPHPT) and a Polygenic Risk Score
for PHPT. | Clin Endocrinol Metab, 20. lov 25:107(12):3302-3308. doi
10.1210/clinem/dgac527. PMID: 36102151; PMCID: PMC9693767.

* Pharmacogenetics

* Jeong S, Kim IW, Oh KH, Han N‘%oo KW, Kim HJ, Oh JM. Pharmacogenetic analysis of
cinacalcet response in secondary hyperparathyroidism patients. Drug Des Devel Ther. 2016 Jul
8;10:2211-25. doi: 10.2147/DDDT.S103370. PMID: 27468225; PMCID: PMC4944925.

Amy E. Donahue, MLIS, MGCS, CGC
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Amy Donahue
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ENDOCRINE SURGERY

MEDICAL COLLEGE OF WISCONSIN

Outcomes After Parathyroidectomy for Primary
Hyperparathyroidism

Tina Yen, MD, MS

Professor of Surgery

Medical College of Wisconsin 2023 Endocrine Surgery and Neuroendocrine Tumor Symposium
Renaissance Milwaukee West Hotel, Wauwatosa, WI
March 31, 2023

§y CMCWSurgone
@McWsurgery

Outline

« Reasons and guidelines for surgery X )
* Outcomes with observation

« Outcomes after surgery

¢ | | &

BMD Kidney stone Neurocognitive CV events
Fractures Hypercalciuria Neuropsychiatric CV mortality
Renal function | |QOL Hypertension

Aortic stiffness

* | have no disclosures.

§fy eMCWSureone
@Mcwsurgery

Surgery is recommended for all patients with

classical symptoms and manifestations

“bones, stones, abdominal moans and psychic groans”
Nephrolithiasis, nephrocalcinosis
Overt bone disease

— Osteitis Fibrosa Cystica

- N ic/fragility
* Pancreatitis
Significant hypercalcemia (> 12 mg/dL)
— Mental status changes
Parathyroidectomy

—1 Bone density

— | Fracture rates

— | Kidney stone rates

— 1 Cognitive function

— | Cardiovascular and premature death rates

Bilezikian JP. JCEM 2014 Udelsman R. JCEM 2009
Silverberg SJ. N Eng J Med 1999 Wilhelm SM. JAMA Surg 2016

Tina W.F. Yen, MD, MS
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Guidelines for surgery in asymptomatic pHPT
Summary statement from the 5th International Workshop on the
Management of Asymptomatic Primary Hyperparathyroidism

* Serum calcium > 1.0 mg/dL above upper limit of normal

Skeletal
— Osteoporosis: T-score < - 2.5 at any site* %

— Vertebral fracture (X-ray, CT, MRI, VFA) =
* Renal AWmm)
* eGFR < 60 mL/min
‘]r. * 24-hour urinary calcium >300 mg/d (male) or >250 mg/d (female)
« Nephrolithiasis or nephrocalcinosis by X-ray, US, CT
* Age < 50 years
* Medical surveillance is not possible or desired

-

3/30/2023

* Zscore < 2.5 in premenopausal women and men < 50 years
Bilezikian JP. J Bone Miner Res 2022

AAES 2016 guidelines for parathyroidectomy

« All symptomatic patients
* Most asymptomatic patients
- Fourth i ‘Workshop

- gnitive and/or iatri attributable to pHPT (low quality
evidence)

“ Weak recommendations with low to moderate-quality evidence

— Patients with cardiovascular disease who might benefit from mitigation of potential
cardiovascular sequelae other than hypertension
- Non-traditional symptoms
+ Muscle weakness, functional capacity, abnormal sleep patterns
- Non-traditional features ‘\0“,‘?25"«‘00
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Wilhelm SM. JAMA Surg 2016

Scandinavian Investigation of Primary HPT

Randomized control trial for mild pHPT

8 Scandinavian centers: Oct 1998 - June 2005

191 patients

At mean F/U of 15.3 years: no difference in mortality
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PTX 95 93 93 92 9 8 8 68 42 15

Pretorius M. Ann Int Med 2022

Tina W.F. Yen, MD, MS
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Table 3. Morbidity Events During 10 Years of Follow-up*

Event PTX (n = 95) 0BS (n = 96) Hazard Ratio (95% CI)
Peripheral fracture 15 (15.8) 17 (17.7) 0.75 (0.37-1.50)
c events 10(105) 10(10.4) 0.81(0.33-1.99)

Coronary artery disease 4(42) 6(63) -

Arthythmia 3(3.2) 4(4.2) -

Pulmonary embolism 2(2.1) 0 -

Heart failure 1(1.1) 0 -
Cancer 13(137) 7(7.4) 1.78(0.71-4.48)

Breast 6(6.3) 1(1.1) -

Hematologic 1(1.1) 3631 -

Gastrointestinal 1(1.1) 1(1.1) -

Skin 1(1.1) 101.1) =

Lung 1(1.1) 1(1.1) -

Prostate 1(1.1) 0

2(21 0 -

Cerebrovascular events (all ischemic) 5(5.2) 5(52) 0.73(0.20-2.65)
Kidney stones 2(21) 5(52 0.34(0.06-1.82,

Vertebral fracture assessment (n=127): 16 new fractures in 14 patients (7 per group)

Parathyroidectomy does not appear to reduce morbidity and mortality
in patients with mild pHPT

Pretorius M. Ann Int Med 2022

pHPT patients have worse bone health %

Increased bone remodeling activity

* Lower BMD, particularly in cortical bone (forearm and hip)
¢ Increased risk of fracture

= Met lysis through D 2019 (Ejl: t )
— 12 studies: 5233 pHPT and 13,154 controls

PHPT Control 0dds Ratio 0dds Ratio

Study or Subgroup _Events Total_Events Total Weight M.H, Random, 95% CI M.H, Random, 95% CI

De Geronimo etal. 59 93 25 83 101% 387(210,7.16) —

Kenny et al 2 46 11 44 54% 275(112,6.73)

Knosla etal 202 407 155 407 27.0% 160(1.21,212) -

Vestergaard et al. 81 674 138 2021 261% 1.86(1.40,2.49) -

Yuetal 100 1424 284 7120 31.5% 2.00[1.59, 2.51) -

Total (95% C1) 2643 9681 100.0%  201[1.61,2.50) *

Tofal events i3

Heterogenelty: Tau*= 0.03; Chi*= 7.39, dr= 4 (P = 0.12); F= 46%

T

Testfor overall effect Z= 6.23 (P < 0.00001) oo Fa?cms [PHPT] Favours [(L?vlrel\ "
Axelsson K. JAMA Netw Open 2022 Khosla S. J Bone Miner Res 1999 Vestergaard P. World J Surg 2003
Christiansen P. Bone 1997 Rolighed L. European Endocrinol 2014
Ejlsmark-Svensson H. Osteoporos Int 2021 Silverberg SJ. ) Bone Miner Res 1989

pHPT associated with increased risk of fracture

OR (95% CI) No. studles 12 (heterogenelty)
Any 2.01(1.61-2.50) 5 46%
Forearm 2.36(1.64-3.38) 4 0
Vertebral 3.00 (1.41-6.37) 9 88%
Vertebral and mild pHPT 4.22(2.20-8.12) 4 57%

Vertebral and postmenopausal women 8.07 (4.79-13.59)

w
Q
B

No increased risk of hip fracture (3 cohort studies)

Patients with pHPT have an increased risk of any fracture, forearm
and vertebral fractures

. Ejlsmark-Svensson H. Osteoporos Int 2021 @MCWSurgonc
' @MCWSurgery

Tina W.F. Yen, MD, MS 3
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Beneficial effects of surgery on bone health
Bone mineral density increases
3 RCTs In asymptomatic patients Significant Improvement after surgery
Total cohort, follow-up
Rao DS. JCEM 2004 Femoral neck; total hip
N=53, 2 years
Bollerslev J. JCEM 2007 Lumbar spine; femoral neck (borderline
N=191, 2 years effect)
Ambrogini E. JCEM 2007 Lumbar spine; total hip
N=50, 1 year
* Normocalcemic pHPT and normohormonal pHPT: limited data ln
« No consistent factors predict response (:%
Bone geometry and microarchitecture improves >
Caron NR. World J Surg 2009  Kaji H. JCEM 2008 Lundstam K J Bone Miner Res 2017 Sharma J. World J Surg 2014
Dy BM. Surgery 2012 Koumakis E. JCEM 2013 Rolighed L. Eur Endocrinol 2014 Vestergaard P. World J Surg 2003
Hangge PT. Am J Surg 2022  Lee D. Surgery 2019 Rubin MR. JCEM 2008

10

Fracture risk may decline after surgery

* No randomized control studies with fracture as primary endpoint

* Danish cohort study (Vestergaard)
- 3213 pHPT patients (1980 - 1999)
- 1934 (60%) underwent surgery
- Median F/U 6.1 years: 31% decreased risk of fracture

Fracture HR (95% CI)

— All 0.69 (0.56-0.84)
Upper arm 0.44 (0.27-0.72)
\:epmur 0.50 (0.37-0.68)
Hi 0.44 (0.32-0.62)
Spine 1.46 (0.62-3.44)

Adjusted for age, gender and prior fracture history

" Vestergaard P. J Int Med 2004 L 4 @MCWSurgOnc
Vestergaard P. BMJ 2003 @mcwsurgery

Fracture risk may decline after surgery

« Kaiser Permanente retrospective cohort study (1995-2010)
¢ 6272 pHPT (calcium>10.5; PTH>65)
* 1402 (22%) underwent surgery
* Median F/U 4.5 years, surgery associated with:
- 64% reduction in absolute risk for hip fracture
- 24% reduction in absolute risk for any fracture

- Reduction seen in patients with osteoporosis and osteopenia
- Reduction seen regardless of whether surgery criteria met a

Adjusted for age, race/ethnicity and comorbidity

* Yeh MW. Ann Int Med 2016 L 4 @MCWSurgOnc
@MCWSurgery

12
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VA longitudinal cohort study

VA Corporate Data Warehouse
210,206 pHPT patients (2006 - 2017)
30% (n=63,136) underwent surgery within 1 year of diagnosis

Fractures determined by modified claims-based algorithm
F/U 58.5 months (surgery) and 52.5 months (observation)

« Unadjusted incidence of fracture: Nere
Surgery Non-operative
Any fracture 10.2% 13.7%
Hip fracture 2.9% 4.2%

+ Seib CD. JAMA Intern Med 2022

Fracture risk reduction with surgery
Adjusted Absolute Risk Reduction of Fracture Associated with Surgery
Timepoint  Adjusted ARR, % (95%Cl)  Adjusted ARR, % (95% CI)

(year) Any fracture Hip fracture
1 0.67% (0.52-0.82) 0.18% (0.11-0.26)
2 1.2% (1.0-1.4) 0.36% (0.26-0.46)
5 2.8% (2.5-3.1) 0.98% (0.81-1.2)
10 5.1% (4.6-5.5) 2.3% (2.0-2.6)

Inverse probability weighted and adjusted for many factors
Benefits not limited to those with higher risk of fracture

Surgery associated with lower probability of any fracture (HR 0.84 [0.82-0.85]) and
hip fracture (HR 0.83 [0.80-0.85]) when accounting for competing risk of death

“ Seib CD. JAMA Intern Med 2022 §fy eMCWSureone
@Mcwsurgery

Nephrolithiasis and pHPT

« Nephrolithiasis occurs in 15 - 20% of patients with pHPT
* Prevalence of silent (radiographic) stone disease is unknown
* Denmark study (1979 - 1997): Mollerup

— 674 pHPT patients who underwent curative parathyroidectomy matched 1:3
to controls by age and gender

500 pHPT group:

100 I stone risk 10 years before surgery
50 Normalized >10 years after surgery

5 ,

! 2
05 Y
S0 50 14 o |d 14 59 10 soambiias

Years before surgery | Years after surgery
Mollerup CL. BMJ 2002 Suh JM. AJR Am J Roentgenol 2008
Silverberg SJ. Am J Med 1990 Walker MD. Nat Rev Endocrinol 2018

Incidence rate ratio

15
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Surgery reduces stone formation but small risk

of stone formation remains

« Denmark study (Mollerup)
- Risk remained higher than normal population until more than 10 years after surgery

<« VA Iongltudlnal cohort study using VA Corporate Data Warehouse (Seib)
44,978 pHPT patients with > 2 years follow-up (2000 - 2018)
12% had history of nephrolithiasis
- 11.7% underwent surgery within 2 years of diagnosis
Stone event:  ER/inpatient admission with stone diagnosis
Any urinary stone procedure
Mean F/U of 5.1 years: 20 5% with history of stones i atleast 1
30.5% (surgery) vs 18% (observation)

Charles PY. Urolithiasis 2021 Hedback G. Eur J Clin Invest 2001 Mollerup CL. BMJ 2002
Deaconson TF. Surgery 1987 Huang SY. Surgery 2022 Seib CD. JCEM 2022

16

Higher risk of stone events after surgery although
risk declines over time

A) Patients with stone history

B) Patients without stone history
8 250

Patients with stone history

075
075

Probabilty of being free.
of kidney stono event
Stone rate per 1,000 patients

210123456 78 9101112131415
Year relative to treatment

050
050

5 10 15 0 5 10 15 —Non-Operative Management - -Parathyroidectomy.
Years from treatment [

Suggestion of benefit to surgery
Importance of dietary ification and
therapy to prevent recurrent stone formation

e — |

" Seib CD. JCEM 2022

Hypercalciuria improves but persists after surgery

VA study (Seib)
. Surgery group had average decrease in 24-hour urinary calcium levels of 105 mg (vs.
mgin P! group)

Palmieri study
* 95 pHPT and normal eGFR (2008 - 2012); 74% hypercalciuric at baseline
* F/U 2 years post-op: 32% persistent hypercalciuria
* Preop hypercalciuria and MGD were it with i yp!
Shariq study
« 110 pHPT who underwent surgery (2007 - 2017)
« 28 yp! iuria: 21% i yp iuria post-op
« No predictors of normocalciuria
PTH-independent primary or acquired defect in renal tubular calcium
reabsorption unmasked after surgery

Charles PY. Urolithiasis 2021 Palmieri S. JCEM 2015 Seib CD. JCEM 2022
Nilsson IL. Surgery 2017 Sharig OA. Surgery 2020

18
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Surgery may slow decline in renal function

RCTs demonstrate no improvement in GFR at 1-2 years post-op

Frey prospective cohort (France; 2016 - 2021) .. oweir NriGFR
— 246 pHPT who underwent surgery -
- 27 (11%) with GFR<60 mL/min
— 12 months post-op in low GFR group:
* Improvement in raw change in GFR
+ 48% improved CKD stage; 22% had GFR>60

Tassone study (Italy; 1995 - 2012)
= 109 pHPT with underwent surgery
— 14 with GFR<60: no change after surgery (52.6 to 50.2; p=0.5)
— 95 with GFR>60: decrease after surgery (86.8 to 81.6; p<0.0002)

<GFR (mL/min)

Basene  tyewwst  Bae  tysmrvst

3/30/2023

Bollerslev J. JCEM 2007 Hedback G. Eur J Clin Invest 2001 Rao DS. JCEM 2004
Frey S. Surgery 2023 Liang CC. J Endocrinol 2021 Tassone F. JCEM 2015

19

Neurocognitive/neuropsychiatric symptoms and QOL

* Many patients report non-specific symptoms
— Low energy level
— Depressed mood/irritability/anxiety
— Memory, i itive p
— Sleep disturbance
- aches, pain,
— Perception of poor general health-related quality of life
Patients with pHPT have more non-specific neuropsychological complaints
than controls

— No correlation between serum calcium level and degree of symptoms
Modest beneficial effect of surgery on QOL and psychological functioning
5t International Workshop: These manifestations should not be used, by
themselves, to recommend surgery.

Coker LH. Ann Surg 2005 Pasieka JL. Surgery 2009 Walker MD. J Clin Densitom 2015
Livschitz JL. JAMA Surg 2022 Perrier N. Surgery 2005 Walker MD. Nat Rev Endocrinol 2018
Pasieka JL. World J Surg 1998 Silverberg SJ. JCEM 2009

20

Randomized control trials reveal inconsistent results

Study Detroit (Henry Ford) Denmark/Sweden/Norway Italy (University of Pisa)
Rao DS. JCEM 2004 Bollerslev J. JCEM 2007 Ambroglnl E. JCEM 2007
Pretorlus M. J Bone Min Res 2021
N (years) 53 patients (1994-1997) 191 patients (1999-2005) 50 patients (2002-2005)
Instruments  S{gls) SF-36 SF-36
SCL-90 CPRS SCL-90R
Timepoints q6 months 2,5 and 10 years 12 months

At least 24 months

Outcomes slightly favored surgery
Differences are modest, inconsistent across studies and of uncertain clinical significance

§fy eMCWsureone
@MCWSurgery

Tina W.

F. Yen, MD, MS
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Quality of life improves after surgery

« Systematic review: literature published 6/1998 - 2/15/2021
« 31 studies in 14 countries with median F/U 1-year follow-up (1 - 10 years)
* 3298 patients with pHPT: 2975 (90%) surgery and 323 observed
« Controls: 5445 age- and sex-matched participants
386 patients with benign thyroid disease
* QOL instr SF-36, di pecific tool (PAS), others
« Patients with pHPT have more symptoms than controls

87% (27/31) studies: improvement in long-term QOL after surgery
* 4 studies with mixed results

.. Livschitz JL. JAMA Surg 2022 Bollerslev J. JCEM 2007
Amstrup AK. Eur J Endocrinol 2011 Pretorius M. J Bone Miner Res 2021
Rao DS. JCEM 2004

Improved and sustained QOL after surgery

1550 patients assessed in 18 studies with SF-36 587 patients assessed in 9 studies with PAS
Vitality Tired 100%
Mental health Mood swings 89%

Social function 72% Forgetful 89%
Bodily pain 72% Weakness 88%
Role limitation (emotional) 67% “Blue” (depressed) 78%
Mental component score 64% Headache 75%
Physical component score 57% Thirsty 75%
Role limitation (physical) 56% Irritable 72%
Dbucinal fiuneti sno. lnint nain a20

Mental health components more likely to improve with surgery

Screen with validated QOL tool: guide discussion and frame expectations
Pruritus 50%

“* Livschitz JL. JAMA Surg 2022 Difficulty getting out of care 25%

Effects of pHPT on the heart, vessels, and cardiovascular
risk factors

Arterial hypertension

_+ | Prediabetesand diabetes

o L —

Reseadgsosauptace

VPB and SVPB
Short QTinterval

Diastolic dysfunction

Antonopoulou V. J Surg Res 2020 Rashid G. Eur J Clin Invest 2008
Frey S. Nutr Metab Cardiovasc Dis 2021 Walker MD. J Endocrinol Invest 2008

24
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Higher PTH associated with increased risk of total,

fatal and non-fatal cardiovascular events

review and met: lysis (1947 - 10/2012)
12 prospective studies with 2-14 year follow-up (most >6 years)
10: total CVD events; 7 fatal CVD events; 3 non-fatal CVD events

Forest Plot of PTH and Total CVD Events

3/30/2023

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
— Andersan el al, 2011 038526 0100486 17.1% T47(121,1.79 -
Canthon ef al,, 2010 041211 0307715 5.4% 151 (0.83,2.76) B
Grandi etal, 2011 052473 0284222  6.1% 169[0.97,2.99 ==
—— Hagstrém et al, 2008 060432 025895 7.0% 183([1.10,3.09 —_—
Jassaletal, 2010 009531 0108252 16.4% 1.10[0.89, 1,36 ™
Kestenbaumet al, 2011 014842 0131145 14.5% 1.16[0.90,1.501 i
Krilchevsky el al., 2012 057661 0300046  5.6% 1.76[0.99, 3.21]
——Pik et al, 2010 07031 0.134636 14.2% 202(1.55,2.69 —
Sehierbeck et al, 2011 064185 0.379817  3.9% 1.901(0.90, 4.00]
Taylor etal., 2011 016232 0195404 10.0% 1.20(0.62,1.76) o
Total (95% CI) 100.0% 145 [1.24,1.711 *
Heterogenaily Tau== 0.03, Chi== 1814, df= 8 (°= 03, F = 60% ¥ y ¥

i 02 5 2 5
Tast for overal effect Z= 4.57 (F =.00001) Negative associalion ~ Posilive association

van Ballegooijen AM. Am Heart J 2013

25

Surgery and mortality

Severe or moderately severe classical pHPT:
Increased CV mortality and morbidity positively impacted by surgery
Milder disease: limited and conflicting data
- Review (Frey): unclear CV mortality benefit of surgery
- inavian RCT (P ius): no di in mortality or CV events
- Sweden cohort study (2006 - 2017; Axelsson)

- Matched with 10 controls

v —— Any CV event (Ml or CVA) 0.87 (0.751.00)
* Sex, birth year, county Acute MI 0.87(0.70-1.08)

- F/Uthrough 12/31/2017 Ischemic stroke 0.92(0.76-1.12)
— Overall death 0.64(0.58-0.71)

Adjusted for age, sex, year,

comorbidity and previous CV event_. Cardiovascular-related death 0.71 (0.59-0.85)

Frey S. Nutr Metab Cardiovasc Dis 2021 Pretorius M. Ann Int Med 2022 van Ballegooijen AJ. Am Heart J 2013
Hedback G. World J Surg 1991 Silverberg SJ. JCEM 2009 Vestergaard P. World J Surg 2003
Nilsson IL. J Bone Miner Res 2002 Yu N. Clin Endocrinol 2010

26

VA longitudinal cohort study

210,206 pHPT patients (2006 - 2017); 30% surgery within 1 year of diagnosis

Major adverse cardiovascular event (MACE):
* Non-fatal Ml or CVA
. i italization for angina, CHF, cardiac arrest, cardiogenic shock
* Procedure/surgery for CAD
Secondary outcomes: CVD-related hospitalization
CV hospitalization-associated death

Unadjusted incidences and competing risk regression results

Surgery Non-operative HR (95% CI)
MACE 10% 11.5% 0.99 (0.97-1.01)
CVD-related hospitalization 12.1% 13.7% 0.95 (0.93-0.96)
cv italizati i mortality 1.4% 2.0% 85 (0.81-0.89)
Seib CD. Ann Surg. Epub August 26, 2022 w gmgﬁ:gg;‘;

Tina W.F. Yen, MD, MS
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Adjusted absolute risk reduction and numbers
needed to treat

Outcome Time point aARR (95% NNT
MACE 2yrs 0.35% (0.16-0.54) 288
5yrs 0.84% (0.55-1.13) 119
10yrs 1.66% (1.26-2.06) 60
CVD-related hospitalization 2yrs 0.63% (0.41-0.84) 159
5yrs 1.42% (1.10-1.74) 70
10yrs 2.48% (2.07-2.89) 40
CV hospitalization-associated mortality 2yrs 0.11% (0.06-0.17) 884
5yrs 0.46% (0.34-0.57) 220
[ 10yrs 1.37% (1.17-1.57) 73 |

be meaningful for patients with long life expectancy

Absolute risk reductions are modest after surgery and most likely to

3/30/2023

" Seib CD. Ann Surg. Epub August 26, 2022

§y CMCWSurgone
@McWsurgery

Denmark RCT (2017 - 2018; Ejlsmark-Svennson):

Effect of surgery on HTN

40-65% of patients with pHPT have hypertension
Conflicting data whether surgery improves HTN, particular for mild pHPT
Most indicate that HTN is not reversible with surgery

- 79 pHPT
- Shortterm assessment at 3 months:

At

ugmentation index

Office and ambulatory 24-hour BP
Pulse wave velocity (PWV), measure of aortic stiffness

+ Fasting plasma cholesterol

R——

.

e eaasmmeln | cizias mmil)

No differences except lower cholesterol levels in surgery arm (p=0.04)

- 28 patients with baseline ionized calcium levels > 1.45 mmol/L:
+ Decrease in PWV in the surgery arm

Control

+ Beysel S. BMC Cardiovasc Disord 2019
Elsmark-Svennson H. JCEM 2019

Frey S. Nutr Metab Cardiovasc Dis 2021
RydbergE. Int J Cardiol 2010

aortic stiffness
Meta-analysis through October 2020: 9 studies and 1 RCT
433 mild pHPT; 171 (39%) underwent surgery; 407 controls

Aortic stiffness (pulse wave velocity) is increased in those with mild pHPT
compared with controls

Parathyroidectomy reduces pulse wave velocity

2 swas
540 130

conal
Naan SO Maan Diffrence

B 54 iss

WD oSl waight

18 (0.47; 1.3 100050

Study. e
Epsmaik-Svensson H2019 -2.18 1.2100
GO 2076 12002989

SE Woight 1V, Random,
%

Effect of mild pHPT and parathyroidectomy on

Mesn Difforanco. Mo Difforonce

v, Randorm, 95% C1

s -
Scrlaci G 2011 11003168 =
Rosa J 2011 05102015 18 510350 0. =
Kosen 1 2001 03001735 19.0% 0 [
Ring 12012 007001 218% O ]
Baretta G 2000 10005455 8.7 100[0.07 207) .

