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CASE 1

A 10 yo girl, is seen for an initial consult after moving from a different city where she
completed therapy. Treated at age 6 for AT/RT.

XRT:

* 3600 cGy Craniospinal in 20 Fractions

* 1800 cGy Tumour bed boost in 10 Fractions

* 1440 cGy to Cervical and Thoracic spinal mets in 8 Fractions

Chemotherapy (cumulative doses as per ACNS0333):
Cisplatin 210 mg/m?2

Cyclophosphamide 7.2 mg/m?2

HD Methotrexate 16 grams/m2

*Thiotepa 1800 mg/m?2

*Carboplatin 510 mg/m2

VCR & VP-16

Current height is at the 45t %ile

, e , She Feels fine 4« . g
- Mid-parental height is at the 30t %ile slckKIds
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Mid-parental height: 156.1 cm (81.4 in)
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Height {em)
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178 Mid-parental height: 156.1 cm (61.4 in)
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Height Velocity-for-age Percentiles (Girls, 2.5 to 14.5 years)

Growth Velocit
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Source: Tanner JM, Davies P5, J Pediatr. 1985 Sep;107(3):317-29.
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INITIAL“SURVEILLANCE” BLOODW ORK

Ref. Range 25/03/2019
IGF-1

TSH
Free T4
LH

FSH

Estradiol

Cortisol
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INITIAL“SURVEILLANCE” BLOODW ORK

Ref. Range 25/03/2019
IGF-1
TSH « GH Deficiency

Free T4 « Central

Hypothyroidism
LH

* Premature ovarian
FSH insufficiency

Estradiol

Cortisol
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W HAT PROPORTION OF CHILDHOOD CANCER SURVIVORS (CCS)

DEVELOP ENDOCRINOPATHIES OVERTHEIR LIFETIME?

a) 25%
b) 40%
c) 50%
d) 65%
e) 80%
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OBJECTIVES

® Dont worry,I won? try to turn you into Endocrinologists

= [ wil try to convey the magnitude of endocrinopathies among childhood
cancer Survivors

m [ will describe an exposure-based approach to monitoring for late-eflects
with a focus on a select few

= [ will provide guidance regarding when to refer, and what to include

SickKids



WHAT ISTHE SINGLE GREATEST EXPOSURE CONTRIBUTING TO

SUBSEQUENT ENDOCRINOPATHY AMONG CCS?

a) Alkylatmg chemotherapy

b) Radiation treatment

¢) Hematopoeitic Stem Cell Transplant
d) Platmum-based chemotherapy

e) Bram surgery
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WHAT ISTHE MOST PREVALENT ENDOCRINOPATHY AMONG CCS?

a) Hypothyroidism

b) Infertility

¢) Adrenal Insufficiency (central)
d) Gonadal failure

e) Growth impamrment
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WHO COORDINATES ENDOCRINE CARE FOR SURVIVORS?

a) Family Physicians

b) Internists

¢) Oncologists

d) Radiation Oncologists
e) Pediatricians

f) Endocrmologists
g) Thavent got a clue!!
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CHRONIC DISEASE OUTCOMES INTHE CCCS

moderate
severe

life threatening
or disabling
death

Cumulative Incidence (%)
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ENDOCRINOPATHIES ARE COMMON AMONG HSCT SURVIVORS

30%

25%

20%

15%

10%

Percent with late effect

5% A

v = —m_. W ] . rﬁ

Second Malignant Endocrine Musculoskeletal Gastrointestinal Neurosensory Genitourinary Cardiovascular
Neoplasm Impairment

System impacted by late effect

® Hematologic malignancy treated with HSCT (N=145) OHematologic malignancy treated without HSCT (N=7207)

O Sibling Control Group (N=4020)
| | L
based on Armenian et al. 2011 SICkKIds




EXPO SURES PREDICT EFFECTS
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W HAT INFLUENCES LATE EFFECTS?

® Age at Diagnosis

® Primary Tumour Type/Location

m Treatment modalities
= Surgery

= Chemotherapy

= Radiation e Complications of Cancer Therapy
o Hydrocephalus

O Bleeding

O Infection (meningitis, etc.)

