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    Background      
 Immune checkpoint inhibitors have demonstrated benefi t in 
the treatment of cancer, but are associated with toxicities, 
which often require treatment with glucocorticoids.    

 Aims      
 We aimed to determine the prevalence of glucocorticoid use 
in patients treated with immune checkpoint inhibitors for 
melanoma in a single centre.    

 Methods      
 We performed a retrospective review of patients with advanced 
melanoma treated with an immune checkpoint inhibitor 
between September 2010 and January 2017. Patients treated 
with glucocorticoids had a cumulative dose and duration of 
glucocorticoid treatment calculated. New onset hyperglycaemia 
was also identifi ed.    

 Results      
 Of 412 patients receiving immune checkpoint therapy, 157 (38%) 
required glucocorticoids to treat toxicities. The median cumulative 
glucocorticoid dose was 2,795 mg (prednisolone equivalent) with 
a median duration of 61 days. Twenty-seven patients receiving 
glucocorticoids were noted to develop new onset hyperglycaemia.    

 Conclusions      
 Immune-related adverse events frequently occur in patients 
treated with immune checkpoint inhibitors. Consequently, 
patients receive prolonged courses of glucocorticoids. 
Awareness of glucocorticoid-induced side effects is required.   
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   Introduction 

  Immunotherapy 

 Immunotherapy with immune checkpoint inhibitors (ICPI) 

has led to a paradigm shift in the management of a number 
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of malignancies, including melanoma, renal cell carcinoma 

and non-small cell lung cancer (NSCLC).  1,2   ICPIs promote T-cell 

activation and can lead to an improved overall survival compared 

to chemotherapy.  1,2   Monoclonal antibodies blocking both the 

cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) and 

programmed cell death-1 (PD-1) / programmed cell death ligand-1 

(PD-L1) pathways are now approved for the treatment of several 

cancers, and have emerged as first line therapy for metastatic 

melanoma, as well as having benefit in the adjuvant setting.  3,4   

 However, the alterations of the immune system through 

immunotherapy can result in toxicity, termed immune-related 

adverse events (IRAEs).  5,6   ICPI-induced IRAEs affect many 

organ systems, however, some of the most commonly affected 

organs include the gastrointestinal tract, skin, liver and endocrine 

glands.  5,7   Consequently, common side effects of ICPI treatment 

include colitis, rash, hepatitis and endocrinopathies.  7–9   

 Among those with melanoma, combination therapy with 

ipilimumab and nivolumab resulted in the greatest overall survival 

rate as compared to either agent alone, however, over half of 

the patients (59%) developed grade 3 or 4 adverse events.  10   

In contrast, treatment with a single ICPI resulted in a lower 

proportion of patients developing IRAEs.  10   Comparisons of 

anti-PD-1 antibody treatment against anti-CTLA-4 antibody 

treatment also indicate the anti-PD-1 antibodies have a lower 

percentage of grade 3 or 4 adverse events (22% in patients 

treated with nivolumab compared to 28% in patients treated 

with ipilimumab), while there are also differences in the pattern of 

adverse events between the CTLA-4 and PD-1 inhibitors.  10,11   

 With the exception of endocrinopathies, most IRAEs are 

reversible with early detection and appropriate treatment.  7   

Although the specific management for each toxicity varies, in 

general there is consistency in treating the IRAEs depending on 

the severity. Grade 1 IRAEs are typically managed with supportive 

measures and close monitoring while continuing ICPI therapy.  7,12   

Grade 2 IRAEs are usually managed by withholding ICPI therapy 

and initiating oral steroids with the dose tapered down over 

subsequent weeks.  7,12   In grade 3 and 4 IRAEs, ICPI therapy should 

be suspended with permanent discontinuation considered, while 

high-dose corticosteroids should also be commenced, with the 

dose tapered down over subsequent weeks.  7,12   In the case of 

endocrinopathies, ICPI therapy can frequently be continued 

but appropriate hormone replacement therapy should be 

commenced, although occasionally high doses of corticosteroids 

are also required, for example in the case of significant pituitary 

enlargement.  12   
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difficult to quantify.  18,19   The total number of days of corticosteroid 