Total (557 G T00.0% 0,48 [0.88, 5.07]

Fetsrogenaiy 1a0" 0105 O < 517 67 = 6P <00 T = 59

P

. BernardiS. JCEM 2021

Ejlsmark-Svennson H. JCEM 2019

§fy eMCWsureone
@MCWSurgery

Tina W.F. Yen, MD, MS
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Review of impact of surgery on CV risk

Classic pHPT: =
- Positive impact on cardiovascular morbidity and mortality
Possible improvement in hypertension
Improvement in markers of glucose homeostasis
- Marginal effect on dyslipidemia
Conflicting data:
« Vascular function (aortic sti and i ion)
« Left ventricular hypertrophy
« Diastolic dysfunction

Mild pHPT: conflicting and limited data

Surgery is not currently recommended for patients with mild
pHPT solely on the basis of cardiovascular risk reduction

3/30/2023

Frey S. Nutr Metab Cardiovasc Dis 2021 Wilhelm SM. JAMA Surg 2016
Walker MD. Nat Rev Endocrinol 2018

§y CMCWSurgone
@McWsurgery

Outcomes after surgery for milder pHPT

(o (][ &

1BMD I Kidney stone || T qoL CV evgpts

J Fractures J Hypercalciuria Mental> CV mogfality

? Renal function Physical Hyperéension
Aortic stiffness

. VAN AN VAN J

§fy eMCWSureone
@Mcwsurgery

Future studies

Fracture risk reduction
- Types of fractures
Silent (radiographic) stone disease
Stone formation and hypercalciuria
- Pathogenesis and persistence after surgery
Renal function

T=tie
v
~

Health-related QOL studies with longer follow-up and validated instruments
All cardiovascular outcomes

- Mortality, MACE

- Hypertension, particularly nocturnal hypertension

- Cardiac morphology and function

- Glucose homeostasis and lipid profiles

Y-X

§fy eMCWsureone
@MCWSurgery
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Surgical Approaches for Primary Hyperparathyroidism

Medical College of Wisconsin 2023 Endocrine Surgery
& ine Tumor i

March 31, 2023

Patrick T. Hangge, MD
Endocrine Surgery Fellow
Medical College of Wisconsin

MCW Surgery

knowledge changing life

Disclosures

Patrick T. Hangge
Nothing to Disclose

MCW Surgery

knowledge changing life

Surgical Approaches for Primary Hyperparathyroidism

1. Parathyroid Anatomy
2. Preoperative Localization
3. Choice of Procedure
Bilateral Exploration
Focused/Minimally Invasive Parathyroidectomy
4.  Parathyroidectomy Approach
5. Intraoperative Preparation/Assessment
. ioPTH monitoring
Ex vivo aspiration of parathyroid gland with ioPTH
Radioguided localization
Near-infrared ence and

Bilateral jugular vein sampling

6. Postoperative Care

MCW Surgery

dge changing life

Patrick T. Hangge, MD
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Parathyroid Anatomy

* Most common cause of failed
parathyroidectomy or persistence is
missed gland
3-7 mm, 30-50 mg
Within 1 cm of recurrent laryngeal
neve (RLN) and inferior thyroid
artery

* Superior = posterior

* Inferior = anterior

Inferior

thyroid

artery

+ Bilateral symmetry
* Superior = 80%
* Inferior = 70%

Recurrent
laryngeal
nerve

* 15% ectopic
* 2-15% supernumerary

" distribution

of superior
parathyrold
gland

Area of
distribution

of inferior 26
parathyroid
gland 024

Preoperative Localization

Useful to identify
« candidates for minimally invasive approach
« concurrent thyroid pathology
« a target for reoperative parathyroidectomy
« ectopic glands

Surgical tool, not for diagnosis

Studies vary by surgeon/institution:

* Ultrasound
* Sestamibi scintigraphy
*4D-CT
« Selective venous sampling (SVS)
* MRI

Typical MCW preoperative protocol: US, 4D-CT

« Reoperations: + Sestamibi (MRI and SVS if needed)

Imaging Positive
Modality Sensitivity | Predictive Advantages
Value
Ultrasound  64-91% 83-96%
Sestamibi- o 5
spECT | 70-81%  91-95%
4D-CT 83-95% 88-99%

Disadvantages

Patrick T. Hangge, MD
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Example Patient - Presentation

69M, several year history
hypercalcemia, silent
nephrolithiasis on imaging

* Ca:10.8

* iCa: 1.39

+ PTH:89.5

* 25-OH Vit D: 44

* 24hr UCa: 516.2

* DEXA: normal

No personal or family history of
endocrinopathies

MCW Surgery

knowledge changing life

Example Patient — Imaging

Choice of Procedure
Bilateral Cervical Exploration vs. Focused/Minimally Invasive Parathyroidectomy

* Ultimate goal = cure

« Bilateral cervical exploration for known or suspected MGD

* Focused/Minimally invasive approach for localized single adenoma

Patrick T. Hangge, MD
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When to perform a bilateral exploration

Initial exploration
* Negative localization or evidence of multigland disease on imaging

* Intraoperative parathyroid hormone monitoring (ioPTH) unavailable
* Multiple Endocrine Neoplasia Type 1 (MEN1)
+ Consider for other familial syndromes of HPT
* Thyroid disease needing resection
* Lithium-induced HPT

Conversion from unilateral exploration
* Failure to localize abnormal parathyroid gland
« Identification of more than one abnormal gland
« Inability to obtain adequate drop in ioPTH

MCW Surgery

knowledge changing life
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When to perform a minimally invasive parathyroidectomy

Ideal Candidates
+ Single parathyroid adenoma by imaging
+ No evidence of thyroid disease requiring operation
+ No family history of MEN syndromes

Excellent outcomes comparable to bilateral exploration

* Smaller incision
* Less extensive dissection

MCW Surgery

knowledge changing life
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Bilateral exploration (BE) vs.
minimally invasive parathyroidectomy (MIP) in the literature

SLRGICALORCOLOGY @ | o 19 comparative studies, 12,000+ patients

* Similar:
Focused Versus Bilateral Parathyroid Exploration for Primary © iR EEO S i WP
Hyperparathyroidism: A Systematic Review and Meta-analysis * Persistence (BE 2.4% vs. MIP 2.3%)

* Reoperative rate (BE 1.3% vs. MIP 2.2%)

* Lower complication rates for MIP
« Overall: BE 17.1% vs. MIP 3.7%

B ', e Ol MIB R, Dol P, O, M BN, MRCS, PR, A Lics, D

MECS Glacg, M, s ey . R, M, FRESL FACS'
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Intraoperative Preparation

Routine anesthesia at MCW
* General endotracheal anesthesia
* Intraoperative nerve monitoring with NIM tube
* Placement of esophageal temperature probe

Patient preparation
* Neck hyperextension
+ Ensure adequate IV access after arms tucked
« Preferred: bilateral 20-gauge antecubital IV
« Consider arterial line, existing central line access, foot IV 7

MCW Surgery

knowledge changing life
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Parathyroidectomy Approach

* Anterior cervical

« Lateral cervical (Backdoor)

) ) Lateral ’
« Endoscopic or robotic Approach -

* Cervical
* Remote access (axillary, thoracic, breast, transoral)

Lanionect itk Stemocleidomastold
puled aneriorly S

Strap
Muscles Parathyroid
adenoma
Laterally
Anterior —
— Commen
Approach ot ey
— Esophagus Trachea
Spte Recurrent -
— Recurent laryngeat nerve L\ Strap

laryngeal nerve

infarice thyroid vein

Medially
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Parathyroidectomy — Basic Principles

Pre-incisional baseline ioPTH Suspected 4 Gland Bilateral

adenoma q
1. 3-5cm collar incision resected Exploration
2. Divide platysma, raise $
subplatysmal flaps
ioPTH Multigland disease
3. Separate strap muscles
(midline or lateral approach) L 4
. . Subtotal
4. !VlDbI!IZE thyroid as needed to Rty
identify parathyroid adenoma ®
5. Protect and preserve RLN
ioPTH

Surg omplete : 2
P)

Surgery complete

MCW Surgery

knowledge changing life
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Parathyroidectomy Terminology
Minimally invasive parathyroidectomy
« Typically single adenoma removed

Parathyroid
adenoma

Subtotal parathyroidectomy
« 3 or 3 % gland parathyroidectomy
« Remnant from most normal appearing gland, easiest location
to access on reoperation
Total parathyroidectomy
* All parathyroid tissue removed

Oxyphilic

Cheif cells

Total parathyroidectomy with autotransplant
* Remnant reimplanted into muscle (forearm or neck)

MCW Surgery

knowledge changing life
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— Stemocleidomastoid

Further Considerations

— Incisions

Total parathyroidectomy with autotransplantation
* Less common in primary HPT
* May be an approach in MEN-1 patients

Brachioradialis
| muscle

* Planned or if comprised remnant
* Forearm recommended in hereditary PHPT v

* More accessible for localization and/or ™
control of recurrent disease N

Autotransplantation into muscle of forearm or neck \

&

Parathyroid|
MCW Surgery -
knowledge changing life
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Intraoperative Assessment Tools

* ioPTH monitoring

« Exvivo aspiration of parathyroid gland with ioPTH

* Radioguided localization and/or ex vivo confirmation
¢ Near-infrared autofluorescence and angiography
 Bilateral jugular venous sampling

MCW Surgery

knowledge changing life
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Intraoperative PTH Monitoring

* ioPTH during MIP associated with higher cure and lower reoperations
* Exploits the short half-life of PTH (3-5 minutes)
* Various ioPTH protocols

+ Baseline “pre-incision” PTH or “Time 0” PTH after adenoma removal
* Serial PTH at 5, 10, 15, 20 minutes

Protocol Percentage of false results

Baseline Time _PTH decline [id N

Highest 5 250% 06 11

Highest 10 250% 0.4-09 2326 €= Miami/>50%
Highest 10 250% and within normal 0.4 24 €= Dual
Highest 10 250% and below pre-incision 06 6

Highest 20 250% and/or within normal and/or 27.5 ng/L lower than T10 0 16.2

Pre-incision 10 250% 0304 7.3-16

Pre-excision 10 250% 0.6 15

None 15 Low normal (<35 pg/mL) 0 35
Abbreviations: FP, False positive; FN, False negative. Shawky 2017

19

Commonly used ioPTH protocols

Miami/>50% PTH Drop Criterion Dual Criteria Protocol
>50% drop from highest PTH (baseline/time 0) >50% drop from highest PTH (baseline/time 0)
by 10 minutes and into normal range by 10 minutes
Highest Highest
ioPTH ioPTH

>50% == .i! @

Both with excellent rates of predicting 6 month eucalcemia: 96-98%

Stricter criteria may' false negative rates of bilateral exploration, but l operative failures

20

Example Patient: Intraoperative Findings

Intraoperative Findings

* Right thyroid lobe medialized
* Fullness posterior to gland

69M, several year
history hypercalcemia,
silent nephrolithiasis on

imaging identified
+ Ca:10.8 ) } )
. icaa, 139 * Right superior parathyroid
. PTH:89.5 adenoma isolated, removed:

* 20x 12 x 8 mm, 950 mg

* Ex vivo aspiration > 5000 pg/mL
* Baseline PTH 117 pg/mL

¢ Time 0: PTH79

* Time 5: PTH 50

« Time 10: PTH 38

* Time 15: PTH 32

* Consistent with biochemical cure

* 25-OH Vit D: 44
24hr UCa: 516.2
DEXA: normal

TRANS RIGHT INF TO THYROID

21
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Alternate example: right-sided disease?

22

Alternate example: Intraoperative Findings

Intraoperative Findings
* Right inferior gland enlarged,
removed
* 14 x8x6 mm, 380 mg
* Ex vivo aspiration > 5000 pg/mL
* Baseline PTH 70 pg/mL
* Time 0: PTH 74
* Time 5: PTH 48
* Time 10: PTH 43
* Time 15: PTH 37
* Failure to reach intraoperative
biochemical cure of >50% drop

* Bilateral exploration

* Left superior: minimally enlarged
* Left inferior: normal

* Right superior: minimally enlarged
* Both superior glands resected
« Left inferior gland: in situ
* New time 0: PTH 27 pg/mL
* Time 5: PTH 24
* Time 10: PTH 21
¢ Time 15: PTH 19
« Consistent with biochemical cure

23

Ex Vivo Aspiration

1. Suspected abnormal parathyroid gland
removed

2. Parathyroid tissue aspirated with
multiple passes of 3mL syringe
(prefilled with 1mL NS) using 22-gauge
needle

3. Additional ImL NS aspirated
4. Centrifuge for 90 sec = “cell button”
5. ioPTH performed

Intraoperative exvivo parathyroid aspiration: A
point-of-care test to confirm parathyroid tissue

Aspirate ioPTH level 1.5x greater than baseline serum ioPTH

=98.1% sensitivity, 100% specificity for confirmation of parathyroid tissue

24
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Radioguided Parathyroidectomy

Sestamibi uptake as surrogate for hyperfunctioning
parathyroid

Protocol (Herb Chen et al.)

1. IV technetium-99m labeled sestamibi in preop

2. Handheld gamma probe on thyroid for
background

3. Parathyroid adenoma removed

4. Exvivo counts of 220% background confirms
parathyroid tissue

5. ioPTH to confirm biochemical cure

*Increased radioactivity in operative field can
assist with in vivo localization (not routine)

MCW Surgery

knowledge changing life
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Near-Infrared Autofluoresence and Indocyanine Angiography
* Autofluorescence of 820 — 830 nm

-y
* 2-11xthan surrounding tissues i ' A~

*  Useful during parathyroid and thyroid
surgery

« Indocyanine green (ICG) can assess in
vivo parathyroid tissue perfusion

Solérzano et al. 2021

MCW Surgery

knowledge changing life
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Bilateral Jugular Vein Sampling

Lateralization defined as 210%
difference in PTH levels

100 pg/mL PTH
level from the left
Jugular vein

130 pg/mL PTH level
from a peripheral vein

MCW Surgery

ke

o changing life
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Postoperative Care

Many patients can go home same day
* Extent of dissection, co-morbidities can influence overnight observation

All receive postop calcium carbonate (Tums)
* MIP: 1000 mg BID
* Subtotal: 2500 mg TID

POD#1 labs: iCa, Ca, PTH

Calcitriol 0.25 - 0.5 mcg BID added for low PTH (<5.0 pg/mL)
Clinic visit within 1 week: repeat labs, wean as able

Labs at 6 months, then yearly

MCW Surgery

knowledge changing life
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Summary

Parathyroidectomy can provide some challenges
* Wide variability in anatomy
* Limitations of localization studies
* Risk/benefit balance
Ultimately pathophysiology dictates surgery performed

Intraoperative assessment tools vary by institution/surgeon

Goal is to restore calcium homeostasis & improve long-term sequalae of

hypercalcemia with minimal perioperative complications
* Importance of specialized surgeons and institutions

MCW Surgery

knowledge changing life
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Thank you

30

Patrick T. Hangge, MD
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Thyroid nodules

* Between 3 to 5% of adults will have a palpable thyroid nodule

* Approximately 20% will have a visible nodule on imaging
* Over 50% of women over the age of 60 years

* Between 5-10% of thyroid nodules are malignant

« Early treatment typically favors better outcomes

* How do we effectively identify the relatively small percentage of
patients with cancer and avoid over treatment of benign changes?

Haugen etal. 2015

Gilbert G. Fareau, MD
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American Thyroid Association: ultrasound

Haugen etal. 2015

American Thyroid Association: ultrasound

Benign Purely Cystic (no solid component) <1% No FNA
Very low risk Spongiform or complex cyst with no fx* <3% FNA >2c¢m (observe?)
Low risk Iso/hyperechoic with no fx 5-10% FNA > 1.5cm
Complex cyst with eccentric mural no fx*
Intermediate risk Solid hypoechoic with no fx* 10-20% FNA >lcm
High risk Solid hypoechoic with one or more fx* 70-90% FNA >lcm

fx* (suspicious features): irregular margins, microcalcifications, extrathyroidal extension, taller than wide

Haugen etal. 2015

ACR TI-RADS
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American College of Radiology

Benign No FNA

hitps://www.acr.org/Clinical-Resources/

The Bethesda Criteria

Diagnostic Terminology and
Morphologic Criteria for
Cytologic Diagnosis of

Thyroid Lesions:

A Synopsis of the National Cancer Institute
Thyroid Fine-Needle Aspiration State of

the Science Conference

Zubair W. Baloch, mp., php.,'" Virginia A. LiVolsi, mp.,'2

Syl L. Asa, M.D., Pro..> « Jyan Rosai, Mo,/ “ Maria J. Merlno MD.,

Gregol Randolph M.D, Phlllppe Vlelh M.D., PhD.,

Richard M. DeMay, mo.° Mary K. Sidawy, mo.° and William J. Frable, mp.'®

Diagn. Cytopathol. 2008; 36: 425-437

Bethesda Classification. Baloch et al. 2008

NCI classification Alternate term Risk of
Malignancy
ic (I) Unsati; y 1-4%
Benign (IT) 0-3%
Atypia of undetermined  Follicular lesion of unknown 5-15%
significance (III) significance
Follicular Neoplasm Suspicious for follicular 15-30% 20-25%
Iv) neoplasam
Suspicious for 60-75%
malignancy (V)
Malignant (VI) 97-99%

Diagn. Cytopathol. 2008; 36: 425-437
Acta Cytol. 2012;56(4):333-339

Gilbert G. Fareau, MD
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Tyrosine Kinase Receptors
RET, VEGFR, KIT,
PDGFR, EGFR, FGFR

M——-»'*’_,..,_:’:,_,.,; T e

eoroase

Most follicular epithelial
derived thyroid cancers are

The Cancer Genome Atlas: . —
Thyroid cancer is typically 12

characterized by a low [ AR . "
mutational burden, with due to mutations causing
often a single driver l dysregulation of the MAP
mutation (WDTC). kinase and PI3 kinase

pathways

Secondary (promoter)
mutations when present are

associated with aggressive
cases. i’f‘ '
N Clinicaloptions.com/ oncology

Apoptosis Proliferation  Angiogenesis  Metastasis Cancer Genome Atlas Network. Cell. 2014
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Papillary Thyroid Carcinoma

* BRAFv600E

* 45-50% of all PTC

« Up to 70% of classic variant

« Up to 90% of tall cell variant
* RET fusion

* 10% (primarily diffuse sclerosing and solid PTC)
* NTRK 1/3 fusion

5%
« Alk fusion

* 1% (up to 13% in diffuse sclerosing)
* TERT: 10% (more aggressive presentation)
* Various other:

« EIF1AX, PTEN, MENI, NF1 Cancer Genome Atlas Network. Cell. 2014
Rajab et al. Cancers. 2022

11

Follicular variant papillary thyroid carcinoma

« Infiltrative unencapsulated
« Clinical behavior like classic variant PTC
« Pattern of genetic alteration also like classic variant PTC (ie “BRAF-like” mutations)
« Invasive encapsulated
* Clinical behavior like FTC
« Similar genetics to FTC (40-70% with RAS mutation)
* BRAF k601le
* PPARG fusion
* THADA
 Non-invasive encapsulated
« Indolent, premalignant lesion
« Recategorized as NIFTP
* Similar mutation to follicular lesions (“RAS like™)

Cancer Genome Atlas Network. Cell. 2014
Rajab ct al. Cancers. 2022
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Follicular Thyroid Carcinoma

* RAS
* N/K/H RAS mutations in 40-50%
* PAX8:PPARG
« Upto 35%
« PI3k
* Up to 10%
* PTEN, DICERI, EIFA1X
= Less common
* TERT
* Up to 17% (more aggressive presentation)
Nikiforov Nat Rev Endocrinol. 2011

Liu, etal GENES 2016
Mourra J Clin Endocrinol Metab 2011

13

Oncocytic Thyroid Carcinoma

* Hurthle cell thyroid carcinoma
* Variably categorized as a variant of FTC
* Genetically distinct malignancy

* Three primary types of genetic aberration:
* Mitochondrial complex 1 DNA alterations
« somatic nuclear DNA mutations (DAXX, EIFA1X, NF1)
« chromosomal alterations (duplications [chrom 7, 5, 12])

Ganly et al. Cancer Cell. 2018

14

Disease Prevalence and Test Characteristics

Disease Disease
Present Absent 100

B A [

Test  True positive  False positive PPV: TP/TP+FP 00
+ve  (TP) (FP) e H
Son s
Test— False True NPV: TN/TN+FN Low ]
‘ve negative (FN) negative (TN) é a5 . s
Sens: Spec: g 0k e <
TP/TP+EN TN/FP+TN £ 030 o =
Fow}ff H
010 {—4%
o. ’ \ 000

The estimated thyroid cancer prevalence determines
how various tests perform in “ruling in” (PPV) or
“ruling out” (NPV) the presence of malignancy in a
thyroid nodule.

o0 ¥ .
000 010 020

If
If disease prev

Ferris et al. Thyroid 2015
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e oRNA risk

-

Fusions (n) and mRNA

ThyGenNEXT/ThyraMIR
* ThyGenNEXT
« Next generation sequencing ONA variant
+ DNA and RNA i ke
 ThyraMIR o R
* Thyroid microRNA classifier e “‘:,‘Aj::’m
+ non-coding RNA raca Nioc2.1
* post: iptional regulation of gene ':;"’ ‘;::'?
TERT promnatea™  UsPa3
s
£
Sens 97% 86% o
Spec 93% 88% .
2o
NPV 97% 93% 3 j i
iz =P
PPV 85% 60% 08
®
X o 10 28 38 408 56 5 706 56 0
Lupo MA et al. Diagn Cytopathol 2020 o i

g ——")

o6 18 208 38 08 S8 T
Disgis el

o
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Afirma GSC/XA

» Genomic sequencing classifier (GSC)
 Upgrade of previous gene expression classifier (GEC)

* next-generation whole transcriptome analysis (negative vs suspicious result)

» Xpression atlas (XA)

N o [A] wev [s] v
* Reflex RNA sequencing for suspicious 100 10
+ 593 genes (905 variants and 235 fusions)
® £}
- Bethesda Il | Bethesda IV
x © . ®
Sens 93% 88% s ;
0 g o
Spec 1% 64%
» 0
NPV 97% 95%
PPV 51% 4% “Th @ @ ® w

Prevlence of Malignancy, %
Meta analysis of 13 post validation studies (Beth II/IV)
Sens: 97% Spec: 88% NPV: 99%* PPV:65%

n @ 6

Prevalence of Malgnancy, %

o

Patel et al. JAMA Surg 2018
Nasr et al. JCEM 2022

10
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ThyroSeq v3

» Next generation sequencing
 Analyzes DNA and RNA of 112 thyroid related genes

+ Genomic classifier score based upon identified genetic alterations
+ Positive or negative test result

- Bethesda 111 Bethesda IV

Sens 91% 97%
Spec 85% 15%
NPV 97% 98%.
PPV 64% 68%

Steward DL, Nikifurov YE, et al. JAMA Oncol 2019

+ >12000 mutation variants, >150 fusions, copy number alterations, gene expression alterations
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Satellite

Satellite ‘

Imaging Cytology
(TiRADS/ATA) (Bethesda)

Molecular Testing

20

American Head and Neck Society Endocrine Section:
Bethesda I and II thyroid nodules

Bethesda T Bethesda IT
(nondiagnostic) (Benign)
i
Repeat FNA US very low risk: US low to US high risk:
within 3mo repeat >2 years intermed risk: Repeat US (+/-
repeat US 12 FNA) in 6-12 mo
years
Nondiagnostic Bethesda [1-VI If FNA repeated If evidence of If repeat US
—observation —follow pathways and benign: no growth: repeat high risk:
-lobectomy further FNA in2-3
surveillance repeat in 2-3 yr

Head & Neck, Volume: 41, Issue: 4, Pages: 843-856 December 2018
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American Head and Neck Society Endocrine Section:
Bethesda IIT and IV thyroid nodules

Bethesda 111 Bethfesda v
(AUS/FLUS) (Follicular
neoplasm)

- If repeat FNA: l’
Repeat FNA in | AUSFLUS Molec Testing

3mo vs vs Surveillance
surveillance vs vs Surgery
surgery

Head & Neck, Volume: 41, Issue: 4, Pages: 843-856 December 2018

22

American Head and Neck Society Endocrine Section:
Bethesda V and VI thyroid nodules

Bethesda V-VI Comprehensive Surgical
(Susp for mali neck imaging Consultation
Mal ) -FNA suspicious

Iymph nodes

Head & Neck, Volume: 41, Issue: 4, Pages: 843-856 December 2018
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ATA: MT and Surgery

