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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/m2
 Cyclophosphamide 7.2 mg/m2
 HD Methotrexate 16 grams/m2
 *Thiotepa 1800 mg/m2
 *Carboplatin 510 mg/m2 
 VCR & VP-16

• Current height is at the 45th %ile
• Mid-parental height is at the 30th %ile

She Feels fine







Growt h Velocit y



INITIAL “SURVEILLANCE” BLO O DW O RK

Ref. Range 25/03/2019 

IGF-1 67 - 407 ug/L 36 

TSH 0.73 - 4.09 mIU/L 0.97

Free T4 10.0 - 17.6 pmol/L 9.6 

LH <4.3 IU/L 15.7 

FSH 0.4 - 4.2 IU/L 53.3 

Estradiol <=239 pmol/L <15 

Cortisol 61 - 349 nmol/L 300



INITIAL “SURVEILLANCE” BLO O DW O RK

Ref. Range 25/03/2019 

IGF-1 67 - 407 ug/L 36 ↓

TSH 0.73 - 4.09 mIU/L 0.97

Free T4 10.0 - 17.6 pmol/L 9.6 ↓
LH <4.3 IU/L 15.7 ↑

FSH 0.4 - 4.2 IU/L 53.3 ↑

Estradiol <=239 pmol/L <15 ↓
Cortisol 61 - 349 nmol/L 300

• GH Deficiency

• Central 
Hypothyroidism

• Premature ovarian 
insufficiency



W HAT PRO PO RTIO N O F CHILDHO O D CANCER SURVIVO RS (CCS) 
DEVELO P ENDO CRINO PATHIES OVER THEIR LIFETIME?

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

 Don’t worry, I won’t try to turn you into Endocrinologists

 I will try to convey the magnitude of endocrinopathies among childhood 
cancer survivors

 I will describe an exposure-based approach to monitoring for late-effects 
with a focus on a select few

 I will provide guidance regarding when to refer, and what to include



W HAT IS THE SINGLE GREATEST EXPO SURE CO NTRIBUTING TO  
SUBSEQ UENT ENDO CRINO PATHY AMO NG CCS?

a) Alkylating chemotherapy
b) Radiation treatment
c) Hematopoeitic Stem Cell Transplant
d) Platinum-based chemotherapy
e) Brain surgery
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W HO  CO O RDINATES ENDO CRINE CARE FO R SURVIVO RS?

a) Family Physicians
b) Internists
c) Oncologists
d) Radiation Oncologists
e) Pediatricians
f) Endocrinologists
g) I haven’t got a clue!!
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CHRO NIC DISEASE O UTCO MES IN  THE CCCS

1 - mild 
2 - moderate 
3 - severe 
4 - life threatening    
      or disabling 
5 - death 



ENDO CRINO PATHIES ARE CO MMO N AMO NG HSCT SURVIVO RS
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EXPOSURES PREDICT EFFECTS



W HAT INFLUENCES LATE EFFECTS?
 Age at Diagnosis

 Primary Tumour Type/Location

 Treatment modalities
 Surgery
 Chemotherapy
 Radiation  Complications of Cancer Therapy

 Hydrocephalus
 Bleeding
 Infection (meningitis, etc.)

 Host environment/genetics



Nandagopal et al, Horm Res 2008

PITUITARY/
THYROID

GONADAL SKELETAL/METABOLIC



Brignardello E, Felicetti F, Castiglione A, et al.: Endocr ine  healt h condit ions in adult  sur vivors of childhood cancer : t he  
need for  specialized adult -focused follow-up clinics. Eur J Endocrinol 168 (3): 465-72, 2013
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PRIMARY RISKS FO R CANCER RELATED ENDO CRINO PATHY

 Radiation (dose? field?)
 Cranial (Hypothalamus/Pituitary)

 Craniospinal (HPA, vertebrae)

 Neck (Thyroid)

 Abdominal (Pancreas)

 Pelvic (Gonads, Uterus)

 Alkylating Agents
 ?Corticosteroids





CRANIAL RADIATIO N THERAPY
 Cell death at time of attempted division (hrs – yrs later)
 Cranial radiation (cumulative dose)

 Spinal radiation
 Spinal shortening
 Scatter to thyroid/ovaries/testicles

18 Gy
• Growth Hormone Deficiency
• Early Puberty

>30-40
Gy

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



ENDO CRINO PATHIES ARE RARELY PRESENT AT THE TIME 
O F BRAIN TUMO UR DIAGNO SIS

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



W HEN DO ES ENDO CRINE DISEASE PRESENT?