* Host environment/genetics

SickKids



Table 2. Endocrine late effects of childhood cancer therapy: COG LTFUG

] ]
ﬁl Hypo-  Hyper- Thyroid Central Preco- /H,}fb\ Infer- /Guhune Obesity/ Metam Hyper
defi-  thyroid- thyroid- nodule/ adrenal cious gonad- \ tility |mineral hyper- olic syn- |prolac-
ciency ism ism cancer  insufficiency puberty | ism density  lipidemia drome |[tinemia
Cranial irradiation’ + - - + - - + + + +
Total body irradiation + + + + + +
Target organ irradiation
Thyroid? + + -
Gonadal’ + +
Alkylating agents
Non-classical + +
Alkylators - +
Anthracyclines
Heavy metals + + + Dys-
lipidemia
Antimetabolites -
Antitumor antibiotics
IEorticostemids -
Enzymes
Plant alkaloids
Epipodophyllotoxins PITUITARY/ GONADAL |SKELETAL/METABOLIC
Hematopoietic cell THYROID

transplantation

"

\_/

J

| 4

! Cranial irradiation includes: cranial, orbital/eye, ear/infratemporal and nasopharyngeal.
? Thyroid irradiation includes: thyroid, neck, cervical spine, oropharyngeal, supraclavicular, mantle and mini mantle.
3 Gonadal radiation includes: lumbosacral spine, abdomen and pelvis (females) and pelvis and testicular (males).

Nandagopal et al, Horm Res 2008
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Diabetes insipidus
Hyperprolactinemia
Central hypoadrenalism

Any endocrine problems

=i Females HMH Males

GH deficiency - e 14.62 (9.03-21.88) 17.22 (12.01-23.55)

Primary hypothyroidism — |_'—._|"'—‘ 20.77 (14.16-28.76) 15,56 (10.59-21.69)

Central hypothyroidism —lg— 1.54 (0.19-5.45) 278 [0.91-6.36)

Spermatogenesis damage - —— 42,22 (34.91-48.79)

Male primary hypogonadism - —.— 13,33 (8.73-19.19)
Female primary hypogonadism = —t— 21.54 (14.81-28.60)

Hypogonadotropic hypogonadism - \g—| 462(171:978)  500(2.31-9.28)

Low BMD + —_— 17.69 (11.56-25.35)  13.89 (9.19-19.76)

Diabetes mellitus 1,54 (0.19-5.45) 1.67 (0.35-4.79)

0.77 (0.02-4.21) 1.11 (0.13-3.96)
2.31 (0.48-6.60) 1,67 (0.35-4.78)

0.77 (0.02-421) 157 (0.35-4.79)

F—— N

0 10 20 30 40 50 60 70

Figure 6. Prevalence of endocrine disorders at the last follow-up visit, by gender. Copyright © 2013, European Society of Endocrinology.

Brignardello E, Felicetti E Castiglione A, et al.: Endocrine health conditions in adult survivors of childhood cancer:the

need for specialized adult-focused follow-up clinics. Eur JEndocrinol 168 (3):465-72,2013
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Ik Females HEH pales
GH deficiency - e 14.62 (9.03-21.88) 17.22 (12.01-23.55)
Primary hypothyroidism — |_'".—_|"'—‘ 20.77 (14.16-28.76) 1556 (10.59-21.69)
Central hypothyroidism —lg— 1.54 (0.19-5.45) 278 [0.91-6.36)
Spermatogenesis damage —— 42.22 (34.91-49.79)
Male primary hypogonadism - —.— 13.33 (8,73-18.18)
Female primary hypogonadism = —t— 21.54 (14.81-28.60)
Hypogonadotropic hypogonadism - \g—| 462(171:978)  500(2.31-9.28)
Low BMD + —_— 17.69 (11.56-25.35)  13.89 (9.19-19.76)
Diabetes mellitus 1,54 (0.19-5.45) 1.67 (0.35-4.79)
Diabetes insipidus 0.77 (0.02-4.21) 111 (0.13-3.96)
Hyperprolactinemia 231 (0.48-6.60) 167 (0.354.79)
Central hypoadrenalism 0.77 (0.02-4.21) 167 (0.35-4.79)
Any endocrine problems e g 48.46(3961-57.39) 6278 (5527-69.85)
i:'l 1.0 2;3 SID 4.13 5.[! éﬂ ?.'ﬂ

Figure 6. Prevalence of endocrine disorders at the last follow-up visit, by gender. Copyright © 2013, European Society of Endocrinology.