Ferris et al. Thyroid 2015

Bethesda Estimated” risk
cytologic of malignancy;
category Ancillary testing range (median) Recommendation
I (AUS/FLUS) None 6-48% (14%) Repeat FNA. testing
or diagnostic lobectomy
GEC® (reported Suspicious 38% Diagnostic lobectomy
prevalence 24%) Benign 5% Active surveillance
7-gene MT* (reported Positive 88% Oncologic thyroidectomy
prevalence 14%) Negative 6% Active surveillance

or diagnostic lobectomy

IV (EN/FL) None 14-34% (25%) Ancillary testing or diagnostic
Tobectomy
GEC® (reported Suspicious 37% Diagnostic lobectomy
prevalence 25%) enign 6% Active surveillance
7-gene MT® (reported Positive 87% Oncologic thyroidectomy
prevalence 27%), Negative 14% Diagnostic lobectomy
ThyroSeq2.0 panel Positive 87% Oncologic thyroidectomy
(reported
prevalence 27%)
Negative 4 Observation
V (SMC) None 53-87% (70%) Ancillary testing or oncologic
thyroidectom,
GEC® (reported Suspicious 76% Oncologic thyroidectomy
prevalence 62%) Benign 15% Diagnostic lobectomy
7-gene MT® (reported Positive 95% cologic thyroideciomy
prevalence 54%) Negative 2% Diagnostic lobectomy

24
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Final Thoughts

* Initial evaluation
* Clinical assessment
» Comprehensive imaging with appropriate decision to biopsy
« Thoughtful use of molecular testing (MT)
« Likely to see a more expanded use of molecular profiling
* Increased access/Lower cost of service
* MT to help inform surgical choices
* Improving PPV and NPV in current tests
* MT to guide additional treatment
* Use of radioactive iodine
« Intensity/frequency of monitoring
« Selection of systemic therapies for advanced cases

25
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Pediatric
Thyroid Cancer

Sam Engle DO
Assistant Professor
Pediatric Endocrinology

Childrens

Wisconsin

No Financial Disclosures

Children's

Wisconsin
2
Outline
* Primary focus
« Papillary thyroid cancer (PTC)
« Follicular thyroid cancer (FTC)
« Identifying differences in diagnosis and management of
pediatric thyroid cancer vs adult-onset thyroid cancer
« Evaluation of nodules
« Malignancy rates
* Role of molecular analysis
Childrens
[SST— Wisconsin
3
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Pediatric Thyroid Cancer: Demographics

SEER Database Sex
(1975-2016)

*4343 *0-9:5% eFemale:81% e White: 81%
Pediatric ©10-14: 21% * Male 19% * Black: 5%
thyroid cases . 15.19: 749% « Other: 11%

|
Does Age Mattere

« Pediatric Population
* WHO < 19 years old
+ <9 children, 10-9 adolescents
« ATA < 18 years
* AAP < 21 years
» No consensus age re: pediatric thyroid malignancies
« Different molecular characteristics
« Hormonal influence
« Radiation exposure

Children's

Wisconsin

© Chidrens Wisconsin

5
Key Points Pediatric Thyroid Cancer
« Pediatric present with more advanced disease
* 0.5-5% of pediatric population with nodule->19-25% malignancy rate
« Higher recurrence rate
» Overall incidence increasing all subtypes~ 1% (PTC, FTC, MTC)
* Mortality rate low < 2%
» Regardless of subtype, worse outcome if metastasis to bone, lung,
or brain
* One of the most common secondary malignancies in childhood
cancer survivors
Childrens
o e o Wisconsin
6
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PTC FTC
« ~90% *~10%
* FNA more diagnostic « FNA insufficient for diagnosis
* More advanced (lymph « Less advanced (can spread

nodes) hematogenously)
« Treatment approach varies in  « Similar evaluation and

adults vs peds treatment in adults and peds

(- Monitoring similar in pediatrics >
. Monitoring s ediatrics
Childrens

IO Wisconsin

THYROID
Volume 25, Number 7, 2015

Management Guidelines for Children with Thyroid Nodules
and Differentiated Thyroid Cancer

The American Thyroid Association Guidelines Task Force
on Pediatric Thyroid Cancer

Gary L. Francis"* Steven G. Waguespack ** Andrew J. Bauer>*" Peter Angelos,” Salvatore Benvenga ®
Janete M. Cerutti,” Catherine A. Dinauer, Jill Hamilion® lan D. Hay, Markus Luster,"**

Marguerite T. Parisi* Marianna Rachmiel*** Geoffrey B. Thompson,® and Shunichi Yamashita'”

© Chidrens Wisconsin

]
Goals of DTC Therapy ATA 2015

» Maintain low disease specific mortality currently experienced by
children with DTC

» Reduced potential complications from therapy

Children's

Wisconsin

© Ghidren's Wisconsin
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]
To FNA or Noft

« In pediatrics size not the only cut-off
 Lower threshold to proceed with further diagnostic work-up
« Ectopic thymus can appear hypoechoic, linear, with punctate
foci (can mimic PTC)

Children's

Wisconsin

© Chidren's Wisconsin

10

]
ATA guidelines vs TI-RADS for FNA

« ATA guideline for FNA
« Solid or part solid nodule > 1 cm regardless of imaging features
< All nodules < 1 cm* with suspicious features or risk factor
« Microcalcification
* Hypoechoic
« Irregular margins
« Hyper vascular with abnormal lymph nodes
« TIRADS
« Composition
« Echogenicity
« Shape
* Margin
« Echogenic Foci

* If technically feasible Children's
Wisconsin

© Chidrens Wisconsin
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ATA vs TIRADS

« University of Utah, 2010-2020, 77 pediatric cases who had FNA
» ATA vs TIRADS in malignant cases n=18

« TIRADS: Ignore 1 lesion, 4 follow-up, 13 FNA

« ATA: FNA all cases (100%)
* ATA vs TIRADS in benign cases n=42

« TIRADS: Ignore 17, 8 follow-up, 17 FNA (40.5%)

« ATA: Ignore 1, 2 follow-up, 39 FNA (93%)

Children's

Dunya G, Dance L, Grimmer JF. Comparing ATA guidelines vs TI-RADS for evaluation of pediatric thyroid lesions. Int J Pediatr Wisconsin
Otorhinolaryngol. 2023;164:111411. doi:10.1016/j.ijporl.2022.111411

12
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Initial Eval Pediatric Thyroid Nodule
| e R el

p—— ndetomicte
Nendiagnostic® or Suspicious

Solitary or Suspicious

Thyroid Nodube Detected ypertoncionng

| Repeatusine-12mo. | [ Repoat Us & FNAIn 36 mo. Surgery’ ]
i
= s e
s e i
Benign: Check Maignant

Repeat Repeat Repeal US in adoquacy of hyroid FTOATCH
Usevery || FNAgor 612 mo hormone levels in 4 !
¢ whs & follow clinically FTCe

12 yrs Surgery’ . 5
KOESLQB, 1z ra WL B2 OB a1 UKo oL XBLA\rOR 31352 Wi E M Ex o O£~ Ry AT YE 5 n's
Fr W £aflir jsyilzn jam 3 RS Spmin e

S
+5% 1855 50 ChgHEBWREBITIUR 11 % : >55<86@UR I AR H9=: 97293
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Bethesda System

1. NONDIAGNOSTIC OR UNSATISFACTORY
Il. BENIGN

Ill. ATYPIA OF UNDETERMINED
SIGNIFICANCE or FOLLICULAR LESION OF
UNDETERMINED SIGNIFICANCE

IV. FOLLICULAR NEOPLASM or SUSPICIOUS FOR A
FOLLICULAR NEOPLASM

V. SUSPICIOUS FOR MALIGNANCY
VI. MALIGNANT .
Children's

Wisconsin

© Chidrens Wisconsin
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Interpreting
FNA

THYROID
Volume 29, Number 8, 2019
© Mar Lisber, Inc.

DOI: 10.108%hy.2018.0728

Differences in Thyroid Nodule Cytology and Malignancy
Risk Between Children and Adults

Christine E. Cherella Trevor E. Angell Danielle M. Richman* Mary C. Frates,” Carol B. Benson®
Francis D. Moore," Justine A. Barletta® Monica Hollowell® Jessica R. Smith, Erik K. Alexander?
Edmund S. Cibas.® and Ari J. Wassner'

15

Samuel P. Engle, DO



2023 Endocrine Surgery &
Neuroendocrine Tumor Symposium

|
Difference in Cytology and
Malignancy Risk Ped vs Adult

 Greater number of cystic nodules in Peds (27% vs 11%)
» Nondiagnostic cytology 12% in peds vs 6% in adults
« Increased rate if nodule > 50% cystic
» Malignancy rate 19% in peds vs 12% adult (p=0.0002)
« Malignancy rate higher in nondiagnostic, AUS, and SNF
« No difference in SUSP or malignant cytology
» Ped nodules more likely to be resected than adults in
nondiagnostic, benign, and AUS

Children's

Wisconsin

© Chidren's Wisconsin
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[
Cytology continued

» For AUS surveillance w/o surgery may be recommended in

adults but NOT in kids
« Cohort that had repeat FNA did have improved classification (28%
benign)

« Distribution of subtypes similar in peds and adults

« Poorly differentiated and anaplastic thyroid carcinomas not
seen in peds

» Malignancy rate 2-2.5 times higher in pediatric AUS or SFN
nodules with equivalent cytology

Childrens
© Chitan' Wisconsin Wisconsin
17
Imaging
* Comprehensive Neck US
« + Neck CT or MRI
« Chest XR or CT if substantial cervical lymph node
Childrens
© Chiten' Wisconsin Wisconsin
18
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Surgery in PTC

» Most cases of PTC total thyroidectomy recommended
« High incidence of bilateral/multifocal disease
* Unclear evidence who benefits from prophylactic central neck
dissection
« Limited data improves DFS
* Recommended CND if clinical evidence of extrathyroidal

invasion
« Lateral neck dissection recommended if FNA confirmed
metastasis
Childrens
o Chien's Wisconsin Wisconsin
19

ATA GUIDELINES FOR PEDIATRIC THYROID NODULES AND CANCER

TABLE 6. AMERICAN THYROID ASSOCIATION PEDIAT —
AND POSTOPERATIVE MANAGEMENT IN CHILDREN Wil PAPiiiary THYROID CARC A
e

ATA pediarric Initial posioperative llance of patie
risk level® Definition staging” TSH goal ce af disea:
Low Discase grossly confined to Tg" 0.5-1.0 mIU/L.  US at 6 months
the thyroid with NO/Nx ratively and then
d c1 years
TE 3-6 months
then
Intermediate TSH-stimulated Tg® 0.1-0.5 mIUL
and diagnostic
- n in most
paticnts (see Fig. 2)
High cnsive disease  TSH-stimulated Tg® <01 mIUL
or I v and diagnostic =1

asive disease (T4
ors). with or without
ant metastasis

KEShCLOR, £120f oL B5E 23 OT 15 UT5 (181 X JueyeOR T15€23wiiE BIEx o DM E-N Ry
R WfioaR B HeR Fcr wcsTOF fr HunfKar jubfs¥n-itr Frohiyt sk ot quix¥ ExpKohi

TN T G S I

g
R £5£13T jslri jas) w5614 in 1-2 years in
2 aeme

treated with 1

[
Molecular Profile PTC

» Limited data
* BRAF V600E point mutations less common in peds
« Especially under 15
» BRAF fusions seen in peds
« Higher prevalence in younger PTC cases (<10)
« More aggressive disease and higher RAI requirement
* RET/PTC and NTRK fusions MOST common in peds
» More common Caucasian < 15 yo
» Decreased rate of fusions with advancing age (20 yo

Children's

Wisconsin

© Ghidren's Wisconsin
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Molecular Profile FTC

* RAS and PAX8/PPARG fusion seen in adults
« Very little data in peds
* PTEN association
* FTC in 25% of carriers
« Germline testing for PTEN mutation recommended
* DICER1
« Frequency 25-53%
* Macrofollicular subtype FTC

Children's

s Wisconsn Wisconsin

22

|
Targeted Therapy?e

* ATA does not recommend molecular testing on cytology.. yet

» Metastatic symptomatic cancers not controlled with localized
therapy or RAI refractory

« Evolving topic
» Approved agents but not standard of care

Children's

[S—— Wisconsin

23

Summary

« Thyroid cancer in pediatrics is different than adults
« More aggressive presentation-> favorable mortality
* Molecular difference

« Pediatric nodule imaging does not use size criteria solely
» Aim to reduce harm from intervention (RAI/Surgery)

* TIRADS not validated in pediatrics

» Molecular profiling early stages

Children's

[——— Wisconsin

24

Samuel P. Engle, DO




2023 Endocrine Surgery &
Neuroendocrine Tumor Symposium

|
References

Dermody S, Wals A, Harley EH Jr. upds it
4611010161 porl 2016.08.005

'g B, Wu W, Shang X, Huang . Liu M, Zong L. Incidence and prognosis of tnyroid cancer Pediatr Surg Int.
B 00T Is00SR S 02 0500 i 2025 s 26, AT S3081 163, PUICI: HICSa8 30

Pauison VA, Rudzinskd ER, Hawkins DS. Tryroid Cancer in the Pediatrc Popuation. Genes (Basel). 2019 Sep 13;10(8):723. doi: 10.3330/genes 10080723, PMID: 3154041;
PNIGID: PMC6771006.

+ Squires JH, Martinez Rios C, Davis JC. et al. Imaging of pediatric thyroid tumors: A COG
ahead of print, 2022 Sep 27]. Pediair Blood Cancer. 202262995 doi10.1002/pbc 20957

+ Frncis L Waguespack SG, Bater A Angels . Benvengas, Cou M, Dinauer A Hamilon . Hoy D, Lustr . Paris M. Rachmei M, Thompson G5, vamstia
Américan Thyroid Association Guidelines Task Force. Managemen Thyrold Cancer. Thyroid. 2015 Jul25(7):16-59.
ol 10.1089fy.2014 0460. PMID: 25800731; PMCID: PNICAB54274.

Dance L, Grimmer JF. Comparing ATA guidslines vs TH-RADS for evaluation lesions. Int. 023164111411
G0110.1018].jpor 2022.111411

Cherella CE, Angell TE, Richman DM, Frates MC, Bonson CB, Moore FD, Barietta JA, Holowell M, Smith JR, Alexander EK, Cibas ES, Wassner Al. Diferencos in Tryroid Nodle
Cytology and Malignancy Risk Between Chiren and Aduls. Thyroid. 2013 Aug:29(8)/1097-1104. dor: 0. 1083hy.2018.0728. PMID: 31298618; PICID: PMC6707031

Damésio|, Dias D, Pinheiro S, Esteves S, Lefle V. Santos R, Diferentated
Time. Curous. 2023;15(1):034313. Published 2023 Jan 28, doi-10.7750/cureus 34313

Gallnt . Cren', rega A ot . Evalunon o e Molcuar Landscape of el Thyrold Noduls and Useof  Muligene Genomic Casiflerin Ghikrn. JAMA
Oncol. 2622:8(0):1323-1327. doi10.1001 jamaonce 2022. 1655

Guleria P, Sinivasan R, Rana C, Agarwal S. Molecular Landsoape of Pediatric Thyroid Cancer: A Review. Diagnostics (Basel). 2022 Dec 1212(12):3136. do
10.3380)ciagnostics12123136. PMID: 36553142, PMCID: PMCST76958.

Children's

Wisconsin

© Chidrens Wisconsin

25

Samuel P. Engle, DO




2023 Endocrine Surgery &
Neuroendocrine Tumor Symposium

Update on WHO
Classification of Thyroid
Tumors

Tamara Giorgadze, MD, PhD
Professor of Pathology
Medical College of Wisconsin

1
Disclosure
* | have no commercial interests
2
WHO Classification of Endocrine and
Neuroendocrine Tumors (5 edition)
* Carl Linnaeus approach - hierarchical taxonomic classification
* 4 taxonomic ranks: [
- Category
- Family (class)
- Type
- Subtype
- Cell of origin, pathologic or molecular features, biological behavior
* Newly recognized tumor types, subtypes, and a grading system
3

Tamara Giorgadze, MD, PhD




2023 Endocrine Surgery &
Neuroendocrine Tumor Symposium

2 Piuitary gland . v

3 Thyroid gland =

4 Parathyroid glands v

WHO Classification of Endocrine and Neuroendocrine Tumors
3. Thyroid Gland Tumors

5
3.1. Developmental abnormalities
1. Thyroglossal duct cyst
2. Other congenital thyroid abnormalities (Thyroid dysgenesis)
- Agenesis, hemiagenesis, ectopic thyroid, hypoplasia
- Dyshormonogenetic goiter
6
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3.1. Developmental abnormalities

Thyroglossal duct cyst
. = = i

| }?g« R

3.1. Developmental abnormalities

Dyshormonogenetic goiter

3.2. Follicular cell-derived neoplasms

1. Benign tumors
- Follicular thyroid adenoma (FA)

- Oncocytic adenoma of the thyroid (OA)
RAS-like molecular profile in

2. Low-risk neoplasms encapsulated neoplasms

- z\lNolrgi_iSi/asive follicular thyroid neoplasm with papillary-like nuclear features

- Thyroid tumors of uncertain malignant potential (UMP)
- Hyalinizing trabecular tumor (HTT)

Tamara Giorgadze, MD, PhD
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3.2. Follicular cell-derived neoplasms
(cont’d)

3. Malignant neoplasms
- Follicular thyroid carcinoma (FTC)

- Invasive encapsulated follicular variant papillary carcinoma (IEFVPTC)

- Papillary thyroid carcinoma (PTC) BRAF V600E-like molecular profile in
. . . papillary and/or infiltrative growth
- Oncocytic carcinoma of the thyroid (OCA) pattern neoplasms

- Follicular-derived carcinomas, high-grade
ii. Poorly differentiated thyroid carcinoma
- Anaplastic thyroid carcinoma

10

3.2.1. Benign tumors

Thyroid Follicular Nodular Disease (FND)
* Non-inflammatory, non-malignant enlargement of the thyroid gland
* Some of these lesions are molecularly clonal
* Could be associated with DICERI & PTEN-hamartoma tumor syndromes
* Acceptable terminology:
- nodular follicular disease
- adenomatous nodules
- nodular hyperplasia
- adenomatous hyperplasia
- multinodular thyroid hyperplasia

- multinodular goiter (clinical)

11

3.2.1. Benign tumors
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3.2.1. Benign tumors
FND

* Hyperplastic process

« Clinical setting of multinodular goiter
* Absence of:

- Invasive growth

- Nuclear features of PTC

13

3.2.1. 3.2.1.

Follicular thyroid adenoma (FA) Oncocytic thyroid adenoma (0OA)
7 KQ\ & w7

FA and OA are encapsulated

No capsular and/or vascular invasion

No nuclear features of

The term “Hiirthle cell” is discouraged

The term “oncocytic” is used to describe follicular cells with abundant

cytoplasm, distinct cell borders and prominent nucleoli

- Thyroid adenomas with >75% of oncocytic cells are classified as OA
OA have distinct genomic alteration in mitochondrial genome (mtDNA) or the

related GRIM19(NDUFA13) gene

14

3.2.1. Benign tumors

Follicular thyroid adenoma with papillary
architecture

* Autonomous hyperfunctioning nodules
Clinical/subclinical hyperthyroidism

* Some occur in patients with McCune Albright syndrome, Carney complex, and DICER1
syndrome

Encapsulated thyroid neoplasm composed of follicular epithelial cells

 Organized intrafollicular papillary architecture, with sub-follicle formation

Absence of nuclear features of PTC, capsular invasion & psammoma bodies

Activating TSHR mutations are detected in up to 70%, whereas GNAS and/or EZH1
mutations are found in a small subset

Should not be mistaken for FA with papillary hyperplasia (which is associated with RAS
mutations and is not associated with hyperfunction and is more commonly seen in
children and young adults)

15
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Lyon (France)
jable

3.2.1. Benign tumors 3.2.1. Benign tumors

Follicular thyroid adenoma Vs Follicular thyroid adenoma
with papillary architecture *  with papillary hyperplasia

17

3.2.2. Low-risk neoplasms

NIFTP

Inclusion criteria:
* Encapsulated/well demarcated
* Afollicular architecture with <1% papillae
* The nuclear features of PTC (score 2-3):
1. Size and shape (elongation, enlargement, overlap)
2. Membrane irregularities (irregular contours, grooves, pseudoinclusions)

3. Chromatin characteristics (clearing, margination, glassy nuclei)
Exclusion criteria:
« Any invasion (capsular and/or vascular)
* Psammoma bodies
* Tumor necrosis
« Mitoses >3/ 2 mm?

>30% solid/ trabecular/insular growth
Characteristics of other PTC subtypes (such as tall cell or columnar cell)
* BRAF V600E or TERT promoter mutations

18
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3.2.2. Low-risk neoplasms

NIFTP

New:

 Subcentimeter NIFTP
* Oncocytic NIFTP

. Lalfe NIFTP (>4 cm)

* Pediatric group NIFTP

* Those rare non-invasive follicular patterned tumors with PTC nuclei that are
excluded from NIFTP because of a mitotic count >3/ 2 mm? are best reported as
mitotically active encapsulated PTC with a predominant follicular growth pattern

* If the mitotic count is > 5 / 2 mm? or if there is tumor necrosis they should be
reported as non-invasive high grade FVPTC

« Staging is not performed for NIFTP

19

3.2.2. Low-risk neoplasms

Thyroid tumors of uncertain malignant potential

* Tumors of uncertain malignant potential (UMP) are well-differentiated thyroid
tumors with follicular architecture that are encapsulated or unencapsulated but
well circumscribed, in which invasion remains questionable after thorough
sampling and exhaustive examination.

Subtypes:
- Follicular tumor of uncertain malignant potential (FT-UMP)
- Well-differentiated tumor of uncertain malignant potential (WDT-UMP)

HRAS, KRAS, or NRAS mutations are identified in up to 30-40% of cases,
NRAS p.Q61R being the most common mutation

If BRAF V60OE, TP53 or TERT promoter mutations are detected, the tumor should
be meticulously examined to rule out carcinoma

20

3.2.2. Low-risk neoplasms

WDT-UMP

Lyon (France):
Shed;

v, 10)

21
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3.2.2. Low-risk neoplasms
Hyalinizing trabecular tumor (HTT)

- HTT is composed of large trabeculae of elongated or
polygonal cells

- Intratrabecular hyaline material

- Nuclear features of PTC

- Characterized by the presence of GLIS rearrangements P

(PAX8::GLISI and PAX8::GLIS3) o é: i
- Membranous Ki-67 immunostaining >

3.2.3. Malignant neoplasms

Follicular thyroid carcinoma (FTC)

&

23

3.2.3. Malignant neoplasms

Oncocytic thyroid carcinoma (OCA)

* 5% of differentiated thyroid
carcinomas in the USA

* Mean age ~ 60 years
* >75% of oncocytic cells

* Distant metastasis at presentation
in 15-27% of patients

* Mitochondrial DNA mutations

* RAS mutations is at a lower rate
than in FTC

24

Tamara Giorgadze, MD, PhD




2023 Endocrine Surgery &
Neuroendocrine Tumor Symposium

3.2.3. Malignant neoplasms

FTC & OCA

Subtypes:
* Minimally invasive (capsular invasion only)

Encapsulated angioinvasive:
- Limited angioinvasion (< 4 foci)

- Extensive angioinvasion (4 or more foci)

Widely invasive (obliterated or focally intact

tumor capsule and/or gross invasion through the gland)

25

3.2.3. Malignant neoplasms

Invasive encapsulated follicular variant
PTC (IEFVPTC)

- Malignant counterpart of NIFTP
- Encapsulation

- Follicular patterned architecture
- Nuclear features of PTC

- RAS-like mutational profile

- Capsular and/or vascular invasion.

- Subtypes:
- Minimally invasive
- Encapsulated angioinvasive
- Widely invasive

26

3.2.3. Malignant neoplasms
Papillary thyroid carcinoma (PTC)

Changes:

* Using “subtype” instead of “variant”

* Microcarcinoma is no longer considered a subtype of PTC
* Subcentimeter PTC requires histologic subtyping (classic, follicular, etc.)