• Most  endocr inopat hies develop by 4-5 years aft er  diagnosis
• W indow bet ween diagnosis and Aft erCare  is peak of incident  endocr inopat hy

• Alm ost  all present  wit hin 10 years
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



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.

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.



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

Radiat ion-Relat ed Endocr inopat hies Accrue  For  Years Aft er  Therapy



CASE 2*

Referral:

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

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

*courtesy of Stacey Urbach





1. Treatment Summary
1. Cancer Diagnosis

2. Chemotherapy – Agents and Doses

3. Radiation – Site and Dose

4. Surgery

5. Hematopoietic Stem Cell Transplant
 Myeloablative regimen

2. Individualized Risk Profile



 10 year old girl
 Average-risk medulloblastoma

 Gross Total Resection
 Chemotherapy:

 Cyclophosphamide 16 g/m2

 Cisplatin 600 mg/m2

 Vincristine 31 mg/m2

 Radiotherapy
 2340 cGy to craniospinal axis
 3240 cGy boost to posterior fossa
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Pituitary Peripheral/Systemic

 Growth
 Puberty/Fertility
 Thyroid (Central)
 Adrenal

 Thyroid
 Puberty/Fertility
 Pancreas (endocrine)
 Adipose Tissue
 Lipids
 Bone

ENDOCRINE LATE EFFECTS OF CANCER THERAPY



Pituitary Peripheral/Systemic

 Growth
 Puberty (≠ Fertility)
 Thyroid (Central)
 Adrenal

 Thyroid
 Puberty (≠ Fertility)
 Pancreas (endocrine)
 Adipose Tissue
 Lipids
 Bone

ENDOCRINE LATE EFFECTS OF CANCER THERAPY



GROW TH DISO RDERS



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.

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 in acquired GHD, 
particularly with older onset.

 If possible, obtain pre-diagnosis growth data.
 Monitor for growth deceleration or lack of growth spurt in 

puberty
 Diagnostic “Gold Standard”: Dynamic GH testing.
 Treatment: SC rhGH is safe and effective, particularly if 

initiated when there is substantial remaining growth 
potential (don’t wait!)



GH DEFICIENCY IS TIME AND DO SE DEPENDENT 
AFTER XRT

GH Deficiency

Merchant TE, et al. (2011) J Clin Oncol



Growt h Velocit y

GH 
Replacem ent

Typical Puber t al Growt h 
Spur t

Cranial 
Radiat ion



….. But GH Deficiency isn’t the only contributor to short stature 
after pediatric brain tumours



A TALE O F TW O  BOYS…

 Almost 13 year old male
 Medulloblastoma diagnosed 

1991 (age 4)
 Average risk therapy
 Referred to endocrine for 

poor growth rate
 Height = 150.4 cm Weight = 

45.2 kg

 Testicular volume = 4ml
 Bone age = 12 yrs 6 mnths 

(CA=12 yrs 11mnths)
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CO MPARE THE CASES

 Almost 13 year old male
 Medulloblastoma diagnosed 
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 Almost 13 year old male
 Medulloblastoma diagnosed 

1991 (age 4)
 Average risk therapy
 Referred to endocrine for 

poor growth rate
 Height = 150.4 cm Weight = 

45.2 kg

 Testicular volume = 15ml
 Bone age = 16yrs (CA=12 yrs 

11mnths)

Test icular /Breast  Exam inat ion and Bone Age Assessm ent  are  Essent ial 
Com ponent s of  Rout ine  Assessm ent  of Brain Tum our /HSCT Sur vivors

Rx Growth 
Hormone



CO MPARE THE CASES
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PUBERTAL ASSESSMENT IS MO RE THAN PUBIC HAIR AND PERIO DS

 Girls
 Breast development is first sign of true puberty

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

 Peak growth velocity at onset of breast bud (T2)