Brignardello E, Felicetti E Castiglione A, et al.: Endocrine health conditions in adult survivors of childhood cancer:the
need for specialized adult-focused follow-up clinics.

Eur JEndocrinol 168 (3):465-72,2013
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PRIMARY RISKS FOR CANCER RELATED ENDOCRINOPATHY

m Radiation (dose? field?)

= Cranial (Hypothalamus/Pituitary)
= Craniospinal (HPA, vertebrae)
= Neck (Thyroid)

= Abdominal (Pancreas)

® Pelvic (Gonads, Uterus)

m Alkylating Agents

m 2Corticosteroids




Hypothalamic-Pituitary and Growth Disorders in
Survivors of Childhood Cancer: An Endocrine Society*
Clinical Practice Guideline

Charles A. Sklar,’ Zoltan Antal,’? Wassim Chemaitilly,® Laurie E. Cohen,*
Cecilia Follin,® Lillian R. Meacham,® and M. Hassan Murad’

1 Clin Endecrinel Metab, August 2018, 103(8):2761-2784
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CRANIAL RADIATION THERAPY

= Cell death at time of attempted division (hrs — yrs later)
= Cranial radiation (cumulative dose)

« Growth Hormone Deficiency
 Early Puberty

18 Gy

» Central Hypothyroidism
» Central Hypogonadism (Hypogonadotropic Hypogonadism)
 Adrenal Insufficiency (Central)

® Spinal radiation

) » ~
= Spinal shortening B mog e
= Scatter to thyroid/ SICkKIds



ENDOCRINOPATHIES ARE RARELY PRESENT AT THE TIME

OF BRAIN TUMOUR DIAGNO SIS

Table 3. Endocring Disordars in All Petients (M = 718)

S-Year Cumulative

Endocring Disorder Prevalence, Mo, (%) Present st Tumor Disgnosis, Mo, [%)® Onsst Year, hMedian [range)f Incidence, % (95% Cl}
Any endocrine disorder 178 (24.8) 22 30) 2.2 40.01-102) 20.9 (156 to 26.7)
Hypathalamic-pituitary dysfunction 138 (189.2 22 3.) 2.5 {0.01-10.2) 15.0 (8.8 to 212}
GH deficiency a0 (12.5) 203 2.5 (0.05-8.4) 11.1 (6.2 to 17.4)
TSH deficiency 66 (9.1) Foa 2.8 {0.02-10.3) 72 3.0t 139
ALCTH deficiency 31 4.3 T (1.0 2.5 (0.01-7.0) 2.9 i0.4 to 10.6}
Precocious puberty 48 (12.2) 10 1.4} 3.1 (0.1-8.8) 4009 to 111}
LH/F5H deficiencys 20 (4.2 1 1.1} 4.5 (0.2-0.5) 1.7 40.0 to 11.7)
ADH deficiency 18 (2.8 12 01.7} 06 60.01-10.2) 1.0040.0 to 112}
Thyroddal hypothyroddism 42 (5.8 — = 1.9 i0.8-9.4) 54(1.8 to 12.5)
Hypergonadoiropic hypogonadism 29 (4.0 — [—] 250603 35106 to 10.8}

Abbreviations: ADH, antidiuretic hommone; ACTH, adrenocorticotropic hommone; FSH, follicle-stimulating hormone; GH, growth homone; LH, luteinizing hommone; TSH,
thyroid-stimulating hormaone.

*Endocrine disorder already disgnosed at primary brain tumor disgnosis.

fOnszet of endocrine disorder after primany brain turmor disgnosis.

£For this cutcome, only CBTS who were age < 8 years (girls) and = 9 years (boys| at brain tumor diagnosis were included {n = 3584).

iFor this cutcome, only CBTS who were age == 12 years (girls) and == 13 years (boys) &t the last follow-up time point were included (n = 481).

Rarely present at diagnosis

| | @
Clement S et al.,, Prevalence and Risk Factors of Early Endocrine Disorders in Childhood Brain Tumor Survivors: A Nationwide, Multicenter Study, J Clin Oncol, 2016 SIck K I d s




WHEN DOES ENDOCRINE DISEASE PRESENT?