* “Encapsulated variant” is renamed as “encapsulated classic subtype”

« “Cribriform-morular variant of PTC” is no longer classified as a subtype of PTC
« Aggressive histologic forms: Tall cell, columnar cells, and hobnail PTC subtypes
- Tall cells should have a height of at least 3 times their width and show dense

eosinophilic cytoplasm and distinct cell membranes
- Tall cell subtype should have at least 30% tall cells

27
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PTC, encapsulated classic subtype

28

Follicular-patterned thyroid neoplasms

IEFVPTC

Infiltrative follicular subtype of PTC

29
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Columnar cell subtype of PTC

!T‘&ﬁ“‘?v 2
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thyroid carcinoma

1. Poorly differentiated thyroid
carcinoma (PDTC)

Foci ¢/w PTC, FTC, or OCA are absent

3.2.3. Malignant neoplasms

High-grade follicular cell-derived non-anaplastic

2. Differentiated high-grade
thyroid carcinoma (DHGTC)

Foci c/w PTC, FTC, or OCA are present

- PDTC and DHGTC have aggressive clinicopathologic features and the prognosis is intermediate
between well-differentiated carcinomas of follicular cells and anaplastic carcinoma

Both RAS-like and BRAF V60OE-like carcinomas can have high-grade features

Progression is associated with secondary genetic events (TP53, TERT promoter, PTEN mutations)
The mean disease-specific survival is approximately 5 years after the original diagnosis

The overall survival at 5 years in most series is 50-70%

Response to radioiodine treatment is poor in many patients

32

Diagnostic criteria for high-grade
follicular cell-derived thyroid carcinomas

Poorly differentiated thyroid Differentiated high-grade thyroid
carcinoma (Turin proposal) carcinoma

Architectural pattern Solid/trabecular/insular growth Papillary, follicular, solid? -
required [
Nuclear features Absence of nuclear features of PTC  any
is required
Necrosis, mitosis and convoluted At least one of the following three At least one of the following two
nuclei features: features:
Mitotic count 23/2 mm? Mitotic count 25/2 mm?
Tumor necrosis Tumor necrosis

Convoluted nuclei

Anaplastic features None None

= Tumors with solid growth and PTC nuclear features are classified as high grade differentiated thyroid carcinoma

5ih ed.; vol. 10)

33
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DHGTC

o A A GV

Langhans T.
Virchows Arch 1907:189; 69

34

Mutation profile of high-grade follicular
cell-derived thyroid carcinomas according to
subtype
m
Poorl:
dlf?errzmlated
thyroid
carcinoma
(PDTC)
Differentiated [l ] 39% 3% 3% 0% 3%
high grade
thyroid
carcinoma
(DHGTC)
2 PDTC: NRAS 33%, HRAS 8% and KRAS 4%; DHGTC: NRAS 6%
[cited 03/2023]. 5th ed.; vol. 10). . w0z
35

3.2.3. Malignant neoplasms

Thyroid Carcinoma (ATC)
BRAF V600E mutation in 87% of cases with or without differentiated thyroid carcinoma
BRAF V600E in 60% of cases without any differentiated thyroid carcinoma component
PAX-8 and TTF-1 positive (in 91% and 38% of cases, respectively)
Harbor a differentiated thyroid carcinoma in 25% of cases

(PTC most commonly)

- Clinical outcome similar to ATC

Prompt BRAF V600E mutation testing is mandatory for all ATCs
DDx-intrathyroidal thymic carcinoma

Squamous Cell Carcinoma (SCC) — a subtype of Anaplastic

Tamara Giorgadze, MD, PhD
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Molecular markers of
adverse biology in
FCDTCs

Oncocytic
carcinoma
TERTP. TERTp TERTR
C228T/G250T C228T/C250T 228T/C250T C228T/C250T
Chr.5and 7
Chr. 1q.gain Increased TMB duplcations
PLEKSHIp P53 Nearhaploid
mutations mutations genotypes
miR-211 Global DNA
miR204 4 hypomethyl.
Global DNA
hypomethyl.

Baloch et al. 2022
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3.3. Thyroid C-cell derived carcinoma

Medullary thyroid carcinoma (MTC)

Primary non-follicular cell-derived thyroid tumor with morphologic and immunohistochemical
features of neuroendocrine derivation, including expression of Calcitonin and/or CEA

25% of patients with MTC will have MEN2

RET and RAS mutations are the predominant drivers of MTC in 80-90% of cases

Germline RET mutations testing is recommended for all patient regardless of family history
« Somatic only RET mutations are seen in ~50% of sporadic MTC

Two-tiered histologic grading system is newly applied to the diagnosis of MTC (low-grade MTC
and high-grade MTC)

This system was shown to be independent from AJCC (8™ ED) stage group, age, sex, tumor size,
margin status, post-operative CEA serum level in predicting locoregional recurrence, distant
metastasis-free, disease-specific, and overall survival (Nadjdawi et al. 2021)

* High-grade MTCs were iated with lower di
survival rates

pecific survival and recurrence-free

40

International Medullary Thyroid Carcinoma Grading System: A
Validated Grading System for Medullary Thyroid Carcinoma

e otecom [ Tumornacoss——oriaex |

High grade =5 mitoses per 2 mm? Present 25%
Low grade < 5 mitoses per 2 mm? Absent < 5%
© ? @ 4
H H £ H
K ] 2 2
g E ] H
30 e 8 02]  —iwow B2 e £
—— High grade —— High grade B —— High grade <
[ — R o % o oo B0 om o % mrtemorono
Follow-Up Period {months) Follow-Up Period (months) Follow-Up Period (months) Follow-Up Period (months)

survival, LIRS, locoregional recurrence.-free survival 05, overall survival

Xu et al. 2022.
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3.3. Thyroid C-cell derived carcinoma

Tamara Giorgadze, MD, PhD
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3.3. Thyroid C-cell derived carcinoma

MTC, high-grade

tumours series, 5h ed.; vol. 10). Availabl from:

Xu et al.J Gl Oncol, 2022 Jan 1 40(1): 96-104.
Published anline 2021 Nov 3. doi: 10.1200/JC0.21.01329

43
3.4. Mixed medullary and
follicular cell-derived carcinomas
- Represent less than 0.5% of all thyroid tumors
- PTC usually represents less than 25% of the tumor
- Two components are intimately admixed
- Each component can be identified by its nuclear features
- Immunohistochemical stains for Calcitonin and Thyroglobulin may be
positive in corresponding tumor cells, or may be co-expressed
- TTF-1 positivity can be seen in both components
44
3.4.
Mixed medullary and
follicular cell-derived
carcinoma

Tamara Giorgadze, MD, PhD
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3.5. Salivary gland-type carcinomas of the thyroid

3.5.1. 3.5.2.

Mf“;“el;“de':':lm'd carcinoma Secretory carcinoma of salivary gland type

of the thyroi

. Histogeneg;sz - ETV6 translocations are defining with the appropriate
Ectopic salivary gland tissue, solid cell nests, - Positive $100, mammaglobin, GATA3, GCDFP-15
thyroglossal duct remnants, metaplasia - Negative TTF-1 and Thyroglobulin

- Mucus cells, intermediate cells, squamous cells
- MAML2 rearrangement

- Indolent tumor with excellent outcome 3 ~— e,
- Distant metastasis are unusual :

- Appear more aggressive than their salivary counterparts

WHO Classifcatior or Endocrine and neu ine tumours finternet]. Lyon (Fran - ationof tumour
series, 5th ed.;vol. 10). Available ffom: htps:/umourclassificaton fac.who.intichapters/53.

46

3.6. Tumors of uncertain histogenesis

3.6.1. Sclerosing mucoepidermoid carcinoma with
eosinophilia (SMECE)
* Unilateral painless mass
* F:M ratiois 13:1
* The average age: 55 years (range 22-89)
« Associated with chronic lymphocytic thyroiditis
* Histogenesis:
-Likely ultimobranchial body/solid cell nest origin
* Absence of MAML2 and BRAF mutations
- TTF-1is positive in ~50% of cases

- Thyroglobulin and PAX8 are typically negative

wHo
5ihed.; vol. 10). Avallabe
hips:/imourclassificatin farc whoniichapters/s3.

47

3.6. Tumors of uncertain histogenesis

3.6.2. Cribriform morular thyroid carcinoma (CMTC)

* Described by Harach et al. in 1994 as “FAP-associated thyroid carcinoma: a distinct type
of follicular neoplasm”

Familial CMTC are associated with Familial Adenomatous Polyposis (FAP)

The female to male ratio is 31:1to 61:1

FAP-associated thyroid tumors are multifocal and/or bilateral and have good prognosis
Sporadic forms are unifocal

Thyroid tumors may be the initial clinical presentation of FAP

Genetic alterations involving WNT/beta catenin pathway (APC and CTNNB1) genes

* No association with BRAF V600E or RAS mutations

Immunohistochemistry:

Cribriform areas: TTF-1, ER/PR positive, PAX8 negative of focal weak, Thyroglobulin-
negative

Morules: CK5, CD10 positive, negative for TTF-1, PAX8, Thyroglobulin, ER/PR
Aberrant nuclear and cytoplasmic beta-catenin expression

* APC-gene analysis, screening for colonic and extracolonic manifestations of the disease
and screening of family members should be recommended by the pathologist

48
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3.6. Tumors of uncertain histogenesis

Peculiar nuclear clearing.

3.7. Thymic tumors within the thyroid
Histogenesis: Ectopic thymic or branchial pouch remnant differentiation along the
thymic line
* Thymoma family
« Spindle epithelial tumor with thymus-like elements (SETTLE)

* Thymic carcinoma family

Intrathyroidal thymic carcinoma

Endocrine and Lyon (France): Research on

50

3.8. Embryonal thyroid neoplasms
Thyroblastoma

* Embryonal high-grade thyroid
neoplasm

* Primitive follicular cells, small
cells, and mesenchymal stroma

* Highly aggressive course

* Tumor is associated with DICER1
gene mutations

internet)
03/2023) (WHO classification o tumours serios, th od vo. 10). Avalable from:
hitps:/iumourciassifcation.farc who.ntchaplers/S3.

51
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Intrathyroidal Parathyroid Adenoma

Thyroglobulin

Hematolymphoid tumors

Langerhans cell histiocytosis

Saqi A, Kuker A, Ebner S, Ausiello J, Jobanputra V, Bhagat G, Giorgadze T.
Head and Neck Pathol.2015

Metastatic Tumors to the Thyroid Gland
34“'5!

* In up to 2.1% in surgical
pathology cases

* In up to 25% in autopsy
cases

* Metastases from kidney
(most common), lung,
breast, skin, Gl tract

* Metastatic neuroendocrine

tumors
* Clinical history is important

54

Tamara Giorgadze, MD, PhD

18



2023 Endocrine Surgery &
Neuroendocrine Tumor Symposium

% Thyroglobulin

Phyllodes Tumor Metastatic to Thyroid Hiirthle Cell Adenoma:
An Unusual Tumor-to-Tumor Metastasis.

Giorgadze et al. Arch Pathol Lab Med (2002) 126 (10): 1233-1236.

55

Summary of important updates

* Follicular adenoma with papillary architecture is separated from FA
A family of Low-risk neoplasms has been created
* NIFTP group changes

. énvasipv; cenrapsulated follicular variant of papillary thyroid carcinoma (IEFVPTC) is separated
rom

* Microcarcinoma is no longer a subtype of PTC
* Cribriform-morular carcinoma is a distinct thyroid tumor and no longer a subtype of PTC

* Two-tiered grading system for high-grade follicular cell-derived non-anaplastic thyroid
carcinoma cancers is introduced

* Primary squamous cell carcinoma of the thyroid is now considered a subtype of ATC
* Two-tiered grading system for MTC is introduced
* Thyroblastoma is added to the classification of thyroid tumors

56
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Thank You!
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The Use of Radiofrequency
Ablation for Thyroid Disease

Sophie Dream, MD
Assistant Professor of Surgical Oncology
Endocrine Surgeon

hanging life

Overview

* Overview of radiofrequency ablation

* Procedure indications for thyroid disease
* Technique

* Complications

* Expected Outcomes

* Comparison to other techniques

* Follow-up

* MCW Experience

knowledge changing life

Thyroid Nodules

*  19-68% of patients will have >1 or more on ultrasound
* Majority are benign
* 7-15% risk of thyroid cancer based on patient specific factors

« Traditional treatments for benign, growing nodules
* TSH suppression—ATA recommends against this practice
+ Thyroidectomy-- low risk surgery

knowledge changing life

Sophie Y. Dream, MD
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Alternatives to Thyroidectomy

« Ultrasound guided ablation of thyroid nodules developed in early 2000s
* Laser ablation
+ Ethanol Ablation
* High intensity focused ultrasound (HIFU)
* Microwave ablation (MWA)
+ Radiofrequency ablation

* RFA gained popularity outside the US over the last 20 years

knowledge changing life

Radiofrequency Ablation
* High-frequency electrical current to induce thermal
injury.

* Increasing acceptance as a treatment for thyroid
disease.

knowledge changing life

® ® ® ® ®
ion
- ~ ion
[ S ion
© © © © ©
lonic Agitation > Tissue Coagulation -
&M
® @ O
L35
Frictional Heat > Tissue Destruction

knowledge changing life
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Indications

* Benign thyroid nodules
+ Cosmetic concerns
+ Compressive symptoms
« Pain, dysphasia, foreign body sensation, discomfort, cough

* Autonomous functioning thyroid nodule (AFTN)

* Recurrent thyroid cancers in non-surgical candidates

hanging life

Indications

Benign Thyroid Nodule
Pathologic diagnosis
Benign diagnosis at least two US-guided FNA or CNB
Benign diagnosis at least one US-guided FNA or CNB in AFTN
Benign diagnosis at least 1 US-guided FNA or CNB in thyroid
nodules with highly specific benign US features

Kim et al. Korean J Radiol. 2018;19(4):632-655.

Garberoglio et al. J Ultrasound. 2015;18(4):423-430 o g

Thyroid Malignancy

* Potential role in patients with recurrent thyroid cancer who:
* Prohibitive surgical risk due to comorbidities or multiple prior operations
+ Curative intent for <3-4 locally recurrent tumors <2cm in size
* Palliation

* Not recommended for:
* Primary thyroid cancers
+ Distant metastasis

knowledge changing life

Sophie Y. Dream, MD
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Contraindications

Surgical and Pathological Changes after Radiofrequency
Ablation of Thyroid Nodules

Chiara Dobrinja,' Stella Bernardi,™ Bruno Fabris,™* Rita Erame,' Petra Makovac,"*
Gabriele Bazzocchi,' Lanfranco Piscopello,” Enrica Barro,™ Nicold de Manzini,"”
Deborsh Bonazza, ™ Maurizio Pinamonti,** Fabrizio Zanconati,” and Fulvio Stacul'

« Bethesda lll/IV nodules
*  ? Possibly promotes tumor growth
* Lose the ability to follow nodule characteristics on ultrasound

Dobrinja et al. lJE. 2015;2015:576576.

hanging life

Contraindications

* Pregnant patients
* Patients with electrical implants—e.g., pacemakers

T ]

Monopolar Technique | Bipolar Technique

knowledge changing life

Procedure

* Performed under ultrasound guidance
* Performed with local anesthetic
« OQutpatient procedure, ~1 hours

Two Fundamental Methods
* A trans-isthmic approach
* Moving-shot technique

knowledge chany

Sophie Y. Dream, MD
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Technique

Complications

Overall complication rate 3.5%
« Discomfort during the procedure (up to 100%)
* Changes in the voice (1-1.8%)
* Most resolve within 3 hours after procedure completion
* Nodule rupture (0.14-2.4%)
* Hematoma (0-17%)
« Skin burn (0.3-3.7%)
* Tracheal Injury (0.07%)
* Hypothyroidism (0.07-6.7%)

Kim et al. Eur Radiol. 2017;27(8):3128-3137.
Dobnig et al. Thyroid. 2018;28(4):472-480. knowledge changing life
Baek et al. Radiologv. 2012:262(1):335-342

Risk of Hypothyroidism

* Thyroid lobectomy 10-40%

b 4

+  RFA hypothyroidism (0.07-6.7%) e mme
-\I:l[nlmn \u|ll;me -
» Risk factors for post-RFA: RO
« Ablation volume ratio
«  Pre-procedure TSH o Y

w=" Wang N, Zheng B, Wu T, et al. Int J Hyperthermia. 2021;38(1):1060-1068.  knowledge changing life
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Patient Satisfaction and VRR

Volume Reduction Ratio (VRR)
¢« V=mabc/6
* [(Initial Volume - Final Volume)/Initial Volume] x 100%

Cosmetic score:

* 1- No palpable mass

* 2- No cosmetic problem but a palpable mass
* 3- Cosmetic problem on swallowing only

* 4- Readily observable cosmetic problem

Symptom score (0-10 scores) on a Likert-scale

Guang et al. BVIC Cancer. 2019;19(1):147. hanging life

Expectations

¢ Increase in nodule volume for 1 month after RFA
¢ Mean volume reduction range (VRR): 52%-95% at 12 mnths
¢ Most common complications:
* Discomfort
* Voice changes (0.3% permanent)
* Nodule rupture
* Improvements in symptoms to be expected at 6-12 months
* Cosmetic and Symptom scores improve

Hamidi et al. Mayo Clinic proceedings. 2018;93(8):1018-1025
Kim et al. Korean J Radiol. 2018;19(4):632-655. knowledge changing life
Suh et al. Thvroid. 2016:26(3):420-428.

Expectations

* Volume reduction plateau at 1-3 years
* Multiple treatment sessions:
* Range from 1-3 sessions; mean <1.3
* Repeat RFA considered 6 months after initial RFA
¢ <50% VRR
* Persistent symptoms
Nodule regrowth
* Increased nodule vascularity

Kim et al. Korean J Radiol. 2018;19(4):632-655.
Suh et al. Thyroid. 2016;26(3):420-428. knowledge changing life
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Non-functional Benigh Nodules

100.00%
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£

R e Sl

=

HL ——Medium
% .

z

2 o Intermediate
& .

# Large

§ 30.00
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Symptom and Cosmetic Score

Table 3 Changes in cosmetic score and symptom scare of TNs at baseline and the last follow-up

Small 5 ml (n = 38) Medium 5.1-13 ml (n = 86) Intermediate 13.1-30ml (n =43) Large >30ml (n=27)

Cosmetic  Symptom  Cosmetic Symptom Cosmetic Symptom Cosmetic Symptom

score score score score score score score score
Baseline® 15205 010 20106 0x0

27107 38421 12:07  71sd
Last follow-vp visit® || 10+0° || 040 12¢04]| 040 [1ss0s] Jorsos]  [[17205]| oo+ o]
TNs thyroid nodules
“The cosmetic score and symptom scare assessed before ablation
PThe cosmetic score and symptom score assessed at the last follow-up visit
205

Guang et al. BMC Cancer. 201

Long-Term Results of Thermal Ablation of Benign Thyroid
Nodules: A Systematic Review and Meta-Analysis

Se Jin Cho'?, Jung Hwan Back', Sac Rom Chung', Young Jun Choi', Jeong Hyun Lee'

‘enter, University of Ulsan Co

of Medicine,
of Medicine,

Department of Radiology and Research Institute of Radiology, Asan Modic
Scoul; Department of Radiology, Seoul National University Bundang Hospital, Scoul National University C
Scongnam, Korea

* Metanalysis with 3-year follow-up

* 695 nodules treated with RFA; 528 nodules treated with LA

* RFAVRR 92.2% compared to LA VRR 43.3%

e 21.4% of LA group underwent surgery compared to O in RFA group
* Major complications 1.3% in RFA group vs 1.8% in LA group

Cho et al, Endocrinol Metab 2020;35:339-350 knowledge changing life
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RFA vs LA VRR over 36 months

o et al, Endocrinol Metab

Recurrence

* Rate of recurrence ~5-20%
* Risk factors

-Marginal vascularity

-Large nodules

-Proximity to critical structures

Vital Volume=
Total Volume(V,)-Ablated Volume (V,)

AFTN Outcomes

TABLE 1. CHARACTERISTICS OF PATIENTS WITH

AuTonomoUsLY FUNCTIONING THYROID NODULE RADIOFREQUENCY ABLATION FOR AFTN
BEFORE RADIOFREQUENCY ABLATION
AND AT THE LasT FoLLow-Up
200
Before Last
RFA Sfollow-up  p value
150
Mean largest 3814 21:12 <0001
diameter (cm) o
Mean volume (mL)  185+30.1 45498 <0001 100 = Nodue Volume
Volume reduction (%) -— 817136 " Symptom Gradet
Vascular grade (0-4)°  3.1+0.7 Cotmetic Geadett
T3 (ng/dL) 179310 so
T4 (ng/dL)

TSH (IU/mL)
Symptom score” %
Cosmetic score® 38105

. i

Before RF ablation  Last Follow Up

Sung et al. Thyroid. 2015;2!

hanging life
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RFA vs Ethanol Ablation

« Ethanol ablation vs RFA for cystic nodules
* Baeketal-RCT VRR of EA vs RFA (87.1% + 11.6% vs 83.1% + 28.7% )
* Sungetal-RCTVRR EAvs RFA (97.7% + 2.2% vs 93.5% + 5.3%)
« EAfor cystic nodules is cheaper, remains first line

Sung et al. Radiology. 2013;269(1):293-300.
Baek et al. Korean J Radiol. 2015;16(6):1332-1340. ‘i dge ck
Hahn SY. Et al Korean J Radiol. 2019;20(4):609-620.

hanging life

knowledge changing life
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sdream@mcw.edu @SDreamMD
Cell: (513)923-0054 @MCWSurgery

Questions?

New Patient Coordinator
Amanda Radsek: 414-805-0993
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Surgery for lymph node positive thyroid cancer
MCW 2023

Douglas B. Evans
Department of Surgery
Medical College of Wisconsin

devans@mcw.edu

Solorzano CC, Lee JE, Pisters PWT, Vauthey JN, Ayers GD, Jean M, Gagel RF, Ajani
JA, Wolff RA, Evans DB. Nonfunctioning islet cell carcinoma of the pancreas:
survival results in a contemporary series of 163 patients. Surgery 2001;130:1078-
1085.

Yip L, Cote GJ, Shapiro SE, Ayers GD, Herzog CE, Sellin RV, Sherman SI, Gagel
RF, Lee JE, Evans DB. Multiple endocrine neoplasia type 2: evaluation of the
genotype-phenotype relationship. Arch Surg 2003;138:409-416.

Presented at the NESS, September, 2002

Yip L, Lee JE, Shapiro SE, Waguespack SG, Sherman SI, Hoff AO, Gagel RF, Arens
JF, Evans DB. Surgical management of hereditary pheochromocytoma. J Am Coll
Surg 2004;198:525-535.

Association between ge
and phenotype

* RET codon mutation pr
Codon 634 — MTC, ph

and HPT
Codon 918 (MEN2B) —
pheochromocytomas,

* RET codon mutation predicts MTC

210181 iy L, Cote GJ, Shapiro SE, Ayers GD, Herzog CE, Sellin RV, Sherman SI, Gagel RF, Lee
JE, Evans DB. Multiple endocrine neoplasia type 2: evaluation of the genotype-
phenotype relationship. Arch Surg 2003;138:409-416.

Presented at the NESS, September, 2002

Douglas B. Evans, MD
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> Elevated calcitonin —
central neck dissection
» Abnormal US/PE —
bilateral neck dissection

Yip L, Cote GJ, Shapiro SE, Ayers GD, Herzog CE, Sellin RV,
Sherman SI, Gagel RF, Lee JE, Evans DB. Multiple endocrine
neoplasia type 2: evaluation of the genotype-phenotype relationship.
Arch Surg 2003;138:409-416.

Presented at the NESS, September, 2002

7 yr. old with a 918 mutation

Douglas B. Evans, MD



2023 Endocrine Surgery &
Neuroendocrine Tumor Symposium

20 yr. old with a 918 mutation

R

superior parathyroid

thoracic duct

Thoracic duct
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Risk A for Distant s and othen 022 Spccfically, e low-sisk MRG
Thyroid Cancer Using Molecular Profiling: A Matched m‘n-wux s«l\l wd Fu.\;hh ,l:(i.;;&n Lywl mﬁ/
Case-Contral Study VGI0E, esber BRAFe shersons, and €NA. The
high-risk profile included the presence of an carly mu-
bl b oo g el g ] e s eton 14 e bt ooson imoding TERT, TS5,
Vo doroe. M 0 v € o o, 0O KT, sk PIRICA,
I
Molecular Profile of Locally
Aggressive Well le'Ferentlated i
Thyroid Cancers /

Ll 1 Macy’, MichnaiC_Grimes?, Nayal | Khan, R, Harsha Rac
Ui Fabaree Fes ot € oraes 0y € coy’ 8

Cancer Registries: Can We Improve the Qual
Cancer Data?

Calleen M. Kierman, M, MPI', Martin . Whiteside, PHD, MISPI, and Carmen

*Depanment of Sur destilt Univers

shvile, TN: *Tennessee State Depariment of Health, Teanessee Cancer

Registry. Nashil an of Surgical Oncology and Endosrine Surgery. Vanderbil University Medical Center,
Nashille, TN
72 y.0. man with a neck full of PTC C. Right level 2,3, 4, and 5: ) )
rvival < 2 yrs from diagnosi - Ten lymph nodes positive for metastatic carcinoma
su a Y! ? om di agnosis (10/19). The lymph nodes are almost entirely replaced
b, A" by tumor.

D. Left level 2,3, 4,and 5:
- Six lymph nodes positive for metastatic carcinoma
(6/24).

E. Thyroid gland and level 6 contents:

- Papillary thyroid carcinoma, bilateral, multifocal (see

synoptic report).

Note: The largest tumor is located in the right lobe and
measures 6.5 cm in greatest diameter. The second
largest nodule is located in the left lobe and measures
3.8 cm in greatest diameter.