 Boys
 Testicular enlargement is first sign of true puberty 

 (4ml = 2.5cm)

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

 Peak growth velocity later in puberty (10 – 12ml = 4cm)



Premature Delayed/Absent
 Psychosocial stigma

 Early epiphyseal closureshort stature

 Psychosocial stigma (esp )

 Failure to attain adult body proportions

 Coronary A. Disease

 Bone mass accrual

 Uterine growth

 May portend future infertility

RAMIFICATIONS OF DISORDERS OF PUBERTAL TIMING



CAUSES O F GROW TH CO MPRO MISE AMO NG SURVIVO RS

Endocrine 

 Defects in GH secretion due to CI/CSI

 Early puberty (early epiphyseal closure)

 Hypothyroidism (untreated)

Non-endocrine
 Direct radiotoxicity at Growth Plates (CSI)

 Chronic Illness

 Glucocorticoids

 Osteoporosis and Fractures (glucocorticoids, MTX)



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. If there are concerns, please refer.  It helps to have Growth Chart, Bone 
Age and IGF-1 in addition to a Treatment Summary. 

W HAT CAN YO U DO ?



THYROID DISEASE AMONG CANCER SURVIVORS



RADIATIO N EXPO SURE AND THYRO ID DISEASE 

• Mantle irradiation

• Cervical XRT

• Craniospinal XRT

• Total Body Irradiation

• Radionuclides (131I MIBG)



THYRO ID LATE EFFECTS

Chematilly W & Sklar C Endocrine Rel Cancer 2010



HYPOTHYRO IDISM

 May be:
 Primary: Thyroid gland
 Central: Hypothalamic/Pituitary
 Both

 Exposures:
 Craniospinal radiation for Brain Tumours
 Neck/Mantle radiation for Hodgkin’s Lymphoma
 TBI prior to HSCT
 (131I-MIBG)

 Dose and time dependent: 



PRO BABILITY O F DEVELO PING HYPOTHYRO IDISM ACCO RDING TO  
RADIATIO N DO SE IN  5-YEAR SURVIVO RS O F CHILDHO O D CANCER.

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

Pay attention to 
the axis

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


PRIMARY HYPERTHYRO IDISM

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

 ?Radiation effects on immune response? (unmask epitopes)

 5% rate in large Hodgkin’s Disease study

 Mean diagnosis 8 years after cancer diagnosis



Fig 2. Cumulative incidence of thyroid disorders. (A) Underactive thyroid and (B) overactive thyroid in survivors 
stratified by treatment exposure. Thin lines represent 95% CIs. *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.
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; Journal of 
Clinical Oncology 2018 362153-2159.

HYPOthyroidism HYPERthyroidism

Central
Central

Primary

Risk Cont inues t o Accrue  O ver  Decades



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 irregular menstrual cycles
 TSH=1.53 (0.5-5) mIU/L

 Free T4=8.3 (10-21) pmol/L

What’s going on?



AND THEN…



THYRO ID CANCER AS A SECO ND PRIMARY 
MALIGNANCY (SPM)

Taylor AJ et al. Int J Cancer 2009
Mulrooney DA et al. Current Treatment Options in Oncology 2008



SECO NDARY THYRO ID MALIGNANCIES AFTER TREATMENT 
FO R CHILDHO O D CANCER

Bhatti et al. Radiat Res. Dec 2010; 174(6): 741–752.. 

Age at treatment for primary 
malignancy

Time since initial radiation 
exposure

Younger children are more 
vulnerable

Risk continues to accrue for 
decades

Peak risk @ 20-25 Gy



LO O K AT THE TREATMENT PLAN



28 Gy



RECO MMENDATIO NS (CO G)

 Yearly TSH in any patients with spinal, chest or neck radiation (add Free 
T4 if CNS involved).

 Palpate the lower neck during routine physical examination

 If any thyroid nodules or cervical adenopathy, ultrasound and refer.
 Routine neck ultrasound is controversial



URBACH’S  APPROACH TO  THE MANAGEMENT O F CHILDHO O D 
CANCER SURVIVO RS

 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
 Keep growth chart during adolescence

 Watch timing of onset of puberty

 Males – testicular size/volume

 Females – breast development

 Follow Thyroid Function and Exam
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