Clement Set al,,

Tahle 3. Endocrine Disorders in All Petients (M = T18)

Endocring Disondar

Prevalence, Mo, (%)

Presant &t Turmor Disgnosis, Mo, |[%)®

Onsst Year, hMedian [range)f

S-Year Cumulative
Incidence, % (@5% Cl}

Any endocring disorder
Hypothalamic-pituitary dysfunction
GH deficiency

TSH deficiency

ALCTH deficiency

Precocious puberty#

LH/F5H deficiencys

ADH deficiency

Thyrosdal hypothyrosdism
Hypergonadotropic ypogonedism

178 24.8)
138 (18.2)
a0 2.5
66 [9.1)
31 4.3
48 (12.2)
20 14.2)
19 (2.6)
42 (5.8
28140

2 31)
FE 3
203
7 (1.0}
T 0.0
10 (1.4}
1 0.1}
12 (1.7}
— -
—

thyroid-stimulating hormaone.

*Endocrine disorder already disgnosed &t primary brain tumor disgnosis.
fOnszet of endocrine disorder after primany brain turmor disgnosis.

£For this cutcome, only CBTS who were age < 8 years (girls) and = 9 years (boys| at brain tumor diagnosis were included {n = 3584).

iFor this cutcome, only CBTS who were age == 12 years (girls) and == 13 years (boys) &t the last follow-up time point were included (n = 481).

2.2 {0.00-1002)
2.6 0.01-10.2)
2.6 (0.05-8.4)
2.8 0.02-10.3)
2.5 0.01-7.0)
3.1 {0.1-8.8)
4.5 {0.2-9.5)
0.6 0.01-10.2)
1.9 (0.8-8.4)
26 0.69.2

20.9 (156 to 26.7)

15.0 (9.8 to 212}

11.1 {62 to 174}
7230t 139
2904 to 1006}
4009 to 111}
1.7 0.0 to 111}
1.0010.0 to 112}
5418 to 125}
35 (0.6 to 1008}

Abbreviations: ADH, antidiuretic hommone; ACTH, adrenocorticotropic hommone; FSH, follicle-stimulating hormone; GH, growth homone; LH, luteinizing hommone; TSH,

Most endocrinopathies develop by 4-5 years after diagnosis

* Window between diagnosis and AfterCare is peak of incident endocrinopathy

Almost all present within 10 years

Prevalence and Risk Factors of Farly Endocrine Disorders in Childhood Brain Tumor Survivors: A Nationwide, Multicenter Stud

, J Clin Oncol, 2016
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W GHD (n = 262)
~ LH/FSHD (n = 21)
" TSHD (n =8)
B ACTHD(n=1)
H ¥ (n=26)
HE (n=13)
HHE(nh=3)
HE(h=2)

Il (n=1)
HBHEnh=1)
HENE(MNh=10)
HBEN(n=2)
HEMN(h=6)
BEENE0Nn=1
BT NN (nh=14)

Fig 1. Overlap among anterior pituitary deficiencies after cranial radiotherapy. ACTHD, adrenocorticotropic hormone
deficiency; GHD, growth hormone deficiency; LH/FSHD, luteinizing hormone/follicle-stimulating hormone deficiency; TSHD,
thyroid-stimulating hormone deficiency. Reproduced with permission.3 Copyright © 2015 American Society of Clinical

Oncology. n | ®
Wassim Chemaitilly; Laurie E. Cohen; Sogol Mostoufi-Moab; Briana C. Patterson; Jill H. Simmons; Lillian R. Meacham; Hanneke M. van Santen; Charles A. Sklar; Journal of Clinical Oncology 2018 362153-2159. Ic I s



Radiation-Related Endocrinopathies Accrue For Years After Therapy
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[ | n w
Clement Set al., Prevalence and Risk Factors of Farly Endocrine Disorders in Childhood Brain Tumor Survivors: A Nationwide, Multicenter Study, J Clin Oncol, 2016 SICk Klds



CASE 2%

Referral:

“Please see this 16 year-old young woman, h/o bram tumour @ age 10,
treated at CHEO, now moved to Toronto.”

Recently attended a Cancer Survivors’ group and 1s wondering whether
she she needs Endocrine follow-up?”

| | e
*courtesy of Stacey Urbach SICk Klds



W _h:j_1;.'5 WrongiWith This;Bickure?