Eight lvmph nodes positive for metastatic carcinoma
Biomarker Findings (Foundation Medicine):
Microsatellite Status - MS-Stable
Tumor Mutational Burden - 3 Muts/Mb

Genomic Findings:

BRAF V600E

PIK3CA H1047R

CDKN2A/B p16INK4a L78fs*41 and p14ARF H93fs*67
11564293 RB1 Q471* - subclonal

TERT promoter -124C>T

11

Prophylactic Central Compartment Neck Dissection in Papillary
Thyroid Cancer and Effect on Locoregional Recurrence

Srubbs, MDY, Tracy S. Wang,

"University of Michigan, Ann Arbor, MI; *MedStar Washington Hospital Center, Washington, DC: *Depantment of
Surgery, Medical College of Wisconsin, Milwaukee University of Texas M.D. Anderson Cancer Ceater, Houston,
TX: *Medical College of Wisconsin, Milwaukee, WI: “Division of Surgical Oncology and Endocrine Surgery, Vanderbilt
Univessity, Nashville, TN

Conclusions. TT + pCCND in clinically node-negative
papillary thyroid cancer will detect occult lymph node
metastasis in approximately half of patients. This may
change their postoperative management with regard to
adjuvant radioiodine therapy. There is a higher risk of
hypoparathyroidism with pCCND. and the effect on rates
of locoregional recurrence remains uncertain.

12
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53 y.0. woman 1975: Left thyroid lobectomy at age 18 for thyroid cancer (left RLN injury)

Site of Left RLN injury from initial operation

Metastatic paratracheal nodes
being removed > 30 years later

/
Left RLN

13

29 year old woman
Right thyroid nodule thought to be a goiter, but US and subsequent biopsy
suggested PTC

14
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vagus trachea
" e

;temohyoid

Right RLN
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Right RLN Watch for the node below (caudal to) the
innominate artery

¥

inal Diagnosi P 46 y.o. man with papillary thyroid CA
A!r':iassuelaalg:i:tillsre_curren(nerve._biop5y; ) “ Bulky central and left neck disease

Note (A)-
tissue. $100 highlights small nerves.

B. Confirm parathyroid, biopsy:
- parathyroid tissue.

C. Lymph node, left levels 2A, 3, 4 & 5, neck dissection:
- Two out of nodes, positive for

thyroid carcinoma (2/14).

- Largest metastatic focus is 5.2 cm.

D. Thyroid and level 6 contents, total thyroidectomy and neck
dissection:

- Papillary thyroid carcinoma, classic type involving the left lobe.
- Tumor size: 2.5 cm.

- Lymphovascular invasion s identified.

- Perineural invasion is identified.

- Extrathyroidal extension is identified.

- The surgical resection margins are positive for carcinoma.

- Eight of thi nodes, positive for i

(8/13)

- Size of largest metastatic focus: 1.7 cm

- Extranodal extension: Identified.

- Benign thymic tissue.

- AJCC (8th ed.) TNM: pT4a, pN1b.

- See synoptic report for additional information.

E. Nerve, left recurrent nerve, excision:
- Fibrous tissue around nerve involved by papillary thyroid

carcinoma.

509061328
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Thyroidectomy with central
& bilateral neck dissection

Douglas B. Evans, MD
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hyoid
S omf) ))o\l

60 y.o. with recurrent PTC in level IV: level VI looks ok on US - central
compartment not dissected at the time of thyroidectomy
[7 7

P 10454961
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Phrenic nerve
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2023 ENDOCRINE SURGERY AND
NEUROENDOCRINE TUMOR SYMPQOSIUM

Management of the Voice
During Cervical Surgery

Joel H. Blumin, MD, FACS
Professor, Department of Otolaryngology & Communication Sciences
Chief, Division of Laryngology & Professional Voice

Commerecial or Financial Disclosure

I have nothing to disclose

Off-Label Medications or Devices

Many injectables and implants for the larynx are used off-label.
1 will discuss this in the context of the presentation and utilize
generic names as appropriate

Overview
* Why does it matter?
* Pre operative assessments

* Post operative management

Joel H. Blumin, MD
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Laryngeal Nerves

* Vagus nerves — recurrent and
superior laryngeal nerves
* Motor, sensory, autonomic innervation
* Vagus nerve in carotid sheath
* RLN adjacent to thyroid and
parathyroid headed from TE groove to
behind CT joint and paraglottic space

* SLN (external branch) to CT muscle

* Part of operation should be to identify :
and protect laryngeal nerves

4
Why does it matter?
« Unilateral injury = hoarse voice * Bilateral injury = airway or
 Weak, breathy breathing problems
* Asthenic * Voice usually OK or minimally
* Poor vocal endurance/easy vocal altered
fatigue
* Reduced vocal range
* Poor cough
* Dysphagia
* Pharyngeal and laryngeal
weakness
* Aspiration to thin liquids
5
Rates of laryngeal nerve injury
* Varies depending on paper you read
* Range from low single % to about 30%
* Typically cited at 0.85%-3.5% unilateral and 0.39%-2.3% bilateral from
large database/cohort papers
* Francis, et al. Otolaryngol Head Neck Surg, 150:548-57, 2014
* Medicare SEER database review for well differentiated thyroid cancer
* 8.2% unilateral
* 1.3% bilateral
« Decreasing numbers over decades studied
* Not associated with use of intraoperative nerve monitoring (data dive)
6
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Why does it matter?

* Voices matter
* Our personal interface for communication with others
* |dentification of self
* Highly variable self assessment
* Some will identify minor alterations as major contributors to
morbidity

* We have interventions to help patients

Why does it matter?
* Shaw & Pierce, Ann Otol Rhinol ¢ Reasons for filing a lawsuit:
Laryngo/, 118:6-12, 2009 * Improper surgical performance
. q 5 * Consent issues
* Closed claims review of malpractice « Sursery notindicated
insurers for vocal fold paralysis e . "
et * Delay or failure to recognize
. > andy/or refer for treatment
* Thyroid/parathyroidectomy (39%)
* Anterior cervical spine
* Cardiothoracic
« Carotid endarterectomy
« Lateral neck operations
* Laryngopharyngeal operations
Guideline
Improving Voice Outcomes after Thyroid Surgery
Clinical Practice Guideline Supplement
Clinical Practice Guideline: Improving Voice
Outcomes after Thyroid Surgery
Sujana S. Chandrasekhar, MD', Gregory W. Randolph, MD?,
Michael D. Seidman, MD?, Richard M. Rosenfeld, MD, MPH*,
Peter Angelos, MD, PhD’, Julic-Barkmeier-Kraemer, PhD, CCC-SLP*,
Michael S. Benninger, MIi', Joel H. Blumin, MD?, Gregory Dennis, MD’,
John Hanks, MD'®, Megan R-Haymart, MD'Richard T.Kloos, MD'?, Brenda Seals,
PhD,MPH ", Jerry M. Schreibstein, MD'4, Mack A. Thomas, MD'%, Carolyn Waddington,
MS, FNP'¢, BarbaraWarren, PsyD, Med'’, and Peter J. Robertson, MPA'®

Joel H. Blumin, MD
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Background

« Thyroid operations have increased about 3x over last several decades with
increasing incidence of thyroid cancer identified
« Voice can be altered in up to 80% of patients following thyroid or other
neck operations
« There is a potential inconsistency regarding recognition of impact to voice
by both surgeons and patients
. Improve awareness
« Thyroid operations performed by surgeons of different backgrounds
* (at the time of publication) No current guidelines for this topic

* Most of the recommendations are Grade C — based on observational
studies

10
Highlights of Thyroid/Voice Guidelines
* Baseline voice assessment
* Preoperative laryngeal assessment of those with impaired
voices
* Preoperative laryngeal assessment of some with non-impaired
voices
11
What do we do to assess?
* Voice * Larynx
* Ask patient or family their own * Look
assessment of their voice * Mirror
« Conversational speech « Rigid Hopkins rod style scope
« Standardized passages * Flexible nasopharyngeal scope
* Record * Lighting
* Halogen
* Xenon/stroboscopy
* Record
12

Joel H. Blumin, MD
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N

* Laryngoscopy

AN l Physical Exam ' ‘
1 (@' |

®
w
glp * Fiberoptic flexible versus rigid
* Can do provocative testing with flexible a1 ]
* Videodocumentation R
« Stroboscopic or halogen/continuous lighting 0Ll
e

Source: www pentaxmedical com

Source: www.olympusprofed.com

13

14

Statement 2B: Preoperative Laryngeal
Assessment of the Non-Impaired Voice

* Recommendation

« If thyroid cancer with suspected
extrathyroidal extension

* Prior neck operations

* This would include neck dissections,
carotid operations, anterior cervical
spine operations, esophagectomy,
prior thyroid or parathyroid
operations
Recovery of voice or non-impaired
voice does not necessarily equal no
motion impairment
~40% of patients with a unilateral
paralysis may not be symptomatic or
hoarse

15
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Highlights of Thyroid/Voice Guidelines
* Post operative voice assessments

* Post operative laryngeal evaluations
« Recovery of voice or non-impaired voice does not necessarily equal no
motion impairment

* Otolaryngology referral

16

Management of the impaired voice

* Timing
* As soon as the patient wants; do not need to
wait

* Assess

* Review operative notes and anesthesia
notes

* Voice evaluation
 Laryngeal evaluation

+ Immobility/paresis/paralysis
* Traumatic intubation

* Laryngeal electromyography

17

Recovery of voice and motion

* Typically, about six to nine months
* Longer on left than right side
« Data from clinical experience as well as from
modeling
* Mau, et al. Laryngoscope, 127:2585-90, 2017
* N=727 patients
* Model predicts 86% recover at six months and
96% at nine months

* No reliable intervention to change time course

18
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Management of the impaired voice -
immobility
« Larynx forms a valve

* With immobility or partial mobility, the valve

is weak
* Voice is typically weak, breathy, or
asthenic

* Interventions designed to improve closure of
the larynx
« Surgical/procedural interventions
* Voice therapy with speech-language
pathologist

19

Procedural Interventions

* Improve glottic closure

+ Augment immobile vocal fold

* Mobilize immobile vocal fold towards midline

« Temporary (self limited) interventions
* Injection laryngoplasty

* Permanent interventions
 Injection laryngoplasty
* Framework procedures

* Reinnervation

CPG-Improving Voice Thyroid. Oto HNS 148(6s), 2013

20

Injection Laryngoplasty

* Commonly performed in the office
* Patient awake
« Local/topical anesthesia
* Afew minutes
* Immediate results

* Materials
* Hyaluronic acid gels (medium lasting)
« Carboxymethyl cellulose gels (short lasting)
« Calcium hydroxylapatite paste (long lasting)
* Autologous fat (long lasting)
« Silk paste (new/long lasting)

21
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Injection Laryngoplasty

« Goal to bridge their voice during time of spontaneous recovery
* Reliable improvements in voice and cough
* Improvements in swallowing can be variable
* Multiple publications show long term improvements of voice superior
with early injection
 Can take with grain of salt — injection laryngoplasty does not impede
spontaneous recovery, but not sure if it improves it
* We commonly use hyaluronic acid gels as they last 3-6 months which
bridge patients during the time of spontaneous recovery
« Can repeat these office injections multiple times if desired

22

Long term/permanent interventions

* Injection laryngoplasty
* Long term agents

* Framework procedures
* Thyroplasty
* Arytenoid adduction

* Reinnervation of RLN
¢ Ansa-RLN

* Selective adductor/abductor
reinnervation

23

Outcomes after interventions

* Generally favorable
* 90-95% effective with improvement of voice outcomes

* No good studies to determine ‘best’ option for patients. Choices for
procedural management tend to be provider and patient specific.

24
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Agenda

* Introduction

* Molecular targets in differentiated thyroid cancers (DTC)
= Pivotal trials of targeted therapies in DTC

*  Why target multiple pathways at the same time?

+ Our precision medicine workflow at MCW

+ Studies in tumor agnostic setting

Center
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Definition of radioactive iodine (RAIl) refractory DTC

* No iodine uptake at known sites of disease

« Confirmed disease progression within 6-12 months
« After RAI treatment with confirmed iodine uptake

« Total cumulative dose of RAl of >600 mCi

* FDG avid disease

ne
Center

Chemotherapy in thyroid cancers-historical perspective

sewpss ———low o |

Adrlamycin DTC(15); MTC(5); 37% 4-11m
Gottleib and Hill, NEJM 290(4);  ATC(9)
1937

Adria vs Adria and Cisplatin; DTC(35); MTC(10); 17vs.26% 5vs.7m
Shimaoka et al, 1985 Cancer ~ ATC(39)
56(9); 215560

Adria + Cisplatin; Williams etal, DTC(7); MTC(6); ATC(7) 9.1% 11.8m
1986 Can Treat Rep 70(3); 405

Bleo, Adria, Cisplatin; De Besi DTC(8); MTC(9); ATC(5) 42% 11m
etal., 1991 ) Endo Inest
14;475-80

i
Center

==
PROGRESSION

e——
PROGRESSION
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Not enough targ le m n;
ot enough targetable mutations Jou HAVE JOOR ACCESS, WHAT

MORE <€OLLD You WANT?

* Next generation sequencing (NGS) can analyze a

broad panel of genes to detect the four main classes How 5 =~
of genomic alterations known to drive cancer growth: P«B°"r
SOME .
1. Base substitutions, lNNOVP\T‘o”‘
2. Insertions and deletions, =
3. Copy number alterations (CNAs) —_
4. Rearrangements or fusions -
~

+ The field of precision oncology has come a long way
since the human genome project, but we still don't
have enough targeted therapies.

MEDICAL Gengm&:lenges
UL EGE Precis edicine

ISCONSI: Center

Actionable alterations associated with clinical response

Clinical
evidence for
Glteration in patient’s
specific tumor type

Clinical evidence
for alteration in any tumor type

Biological evidence for alteration

Biological evidence for gene

All genomic alterations identified by next generation sequencing

Ret: Hannah Wise ot al y. " 26 1016/,.ccell2019.05.009

YZGenomifBciences
Precis: edicine

Center

Common molecular alterations in thyroid cancers
Papillary carcinoma ] [onar >

1. The Cancer Genome Atlas (TCGA) project provided a detailed
description of the molecular alterations in 496 cases of

papillary thyroid carcinoma with significant impact in the

significantly worse prognosis.
Figure 1
o

understanding of pathogenesis, [~ e
FiSchtabon/ampcaion 31NN
ety

2. TCGA results showed heterogeneity in gene expression among ([ Poory aiereniated carcinomal_] | ms »z0- k0w

tumors with BRAF V60OE mutation. vt 310200
e 1o 0%

s s
3. Other common driver mutation is RAS, NRAS &HRAS activate e

MAPK and PI3K/AKT pathway. Anapiasic carooma | | 175 3% ¢
PaStery
ety
kA oo o 310- 2084

4. Mutation in the promoter region of gene encoding telomerase ke
reverse transcriptase(TERT) is also associated with worse e [
prognosis. PTC harboring both BRAF and TERT mutation have et bopme R 2 40-205

RS> 10% (KRA/AS)

il PTEN, phosphatase

ot srcoma, RETIPTE

5.  Vascular endothelial growth factor (VEGF)

cell proliferation and is key to tumor angiogenesis and growth

P53, CTANG

TR,

Froedtert

T Mo Gordon T A Md Ot 2005, VoL TE022-38

'Genomi ciences
Precisio edicine
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Tar,

eted therapies in thyroid cancer

it
‘Sorafenib [ tptimumab |—I T-cell
e
¥ 3
parsctnes
Pous

J\JKIII ;l: AL
iRk

Declslon Trlal 2014
Sorafenib in RAI-refractory DTC

Primary end point
Secondary end point

Eligibility Criteria

Methods
Results
Response rates

Adverse events

rgé:legu_:es
edicine

Center

Lancet July 2014 Phaselll

N = 417 ( 207 in Sorafenib vs 210 in placebo arm )

Progression free survival(PFS)
Overall survival (0S), test safety and tolerability

RAI-refractory DTC progressing within the past 14 months
according ; at least one measurable lesion by CT/MRI
according to RECIST; ECOG 0-1; adequate bone marrow,
liver, and renal function; and serum t(TSH)<05mIU/L.

Multicenter, randomized (1:1), double-blind, placebo-
controlled, phase 3 study, crossover allowed

PFS was 10.8 mths in Sorafenib vs 5.8mths in placebo arm.
No overall survival benefit

12 % partial response no complete response

Most common adverse events in the sorafenib arm were

hand-foot skin reaction (76:3%), diarrhea (686%), alopecia
(67-1%), and rash/desquamation (50-2%).

YZGenomifBciences
Precis: edicine
Center

prsprotabiy ()

Nomberatrisk
Sorafeny 207

14; 384(9940):319

Aditya V. Shreenivas, MD, MS

100-
nstmonth)
Sontenn 207 39008)
e 30 13(59) 7
WRos9,95% 1045076
peo0001 50
Median overallsurvival
—Soufenlb Notreached
— 351 —Phbo  Notrexhed
- L— HR 080, 95% C1054-119
[— p-024 (one-sided)
— | r ; r |
T ko 4o e s 1w
TR kb b ek 7l 0 Numberatisk Daysfom randomisation
s fom andomision Soafenlb 207 200 187 74 159 103 75 45 3 4 1
woomo om o om w8 3 Placebo 210 199 191 173 153 103 6 3 16 3 0
T A - T
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DECISION TRIAL: Adverse events

MEDICAL

G
AhisCONSIN

Eligibility Criteria

Response rates

Adverse events.

Select Trlal 2015
Lenvatinib in RAl-refractory DTC

Primary end point
Secondary end point

rgé:legu_:es
edicine

Center

(9940):319.28

NEJM Feb 20: Phase lll

N =392 (261 in Lenvatinib vs 131 in placebo arm )

Progression free survival(PFS)
Overall survival (0S)

RAI-refractory DTC progressing within the past 12 months
according ; at least one measurable lesion by CT/MRI
according to RECIST; ECOG 0-1; adequate bone marrow,
liver, and renal function; and serum t(TSH)<05mIU/L.
Subjects who received 0/1 VEGF therapy

Methods Multicenter, randomized (2:1), double-blind, placebo-
controlled, phase 3 study, crossover allowed
Results PFS was 18.3 mths in Sorafenib vs 3.6mths in placebo arm.

No overall survival benefit

63.2 % partial response, 1.5 %complete response

Most common adverse events in Lenvatinib arm were
hypertension (in 67.8% pt), diarrhea (59.4%), fatigue or
asthenia ( 59.0%), decreased appetite (50.2%), decreased
weight (46.4%), and nausea ( 41.0%)

YZGenomifBciences
Precis: edicine
Center

TKI Naive (n = 200)

SELECT TRIAL

— Lenvanb
v

= Unadustodpt

- 09
é o8
i L
fus
03
02| Adwestr s oo 10
Khtd P 20050
= 01] et R 55 01073050101
H Urchind P P01
r 00-
£ LI R R R R R R
£ T (months)
& Number of subjects at risk:
T R R
T '
s s UnedjustedPI 131 126 125 116 108 103 % 78 S W 2 8 2 | 0

L confence onat HR.azard ot NE, ot evakab; RPSFT, rank resnvg sl frs o ot

'GenomifSciences
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Adverse effects
= The incidence of treatment-related adverse effects (of all grades) as assessed

by the investigator was 97.3% in the lenvatinib group and 59.5% in the placebo
group

Adverse effects Lenvatinib Placebo

Grade 3 or higher HTN 41.8% 2.3%

Proteinuria 31.0% 1.5%

Hypocalcemia 6.9% 0%

Pulmonary embolism 27% 1.5%

Grade 3 Dlarrhea 8.0% 0%

118 Deaths 71 (27.2%) 47 (35.9%)

The majority of th (53 [74.6%] and 35 [74.5%] In

the Lenvatinib and placebo groups. 6 death In Lenvatinib group were thought to be treatment
related.

caters WIS

Genqn_l‘_gé:lem_:es
Precisio edicine

enter

Which is better?

Sorafenib or Lenvatinib?

RECIST best response (%) Tumor shrinkage
months ~PFS, months by
Agent Trialname  Design  Enrolled (n)  (95%Cl) (95%CI)  CR PR SD PD methods (%)
SOR  DECISION [81] RCTvs. PLC 417;SOR:207; NE  SOR: 108 SOR:12; SOR:42; NR  SOR:87.9;
PLC 210 (9.112.9); PLC PLC:33 PLC:26.7
PLC:

LEN  SELECT[82)  RCTvs.PLC 392;LEN:261; NE 2; LEN: LEN: LEN: 98,
PLC: 131 PLC:30 PLC:40 PLC:365
(2237)
; 3 TEN, ervatiib; NE, treported; O . progressive
disease; PF ; PLC, placebo; PR, CT, IST, te lid
Tumors; SO, sable cisease; SOR, sorafenib

oediert {é“' RIS

'GenomifSciences
Precisio edicine
Center

0, n Medanpss X
A doys{mont) Median (95% C1)
A - Lenvatinib 183 mo (15.1-NE)
) — Sonafenb 207 329108) Placebo 36mo (22-3.7)
[ Plagho 210 175(58) 100
5 Hazard atio for progression or death,
g 90 0.21 (99% C1,0.14-031)
P<0001
V™M HROS0,954 01045076 3 2
e N POO0L G
\ a e
i . £ s Lenvatinib
. 5
— K
- i o
1 8
5- 5, 2
. o H
) 10 Placebo
02 4 6 8 1012141618 202 2 2%
I L ) L
btk Dagsfom andomision No. at Risk
. Lenvatinb 261 225 198 176 159 148 136 92 66 44 24 11 3
S 278 B Pacsho 131 71 4 29 19 1311 S 4 2 2 20 0
o0 W 76 4 05 0 & 3 2

MepiCaL
GRLEGE

N
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Limitations

I. Median Overall Survival was not reached

Il Cross over from Placebo to sorafenib/lenvatinib could have

confounded the survival analysis and blinding (?adjusted

analysis)

More fatal adverse event in treatment arm of study

IV. Lack of information on the patient's quality of life in Select trial
and worse QOL in sorafenib arm of Decision trial.

oodtor MEDICAL Genqn_l‘_gé:lem_:es
Froediert B gpic, Precisiofiedicine

SCONSIN Center

COSMIC 311

24 randomization

N,
RALR DIC prograssed after prior VEGFR-targating TKI

Cabozantinib 60-mg QD + BSC"
(n=125)

Troatment until disoase progression
ENgible placebo pationts were allowad 10 crass over PD per RECIST 1t

UNBLINDED TRIALT ‘Cabozantinib 60-mg
Posttreatmont follow-up

Center

Baseline characteristics

Total Population

Median age, years range) 65 (31-85)
ECOG 0 6%
ECOG 1 54%

CABOMETYX Placebo
©One previous VEGFR TKI 73% (91/125) 77% (48/62)
Two previous VEGFR TKis 27% (33/125) 23% (14/62)

pdated from website
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78% REDUCTION in

03 ONTHS
s ci1o-37 [

01 | He=o22:55
— CaBOMETX (RO}
— Piceba (n<18) 1 ~

H
H
£
s
2
3
g
&

o 3 6 3 2
Prograssion:frea survival (months)

Patients at risk

Brose et al. Lancet Oncology 2021, slide updated from website d] e
Center

CABOMETYX Placobo
ORR, % (95% cn' 15 (7-26)
Stable disease, % (/N)! 69 (46/67)
Disease control rate, % (n/N]" 24 (56/67

76% subjects had tumor shrinkage

§ ,Illlln---.--_
.““““I“"“mllllllllllllllll

Adverse effects

e
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Brose et al. Lancet
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Tissue agnostic approval of targeted therapies

« First tissue-agnostic treatment approval was granted by the FDA to pembrollzumab in patients with
high microsatellite instability (MSI-H) tumors in 2017.

