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Presenter
Presentation Notes
I am in the fortunate position of being an Endocrinologist in a cancer hospital
So I do lots of normal endocrinology but also I spend quite a lot of time seeing patients with cancer and thinking about the acute endocrine problems a amd more chronic late effects of cancr
And I atlka ll day about this, it fascinates me
But I’m also aware that this is the last lecture of a long day and it’s a Saturday and it’s endocrinology!
So I am going to focus on some cases and practical aspects of pataneoplastic syndromes that will hopefully be useful to you
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Presenter
Presentation Notes
Hi I’m Claire Higham
Small Endo Unit, big Cancer hospital
Endocrine effects throughout the patient pathway.
My clinical and research focus
Already had talks on bone and diabetes
Focus on Adrenal and pituitary dysfunction
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Telephone call from Phil, Clinical Scientist

Mrs B   85 yr old lady

“serum cortisol is 85 nmol/l”  (200-600)
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Presenter
Presentation Notes
I am going to start with some basic discussion around cortisol and glucocortcoids, apologies if people know this already
Before Discussing the acute and chronic endocrinopathies that arise as a result of immunotherapy and radiotherapy

This is a very common scenario
I probably get this phone call around once/week.
So I am going to explore my thought process around this
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Is Mrs B’s cortisol normal?:
circadian rhythm of cortisol

Debono et al, JCEM 2009 94: 1548-1554BGS O
nc

oG
er

iat
ric

s 2
019

Presenter
Presentation Notes
So, the first very real possibility is that this is a normal result
These are data taken from healthy individuals who consented to have very frequent monitoring of their serum cortisol levels over 24 hours
And this reflects normal circadian ryhthm
Peak cortisol around 9am declining during day until practically undetectable by midnight
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Presentation Notes
So, the first very real possibility is that this is a normal result
These are data taken from healthy individuals who consented to have very frequent monitoring of their serum cortisol levels over 24 hours
And this reflects normal circadian ryhthm
Peak cortisol around 9am declining during day until practically undetectable by midnight




100

200
300

400
500

serum
cortisol
nmol/l

Is Mrs B’s cortisol normal?:
circadian rhythm of cortisol

Front Endocrinol (Lausanne). 2019; 10: 54. 
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Presentation Notes
Although overall cortisol levels may be higher in the elderly due to decreased feedback at the hippocampal level

So a mid afternoon cortisol of 85 nmol/l in a 85 yr old lady may be a cause for concern

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6374303/
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Is Mrs B unwell?:
cortisol response to hypoglycaemia and

major abdominal surgery 

Plumpton Brit J Surg 1969 56 216 Abdu et al JCEM 1998 84: 838

• Peak cortisol of 20 mcg/dl  = 551 nmol/l predicts an adequate  response to surgery

• Gold Standard for comparing tests of adrenal function – the Short Synacthen Test
(Abdu et al   600 nmo/l)
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Presentation Notes
And so the next question I ask is the clinical context.
Is Mrs B unwell?

The normal response to illness is to increase cortisol levels, which has a number of protective effects, supporting the vascular system, ensuring access to glucose for fuel etc. An inability to increase serum cortisol can lead to signficant problems

These are data from the original studies from the 60’s showing the response in serum cortisol levels to major abdominal surgery. These patients also had an insulin tolerance test, which si the gold standard for testing the HPA axis

These data demonstrated a cut off of 500 nmol/l as an adeqaute stress reponse to cortisol. 
This cut off has been extraopolated to other tests such as the SST.

And so a cortisol of 85 nmol/ is Very abnormal in the context of a sick patient. So if Mrs  B was on the ward with sepsis, for example, we would be worried.