N L i (L™ # I'-I
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1. Treatment Summary

1.  Cancer Diagnosis
Chemotherapy — Agents and Doses
Radiation — Site and Dose

Surgery

A i

Hematopoietic Stem Cell Transplant

L Myeloablative regimen
[

2.  Individualized Risk Profile

SickKids



= 10 year old girl

= Average-risk medulloblastoma
= GrossTotal Resection

= Chemotherapy:
= Cyclophosphamide 16 g/m?
= Cisplatin 600 mg/m?
= Vincristine 31 mg/m?

= Radiotherapy

= 2340 cGy to craniospinal axis

= 3240 cGy boost to posterior fossa

SickKids



= 10 year old girl

= Average-risk medulloblastoma
= GrossTotal Resection

= Chemotherapy:
= Cyclophosphamide 16 g/m?
= Cisplatin 600 mg/m?
= Vincristine 31 mg/m?

= Radiotherapy

= 2340 cQGy to craniospinal axis

= 3240 cGy boost to posterior fossa
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ENDOCRINE LATE EFFECTS OF CANCER THERAPY

Pituitary

Growth
Puberty/Fertility
Thyroid (Central)
Adrenal

Peripheral/Systemic

Thyroid
Puberty/Fertility
Pancreas (endocrine)
Adipose Tissue
Lipids

Bone

SickKids



ENDOCRINE LATE EFFECTS OF CANCER THERAPY

Pituitary

Growth

Puberty (# Fertility)
Thyroid (Central)
Adrenal

Peripheral/Systemic

Thyroid

Puberty (# Fertility)
Pancreas (endocrine)
Adipose Tissue
Lipids

Bone
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GROW TH DISORDERS
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M GHD (n = 262)
~ LH/FSHD (n = 21)
W TSHD (n =8)
B ACTHD (n=1)
H ¥ (n=26)
HE (n=13)
HHE(n=3)

B HEnh=2)

Il (n=1)
HEh=1)

B NN (h=10)
HENIh=2)

B EN({h=06)
BEENE(Nh=1)
HEENEh=14)

Fig 1. Overlap among anterior pituitary deficiencies after cranial radiotherapy. ACTHD, adrenocorticotropic hormone
deficiency; GHD, growth hormone deficiency; LH/FSHD, luteinizing hormone/follicle-stimulating hormone deficiency; TSHD,
thyroid-stimulating hormone deficiency. Reproduced with permission.3 Copyright © 2015 American Society of Clinical
Oncology.

| u &
Wassim Chemaitilly; Laurie E. Cohen; Sogol Mostoufi-Moab; Briana C. Patterson; Jill H. Simmons; Lillian R. Meacham; Hanneke M. van Santen; Charles A. Sklar; Journal of Clinical
Oncology 2018 362153-2159.



GH DEFICIENCY

® Short stature may not be apparent m acquired GHD,
particularly with older onset.

® [fpossible, obtam pre-diagnosis growth data.

= Monitor for growth deceleration or lack of growth spurt in
puberty

® Diagnostic “Gold Standard”: Dynamic GH testing.

m Treatment: SC rhGH 1s safe and eflective, particularly 1f
mitiated when there 1s substantial remaming growth
potential (don’t wait!)

SickKids



GH DEFICIENCY ISTIME AND DOSE DEPENDENT

AFTER XRT
16 - w10 Gy == 40 Gy
14 - = 20 Gy 50 Gy
. 30 Gy == 60 Gy
- 124
E
o 10 -
=
I 8-'- - D - D - [ ) —_
S 6
© GH Deficiency
a 4 - —
0.
2_.
0 12 24 36 48 60
Time (months)

[ | ®
Merchant TE, et al. (2011) J Clin Oncol SICkKIds



Growth Velocitz

Height Velocity-for-age Percentiles (Girls, 2.5 to 14.5 years)

|10CI %. 100 % | Zoom In | Zoom Qut

Velogity (cmiyr)

12

10

Typical Pubertal Growth 5
Spurt

’
. Age (years)

Cranial
Radiation

GH
Replacement

{akpur) Ayootan

16

Source: Tanner JM, Davies P5, J Pediatr. 1985 Sep;107(3):317-29.
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.....But GH Deficiency 1sn't the only contributor to short stature
after pediatric bram tumours

SickKids



ATALEOFTWO BOYS...