Followed by larotrectinib and entrectinib for the treatment of cancers harboring NTRK fusions in
2018 and 2019

FDA grants accelerated approval to dabrafenib in
combination with trametinib for unresectable or
metastatic solid tumors with BRAF V600E
mutation

d e
Center

[Efficacy In patients with thyrold cancer

INumber of patienta with
Snoogenicdriver [Targstad treatment.  |Ciinical tral reference
leficacy analysis
Waguespacks etal. A FTC:2 [0
2021 28month DoR:  24-month 08: 24 morth PF:
Larotrectinib b= (2CR,18PR4SD) 2 Bg 5
R gens fusion
BezhenovalL etal. ESMO
Entrectinly 202 TC:13 (sublype not speolfied) ORR:53.8% 132 NR NR
Marcus etal. CCR 2021
Prolsctiniy [ ORR:BO%(B9%PR)  NE NR NR
RETfusion-positve thyroid  RET mutation, reviously
cancer, previously realed:  treated ORR: 78.9% (2 CR, RET mutation,
13PR) proviously  RETmtation,
treatect 184 previously
Rer gene fusion o reatec: 274
frutation
Trestment naive ORR:
Selpercatinib Wirth L NEIM 2020 100% NR
Trestmentnalve: 8
(LCR, 7PR) Trestment nalve
(sublype notspecified) Treatment nalve: ORR:NR
NR

26

Pralsetinib in Arrow trial

90% of evaluable RET-altered thyroid cancer patients had tumor shrinkage
]
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vedtert €4},';,';" AL Wirth et al. NEJM 2020
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[Efficacy in patientswith thyroid cancer

INumber of patients
[with thyrold cancer
Iincluded In efficacy
[analysis

Previous  Previol

Previous VEGFR: 25 oo,

s e R iy Tt T
- AT AT el
€ Previously Treated RET Fusion-Positive Thyroid Cancer ) e
B Papillary thyrid ) Poorly differentioted B Anaplastic [ Murthie-cel ) o) ey e 53000
tyrod cancar yroid cancer e cancer
- so e 0y o o
z wen  we s e
H
g
: ron o
ki o “ M N .
] e
£ mo—m 408w ooy men  nen  ne
H P o) B apem  mma e wo a

ences
edicine
Center

[Madian PFS.
((months)

ORR: 29%(4 PR)
. Falchook G.S
Dabrafenib Thyroid. 2015 DTC: 14 NR NR 113
Shah M PTC: 26 (22 .
Dabrafenib JC0. 2017 evaluable) ORR: 50% 156 NR 114
Shah M
BRAF Dabrsfenib and P1C:27 (24 ]
VBO00E mutation ‘trametinib JC0. 2017 evaluable) ORR: 54% 133 NR 151
PTC: 51
Onayaon o”  Treatment Treatment  Treatment
S = nalve: 165 nabe:NR  nalve: 182
Lancet 2016 'ORR: 27%

jious. Previous.
VEGFR: 7.4 VEGFR:14.4 VEGFR:8.9

'GenomifQSciences
Precisi edicine
Center

TR ESTIMATED ESTIMATED STUDY
TREATMENTS CANcemTYpE  PHASE (z»:l'nomzm STATUS COMPLETION
[aTc/POTC 0 50 Recrulting [July 2023
Wolumab, and
imanmab 0 24 Recrutting lJuly 2023
= fs I 40 Recruiting | August 2024
Pembrolizumab, dabrafenib, and
oo AT, POTC I 30 Recrulting June 2024
R PoTC, ATC n 36 Suspended December2023
DTG, MTC, ATC 0 53 |Active, not recrutting March 2025
orc 0 10 Recrutting December2022
MTC, ATC, DTC 0 115 Recrulting June 2023
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Why target multiple pathways at the same time?
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Our Precision Oncology Team

Razelle Kurzrock MD Huizi Chen MD PHD

Assistant Professor

Division of Hematology|
o

& Oncology

Aditya Shreenivas MD MS
Assistant Professor

Division of Hematology &
Oncology

MCW Cancer Center and Department of Medicine

Linda T.and John A. Mellowes Medical College of Medici
Center for Genomic Sciences Wisconsin Medical College of
and Precision Medicine \ Wisconsin

Founding Director, Michels Rare ¢
Gancers Research Laboratories |
Froedtert and Medical College
of Wisconsin

Matt Lasowski MS

Tracy Kersten APNP CCRP

Nurse practitioner Program Manager

Precision Medicine Clinic Precision Medicine
= Program
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Precisi edicine
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Workflow of Precision Clinic and Molecular Tumor Board

a Tumor Board Model b Molecular Tumor Board Model
Biologists

) Geneticists
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Pathologists

Radiologists') surgeons
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‘Oncologists
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Real world prospective clinical trial of targeted therapies

(I PREDICT )Investigation of Profile-Related Evidence Determining Individualized Cancer Therapy

NIH Director's Blog
Activation Date: February 13, 2015 ]
Total Consented: N = 506
Total Treated: N = 267 (53%)
Treatment Decisions Guided by: CGP and

MTB discussion
HERT e |

Study Novelty
« Customized combinations

« Newly diagnosed patients with lethal
malignancies

PI: Razelle Kurzrock, MD

Director, Center for Personalized
Cancer Therapy

Combeucn T Y b e

Ref: | PREDICT Sickick et a, Nature Medicine 2019

MEDICAL et
5 edicine
WISCONSIN Center

| PREDICT igation of Profile-Related Evidence D ini ividualized Cancer Therapy

Consented Patients
(N=149)

e e ssmerts s 1067
e v, 9551 enaes
Treated Patients™ Inevaluable Patients™ e NG gy
(N=83) (N=66) : ssceon
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N=73) =30 - o e 3
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Matcing Score >50% Séo
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Matching score, defined as the number of alterations targeted with an administered drug

divided by the total number of actionable alterations detected in the patient’s tumor

Ref: | PREDICT Sicklick et a, Nature $¥GenomiEciences
Precis: edicine

https://doi.org/10.10 591-019- Center

(I PREDICT )Investigation of Profile-Related Evidence Determining Individualized Cancer Therapy

Ahigher matching score translated into significantly better response rate, progression-free survival and overall survival

Ref:| PREDICT Sickiick et a, Nature Medicine 2019 htips: /10 141591-019.0407:5 ‘Genomi i
Precisio
Center
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| PREDICT igation of Profile-Related Evidence D inif ividualized Cancer Therapy naive

= s o e

« 76 of 145 patients (52%) were treated

* Most commonly for non-colorectal inal

e cancers, carcinomas of unknown primary, and
E,: hepatobiliary malignancies

i

L

+ 53% women; median age, 63 years.

+ median number of deleterious genomic alterations
per patient was 5.

* 44 treated patients received = 1 molecularly
matched therapy.

R —
Betbionss

Matching score, defined as the number of alterations targeted with an administered drug.
divided by the total number of actionable alterations detected in the patient’s tumor

ne
Center

QUESTIONS FROM THE GROUP ?

My email: ashreenivas@mcw.edu

er
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Center

Aditya V. Shreenivas, MD, MS
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Associate Professor

Endocrinology and Molecular IV
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DISCLOSURES

* | am a consultant and investigator for Corcept Therapeutics
and investigator for Recordati with regards to Cushing’s
syndrome.

B
-

2

LEARNING OBJECTIVES

* Review the importance of (& how to) evaluate AN
- Biochemical testing
- Imaging

« Discuss the caveats and pitfalls in AN evaluation
- Biochemical testing
- Imaging
- Follow up of nodules

&‘ knowledge
feey

3

Ty Carroll, MD
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WHERE DO WE START?

* Nomenclature
- Nodules
- Masses
- Incidentalomas
- Tumors
* Definition
- 1 cm of greater discrete lesion in the adrenal gland

4

ADRENAL NODULES ARE COMMON

* Prevalence: 1-8% of the population
- Increased frequency with aging
* Equally prevalent in males:females

¥

6

Ty Carroll, MD
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ADRENAL NODULES ARE IMPORTANT

* 2% are adrenocortical cancer
* 10-35% are functional hormonal hypersecretion

Pheochromocytoma: Aldosterone-secreting: Cortisol-secreting:
3%-5% 1%-2% 3-30%

INSERT GREAT ADRENAL NODULE IMAGE

WHO TO TEST FOR HORMONE EXCESS?

Everyone with an
adrenal nodule!!

Ty Carroll, MD
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WHAT HORMONE EXCESS TO TEST FOR?

* Pheochromocytoma
* Primary aldosteronism
* Cortisol excess
* Androgen excess
- Only if symptoms to suggest

B ol

10

‘CT/MAI finding of adrenal mass

Assess in parallel

T~

1 this & malignancy?

|

Hoa-contrast CT adrenal (1 fine)
Indaterminate or suspiciaus for malignancy
>4 cms

Beniga Features.
Sue < dem
Hounsfield uni < 10

imegenus gensiy

Benign mlwl

15 this biochemically active?
achensl gand

a
rotcularis

M. Sherlock, et al. Endocrine Reviews, 2020, 41(6):775-820

Clinical Assessment
Bochemical assessment of adrenal
yperiunc
“1mg
« Ratoromous corisol
 PLAST OF urnary metanephuings.

+ Agrenal androgens

ton
Overngnt cememasone.
Supgression tost

suecresion”

~Assterona/renin ratio

11
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WHO NEEDS TESTING FOR PHEO?

* In all patients without a clear adenoma on imaging
- The likelihood of a pheo is low in patients with a clear adenoma
0 0.5% of pheochromocytoma have density <10 HU
- Patients with clear evidence of a clear adenoma, don’t need
testing for pheo?

B

14

PHEOCHROMOCYTOMA TESTING

* Plasma metanephrines or 24 hr urine metanephrines
- 90-95% sensitivity
- 85-90% specificity
oLower in older individuals

Ty Carroll, MD
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WHO NEEDS TESTING FOR PA?

* Anyone with an adrenal nodule with hypertension or
hypokalemia

EEoy

17

PRIMARY ALDOSTERONISM TESTING

« Is the renin activity <1?
« No, then it's not PA
+ Yes— what is the aldosterone?
+ Aldosterone >10?
-« Yes, that is a positive screening test
« Aldo:renin activity
+ Ratio >20-30 and Aldo >10 (positive screen)

¥

18

Ty Carroll, MD
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19

WHO NEEDS TESTING FOR CORTISOL EXCESS?

* Anyone with an adrenal nodule.

20

SCREENING OF CORTISOL EXCESS

* 1 mg overnight dexamethasone suppression test (DST)
- Normal post-dex cortisol is <1.8 pg/dL
* Other testing that can be helpful is AM ACTH and DHEA-s

21

Ty Carroll, MD
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INITIAL IMAGING OF ADRENAL NODULES

Method Criteria
Noncontrast CT <10HU
MRI - chemical shift® Loss of signal intensity on out-

phase imaging consistent with
lipid-rich adenoma
CT with delayed contrast Absolute washout >60%
media washout®< Relative washout >40%
18F-FDG-PET® Absence of FDG uptake or uptake
less than the liverd

B nowledge
M

L

23
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PHEOCHROMOCYTOMA SCREENING FOR
PATIENTS WITH ESRD

* Norepinephrine 3x ULN and dopamine 2x ULN
 Epinephrine references do not change
* Metanephrines probably not helpful

»

27

Ty Carroll,

CORTISOL EXCESS SCREENING FOR PATIENTS
WITH ESRD

* Ask someone else
- There are lots of experts here

MD
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28

MEDICATIONS INTERACTIONS WHILE
SCREENING FOR PRIMARY ALDOSTERONISM

* All medications ok except spironolactone or eplerenone
* Ok to test while patient on spironolactone or eplerenone
- If the renin is <1 testing is valid
- If the renin is >1 testing may not be valid

29

HIGH SUSPICION FOR PA WITH NEGATIVE
TESTING

*49% of patients had at least one aldosterone
measurement below 15 ng/dL

*29% had at least 2 aldosterone below 15 ng/dL

*29% had at least 1 aldosterone below 10 ng/dL

[Yozamp N, et al., Hypertension. 2021;77:891-89

30

Ty Carroll, MD 10



2023 Endocrine Surgery &
Neuroendocrine Tumor Symposium

MEDICAL
COLLEGE
OF WISCONSIN

31

MILD CORTISOL EXCESS

« Caused by autonomous cortisol production from
nodular adrenal disease

« Can be very mild but unregulated cortisol excess

* Not “textbook” Cushing’s syndrome

* No obligate progression to florid disease

32

MILD CORTISOL EXCESS

¢ Long duration of cortisol excess
* Features
- Metabolic bone disease
- Compression fractures
- Resistant hypertension
« Glucose intolerance
- Diabetes
« Metabolic syndrome
- ?Cardiovascular disease
* Not-so-incidental adrenal nodule

33

Ty Carroll, MD 11
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ESE ALGORITHM FOR MCE

<50 nmol/L

1mg dex test result
-] £1.8 mg/dL

Interpretation®

34

TESTING ALGORITHM FOR MCE

« DST cortisol >1.8 pg/dL
* Then obtain AM ACTH and DHEA-s
» Low DHEA-s
- Suggestive of MCE
« ACTH <5 pg/mL
- Suggestive of MCE
« ACTH 5-20 pg/mL
- Possible MCE
« Consider late-night salivary cortisol
« Other cardiometabolic disease

B
-

35

Ty Carroll, MD




2023 Endocrine Surgery &
Neuroendocrine Tumor Symposium

FOLLOW UP HORMONAL EVALUATION

* AACE/AAES: Hormonal evaluation should be performed at the time of diagnosis
and then annually for 5 years

* ESE/ENSAT: We suggest against repeated hormonal work-up... unless new clinical
signs of endocrine activity appear

« ESE/ENSAT: In patients with ‘autonomous cortisol secretion’ without signs of
overt Cushing’s syndrome, we suggest annual clinical reassessment for cortisol
excess and comorbidities potentially related to cortisol excess

% knowled
37

HETEROGENEOUS NODULES

* ROI to calculate density has to be homogenous
* ROI should cover 2/3 of the nodule
- Avoid areas of heterogeneity

B

39

Ty Carroll, MD
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INCREASED DENSITY NODULES

* CT density >10HU
* What about CT washout?

- Suboptimal performance in diagnosing malignancy

- Sensitivity 16% (95% Cl, 3-40) & specificity of 86% (95% Cl, 64-97)
* Not recommended at 2"¢ line imaging

ht M, et al. EJE (2016) 175, GI-G3

40

41

AACE/AAES FOLLOW UP IMAGING

 Patients who do not meet criteria for surgical resection need
radiographic reevaluate in 3-6 months then annually for 1-2 years

42

Ty Carroll, MD
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ESE/ENSAT FOLLOW UP IMAGING

« If the noncontrast CT is consistent with a benign adrenal mass
(Hounsfield units <10) that is homogeneous and <4cm, no further
imaging is required

« If the adrenal mass is indeterminate on noncontrast CT there 3
management options:

- Another imaging modality
- Interval imaging in 6-12 months (CT or MRI)
- Surgery without further delay

43

CONCLUSION

* All patients with AN should have a hormonal evaluation
- Plasma free metanephrine or 24 hour urine
oln patients without clear adenomas
- Aldosterone and renin activity
oln patients with HTN or hypokalemia
- 1 mg overnight dexamethasone suppression
oAM ACTH, DHEA-s, LNSC if DST is abnormal

44

CONCLUSION?

* Biochemical follow up testing can be done in patients with
mild cortisol excess
- Especially if new cardiometabolic abnormalities

* |If <~4cm and benign appearance
- No follow up imaging is probably needed

45

Ty Carroll, MD
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Neoplastic Hypercortisolism and
Post-op Adrenal Insufficiency

2023 Endocrine Surgery & Neuroendocrine Symposium
April 1, 2023

James W Findling MD
Professor of Medicine and Surgery
Medical College of Wisconsin

December 29, 1910
MG 23 year old woman

obesity
hirsutism
hypertension
amenorrhea

James W. Findling, MD

3/28/2023
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Why is the Diagnosis of Neoplastic Hypercortisolism(Cushing syndrome)
the most challenging problem in endocrinology?

R R

3/28/2023

James W. Findling, MD
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Endogenous Hypercortisolism

Neoplastic/Pathologic Non-neoplastic/Physiologic

ACTH secreting neoplasm Phenotype similar
Pituitary (Cushing disease) Alcohol induced/drug withdrawal

Ectopic

Adrenal Nodular Disease
Adenoma/Carcinoma
Bilateral Nodular Disease

Chronic Kidney Disease 5
Neuropsychiatric disorders
Uncontrolled diabetes
Pregnancy

Glucocorticoid resistance

Macronodular Phenotype not similar

Primary pigmented micronodular Starvation equivalent disorders
Critical illness
Chronic intense exercise

And many more to be
characterized

Who should we screen?
Spanish Study Group: prospective study probabilistic model

Leon-Justel A, et al JCEM 2016; 101( 10) 3747-3754

353 patients w/ obesity (BMI>30), DM (A1C>7), HBP (>2 drugs), PCOS
Screened with late-night salivary cortisol and 1 mg DST

219 normal studies
35 both abnl
99 discordant studies: repeat->7 both abnl

26/42 had proven CS (17 CD, 3 ectopic, 6 adrenal)
7.4% of screened patients had neoplastic hypercortisolism

James W. Findling, MD 3
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Odds Ratio (p-value):

Osteoporosis: 4.6 (0.003)
Dorsocervical fat: 3.3 (0.004)
Muscle atrophy: 15.2 (<0.001)
Obesity: 0.2 (0.01)
Diabetes: 0.26 (0.002)

Adrenal nodules: 25-30% have mild cortisol excess

Cushing's Syndrome Suspected

Exclude exogenous glucocorticoid exposure

Perform one of the following tests

24-h UFC (>2 tests) Overnight1- Late night salivary

mg DST cortisol (> 2 tests)

ANY ABNORMAL RESULTS Normal (CS unlikely)

Exclude non-neoplastic causes of hypercortisolism

Consult endocrinologist

Nieman LK, Biller BMK, Findling JW, Newell-Price J, Savage MO, Stewart PM,
Monton VM. The diagnosis of Cushing’s syndrome: An Endocrine Society clinical
practice guideline. J Clin Endocrinol Metab 93:1526-1540, 2008.

3/28/2023

Cushing’s Syndrome: Differential Diagnosis
Measure Plasma ACTH and DHEAS
ACTH/DHEAS ‘ ACTH/DHEAS Normal or Elevated

Low

ACTH-Independent
Cushing’s Syndrome

Adrenal CT

ACTH-Dependent
Cushing’s Syndrome

MRI of Pituitary

‘ Normal or Equivocal ‘ ‘ Clearly Abnormal

Bilateral inferior petrosal sinus
sampling for ACTH/PRL with

dDAVP administration ]

‘ No pituitary gradient for ACTH ‘ ‘ Significant pituitary gradient for ACTH

Occult Ectopic ACTH Cushing’s Disease

12

James W. Findling, MD




2023 Endocrine Surgery & 3/28/2023
Neuroendocrine Tumor Symposium

Biochemical Diagnosis of Adrenal Insufficiency
(Al)

Measure morning
cortisol, DHEAS,
ACTH

ACTH elevated in Primary Al

Cortisol >14 pg/dL
DHEAS >85 pg/dL |
Al Excluded!!

ACTH

o .
Cortisol <4 pg/dL Cortisol 4-14 ug/dL. (cosyntropin)
DHEAS <85 pg/dL Stimulation

Majority of patients Standard of care

Reevaluation of the literature: last 15 years

Cortisol assay 30 min (pg/dL) 60 min (pg/dL)
Mass 13.5-15.2 17.6

spectrometry

Monoclonal 12.7-16.3 17.6 Roche cortisol Il
immunoassay Abbott Architect

Polyclonal 13.8-17.2 18.1-18.6 Beckman Access

immunoassay Siemens Advia
Centaur XP and
Immulite

Cutoft for
: Grassi. Hormones, 2020;19:425-31.
high-suspicion o

El-Farhan. Clin Endo, 2013;
Ueland. JCEM, 20:

49 yo man referred for Cushing syndrome

» 2016: weight gain w/ increasing abd girth,
difficulty concentrating, sleep disturbance

» 2018-21: sleep apnea, diabetes, hypertension, hypokalemia,
easy bruising, facial rounding, striae
low testosterone—> endocrine referral

SH: 3-4 drinks/week; non smoker

Meds: metformin, bumetanide, metolazone, KCl, pravastatin,
spironolactone, transdermal testosterone

James W. Findling, MD 5
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Examination

BP 132/78 P88 Wt 152 kg (336#) BMI 42

Cushingoid facies w/ increased supraclavicular fullness

No goiter; grossly distended abdomen w/ wide violaceous striae
2+ edema; muscle strength seemed normal

Normal mood and affect

Laboratory/Imaging

Na 134 K 3.5 CI 97 Bicarb 33 Ca 9.2 BUN 20 creatinine 1.4
Glucose 102 AST 70 (9-40) ALT 55 (12-64) Alk Phos 138 (38-127)

Cortisol 27.7 pg/dL ACTH 36 pg/mL DHEAS 152 pg/dL

LNSC: 11.9 and 9.3 nmol/L (<3.2 nmol/L)
1 mg DST: cortisol 13.5 pg/dL
UFC: 15 pg/24h

Pituitary MRI: normal

Desmopressin acetate (DDAVP) stimulation

Vassiliadi DA, Tsagarakis S, EJE 2018; 178:R201-R214

* Provocative ACTH stimulation during IPSS
» Early detection of recurrent Cushing disease
« Distinguishing neoplastic v non-neoplastic hypercortisolism

Interpretation (DDAVP 10 mcg IV):
Abnormal: increase ACTH >30 pg/ml or peak >70 pg/mL
increase cortisol > 6 mcg/dL and/or peak >18 mcg/dL

Normal subjects usually have meager response or actually decline

James W. Findling, MD 6
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dDAVP* Stimulation Test

Basal +10 +20 +30 +60

ACTH 19 19 19 17 15

(pg/mL)

Cortisol 21

(ng/dL)

*10 mcg IV

Phosphatidylethanol (PEth)

* Component
Latest Ref Rng & Units 11/16/2021

» Peth 16:0/18.1 402 ng/mL

e PEth 16:0/18:1 (POPEth)
Less than 10 ng/mL.. ..Not detected
Less than 20 ng/m bstinence or light alcohol consumption
20 - 200 ng/mL. Moderate alcohol consumption
Greater than 200 ng/mL Heavy alcohol consumption or chronic
alcohol use

Phosphatidylethanol (PEth)

Phosphatidylethanol (PEth) is a group of phospholipids formed in
the presence of ethanol, phospholipase D and
phosphatidylcholine.

PEth is known to be a direct alcohol biomarker.

PEth is incorporated into the phospholipid membrane of red
blood cells and has a general half-life of 4-10 days and a window
of detection of 2-4 weeks.

However, the window of detection is longer in individuals who
chronically or excessively consume alcohol.

Nguyen VL et al 2018, Alcoholism Clinical & Experimental Research.

James W. Findling, MD 7
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59 yo woman

150 pound weight gain over fifteen years

Facial hirsutism

Diabl_etes mellitus Type 2 for two years with A1C 8.3% on
insulin

Hypertension for 10 years on 3 drugs

Hyperlipidemia on statin

OSA

Severe muscle weakness (needs wheelchair)

Examination

- BP 135/82, Pulse 75, Wt: 359% (163 kg) Ht: 67in
(1.708m): BMI 55.8 kg/m2.

Cushingoid appearing woman with facial fullness,
plethora, acanthosis nigricans, skin tags, and increased
supraclavicular and dorsocervical fat.

. She has very severe proximal muscle weakness and
cannot get out of a chair without assistance. 2+ pretibial
edema is present. There are no abdominal striae.

Biochemistry

Endocrine Society 2008 Guidelines:

Urine free cortisol (normal < 45 ug/24hr)

32 ug/24hr
41 pg/24hr

Has Cushing’s syndrome been excluded?

James W. Findling, MD 8
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Late-night salivary cortisols 12, 4.6, 7.3, and 6.7 nmol/L (normal:
<3.2 nmol/L)

-Overnight 1 mg DST: cortisol 8.3 mcg/dL (normal <1.8 mcg/dL)

Pituitary MRI: normal

CT abdomen: Bilateral adrenal nodules

James W. Findling, MD 9
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Cushing’s Syndrome: Differential Diagnosis
Measure Plasma ACTH and DHEAS!!!
ACTH/DHEAS ‘ ACTH/DHEAS Normal or Elevated

Low

ACTH-Independent
Cushing’s Syndrome

Adrenal CT

ACTH-Dependent
Cushing’s Syndrome

MRI of Pituitary

3/28/2023

‘ Normal or Equivocal ‘ ‘ Clearly Abnormal

Bilateral inferior petrosal sinus
sampling for ACTH/PRL with

CRH,administratign ]

No pituitary gradient for ACTH ‘ ‘ Significant pituitary gradient for ACTH

Occult Ectopic ACTH Cushing’s Disease | +——

28

Confirmatory tests:

Plasma ACTH: 57 pg/ml
DHEAS: 113 ug/dL (nl: 35-256 ug/dL)

Differential diagnosis of ACTH dependent hypercortisolism

' 5 min after dDAVP

CAVERNCUS

INFERIOR
PETROSAL SINUS

- i
ACTH 7328 V "NQSIHB?S:’
JPﬁL 121 veN

ve
ACTH 178
PRL 18

Bilateral inferior petrosal sinus sampling with dDAVP stimulation

James W. Findling, MD
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Can We Predict Recurrence Based on
Post-Operative Cortisol?