Is Mrs B on glucocorticoid therapy ?
Immunoassay Result

(nmol/l)
Mass spectrometry Result

Hydrocortisone same as 
endogenous
cortisol

300 
nmol/l

same as
endogenous cortisol

300 
nmol/l

Prednisolone cross reactivity 
dependent on 
assay

240
nmol/l

cortisol distinguishable 
from prednisolone

<50 
nmol/l

Dexamethasone no cross 
reactivity

< 50
nmol/l

no cross reactivity < 50 
nmol/l

Inhaled GCs
(fluticasone/ 
beclamethasone/ 
budesonide/ 
ciclesonide)

cross reactivity
dependent on 
assay (usually 
minimal)

no cross reactivity
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Presentation Notes
Although, before we panic that she has adrenal insufficiency
We need to be clear about whether or not she is currently taking any glucocorticoid treatment
And we also need to know how the laboratory are measuring glucocorticoids, most are using immunossays, but increaseingly mass spectrometry.

So, for example, the most common scenario, a patient is taking dexamethasone for an anti-emetic, the dexamethasone will not be picked up in the cortisol assays
And any dose of dexamethasone above 0.75mg is enough to switch off endogenous cortisol production.
The cortisol result will therefore come back as < 50 nmol/l.
The patient however is not cortisol deficient as they have dexamathasone in their system.

The situation is slightly different for prednisolone, as it is more structurally similar to cortisol and therefore it tends to cross react in the cortisol assay. So for a dose of prednisolone sufficient to switch off endogenous cortisol production we would expect an intermediate result on immunoassay

Mass spectrometry however can distinguish between prednisolone and cortisol, ……and therefore the cortisol result would be < 50

And again, we see a number of patients who have a cortisol of < 50 on immunoassay and the reason is that they are on glucocorticoid inhalers, the doses can be big enough to switch off the adrenal glands and provide a sufficient amount of glucocorticoid – these are a t
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Dose equivalence (physiological)
A reminder !

oral prednisolone 3.75-6.25 mg per day
oral hydrocortisone     12.5-15 mg per day
oral dexamethasone    0.75 mg per day

BGS O
nc

oG
er

iat
ric

s 2
019



The Journal of Clinical Endocrinology & Metabolism, Volume 100, Issue 6, 01 June 2015, Pages 2171–2180, 
https://doi.org/10.1210/jc.2015-1218

Has Mrs B recently been on any glucocorticoid 
therapy?
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Presentation Notes
Fairly recent meta-analysis of the chances of becoming hypoadrenal



The Journal of Clinical Endocrinology & Metabolism, Volume 100, Issue 6, 01 June 2015, Pages 2171–2180, 
https://doi.org/10.1210/jc.2015-1218
The content of this slide may be subject to copyright: please see the slide notes for details.

Has Mrs B recently been on any glucocorticoid 
therapy – what about 

inhalers/creams/injections?
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Presentation Notes
Figure 1. Meta-analysis, adrenal insufficiency after corticosteroids use by administration form.

Unless provided in the caption above, the following copyright applies to the content of this slide: Copyright © 2015 by the Endocrine Society



The Journal of Clinical Endocrinology & Metabolism, Volume 100, Issue 6, 01 June 2015, Pages 2171–2180, 
https://doi.org/10.1210/jc.2015-1218
The content of this slide may be subject to copyright: please see the slide notes for details.

Has Mrs B recently been on any glucocorticoid 
therapy – what about 

inhalers/creams/injections?
• high dose/long term glucocorticoids highest 

risk – consider routine testing

• can occur even after low dose, topical Rx
- low threshold for testing if symptomatic

• warn patients of potential risk 
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Presentation Notes
Figure 1. Meta-analysis, adrenal insufficiency after corticosteroids use by administration form.

Unless provided in the caption above, the following copyright applies to the content of this slide: Copyright © 2015 by the Endocrine Society



Key Points
• What was the time of the serum cortisol sample ?

• Is the patient unwell?

• Is the patient currently taking glucocorticoids?
- oral/intra-articular/inhaled/topical

• How is serum cortisol measured in my hospital?