treatment and the total amount of corticosteroid as prednisolone 

(or equivalent) was calculated, giving a cumulative corticosteroid 

exposure. Due to prolonged glucocorticoid treatment, some 

patients developed adrenal suppression and subsequently required 

physiological replacement doses of glucocorticoids or developed 

adrenal insufficiency due to an endocrinopathy. Therefore, 

glucocorticoid doses of 5 mg or less (prednisolone equivalent) 

administered for replacement were not included when calculating 

cumulative corticosteroid exposure. If a patient received more 

than one course of corticosteroids then all courses were included 

to calculate the duration and cumulative dose, in order to 

give an accurate assessment of total exposure. Use of topical 

glucocorticoids were not included in this analysis. 

 Laboratory records were also checked to determine new onset 

hyperglycaemia; defined as a random glucose >11.1 mmol/L in 

patients without pre-existing diabetes. Random laboratory venous 

glucose readings routinely obtained at outpatient visits and prior 

to the administration of each cycle of immunotherapy were 

utilised to detect hyperglycaemia, as this was representative of 

clinical practice.  

  Statistical analysis 

 To assess distribution of the corticosteroid dose and duration, 

the D'Agostino–Pearson normality test was performed, with 

median values obtained. To compare duration and dose of 

corticosteroid treatment between patients who developed new-

onset hyperglycaemia with patients who remained euglycaemic, 

a Mann–Whitney U test was performed (p<0.05). To compare 

baseline glucose values between patients who developed new 

onset hyperglycaemia and patients who remained euglycaemic, 

an unpaired t-test was performed (p<0.05). All statistical analyses 

were performed using GraphPad Prism Software version 5.0 

(GraphPad Software, San Diego, USA). For descriptive statistics, 

functions such as ‘COUNTIF’ and ‘SUM’ within MS Excel 2016 

(Microsoft, Redmond, USA) were used.   

  Results 

  Prevalence of corticosteroid use 

 Four-hundred and twelve patients received treatment with ICPIs 

for metastatic melanoma. The median age was 59 years, with 

229 males (56%) and 183 females (44%). Two-hundred and 

eighty-six patients (69%) received anti-CTLA-4 antibody 

treatment, 69 patients (17%) received anti-PD-1 antibody 

treatment and 57 patients (14%) received treatment either 

sequentially or in combination with both anti-CTLA-4 and 

anti-PD-1 antibodies. Of the initial 412 patients, 157 patients 

(38%) received oral or intravenous corticosteroids greater than 

5 mg prednisolone equivalent directly for IRAEs, while 103 patients 

(25%) received corticosteroids for oncological or other purposes, 

most frequently due to cerebral metastases. The remaining 

152 patients (37%) were documented not to have received oral 

or intravenous corticosteroids for any purpose (Fig  1 ).  

 Of the 157 patients, two were treated entirely outside our 

institution so no details of dose were available. Among the 

remaining 155 patients receiving corticosteroids for IRAEs, the 

median duration was 61 days, with a maximum duration of 

974 days and a minimum duration of 3 days (Fig  2 a). The median 

 While corticosteroids are generally the first-line treatment for 

reversing inflammation due to immunotherapy, increasingly 

other disease-modifying drugs are used, such as infliximab or 

mycopheleate mofetil.  13   Despite this, high doses of corticosteroids 

are often required, which exposes patients to the associated risks 

of glucocorticoid-induced diabetes and osteoporosis.  14,15   

 This study therefore audited a cohort of patients treated with 

ICPIs for melanoma to determine the prevalence of glucocorticoid 

use, the dose and duration of therapy used and development of 

glucocorticoid-induced hyperglycaemia.   

  Methods 

  Study population 

 In this retrospective audit, patients treated with one or more ICPIs 

for advanced melanoma at the Royal Marsden Hospital (RMH) 

between September 2010 and January 2017 were included for 

analysis. All data pertaining to ICPI treatment and corticosteroid 

treatment was collected until April 2018, to account for patients 

with ongoing treatment. Approval for this study was obtained 

from the Royal Marsden Clinical Audit Committee.  