25
° < Recurrence
Remission
*Nadir serum cortisol
*Day 3, 4, and 5 after TSS 5 20
T
« Stratified by long-term follow-up § 154
remission status 8 °
g 10
* Mean f/u 10.6 years a
54
S .
0

Lindsay J R et al. JCEM 2011;96:2057-2064

32

54 yo woman presents with kidney
stone w/ partial obstruction of right
ureter

10 yr h/o hypertension (3 meds)
Osteoporosis rx: zoledronic acid
Fasting glucose 113 mg/dL

Exam BP 130/92 61" 150# BMI 28
Non Cushingoid;

LAB: normal electrolytes, calcium,
hemogram

44cm HU-7

James W. Findling, MD 11
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Lab Data:

Basal morning lab:
Cortisol 10.4 pg/dL (290 nmol/L)
ACTH 5.4 pg/mL (1.2 pmol/L)
DHEAS 13 pg/dL (360 nmol/L)

1 mg DST:
Cortisol 9.5 pg/dL (260nmol/L)
ACTH <1.1 pg/mL

24 hr UFC: 24 pg/24h (normal: 3-45)
65 nmol/L

LNSC: 6.1 and 5.8 nmol/L (normal: 0.3-3.2)
.22 mcg/dL and .20 mcg/dL

Cosyntropin stimulation testing on POD1 allows for selective
glucocorticoid replacement therapy after adrenalectomy for
hypercortisolism  Ortiz D, Findling JW, Carroll T, et al Surgery 2016; 159:259-266

Table I. Comparison of hypercortisolism patients requiring and not requiring glucocorticoid replacement

(n=22)

Glucocorticoids  No glucocorticoids

Variables =11 (n=11) P value

Median age, y (range) 51 (23-66) 5-72) 02

Female, n (%) 9 (81 61

Median BMI, kg/m* (range) 31.4 (2 02

Diabetes, n (%) 2 (182 62

Hypertension, n (%) 4 (364%) 67

Preoperative biochemical levels, median (range)
Median salivary cortisol, nmol/L (range) 42 (0.3-21) 3.2 (1.0-21) 44 (0.3-8.1) 67
Dexamethasone suppression test, median cortisol 2.7 (1.4-8.2) 2.7 (14-8.0) 23 (2.0-8.2) 41
level, ug/dL (range)

Median plasma ACTH, pg/ml. (range) 7.6 (<1-165) 9.8 (<1-20.9) 49

24h urine cortisol. ug/24 h (range) 214 (12-127) 311 (7-58.6) al
Postoperative day T hiochemical plasma Tevels, median (x

lasma ACTH level, pg ange 17.4 (<1-237) 25.9 (3.3-51.6) o1

105 (0-34.1) ).8-34.1) o1

21.4 (2-44.8) 20.1-44.8) 01

ACTH, Adrenocorticotrophic hormone; BM, body mass index

3/28/2023

35

Required reading:

https://www.nytimes.com/interactive/2018/08/30/m

agazine/hurricane-harvey-houston-floods-texas-
emergency.html

James W. Findling, MD
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Summary

Neoplastic hypercortisolism should be considered in patients with clinical
features of the Cushing syndrome, patients with nodular adrenal disease,
unexplained osteoporosis, and medically challenging metabolic syndrome

Overnight 1 mg DST a SC are the most valuable diagnostic screening
studies

Plasma ACTH/DHEAS starts the evaluation of cause and pituitary/adrenal
imaging and IPSS provides differential diagnosis

Non-neoplastic hypercortisolism may be indistinguishable from neoplastic
hypercortisolism and the dDAVP stimulation test may be helpful

Post-op secondary adrenal insufficiency forecasts a clinical and biochemical
remission of hypercortisolism

HPA Axis Recovery from Glucocorticoid-Induced Adrenal Insufficiency

Discontinuation of 2] ACTH
supraphysiological doses

of exogenous 6Cs

Morning
Reference
Ranges

uirculaung leveis

Time @)
Switch to hydrocortisone (cortisol) at physiological doses. Consider periodic ACTH-stimulation testing for recovery.
Notice overshoot in plasma ACTH - drives recovery of adrenocortical mass and function.
Recovery time typically proportional to the dose (and route) and duration of glucocorticoid therapy. Can be >1 year.
Typically, adrenal mass is the last variable to normalize.

James W. Findling, MD 13
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Long-Term Outcomes of Mild Adrenal
Cortisol Excess

Catherine D. Zhang, MD
Assistant Professor of Medicine
Division of Endocrinology and Molecular Medicine

Endocrine Surgery and Neuroendocrine Tumor Symposium
April 1¢t, 2023

Disclosures

« Investigator for Corcept Therapeutics with regards to medical
treatment for hypercortisolism.

Outline

1. Diagnosis

2. Clinical outcomes

3. Management options

Catherine D. Zhang, MD
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Terminology

Mild adrenal dependent cortisol excess
SUM syndrome

Mild autonomous cortisol excretion (MACE)

Mild autonomous cortisol secretion (MACS) *

Autonomous cortisol secretion (ACS)

Diagnosis

All patients with adrenal nodules should
be screened.

Screening for mild adrenal cortisol excess

1-mg overnight dexamethasone
suppression test (DST):

¥ B

I. <1.8 ug/dL — normal

Cortisol production from the adrenal mass

¥

II. 1.9 - 5.0 pg/dL — “possible”
autonomous cortisol secretion

> 5.0 pg/dL — “confirmed”
autonomous cortisol secretion ** Lack of physical stigmata of

overt Cushing syndrome **

5 Fassnacht et al. Eur J Endocrinol (2016), Delivanis et al. Clin Pharmacol Ther (2017)

Froedtert “(,n LEGEw

Nonfunctioning | | Mild autonomous Cushing
adrenal mass cortisol secretion syndrome

« skin fragility
+ Easy bruising
« Purplestriae
 Muscle loss and

proximal myopathy

MrDiCAL
fisconsi
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Additional tests helpful to confirm mild adrenal
cortisol excess

1. Exclude false positive results.

v Dexamethasone level
v Repeat DST with higher dose (2-mg, 8-mg)

Obese individuals, s/p gastric bypass

2. Confirm ACTH-independent hypercortisolism.
v Basal ACTH and DHEAS Basal ACTH <10, DHEAS <40
v Post-DST ACTH level Post-DST ACTH suppressed

3. Evaluate the degree of cortisol excess.
v Late night salivary cortisol
Often normal in mild cortisol excess

v' 24-hour urine cortisol

sulfate; DST= suppression test

7 ACTH= hormone; DHEAS =

Clinical Outcomes

What happens to mild adrenal cortisol excess
over time?

Systematic review of 2745 patients with
adrenal tumors followed for mean of 50
months

Cortisol production from the adrenal mass

v 4.3% — non-secretory to new mild ‘ ‘ ‘
adrenal cortisol excess
Nonfunctioning Mild autonomous Cushing
v 0.2% — mild adrenal cortisol excess to adrenalmass | | cortisol secretion syndrome.

overt Cushing syndrome
Hypertension, Diabetes mellitus * Skin fragility
f Obesity, Dyslipidemia, Osteoporosis % i

purple striae
+ Musdeloss and

v Pre-existing mild adrenal cortisol

excess unlikely to resolve (<0.1%) \
unclear contribution of autonomous
cortisol scretion?

Elhassan et al. Ann Intern Med (2019), Delivanis et al. Clin Pharmacol Ther (2017)

Catherine D. Zhang, MD




2023 Endocrine Surgery &
Neuroendocrine Tumor Symposium

Annals of Internal Medicine

Autonomous Cortisol Excess

A ic Review and M lysi:

Yasic S. Elhassan, MBBS; Fares Alahdab, MD; Alessandro Prete, MD; Danae A.
Larry Prokep, MLS; Mohsmmad H. Murad, MD, MPH; Michael W. O'Reilly, Phi

events during follow-up

nodules or mild adrenal cortisol excess

Mean follow-up time of 50.2 months

Elhassan et al. Ann Intern Med (2019)

Is mild adrenal cortisol excess clinically relevant?

Natural History of Adrenal Incidentalomas With and Without Mild

rvanis, MD, PhD; Askanksha Khanna, MD;
iebke Arlt, MD, DS<; and Irina Bancos, MD.

32 studies summarizing data on cardiometabolic conditions at baseline and new

4121 patients (mean age 60.2 years, 62% women) with non-functioning adrenal

R

IEW

10

Clinical Outcomes: Cardiometabolic Disease

NFAT= non-functioning adrenal tumor Dyslipidemia
MACE= mild autonomous cortisol excess «  Baseline: NFAT 34% vs MACE 34%
New or worsening disease: NFAT 11% vs MACE
Hypertension %
Baseline: NFAT 58% vs MACE 64% Type 2 diabetes mellitus
New or worsening disease: NFAT 10% vs MACE + Baseline: NFAT 14% vs MACE 28%
2% New or worsening disease: NFAT 5% vs MACE
14%
———— Cardiovascular events
Baseline: NFAT 39% vs MACE 41% . Baseline: NFAT 9% vs MACE 6%
’z“f,);’ or worsening disease: NFAT 9% vs MACE + New or worsening disease: NFAT 6% vs MACE
16%
Cardi i iti are highly p at the time of diagnosis and are more likel
to develop and worsen in MACE compared to NFAT on follow-up.
11 Elhassan et al. Ann Intern Med (2019)

11

adrenal tumors.

PR (Log Sesle)

Multi-center cross-sectional study of 1305
Cardiometabolic risk prospectively recruited persons with benign
increases with the degree of . ..\ osT<1840

cortisol excess + MACS-1= 1-mg DST > 1.8 pg/dL
+ MACS-2= 1-mg DST > 5.0 pg/dL

. R o5% )
Hypertension
MAGS-1 o 107 095-1.16) 23 anthypetnsives
MAcs2 Yo 135 1.04427) Ay - 1numm
Adrenal 5 Fe 137 Q164062 i 131 (102169
prory — 108309
e - 1000851.13) oslin atment
MAcs:2 o) 1,07 085-29) MAces g = 14as an)
Aceena cs [En 123 052-1.65) Macse — sham
——
M . 110051139 e 2 ‘ :
MAcs:2 = 123 092-1.66) walios g
Adrenal 5 . 1162 (1.06-242)
Oysipidemia 1. Prevalence and severity of HTN higher in patients
aAcs.1 . 108 091-429) i i
i with more severe cortisol excess.
e 2. Patients with more severe cortisol excess more
0 o N 2 N likely to require insulin therapy for type 2 DM.

Prete et al. Ann. Intern. Med (2022).

12
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mass and higher fracture rates

Mild cortisol excess associated with lower bone

OMales @ Pre-men Females MPost-men Females

0

5

n *

@ on
0

o

w

: ﬂ_l

" I

"

Controls SH- SH+

Cross-sectional study of 88 patients with
mild cortisol excess compared to controls:

1. Bone mass lower at the femoral neck
and lumbar spine in patients with mild
cortisol excess compared to controls.

2. Prevalence of vertebral fractures
(radiographic) higher in mild cortisol
excess regardless of sex and gonadal
status.

3. 58.3% of patients with fractures had

2/3 abnormal tests: 1-mg DST > 3.0 pg/dL, urinary free
cortisol > 70 ug/24 h, and ACTH < 10 pg/mL

T-scores above -2.5.

13

Chiodini et al, JCEM (2009)

13

Higher risk of clinical
fractures on follow-up

Population-based study in Olmsted County,
MN

1,004 patients with adrenal adenoma vs S
age- and sex-matched controls followed for e
median of 6.8 years.

1. Higher prevalence of any fracture (48%
vs 41%), vertebral fracture (6% vs 4%),
and at combined osteoporotic sites
(17% vs 13%).

2. Increased risk (HR 1.27, 95% CI 1.07-
1.52) for developing new fractures
during follow-up. s

Li et al. Eur J Endocrinol (2021)

P
s
—
,_,—zf
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1. Trabecular bone score (TBS)
« Indirect measure of bone quality.
* Reduced TBS compared with controls.

adrenal cortisol excess.

2. Bone turnover markers

Other bone assessments that may be helpful...

TBS correlates with number and severity of vertebral fractures in patients with mild

« Lower bone formation markers (osteocalcin and PINP)
* Reduced osteocyte function/number (sclerostin).

Increase in bone turnover markers after adrenalectomy for cortisol excess.

15 Eller-Vainicher et al. JBMR (2012), Athimulam et al. JCEM (2020)

15
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Clinical Outcomes: Mortality

8
« Discrepant data with variable follow-up
duration in systematic reviews.
« Retrospective multicenter cohort of 3656 7
patients with adrenal adenomas followed for 3
i :
at least 3 years (median of 7 years). I NonForcioning adenoma(re1348)
3 — Possible autonomous cortiscl secretion (n=1205)
. . & 504 — Autonomous cortisol secretion (n=226)
« All-cause mor%al\ty increases with the Possible autonomous cortisol sec
degree of cortisol autonomy. 40 HR 152 (95% 1 119-194): p=0-001
. Autonomeus cortisol secretion
« Adjusted for sex, age, and HTN, HR 177 (95% C1120-262) pa0.004
dyslipidemia, any diabetes, and prior CV @ o %o 240

events

Duration of follow-up (months)

Deutschbein et al. Lancet Diabetes Endocrinol (2022)

16

Sex and age-dependent disparity in mortality

* Women aged <65 years Men aged =65 years
Non-functioning adenoma (n=856) Non-functioning adenoma (n=243)
— Possible autonomous cartisol secretion —— Possible autonomous cortisol secretion
(n=472) (n=200)
—— Autonomous cortisol secretion (n=96) ~—— Autonomous cortisol secretion (n=38)
100 100
90 20
z
s 8 =
E o W 60
= Possible autonomous q:
T o] Possibleautonomaus cortisolsecretion 409 conisol secretion HR 1.26 L
8 HR1:82(95% C1099-331; pe0.052) (95%C10:81-1.97; p=031)
50, Autonomous ortiol secretion HR 439 20 Autonomous cortisol secretion
(95%C11:93-9.96; p<0:001) HR 109 (95% €I 0-55-2-16); p=0-81
o
[} 60 120 180 280 o 130 1o 240
Women younger than 65 years had Men older than 65 years not at increased
highest relative risk of death. risk.
17 Deutschbein et al. Lancet Diabetes Endocrinol (2022)

17

Clinical outcomes with emerging data...

1. Body composition
+ Lower muscle mass and high proportion of visceral fat when compared
to controls.

2. Cognition
» Higher frequency of memory complaints compared to those with non-
functioning adrenal tumors.
» Impaired performance on working memory and visuospatial domains.

3. Frailty
» Higher frailty index, fall rate, and sleep difficulties compared to patients
with non-functioning adrenal tumors.

18 Delivanis et al. Eur J Endocrinol (2021), Liu et al, JCEM (2023), Singh et al, JCEM (2020)
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Management options

19

What are the options for management?

1. Conservative follow-up

2. Adrenalectomy

3. Medical therapy

Management
1. Conservative follow-up > As agroup, at risk for new or
+  Periodic reassessment with proactive worsening cardiovascular
screening and treatment of comorbidities comorbidities, cardiovascular

events, decreased bone mass, and
vertebral fractures
2. Adrenalectomy
»  Individual risk hard to quantify —
degree of hypercortisolism,
duration of hypercortisolism, and
3. Medical therapy individual susceptibility to cortisol
excess

21
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Management
1. Conservative follow-up
2. Adrenalectomy

3. Medical therapy

22

What is the impact of adrenalectomy on outcomes?

Meta-analysis of 23 studies with 584 patients with median follow-up of 28 months:

Table 3 Efiect of adrenalectomy on outcomes in patients with subclinieal Cushing’s syndrome.

Number of

Outcome studies [ [ ©195% lower limit €1 95% upper limit I (%)
Hypertension (n=265) 2 60.5% 50% % 72
Diabetes mellitus type 2 (n=120) 20 51.5% 39% 6% 59
Dyslipidemia (n=102) 13 24% 13% 35.5% 58
Obesity (n=128) 16 45% 2% 57% 64
Systolic blood pressure (mmHg) 8 -1272 -18.33 -7 61
Diastolic blood pressure (mmHg) 7 -9.34 -14.83 -3.85 7%
BMI (kg/m?) 7 ~1.96 -3.32 -0.59 68
Fasting glucose (mmol/L) 4 -7.99 -138 -208 27
HbATC (SMD)* 3 -0.96 -1.43 -0.49 53
LDL cholesterol (mgfdL) 2 0.12 37.7 375 53
HDL cholesterol (mg/dL) 3 29 -34 92 E
Triglycerides (mg/dl) 3 -23 -36.7 -92 0

23 Bancos et al. Eur J Endocrinol (2016)

23

Adrenalectomy vs Conservative Follow-Up

1. Patients who underwent
adrenalectomy had significant
risk reduction in HTN and DM
vs those managed
conservatively.

2. No significant improvement in IR
obesity or dyslipidemia 3 b .

3. Benefit not higher in patients
with DST > 3 mcg/dL

et v Eomarstes Manserent Drsbgeioma Irscosemet AR A

Reliance on observational data
No robust randomized controlled trials

24 Bancos et al. Eur J Endocrinol (2016)

24
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P<0.0001

Percentage (%)

10
0 .|

Non-surgcal group Surgical group

1-mg DST >5.0 pg/dL
2/3 abnormal tests: 1-mg DST >3.0 pg/dL, urinary

free cortisol >70 pg/24 h, and ACTH <10 pg/mL

25 Salcuni et al. JCEM (2016)

Adrenalectomy associated with reduced risk of
fractures on follow-up

Surgical intervention (n=32) vs conservative
follow-up (n=23) for ~30 months

1. Patients followed conservatively were more
likely to develop new vertebral fractures on
imaging (52.2% vs. 9.4%) compared to
surgical group.

2. Surgery associated with 30% vertebral
fracture risk reduction, independent of age,
sex, spine BMD, 1-mg DST result, and
prevalent vertebral fracture.

25

Management
1. Conservative follow-up
2. Adrenalectomy

3. Medical therapy

» Improvement in cardiovascular factors is
variable. No demonstrated benefit in
mortality or cardiovascular events.

» Individualized decision— age, clinical
comorbidities, degree of hypercortisolism,
adrenal nodule imaging characteristics,
patient preference.

» Post-operative adrenal insufficiency and
glucocorticoid withdrawal.

26

Management
1. Conservative follow-up
2. Adrenalectomy

3. Medical therapy
« Adrenal steroidogenesis inhibitor
*  Glucocorticoid receptor blocker

Cost

v

Monitoring for side effects

v

Potential role in bilateral disease and
those who are poor surgical
candidates

v

Potential role in understanding effect
of cortisol excess on symptoms and
comorbidities

v

27
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Patients with established
mild autonomous cortisol
secretion (MACS)
Comorbidities: Consider other factors:
Serum and/or urine steroid profiling Hypertension > Age
Body composition markers ", N
. Hyperglycemia €— | Tumorsize and imaging phenotype
L B L S Obesity Unilateral us bilateral adrenal disease
Dyslipidemia Degree of cortisol excess
Low bone mass Personal preference
* Medical treatment . .« P
hypercortisolism comorbidities on a yearly basis
- Bilateral disease « Plan for postoperative « Intensive medical therapy with appropriate targets and
+ Poor surgical candidates adrenal insufficiency yearly reassessment for new comorbidities
28 Delivanis et al. Clin Pharmacol Ther (2017)

1. Mild adrenal cortisol excess is characterized by inappropriate and autonomous
cortisol production:
« Abnormal 1-mg DST (not false positive)
* Low basal ACTH and DHEAS supportive
*  24-hour urine cortisol and salivary cortisol measurements typically normal

2. Mild adrenal cortisol excess is associated with increased rates of hypertension,
obesity, dyslipidemia, type 2 DM, cardiovascular events, low bone mass, fractures,
and mortality.

3. Treatment decisions should be individualized and may include observation with
screening and treatment of comorbidities, surgery, or medical therapy for
hypercortisolism.

29

Questions or Comments?

cazhang@mcw.edu

30
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Management of ACTH-Dependent
Hypercortisolism

ADRIANA G IOACHIMESCU, MD, PHD
PROFESSOR OF MEDICINE (ENDOCRINOLOGY) AND NEUROSURGERY
MEDICAL COLLEGE OF WISCONSIN

1

Disclosures

Grant Recipient

Principal investigator for institution-directed research for studies sponsored by Strongbrindge/Xeris Phamaceutical,
Chiasma, Inc/Amryt Pharma and Recordati Rare Disease

Consulting Fees

HRA Pharmaceuticals, Ipsen, Recordati Rare Disease, Strongbridge/Xeris Pharmaceutical, Chiasma, Inc/Amryt Pharma,
Camurus

Objectives

I. Understand the role of surgery for ACTH-secreting tumors
II. Describe the medical treatment options for hypercortisolism

Ill. Recognize the role of multimodality treatment for recurrence

Adriana G. loachimescu, MD, PhD
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Case 1

25 y.0. F, GOPO, with weight gain, straie and hyperglycemia
- 24-hr UFC 150 ug/day (3xUNL); repeated 162 ug/day

~late night salivary cortisol (LNSC): SXUNL; repeated 6xUNL
- serum cortisol after 1-mg dexamethasone: 6.1 ug/dL (normal <1.8)

- serum cortisol 17 yg/dL, plasma ACTH 80 pg/mL (UNL 64)

Localization studies:

- pituitary MRI: 6-mm adenoma

- desmopressin test: P plasma ACTH by 110%
----- Pituitary surgery:

POD1 serum cortisol 1.1 meg/dL
Path: ACTH-positive adenoma

T
4

Immediate Postoperative Cortisol Level

@ © @
S
-
il | st

Fig. 1 A diagram to illustrate the hypothetical situation
associated with transsphenoidal surgery for Cushing’s discase. a,
ACTH secretion is suppressed from tho normal gland and serum
cortisol is non-delectable; ¢, some tumour remains and cortisol
Secvton ++ 1 +
Getectable, -, suppressed. B, ACTH seeting tumour

Trainer et al. Clinical Endocrinology. 1993

Caveats

P
»
u
2
&
3. N=332
2 . . ome patients achieved late remission
2 B hieved | i
E " Recurrence rates were similar for serum cortisol < 2 pg/dL or 2-5 pg/dL
é e No single cutoff value excluded recurrences
@ o
N i
o . o

Lindsay et al. JCEM. 2011

Adriana G. loachimescu, MD, PhD
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Postoperative remission after
transsphenoidal surgery

- CD remission rates 59-94% (meta-analysis 76%, 95% Cl: 72-79%)

- Predictors of remission
Very low cortisol levels immediately postop
Preoperative MRI

Microadenoma: higher changes of remission than macroadenoma or no adenoma
Non-invasive adenomas: higher changes of remission than invasive
Histologic confirmation of the ACTH-adenoma

- Recurrence of hypercortisolism: 8-66%

loachimescu AG. Endocrine Clinics of North America. 2018

Preoperative medical

herapy n slect |+ Cushing’ disease
ses
Piutarysurgery* Piuitary surgery
L ot feasile
Remission )
Montorfor
Late night

T EY
%
] \L

I
‘
-

*Pitutary surgery should b performed by an experienced surgeon

Fleseriu et al. Lancet Diabetes Endocrinol. 2021

Case 1, three years later

- Weight gain and new straie

- Late night salivary cortisol (LNSC) 4, UFC normal
- Pituitary MRI: negative

- GOPO, recently married, no immediate plans for pregnancy

Adriana G. loachimescu, MD, PhD
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Management of recurrent CD

Reoperation

: 38-90%
Ra n Remission more likely for:
Biochemical remission: 55-66% - tumors visible on MRI
Delayed efficacy (>1 year) - non-invasive tumors
Hypopituitarism: -

expert neurosurgeon
- 30-40% after 2 years Hypopituitarism
- Conventional > stereotactic

Medical treatment
Significant progress

AE, drug-drug interactions
Lack of long-term data

Bilateral adrenalectomy

Immediate resolution of hypercortisolism

Permanent cortisol & aldosterone deficiency

Corticotroph tumor progression (Nelson’s syndrome): up to 60%
Used when other options failed & in women desiring pregnancy

Clin. Endocrinol. Metab.

thérapy in select |

l—l—l

Pititary surgery* Pitulary surgery

e
Remission ( Persistent disease )
e sy —
ey =
Late night Reoperation if Medical -t Radiation

Saivaty sogeatge —{ M

<
S\ | T el
T \}
i
mgost | \§

I ) ("Partial controlt ) (" Nocontralor)
. € ) &
7 o
e e P
e (CGontro ) (“Necortrol )

Monitor for corticotroph
umor progression. [ &——————————= Biateral adrenalectomy

“Piuiary surgery should be performed by an experienced surgeon;
Absenc of KCTH stainng adenoma.
Lifelong monitoing for ypopturaiem and secondary neopiasia i the radiaton ield

_ [T — _
11

FDA-approved medications

2012

2018 2020 2022
Mifepristone Cortisol-receptor blocker ide LAR Osi L
Pasireotide  iSRL, SSR multiligand iSRL, SSR \hibitor _Steroidogenesis inhibitor

E——————
12
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SO Mechanisms
£ 7 2 3\
Wffﬁ,*l\%
m@t S )
”:@sﬁ?‘ x }7‘ Tumor Targeting ‘
?w@l 52“;‘3‘: "‘Adrenal Steroidogenesis Inhibition ‘
#Cortisol Receptor Blockade ‘

Modified from Fleseriu et al. Pituitary. 2015

13

Pasireotide

= Normal UFC in 40% pts receiving monthly injections
= Milder hypercortisolism predicts biochemical response

= Tumor shrinkage in 40% pts
- Significant residual tumor
- Tumor progression

- Nelson syndrome

= Hyperglycemia in up to 70% pts
* Monitor BG in all patients
= Intensify BG-lowering regimen in patients with DM

14

Cabergoline

Doses from small retrospective studies : 0.5-7 mg/week p.o.