= Almost 13 year old male

= Medulloblastoma diagnosed
1991 (age 4)

= Average risk therapy

m Referred to endocrine for
poor growth rate

m Height = 1504 cm Weight =
45.flll<g gh

m Testicular volume = 4ml

= Bone age = 12 yrs 6 mnths
(CA=12 yrs 11mnths)

Almost 13 year old male

Medulloblastoma diagnosed
1991 (age 4)

Average risk therapy

Referred to endocrine for
poor growth rate

Height = 150.4 cmm Weight =
45.flll<g gh

Testicular volume = 15ml

Bone age = 16yrs (CA=12 yrs
1 Imnths)

SickKids



COMPARETHE CASES

= Almost 13 year old male = Almost 13 year old male

= Medulloblastoma diagnosed = Medulloblastoma diagnosed
1991 (age 4) = 1991 (age 4)

= Average risk therapy = Average risk therapy

m Referred to endocrine for = Referred to endocrine for
poor growth rate poor growth rate

= Height = 150.4 cm Weight = = Height = 150.4 cm Weight =
45.ﬁglll<g e 45 'églll(g i

m Testicular volume = 4ml

= Bone age = 12 yrs 6 mnths
(CA=12 yrs 11mnths)

Rx Gthh~

Hormone

Testicular/Breast Examination and Bone Age Assessment are Essential . " B s
Components of Routine Assessment of Brain Tumour/HSCT Survivors SICkKIds



MICHP-A®N

—“IQ-mSs

COMPARETHE CASES

2 to 20 years: Boys NAME
Stature-for-age and Weight-for-age percentiles RECORD #
12 13 14 15 16 17 18 19 20 A 1
Mother's Stature _______Father’s Stature —+ AIGiE - 'Hg' e ——temd-in-| Ctua
Date Age Weight Stature BMI* (YEARS) 76
1904
190t 74 Adult
201854 s
’;’_'18 +72q 3 .
5% Lo~  Height
A e 5*
*To Calculate BMI: Weight (kg) + Stature (cm) + Stature (cm) x 10,000/ S
or Weight (Ib} + Stature (in) + Stature (in) x 703 = A - - R
— LA E .
in femtT—F—3—4—/—5—F/—6—FT7—/—8—/—9—T10T11 i Pr d
o BEZ7 ojecte
62 ALY Q—P
+155 = 15 s
60 XAV A [-60-1 Adult T
F150 = &7 27 150 A
s 145 . ’ll i & H . T
=5 B u
“"tiao = = = 10542304 elg}lt R
54 7z : § E
1135 ~ =~ 10042204
>2% 130 ALAL 4—os54210-
—50- P /4 P
-125 —
a8 ’I 1 1 o
120 B AT =
" 15 e -
IRAE IRT At 2
42105 2 v’ Z E
403 = — 7 7 ! w
+1004— AL 7 :
| A 7 EE I|E
1A = ~ = G
Pl - -~ H
s = 7 T
|- ‘,‘E' A7 %0
) 552
L~ = 704 w
2 a8 ol o :
25+
=z 501 G
== e 204 H
—— 401 T
T 15-:_30_
A . AGE (YEARS) kg [T

2 38 4 5 6 7 8 © 10 11 12 13 14 15 16 17 18 19 20

Published May 30, 2000 (modified 11/21/00}.
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PUBERTAL ASSESSMENT IS MORETHAN PUBIC HAIRAND PERIODS

= Grrls

® Breast development i1s first sign of true puberty

= Onset between 8 and 13 yrs (mean 10.5 yrs)

m Peak growth velocity at onset of breast bud (T2)
= Boys

m Testicular enlargement 1s first sign of true puberty

(4ml = 2.5cm)

= Onset between 9.5 and 13.5 yrs (mean 11.5 yrs)

m Peak growth velocity later in puberty (10 — 12ml = 4cm)

SickKids



RAMIFICATIONS OF DISORDERS O F PUBERTALTIMIN G

Premature Delayed/Absent
=  Psychosocial stigma = Psychosocial stigma (esp &)
= Farly epiphyseal closure=»short stature = Failure to attain adult body proportions

= CoronaryA. Disease

= Bone mass accrual

=  Utermme growth

= May portend future infertility

SickKids



CAUSES OF GROWTH COMPROMISE AMONG SURVIVORS

Endocrine

m Defects in GH secretion due to CI/CSI

= Farly puberty (early epiphyseal closure)
= Hypothyroidism (untreated)

Non-endocrine

= Direct radiotoxicity at Growth Plates (CSI)
= Chronic Illness

® Glucocorticoids

= Osteoporosis and Fractures (glucocorticoids, MTX)

SickKids



WHAT CAN YOU DO?