• Has the patient had previous glucocorticoids?
- oral/intra-articular/inhaled/topical
- exclude HPA axis suppressionBGS O
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81 yr old gentleman

Performance Status 1
Medical History

endovascular repair for AAA  aged 70
BP 183/74

Medications
Doxazosin 2mg od, Aspirin 75mg od, Allopurinol 300mg od Finasteride 5mg, Digoxin 125mcg od, 
Pravastatin 40mg od Indapamide 2.5mg od, Carvedilol 12.5mg od, Ramipril 10mg od
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Presentation Notes
2nd clinical case

81 yr old, who had a good performance status
Although a number of co-morbidities
And was found to have a lesion on routine follow up scans for his aneurysm repair



81 yr old gentleman

metastatic melanoma
stage IV M1c

Pembrolizumab mono
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Presenter
Presentation Notes
This was found to be metastatic melanoma 
And he was started on pembroluzimab monotherapy by the melanoma team at the Christie



Monoclonal antibodies targeting
CTLA- 4 , PD-1 and PDL-1

Chang et al Immune Checkpoint Inhibitor-Related Endocrinopathy Endocrine Reviews, February 2019, 40(1):17–65

CTLA-4 inhibits conventional
T-cell activity

some tumour cells express PDL-1
to avoid immune detection 
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Presentation Notes
So just a quick review of the immunotherapies.
In essence these are monoclonal antibodies that block immune checkpoints 
And therefore unleash a t-cell response which then is able to target the tumour
There are 3 main groups of chekpoint inhibitors
Antibodies blocking CTLA -4 
Antibodies blocking PD-1 and its ligand PDL-1

This is great news for the tumour, but the problem with unleashing the T-cell response is that it incerases the chance of  immune related adverse events, such as endocrinpathies, colititis, hepatitis, and a host of others



Adapted from: Chang et al Immune Checkpoint Inhibitor-Related Endocrinopathy Endocrine Reviews, February 2019, 40(1):17–65BGS O
nc

oG
er

iat
ric

s 2
019

Presenter
Presentation Notes
Melanoma was the first 
These agents are now indicated for a number of tumours, and the list seems to be constantly increasing



81 yr old gentleman

metastatic melanoma
stage IV M1c

Pembrolizumab mono
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Presenter
Presentation Notes
So, for our patient, he developed a couple of complications early on with renal impairment and a grade 1 itch that was managed with topical treatment




81 yr old gentleman

• 5 months into treatment
• falls, confusion and tiredness
• admitted to Acute Oncology Unit

BGS O
nc

oG
er

iat
ric

s 2
019

Presenter
Presentation Notes
But he was relatively well until 5 months into his treatment 
When he was admitted to the acute oncology unit at the Christie with 



81 yr old gentleman

• 5 months into treatment
• falls, confusion and tiredness
• admitted to Acute Oncology Unit

• Serum sodium  125 mmol/l  (135-145 mmol/l)
• BP 90/40
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Presenter
Presentation Notes
And a serum sodium of 125 mmol/l and a BP of 90/40
So clearly unwell
And the trick with these patients is that we don’t miss endocrinopathies, as they might not be immediately apparent
In particular we cannot afford to miss cortisol deficiency



SOCIETY FOR ENDOCRINOLOGY ENDOCRINE EMERGENCY GUIDANCE: 
Acute management of the endocrine complications of checkpoint inhibitor therapy.
Higham CE et al Endocr Connect. 2018 Jul;7(7):G1-G7. doi: 10.1530/EC-18-0068BGS O
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Presentation Notes
In view of this a group of us from the Society for Endocrinology and our friendly oncology and acute medicine colleagues produced a guidance about how to manage an acutely unwell patient who has had CKI therapy
And essentially if there is any indication that the patient may be hypoadrenal then it is essential
To take a pre-treatment blood sample for measurement of cortisol and ACTH
And then treat the patient with emergency doses of hydrocortisone – all available in this guidance and other Emergency SfE guidance
There is no need to wait for the cortisol result to come back before giving the H/C, the safest thing is to continue treating as if it is hypoadrenalism until the results are back

https://www.ncbi.nlm.nih.gov/pubmed/29930025
https://www.ncbi.nlm.nih.gov/pubmed/29930025


81 yr old gentleman

• 5 months into treatment
• falls, confusion and tiredness
• admitted to Acute Oncology Unit