EFFICACY SIDE EFFECTS

Biochemical Control (normal UFC)
= Gl: nausea

= 25-40%
= Orthostatic hypotension

=20-30% escape
= Psychiatric: impulse control disorders
= Valve disease ? (high doses)

Tumor:

=50% cases with shrinkage

Fleseriu et al. Pituitary. 2015
Giraldi and loachimescu. Endocrinol Metab Clin North Am. 2020

15
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Cabergoline in clinical practice

= Mild Hypercortisolism

= Residual tumor growth

® Pregnancy

= Adjunct tx to steroidogenesis inhibitors or SRL

————
16

Adrenal Steroidogenesis Inhibitors

= Ketoconazole

= Levoketoconazole
= Metyrapone
= Osilodrostat

Gucocoricods

Adrenal Steroidogenesis Inhibitors

HYPERCORTISOLISM PRECAUTIONS
= Usually effective after dose titration = Tumor may enlarge
= Clinical changes parallel cortisol levels = ACTH levels usually T

= Precursor build-up

= Risk of corticoadrenal insufficiency

= Drug-drug interactions (CYP3A4 inhibition)
= Hepatotoxicity

= QT prolongation

E——————
18
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Mifepristone

FDA approved to control hyperglycemia secondary to Cushing’s syndrome

CORTISOL EFFECTS PRECAUTIONS
= Improves glucose metabolism = Tumor may enlarge
= Improves clinical manifestations = Hypokalemia

) ) = Excess cortisol binds to the aldosterone receptor
= Effects do not correlate with cortisol
or ACTH levels = Blocks progesterone receptor (abortifacient, risk

= Dose titration based on clinical evaluation of vaginal bleeding)
= Manifestations of adrenal insufficiency
= Require supraphysiologic dose of dexamethasone

ivonello et al. Front Endocrinol (Lausanne]

19

Case 2

45 y.0. M with weight gain, straie and hyperglycemia

- 24-hr UFC 155 pg/day (x3 above UNL)

- serum cortisol after 1-mg dexamethasone: 6.8 ug/dL (normal <1.8)
- serum cortisol 17 pg/dL, plasma ACTH 88 pg/mL (UNL 64)

- Localization studies:

- pituitary MRI: no adenoma

————— Inferior Petrosal Sinus Sampling: no significant central-to-peripheral gradient
————— chest CT scan: 1.9 cm pulmonary nodule; bilateral adrenal enlargement

————— Path: bronchial ACTH+ neuroendocrine tumor

————— Postoperative serum cortisol: 0.8 pg/dL

E——————
20

Ectopic ACTH Cushing’s Syndrome (EAS)

1 Abnormal expression of POMC gene in non-pituitary tumors

(Historically, aggressive pathology with severe hypercortisolism reported
1 Small cell lung cancer

11 Male with rapid progression of hypercortisolism with a catabolic syndrome, muscle weakness and
hyperpigmentation

J Hypokalemia, compression fractures, opportunistic infections
0 Very high ACTH and cortisol levels

O Currently, benign NET reported
() Gradual onset of hypercortisolism similar with pituitary CS

(1 Differentiation requires hormonal dynamic testing and imaging studies

2 All tests should be considered “probabilistic rather than algorithmic”

Hayes & Grossman. Endocrinol Metabl! Clin N Am. 20.

Adriana G. loachimescu, MD, PhD
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Hormone workup in EAS

- Usual screening tests for hypercortisolism
Very high cortisol and ACTH levels in malignant NET

- HDDST: cortisol levels do not suppress

- CRH or Desmopressin administration: ACTH and cortisol levels do not stimulate

- Caveats: well-differentiated NET may express CRH and V1b (V3) vasopressin receptors
- Using multiple tests improves accuracy

- Gold standard: IPSS - lack of central-to-peripheral gradient
Caveats: cyclical hypercortisolism, catheter placement, expert centers

22

ACTH (left) and Cortisol (right) responses

>

gegse

CRH test

8

ACTH (% change)

2 %3

8 E882E

Desmopressin test

ACTH (% change)

o8 s

Frete et al. JCEM. 2020

23

“Needles in a haystack or hiding in plain sight”

- Location
Lung: Neuroendocrine Tumor (25%) > small cell lung carcinoma (20%)
Other: thymus (11%), pancreas (8%), thyroid (6%) and adrenal (5%)
Occult: 25%

- Imaging studies
- contrast-enhanced CT neck and chest
- contrast-enhanced CT/MRI abdomen and pelvis
- Ga-DOTA-somatostatin analogue PET/CT
- FDG-PET if all the above negative
Localizes approx. 65% of NET associated with ectopic CS

Hayes&Grossman. Journal of Neuroendocrinology. 2022

24
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Bilateral adrenalectomy in EAS

1. Life-threatening complications (emergency procedure)
> Median surgical morbidity 15%
> Median surgical mortality 3%
> Medical tx of hypercortisolism should be attempted preoperatively

2. Severe hypercortisolism unresponsive to medical treatment
3. Indolent tumor not found on serial imaging
4. Unresectable indolent tumor

5. Medical therapy not well tolerated

25

Conclusions

= ACTH-dependent CS presentation is heterogenous

= Primary treatment is tumor removal

= Clinical and biochemical monitoring for recurrence is required in all
patients

= Multi-modality therapy is necessary for persistent postop
hypercortisolism or recurrence

= Individualized multidisciplinary management takes into account
= Severity of hypercortisolism, tumor size and location, comorbidities and
fertility

26

Thank you!

27
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Inferior Petrosal Sinus Sampling
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Inferior Petrosal Sinus Sampling (IPSS)

Disclosures
* No commercial interests

knowledge changing life

Inferior Petrosal Sinus Sampling (IPSS)

Objectives

* Explain the role of inferior petrosal sinus sampling in identifying the source
of ACTH in Cushing syndrome

« Describe the anatomy of the inferior petrosal sinuses
* Review the risks of inferior petrosal sinus sampling

knowledge changing life

Marc A. Lazzaro, MC
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Inferior Petrosal Sinus Sampling (IPSS)

Overview
* Venous catheter procedure
« Bilateral inferior petrosal sinus and peripheral venous catheterization

« Series of simultaneous samples for adrenocorticotropic hormone (ACTH) to
assist determining pituitary gland or ectopic source.

knowledge

IPSS Early Description

Selective Venous Samling for ACTH in Cushing’s Syndrome.

« Initial description of reliability of
IPSS in Cushing syndrome

« 10 patients

* 5/6 patients with Pituitary
adenoma and whose IPS could be
catheterized, ACTH ratio to
peripheral was greater than 2.0

« In ectopic source patients, the
ratio was less than 1.5

* Jugular vein sampling was not
diagnostic

IPSS Procedure

* No sedation, local anesthetic for venous puncture
* Bilateral femoral vein access
* Heparinization and heparin flush lines

* Bilateral inferior petrosal sinus microcatheterization

» Simultaneous sampling at times: -5, O, 3, 5, 10, and 30 minutes from DDAVP
* Right IPS
* Left IPS
* Peripheral vein (femoral vein)

Marc A. Lazzaro, MC
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IPSS Procedure

* 6 personnel required for sampling
* Team is paired into 1 scrubbed and 1 non-scrubbed person
* 3 simultaneous samples are drawn by the scrubbed personnel

* The non-scrubbed personnel receive sample, verify time and sample
location, transfer samples to EDTA tubes and place on ice

* One non-scrubbed person assigned to manage clock

knowledge changing lift

Patient Experience

* No sedation

« Local anesthetic used for venous puncture

* May experience brief headache, ear pain, “crunching sound,” flushing
sensation with CRH/desmopressin injection

* 1-2 hour procedure

* 2 hours flat bedrest before discharge

knawledge changi

IPSS Anatomy

V = facalvein, 1V = iaernal
Nore that

Ay oo
i PV = praryngent

Miller DL, Doppman JL. Radiology 1991; 178:37-47

Marc A. Lazzaro, MC
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IPSS Anatomy

IPSS Anatomy

IPSS Catheter venogram

Marc A. Lazzaro, MC
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IPSS Catheter venogram

ACTH stimulation

Shift to DDAVP after Corticorelin became unavailable

BM)

j8al sinus sampling using
D orticotropic-releasing hormone: o
single-center experience

knawledge «

IPSS Prolactin measurement

Prolactin measurement as marker of successful IPS catheterization

« Inferior petrosal sinus to peripheral (IPS/P) prolactin ratio of greater than 1.8
before CRH indicated successful catheterization.

Findling JW, Kehre ME, Raff H. J Clin Endocrinol Metab. 2004 Dec; 89(12):60059

« False-negative IPSS ACTH results have been associated with a prolactin IPS/P
ratio of less than 1.3.

Mulligan GB, et al. Endocr Pract. 2011 Jan-Feb; 17(1):33-40

Marc A. Lazzaro, MC
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IPSS Prolactin measurement

A prolactin-normalized ACTH ratio has been proposed to differentiate Cushing
disease and ectopic source in unsuccessful catheterization

* Normalized ACTH/prolactin IPS/P ratios:
* <0.7 is consistent with ectopic AS
* >1.3 is consistent with Cushing disease
* 0.7 to 1.3 is indeterminate

Sharma ST, Raff H, Nieman LK J Clin Endocrinol Metab. 2011 Dec; 96(12):3687-3694

knawledge cb

Challenges

Catheterization challenges

» Femoral vein access

« Internal jugular vein valve

« Variation in cavernous sinus drainage

Catheter position stability and sampling rate

Specimen handling
 Labeling, transportation, processing, result reporting

IPSS outcomes

Procedural success

* Series of 335 procedures

» Successful inferior petrosal sinus catheterization in 98%
* 0.9% risk of serious complication or death

* Groin hematoma 4%

Miller DL, Doppman JL. Radiology 1991; 178:37-47

Marc A. Lazzaro, MC




2023 Endocrine Surgery &
Neuroendocrine Tumor Symposium

IPSS outcomes

Procedural success
« Series of 327 patients
« Overall technical success rate 88% for bilateral cannulation

* However, nearly 2/3 of technical failures had unilateral sampling that
diagnosed CD

« Lateralization was accurate in only about 50% of patients
* Complications were rare, groin hematoma 2.5%

Deipolyi A et al. Journal of Neurointerventional Surgery 2017,9:196-199

knowledge changing life

Inferior Petrosal Sinus Sampling (IPSS)

Additional potential complications:
* Venous thrombosis
* Hyponatremia due to DDAVP

knowledge changing life

Thank you for your attention.

Marc A. Lazzaro, MD

Associate Professor of Neurology and Neurosurgery
Medical College of Wisconsin

Marc A. Lazzaro, MC
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Objectives
« Discuss operative approaches for adrenalectomy
« Factors to consider in decision-making
* Minimally invasive vs. open approach
« Transabdominal vs. Posterior retroperitoneal
MCW Surgery
knowledge changing Iife

Tracy S. Wang, MD, MPH
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Surgical Options

The surgical paradigm for the treatment of benign primary or metastatic
adrenal neoplasms has shifted.

Traditional: Open adrenalectomy
« Larger incisions, more post-operative pain, longer hospital stays i ' \

Present day gold standard: Minimally invasive adrenalectomy '

« Has proven to be both cost-effective (laparoscopic) and safe.

Multiple choices for approach:
« Transabdominal (anterior) vs. posterior retroperitoneoscopic adrenalectomy
+ Laparoscopic vs. robotic-assisted

MCW Surgery s

knowledge changing life

Indications for Surgery

Functional tumors
« Al patients with a cortisol-producing adenoma (overt hypercortisolism).

JEE——
« I patients with MACS...indication for surgery is more controversial. § 4

I

+ Al patients with pheochromocytomas

« All patients with primary aldosteronism and a unilateral source of aldosterone excess

Malignant tumors (concern for malignancy)

« Any adrenal mass with concerning radiographic characteristics and most lesions 24 cm

* Adrenal metastasectomy should be considered in the case of an isolated adrenal metastatic
lesion.

Bacos . JGEM 301;106(11:3331-3353
MCW Surgery Vip ot al. JAMA Surg 2022:157(10:87087]

knowledge changing life

Guidelines

JAMA Surgery | Original Investigation

American Association of Endocrine Surgeons Guidelines
for Adrenalectomy

" Executive Summary

Neuroendocrine and
Adrenal Tumors e ttrimrry A:._wh-,f""

Thomas 1 Faby i, MD: Tavi 1 McKienzi, MC

Hesther Wachtel MD; Cami Jimenez, MD; Coed Sturgson, M.
Berber, MOD: Gary . MO, PHD,

Verson 12022 2022

NCCH.org

NGON 2072
MCW Surgery Vip et al. JAMA Surg 2022:157(10:870677]
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OPEN vs. MINIMALLY INVASIVE adrenalectomy

AAES Adrenalectomy Guidelines

R7.1. When patient and tumor characteristics are appropriate, we
recommend minimally invasive adrenalectomy over open adrenalectomy

because of improved perioperative morbidity. (Strong recommendation, low-
quality evidence).

R4.2. Regardless of operative approach, we recommend en bloc radical
resection with an intact capsule to microscopicially negative RO margins
because of improved survival. Although open resection is preferred when ACC
is suspected, the choice of operative approach should be based on the
certainty of a complete RO resection without tumor disruption (Strong
recommendation, low-quality evidence

Vip et i, JAMA Sure 2052/157(10)870.677
MCW Surgery
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OPEN vs. MINIMALLY INVASIVE adrenalectomy

* AAES Adrenalectomy Guidelines

* NCCN (2022 guidelines):

Indication Surgical Approach
Primary aldosteronism Adrenalectomy, minimally invasive preferred

(unilateral disease, presumed benign)
Hypercortisolism

<4cm Adrenalectomy

>4c¢m or malignant imaging characteristics Adrenalectomy*

Pheochromocytoma Adrenalectomy, minimally invasive preferred
when safe and feasible

Suspected adrenocortical carcinoma Adrenalectomy, open recommended

* If size is resectable by laparoscopy, may explore using a minimally invasive approach with planned conversion
for evidence of local invasion. The decision for open vs. minimally invasive surgery is based on tumor size
and degree of concern regarding potential malignancy, and local surgical expertise.

34-year old woman
At referring institution for Raynaud’s syndrome and left upper extremity claudication

Had an incidental right adrenal mass identified (on echocardiogram) - CT performed with concern for
liver invasion

Measured 6.9 cm, indeterminate in appearance, washout 14.3% (no HU reported)

Biopsy (referring institution): Pheochromocytoma

Precontrast Delayed Hepatic phase

s -—

Tracy S. Wang, MD, MPH
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34-year old woman with incidentally identified large right adrenal mass
Upon referral, confirmed with biochemical evaluation

Metanephrine: 11.85 (normal, 0.00 - 0.49)

Normetanephrine: 3.44 (normal, 0.00 - 0.89)

Referred to genetics: no mutation identified

10

Open adrenalectomy

« Options for surgical incision
* Midline
*+ Subcostal
Modified Makuuchi (right) / Reverse Makuuchi (left)
Thoracoabdominal

« Potential advantages for Makuuchi incision:
Exposure to upper quadrants and retroperitoneum
Left: splenic attachments
Right: posterior and lateral aspects of triangular ligament
Ruffolo et al. study: no significant diff in hernia rates or
postoperative pain management

knowledge changing life

MCW Surgery Ruffolo LI et al. Surgery 2018;164:1372-1376

11

Minimally invasive adrenalectomy

¥

‘ Which approach? ‘

!

‘ Laparoscopic or Robotic ‘

&

Transabdominal (TA) or Posterior retroperitoneoscopic (PRA) ‘

MCW Surgery

dge changing life
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Transabdominal LEFT Adrenalectomy
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Transabdominal LEFT adrenalectomy

Retractor for S/P | [ camera (10/30) |

Adrenal Gland

Left Adrenal Vein

sper

Left Renal Vein

MCW Surgery Hansse oo, Wan Shackeord's Ao, i

knowledge changing life
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47-year-old woman with incidental adrenal nodules (CT chest during evaluation with COVID symptoms)
Two left adrenal nodules: 2.6 cm (17, 78, and 29 HU on pre-, early post- and delayed contrast images)
and 1.0 cm (8-10 HU) - both consistent with adenoma

Normal metanephrines and normetanephrines

1mg DST: Cortisol 1.9, ACTH 2.0, dexamethasone 258

Repeat 1 mg DST. cortisol 2.2, ACTH <1.5, dexamethasone 232
Salivary cortisol: 5.3, 11.9

1 cm nodule

2.6 cm nodule

15

Tracy S. Wang, MD, MPH
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Left robotic-assisted transabdominal
adrenalectomy

* Patient with incidental 2.6 cm left adrenal nodule

* Biochemical evidence of hypercortisolism secondary to mild
autonomous cortisol excess (MACE)

Transabdominal LEFT adrenalectomy -
ROBOTIC

— i 4
i foboic anm, |
Used sucton o
o

MQW Surgery
17
Transabdominal RIGHT adrenalectomy
oo
Adrenal Gland- I
Colle )' Duodenum
MCW Surgery Hange, Johnson, Wang. Shackelfor's Atas,In pres
18
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Posterior Retroperitoneoscopic Adrenalectomy

MCW Surgery

knowledge changing life
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31-year old woman, an Afghan refugee to Wisconsin

History of hypertension for the past two years and was noted to have hypokalemia (as low as 2.2 mEq/L)
Aldosterone: 56.9
Plasma renin activity: <0.1

Adrenal CT: 2.0 cm LEFT adrenal nodule; right adrenal gland is normal

AVS performed, consistent with left-sided gradient

VG Left AV
Aldosterone 103 11900
Cortisol 165 418
Dopamine <20
Epinephrine 10
p J301
AC ratio | [284

21
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Left laparoscopic posterior
retroperitoneoscopic adrenalectomy

* Patient with history of hypertension and hypokalemia

* Biochemical evidence of primary aldosteronism

+ 2.5 cm left adrenal mass identified on imaging

* Adrenal vein sampling with left-sided gradient and aldosterone excess

31-year old woman, an Afghan refugee to Wisconsin

History of hypertension for the past two years and was noted to have hypokalemia (as low as 2.2 mEq/L)
Aldosterone: 56.9
Plasma renin activity: <0.1

Adrenal CT: 2.0 cm LEFT adrenal nodule; right adrenal gland is normal

AVS performed, consistent with left-sided gradient

IVC Left AV Right AV #1 ]ngh[ AV #2
[Aldosterone 103 11500 57 ]
Cortisol 165 418 198 [207
Dopamine <20 <20 |25
Epinephrine 10 1290 144

301 704 l60%
AT ratio |84 079 77

POSTOPERATIVE FOLLOW-UP:

No longer required antihypertensive medications
OR potassium supplementation

Aldosterone: <4.0

23

Which approach - TA vs. PRA

TA PRA

Advantages + Ability to evaluate abdomen
« Larger working space for larger tumors
Easier to teach

Early visualization of the adrenal vein
Less postoperative pain

Improved cosmesis

No need to reposition patient for
bilateral adrenalectomy

Disadvantages * Risk of incisional hernia + Smaller workplace
* Possibility of increased difficulty in * High retroperitoneal insufflation
patient with previous abdominal pressures, may increase intraocular
operation pressure and decrease cardiac return

Reposition patient for bilateral
adrenalectomy

Contraindications High likelihood of malignancy Inability to tolerate prone position

High likelihood of malignancy

MCW Surgery

24
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Which approach - TA vs. PRA
L oowsmamons

Surgeon Factors * Which technique does the surgeon know how to do / is the surgeon most
comfortable with?
Working relationship with operative team (Anesthesia)
Patient Factors + Patient BMI (particularly at extremes)
Inability to tolerate prone position
Previous abdominal surgery
Posterior adiposity index
+ Depth of subcutaneous adipose tissue and distance between ribs and pelvis

Tumor/Disease + Adrenal pathology / type of hormone secretion
Characteristics  Tumor size
+ Relationship of tumor to renal vasculature, vena cava, or aorta
* Anterior/posterior location of the adrenal relative to the kidney
MCW Surgery

knowledge changing life
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60 year old woman

* Cushing’s syndrome

* No previous abdominal surgery
* 3.1 cm left adrenal nodule

+ BUT:BMI 47.3

26

48 year old woman with metastatic breast cancer

- Brain, CNS, lung metastases

- Previous reconstruction (TRAM)

- Previous hysterectomy

« Adrenal nodule: 2.5 cm
- 1.4 cm one year ago

27
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41-year old woman
At referring institution for chest pain - incidental adrenal mass identified
Adrenal CT: 6.7 cm mass, abuts kidney, but no concern for direct extension
Nonenhanced images: 20 HU
Absolute washout: 43%; relative washout: 28%

Metanephrines: 10.80 (normal 0.00 - 0.49 nmol/L)
Normetanephrines: 15.6 (normal 0.00 - 0.89 nmol/L)

Precontrast Contrast

28

41-year old woman
At referring institution for chest pain - incidental adrenal mass identified
Adrenal CT: 6.7 cm mass

Nonenhanced images: 20 HU

Absolute washout: 43%; relative washout: 28%

Metanephrines: 10.80 (normal 0.00 - 0.49 nmol/L)
Normetanephrines: 15.6 (normal 0.00 - 0.89 nmol/L)

29

41-year old woman
At referring institution for chest pain - incidental adrenal mass identified
Adrenal CT: 6.7 cm mass

Had genetic evaluation - NF1 mutation identified
Currently undergoing evaluation with Neuro-Oncology

Transabdominal adrenalectomy - benign pheochromocytoma

30

Tracy S. Wang, MD, MPH
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Robotic adrenalectomy

MCW Surgery
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Robotic adrenalectomy

lanalysis

abe

Laparoscopic versus robotic adri

enalectomy: A comprehensive meta-

P .
asileios Theocharidis ™, Theodoros N.
[Melanie L. Richards "

S. Mylonas ™, Aliki A. Stamou ",
Sergentanis ", Theodora Psaltopoulou °,

Table 2

Results of the meta-anslyses robotic and Bold cels denote statistically signifcant asociations.
Categorical outcomes 3 (Evmvs (rate, %) OR (95%C) \ Heterogeneity P p-value  Publication bias, p-value

w w

Inraoperative complications 5| se 53 120 (033-438) 1462, 0321 N
Postoperative compiications s | ss o8 (036-131) 0050546 NC
Moral 3| oo 20 042(007-272) 00%,0980 NC
Conversion to aparotomy 7| 22 56 051(021-123) 00% 0981 NC
Conversion to laparoscopy/sparotomy 8| 39 53 073 (032-159) 0.0%,0566 NC
Continuous outcomes Events (mean)
Operative ime (minutes) 3| 7180 16240 1560(.21200 2008 | 77.4% <0001 0284
Lengthof hospital say (days) | 23 288 040(-064t0 -017) | 783%, 0001 0945
Blood loss (i) 9 \\ 7 743 978 (221010 +253,) _00%.0612 N
* Number of study arms; RA: robotic adrenalectomy, LA Iaparoscopic C: not calculable: bold Sanifcance,

MCW Surgery
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International Journal of Surgery 2017;38:95-104.
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Adoption of Robotic Adrenalectomy: A Two Institution Study

of Surgeon Learning Curve

Reagan A. Collins, BA, Tracy S. Wang, MD MPH, Sophie Dream, MD, Carmen C. Solérzano, MD, Colleen M. ki

Background:

« Robotic adrenalectomy (RA) is feasible and

safe yet concerns over increased costs,

operative times, and the learning curve (LC)

have limited its adoption

+ Aim: Assess the LC of the transition to RA for
two senior (Surgeons A and B) and two junior
surgeons (Surgeons C and D)

2 institutions 4 surgeons*

2007-2022 G\ rD

457 adrenalectomies

182 (40%) 275 (60%)
laparoscopic robotic

“one senior and one junior surgeon at each institution

Figure 1. Operative time trends during the transition from
laparoscopic adrenalectomy (LA) to RA for seior surgeons (A and B).

Figure 2. LC trend for RA setting the operative threshold at >180
minutes. Surgeon A achieves proficiency after 8 cases, Surgeon 8
after 29 cases, Surgeon C after 12 cases, and Surgeon D after 11
cases. The surgeon has overcome the learning curve after crossing
the dotted red lne.

T
H

S
$§502023

Results:

RA outcomes (Senior* vs. Jut
Operative Time @
(*106 vs. 106 min)
Complications. A
(*7.1% vs. 2.0%)
Conversions to Open  #'
(*1% vs. 0%) V)

Learning curve of 8-29 procedures to
achieve operative proficiency for RA

« Improved outcomes and operative time
with RA at 2 high-volume centers with 4
high-volume surgeons

Short LC regardless of prior robotic
experience in a structured team learning
environment with proctoring and
mentoring.

MCW Surgery
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Robotic Adrenalectomy: My thoughts

* ADVANTAGES
« Aspects of the surgery are less challenging because of the degrees of freedom and
articulation of the instruments and robotic arms
* RIGHT: mobilization of the triangular ligament, superior extension of the adrenal
gland
« LEFT: inferior border of the adrenal gland
« 3D visualization and magnification
* Surgeon ergonomics -

* DISADVANTAGE
« Have to be mindful of the costs of instruments and what instruments you utilize
« Availability of surgical assistants to allow for teaching at the console
* Bedside assistants
« Dual consoles

MCW Surgery

knowledge changing life
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Conclusions

« Optimal operative approach will vary based on surgeon and each patient
« Use the approach you are most comfortable with
« Be willing to consider use of new technologies!

MCW Surgery

knowledge changing life
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