1. Look at growth trajectory every 6-12 months

= Use the Growth Velocity curves in EHR-> you will see patterns much more clearly

2. Follow pubertal status—>breast and testicular volume, not just pubic
hair

3. Ifthere are concerns,please refer. It helps to have Growth Chart, Bone
Age and IGF-1 m addition to a'Treatment Summary.
SickKids
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THYROID DISEASEAMONG CANCER SURVIVO RS
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RADIATION EXPOSUREAND THYROID DISEASE

* Mantle rradiation

* Cervical XRT

* Craniospmal XRT

* Total Body Irradiation

 Radionuclides (1*'I MIBG)

SickKids




THYROID LATE EFFECTS

Table 4 Therapy-related complications affecting the thyroid

Relationship to time, dose to the thyroid
when applicable, and available cumulative

Complication Therapy-related risks incidence data
Hypothyroidism Radictherapy to neck '*'|-labeled Hodgkin's lymphoma survivers: cumulative
agents such as MIBG incidence 28%, reaches 50% for doses
=45 Gy over 20 years
40-80% within 2 years of exposure
Hyperthyroidism Radictherapy o neck Doses =35 Gy, cumulative incidence 5% owver
25 years 3
Autoimmune disease HSCT By transfer of abnomal clones of B- or T-cells e ) ] ! l' ol
from donor to host _ Imelli-Tronie~
Cancer Radictherapy o neck Doses up to 20-29 Gy range. Cumulative i .
incidence 1824 GLOW IN THE DARK

Fatients treated < 10 years of age at higher risk . !
Median latency exceeds 20 years el |
ol E"l'd:&'ll.:"dl?!'ﬁp‘l!al"i.

RADIOACTIVE HOMER

"-MIBG, iodine-131-metaiodobenzylguanidine; HSCT, hematopoietic stem cell transplantation.

Chematilly W & Sklar C Endocrine Rel Cancer 2010
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HYPOTHYROIDISM

= May be:
® Primary:Thyroid gland

= (Central: Hypothalamic/Pituitary
= Both

= FExposures:
= Craniospmal radiation for Brain Tumours
= Neck/Mantle radiation for Hodgkins Lymphoma
= TBIprior to HSCT
= (BILMIBG)

= Dose and time dependent:

SickKids



PROBABILITY OF DEVELOPING THYROIDISMACCORDINGTO
RADIATION DOSE IN 5-YEAR SURVIVORS OF CHILDHOOD CANCER.

-
- = = 35Gy

e — 3510 4499 Gy

-

= 45 Gy

Proportion Not Affected
=]
8

0.25 4

0.15 A
0.10
0.05

Q EI I'u 1'5 11:[] 1:5 EID\ Pay attention to
Time Since Diagnosis (years) the axis

Sklar C,Whitton J, Mertens A, Stovall M, Green D, Marina N, Greffe B, Wolden S, Robison L: Abnormalities of the Thyroid in Survivors of - . ®
Hodgkin's Disease: Data from the Childhood Cancer Survivor Study. J Clin Endo Metab 85 (9):3227-3232, September 1,2000 Ic I s



https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0012407

PRIMARY HYPERTHYROIDISM

m Radiation is major risk factor
= Thyroid dose > 35-40 Gy

® 7Radiation effects on immune response? (unmask epitopes)
m 5%rate m large Hodgkins Disease study