• Serum sodium  125 mmol/l  (135-145 mmol/l)
• Serum cortisol   97 nmol/l
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Presenter
Presentation Notes
So in our patient the random serum cortisol was 97 nmol/l
Which, as we have discussed is pretty low in the context of a significantly unwell patient, confirming that he had hypoadrenalism



81 yr old gentleman

• 5 months into treatment
• falls, confusion and tiredness

• admitted to Acute Oncology Unit
• serum sodium  125 mmol/l  (135-145 mmol/l)
• serum cortisol   97 nmol/l
• ACTH < 5ng/ml 
• SST at 18/12  serum cortisol 60 mins: 189 nmol/l

Endocrine Reviews, Volume 40, Issue 1, 03 September 2018, Pages 17–65, https://doi.org/10.1210/er.2018-00006
                

CPI induced hypophysitis
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Presentation Notes
And he had CPI induced hypophysitis
And we knew that because his ACTH which was taken simultaneously with the cortisol was also low
And he had evidence of pituitary enlargement on his MRI, which is indicative of hypophysitis, but does not need to be present to confirm the diagnosis, and it is often transient
His Hydrocortisone was reduced to physiological levels and his cortisol axis was retested at 18/12 and still supressed, and the natural history seems to be that the axes do not recover, and he will require long term hydrocortisone.
Of note his other pituitary hormones were low on admission, but resolved over time, and it can be difficult to know whether that is hypophysitis related or related to endocrine suppression that occurs with acute illness


Hyponatremia
in central adrenal insufficiency is mediated by increased
secretion of antidiuretic hormone (ADH), resulting in
water retention and a decrease in plasma sodium
concentration. This increase in ADH secretion is caused
by increased hypothalamic secretion of CRH, which
stimulates ADH secretion

Imaging:  mild-moderate increase in pituitary size common
Normal imaging does not exclude diagnosis
Very rare for it to cause visual compromise (never seen it) on the optic chiasm
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Presentation Notes
The data suggest that hypophysitis can occur after 2-3 months and up to 19 months 
And also worth noting that many of these toxicities can occur at the same time
So it is important that if a patient has been treated with high dose prednisolone for a colitis, say and then becomes unwell as the steroid is being tapering- to consider hypoadrenalism



Watch out for adrenalitis !

• serum sodium  125 mmol/l  (135-145 mmol/l)
• serum cortisol   97 nmol/l

• treated with high dose hydrocortisone for 3/7
• hyponatremia resolved
• reducing regimen of H/C 10,5,5 mg
• serum sodium 125 mmol/l

Hyponatraemia secondary to nivolumab-induced primary adrenal failure.
Trainer H, Hulse P, Higham CE, Trainer P, Lorigan P.  Endocrinol Diabetes Metab Case Rep. 2016;2016. pii: 16-0108.BGS O
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Presenter
Presentation Notes
Immune related inflammation of  the adrenal gland itself can also occur, 
It is much more rare than hypohysitis
But it is important to distinguish

We reported the first case of nivolumab induced adrenlitis
And essentially our patient presented with fatigue and hyponatremia
He was treated with high dose hydrocortisone for 3 days and the hyponatremia resolved as we would expect
But then on reducing the hydrocortisone his sodium dropped again to 125 mmol/l



https://www.ncbi.nlm.nih.gov/pubmed/27857838


Watch out for adrenalitis !
• serum sodium 125 mmol/l
• serum cortisol  97 nmol/l 
• ACTH   200 ng/ml (0-46)
• plasma renin activity activity

19.8 nmol/l/hr (0.3-2.2)
• aldosterone < 100 pmol/l

hydrocortisone 10, 5 mg
fludrocortisone 100 mg

Hyponatraemia secondary to nivolumab-induced primary adrenal failure.
Trainer H, Hulse P, Higham CE, Trainer P, Lorigan P.  Endocrinol Diabetes Metab Case Rep. 2016;2016. pii: 16-0108.BGS O
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Presentation Notes
And the reason is that he had adrenal failure and not pituitary failure
	Hyponatremia occurs for different reasons in pituitary failure vs adrenal failure
    In pituitary failure the acute drop in ACTH, leads to in an increase in ADH secretion and SIADH, this resolves quickly with H/C replacement
    In adrenal failure the hyponatremia relates to loss of aldosterone from the adrenal gland. During treatment with high dose hydrocortisone, the hydrocortisnone itself has mineralocorticoid activity but as the dose is reduced this is not sufficient and the hyponatremia returns. 
In our patien,also was undetectable, ACTH and Plasma renin elevated and he had evidence of adrenal gland hyperactivity on PET-CT.
Addition of fludrocortisone resolved the hyponatremia and he is currently well