= Mean diagnosis 8 years after cancer diagnosis

SickKids



Risk Continues to Accrue Over Decades

HYPOthyroidism HYPERthyroidism
A B
— Radiation exposure —_ Thyroid radiation dose
=R 601 Thyroid = 20 Gy (n = 1,802) 3 10 - 240 Gy (n = 705)
8 50 HP = 40 Gy (n = 545) 8 0to <40 Gy (n =11,386)
c Both (n = 259) Primary c 87 %
D . D
- 40 Neither (n = 9,370) * =
‘o * ITH .
£ 30 =
o * g 4-
S 201 Central =
= Central S o
£ 101 =
= — =
= 0 o 0 -
1 I 1 1 1 1 I 1 I 1 1 1 1 I
5 10 15 20 25 30 35 5 10 15 20 25 30 35
Time Since Primary Cancer Time Since Primary Cancer
Diagnosis (years) Diagnosis (years)

Fig 2. Cumulative incidence of thyroid disorders. (A) Underactive thyroid and (B) overactive thyroid in survivors
Stratified by treatment exposure. Thin lines represent 95% Cls. *P < .01 for comparison versus the non—high-risk
exposure group. HP, hypothalamic pituitary. Reproduced with permission.4 Copyright © 2016 American Society

of Clinical Oncology. L u %
Published in: Wassim Chemaitilly; Laurie E. Cohen; Sogol Mostoufi-Moab; Briana C. Patterson; Jill H. Simmons; Lillian R. Meacham; Hanneke M. van Santen; Charles A. Sklar; Jour
Clinical Oncology 2018 362153-2159.



CASE 4

* Almost 16 year old female

* Medulloblastoma diagnosed 1991(age 4)

» Treated with average risk therapy (surgery, chemo and
radiation (35Gy)

» Referred to endocrine for rregular menstrual cycles
o TSH=1.53 (0.5-5) mIU/L

e Free T4=8.3 (10-21) pmol/L

What’s gomg on?

SickKids



ANDTHEN...
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THYROID CANCERAS A SECOND PRIMARY

MALIGNANCY (SPM)

Table 2. Standardized incidence ratios (SIR) of second and subsequent malignant neoplasms in the
Childhood Cancer Survivor Study (CCSS) cohort

Second/subsequent malignancy SIR (95% CI) Median time to occurrence
(years)

All second/subsequent malignancies 6.4 (5.7-7.1) 11.7
Acute myeloid leukemia 7.9 (3.6-15.0) 6.1
Lymphoma 1.5 (0.80-2.6) 13.8
Central nervous system tumor 9.9 (6.9-13.63) 9.5
Breast cancer 16.2 (12.2-20.8) 15.7
Bone cancer 19.1 (12.7-27.7) 9.6
Soft tissue sarcoma 6.3 (4.3-8.9) 10.6
_Th{roid cancer 11. 3_? 2-15.3) 13.3
elanoma 4.0 (2.4-6.3) 14.6
All other cancers 4.0 (3.1-5.2) 13.9

Adapted with permission from Meglia et al. [45==].
Cl—confidence intervals; SIR—standardized incidence ratio.

Taylor AJet al. Int J Cancer 2009 - = P
Mulrooney DA et al. Current Treatment Options in Oncology 2008 Ic I s



SECONDARYTHYROID MALIGNANCIES AFTERTREATMENT

FOR CHILDHOOD CANCER
Peak risk @ 20-25 Gy
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Age at treatment for primary Time since initial radiation
malignancy exposure
Younger children are more Risk continues to accrue for
vulnerable decades

[ | n L
Bhatti et al. Radiat Res. Dec 2010; 174(6): 741—758IckKIds



LOOKAT THETREATMENT PLAN
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RECOMMENDATIONS (COG)

® Yearly TSH 1n any patients with spinal, chest or neck radiation (add Free
T4 if CNS mvolved).

m Palpate the lower neck during routme physical examination

® [fany thyroid nodules or cervical adenopathy, ultrasound and refer.

m Routine neck ultrasound is controversial

SickKids



URBACH’S APPROACHTO THE MANAGEMENT OF CHILDHOOD

CANCER SURVIVORS

= We are doing a good job curing cancer, but care of these patients is lifelong

= Survivors of childhood cancer are numerous and the population is growing

= Understand who is at risk for endocrine complications of cancer therapy
= Radiation
= Alkylating agents

= Utilize exposure-based surveillance for Endocrine late effects

= Treatment Summary

= Individualized Risk Profile

= Follow growth and puberty closely in all patients
m  Keep growth chart during adolescence
= Watch timing of onset of puberty
= Males — testicular size/volume

= Females — breast development

= Follow Thyroid Function and Exam Si ckKid§
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