Hyponatremia
in central adrenal insufficiency is mediated by increased
secretion of antidiuretic hormone (ADH), resulting in
water retention and a decrease in plasma sodium
concentration. This increase in ADH secretion is caused
by increased hypothalamic secretion of CRH, which
stimulates ADH secretion


https://www.ncbi.nlm.nih.gov/pubmed/27857838
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median age: 61 yrs
range: 32-92 yrs

BGS O
nc

oG
er

iat
ric

s 2
019

Presenter
Presentation Notes
So the case I presented here represents one of oldest patients we have treated
We now have around 40 patients at the Christie who have had hypoadrenalism as a result of hypo[hysitis/adrenalitis
We know that elderly patients have been underrepresented in clinical trials of immunotherapy, and I couldn’t find any data related to increased risk of endocrinpathies with age
What data there are suggest that the toxicities with immunotherapy are similar across the age range
And we are certainly treating older patients 



• American Society of Clinical Oncology
Brahmer JR et al  J Clin Oncol. 2018;36(17):1714–1768.

• European Society for Medical Oncology                 
Haanen J et al Ann Oncol. 2017;28(suppl_4):iv119–iv142.

• UKONs Initial Management Guidelines

• UK Society for Endocrinology Emergency Guidance 

Available Clinical Guidance

Higham CE et al, Endocr Connect. 2018 Jul;7(7):G1-G7

Version 3 in draft
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So there are now a number of clinical guidance documents for management of immunotherapy toxicities, so you can take your pick- ours is the only endocrine specific one




Areas of Uncertainty

• the use of high dose IV methylprednisolone in hypophysitis/adrenalitis
- minimal evidence of recovery of ACTH axis
- possible excess mortality with high dose IVMP
- possible role if visual compromise/intractable headache

? severe hypoadrenalism

• can immunotherapy be safely continued following endocrinopathy?

• does the development of toxicity relate to better clinical outcomes?

• are toxicities age dependent? 

Emergency management of immune-related hypophysitis: Collaboration between specialists is essential to achieve optimal outcomes.
Cooksley T, Higham C, Lorigan P, Trainer P. Cancer. 2018 Dec 15;124(24):4731. doi: 10.1002/cncr.31789. Epub 2018 Oct 23BGS O
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But there are number of discrepanices between the guidance and unanswered questions
One important area is the use of high dose IVMP for hypophysitis/adrenalitis.
This is the treatment of choice for many of the immune mediated toxicities
But we feel is probably unecessary with hypophysitis. Given that the hypopituitarism does not seem to be reversible and patients can be safely treated for hypoadrenalism with much lower doses
There are also some data to suggest those given high dose methylpred do worse than those 

https://www.ncbi.nlm.nih.gov/pubmed/30351448


Endocrine Reviews, Volume 40, Issue 1, 03 September 2018, Pages 17–65, https://doi.org/10.1210/er.2018-00006

Spectrum of endocrinopathies

BGS O
nc

oG
er

iat
ric

s 2
019

Presenter
Presentation Notes
So hypoadrenalism should not be missed
By thyroid problems are the most common endocrinopathy, and our thryoid clinic is now full of these patients…
The likelihood is different 



Adapted from Pearce EN et al. N Engl J Med 2003;348:2646-2655.

Usual Course of Destructive Thyroiditis

number of weeks
2 4 6 8

• mainly asymptomatic

• TPO and TSHR Ab 
variable
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The most common thyroid abnormality with immunotherapy is a destructive thyroiditis
Sol the th
Tends to follow the same pattern – patients can have disturbingl;y high fT4 and fT3 levels with a switched of TSH but in the main completely asymptomatic 
Over time most patients become hypothyroid requiring replacemem



SOCIETY FOR ENDOCRINOLOGY ENDOCRINE EMERGENCY GUIDANCE: Acute management of the endocrine 
complications of checkpoint inhibitor therapy.
Higham CE, Olsson-Brown A, Carroll P, Cooksley T, Larkin J, Lorigan P, Morganstein D, Trainer PJ; Society for 
Endocrinology Clinical Committee. Endocr Connect. 2018 Jul;7(7):G1-G7BGS O
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There have been reports of Grave’s disease being unmasked by immunotherapy so if a thyrotosic patient is symptomatic or certianly if they have signs of TED this should eb considere
And don’t forget that a low TSH can also be a reflection of hypopituitarism

https://www.ncbi.nlm.nih.gov/pubmed/29930025


Key Points
• Spectrum of endocrinopathy is treatment specific

• Onset can be insidious -low threshold for measurement
9am cortisol and ACTH
TSH and fT4 / fT3

• HPA axis insufficiency can be rapidly fatal
thyroxine replacement can trigger adrenal crisis
all patients on adrenal replacement need 

- sick day rules
- hydrocortisone emergency pack
- Endocrinology reviewBGS O
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82 yr old gentleman

referred with 
• fatigue
• weight gain and reduced concentration
• loss of libido and erectile dysfunction

9am testosterone 3.5 nmol/l (8.4-31)
TFTs:   fT4  14.5 pmol/l (9-22), TSH 0.06 mU/L (0.55-4.78)

on 75mcg of thyroxineBGS O
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The key question when addressing you patient – is do they have neurological symptoms
Because if they do – need urgent treatment- and that’s the same for pretty much all causes of hyponatremia
If not, like john – time to think


The Symptoms of hyponatraemia relate mostly to CNS dysfunction.1,2
Symptoms are dependent on the serum [Na+] and the rate of its decline.
Manifestations of hyponatraemia are more conspicuous when the decrease in serum [Na+] is large or rapid.
The degree of symptomatology exhibited by patients with hyponatraemia may be used a surrogate for the duration of the hyponatraemia, which may be unknown.
In patients with chronic hyponatraemia, symptoms such as stupor and seizures occur less frequently.3
There is evidence from a single hospital study that stupor or coma occurred in only 6% of patients with chronic hyponatraemia compared to 100% with acute hyponatraemia.3
Occurrence of seizures and incidence of mortality was also considerably lower in patients with chronic hyponatraemia compared to patients with acute hyponatraemia.3

Notes references:
Adrogue HJ, Madias NE. N Eng J Med. 2000;342(21):1581-1589.
Ellison DH. Berl T. N Engl J Med. 2007;356:2064-2072. 
Arieff AI, et al. Medicine. 1976;55:121-129.



• squamous cell carcinoma of nasopharynx
• 5,742cGy radical radiotherapy

• Lost to follow-up after 5 yrs (tumour free)

12 years earlier ……
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20

40

60

80

GHD ACTH LH/FSH TSH

• dynamic axis testing 
• mean radiation dose 66 Gy
• mean of 7 yrs post treatment

Pituitary axis dysfunction following
radiotherapy for nasopharyngeal cancer

single axis deficiency
2 axis deficiency
3 axis deficiency
4 axis deficiency
normal

Ratnasingam J et al, Pituitary 2014BGS O
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Key Points

• Radiotherapy dose to adult pituitary gland > 30Gy
- head and neck/nasopharyngeal cancer
- brain tumours (childhood and adult)
- lymphoma/plasmacytoma/sarcoma

• High chance of hypopituitarism up to 20yrs after Rx

• Under - diagnosed and under-screened
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Onco-Endocrinology 

Living With  ……………………….  And Beyond

Cancer

Diabetes 

Electrolyte 
Disorders 

Acute 
Hormone
Dysfunction

Paraneoplastic
Syndrome Bone 

Health

Pituitary
hormone
dysfunction

Hypogonadism
POF 
Infertility

Obesity and
Metabolic
Risk
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