  Data collection 

 Through analysis of the medical records on the RMH electronic 

patient record (EPR), all 412 patients were assessed for treatment 

with glucocorticoids. Relevant data was extracted and recorded in 

an audit tool, in the form of an MS Excel spreadsheet. 

 All patients prescribed oral or intravenous glucocorticoids were 

identified and the indications for glucocorticoid administration 

were determined by analysing their medical case notes. For 

patients where glucocorticoids were administered for melanoma 

progression such as cerebral metastases or spinal metastases, 

this was noted but the cumulative corticosteroid exposure was 

not calculated. However, for patients where glucocorticoids 

were administered to treat an IRAE, this was recorded and the 

cumulative corticosteroid exposure was also calculated. 

 Due to limitations with the case documentation available 

regarding corticosteroid doses and adjustments to treatment, the 

following assumptions were made when collecting the data. 

  > On occasions where a patient was admitted to hospital for 

intravenous corticosteroid treatment with methylprednisolone 

and the dose administered was not recorded, it was assumed 

that a dose of 1 mg/kg was given in accordance with 

guidelines.  12,13    

  > Where the glucocorticoid dose was tapered down but exact 

dates and doses were not documented, it was assumed the 

dose was tapered down at even time intervals by 5 mg per 

interval, in line with standard clinical practice.  

  > Where patients received corticosteroid treatment, it was 

assumed this was for IRAEs unless explicitly mentioned that the 

corticosteroids were for other indications.    

 As several different corticosteroids were used to treat IRAEs 

across patients, all corticosteroid doses were converted into a 

prednisolone equivalent, based on the relative potencies and 

pharmacodynamics of each corticosteroid.  16,17   Where budesonide 

was prescribed, this corticosteroid dose was excluded due to the 

low systemic absorption of budesonide, as although there may 

be sufficient absorption to result in adrenal suppression, this is 
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cumulative corticosteroid dose was 2,795 mg prednisolone 

equivalent, with a maximum cumulative dose of 24,254 mg and 

a minimum cumulative dose of 25 mg (Fig  2 b). Prednisolone was 

the most commonly used steroid, although methylprednisolone, 

dexamethasone and hydrocortisone were also used (Fig  2 c).  

 Fifty-six patients received more than one course of 

corticosteroid, defined as a course that was tapered down and 

stopped, then recommenced.  

  Glucose monitoring and new onset hyperglycaemia 

 Of the 157 patients receiving corticosteroids for IRAEs, 144 

(92%) patients had a random blood glucose measurement at 

the initiation of corticosteroid treatment or within the month 

prior to starting corticosteroids. The majority of these patients 

had further glucose monitoring during their treatment, mostly in 

the outpatient setting although some patients also had glucose 

monitoring during admissions to hospital as inpatients. Four 

patients had no further glucose monitoring and for a further 

three patients, assessment of glucose monitoring could not be 

made due to transfer of care to other hospitals. After excluding 

seven patients with pre-existing diabetes and those for whom 

data regarding further glucose monitoring was not available, 130 

patients’ records were analysed for new onset hyperglycaemia. 

Just over one-fifth (27) of these 130 patients were noted to 

develop new onset hyperglycaemia, while the remaining 103 

patients had no measured glucose levels greater than 11.1 mmol/L.  

  Factors predicting hyperglycaemia 

 For patients receiving corticosteroids for IRAEs, a significant 

difference was found between the average pre-treatment 

glucose value in patients who developed glucocorticoid-

induced hyperglycaemia compared to those who did not. The 

mean pre-treatment glucose value in patients who developed 

hyperglycaemia was 6.7 mmol/L in comparison to the mean 

pre-treatment glucose value of 5.8 mmol/L for patients who did 

not develop subsequent hyperglycaemia (p=0.001; Fig  3 a).  

 A significant difference was also found in the median dose 

and duration of corticosteroid treatment between patients who 

developed hyperglycaemia and those who did not. The median 

cumulative corticosteroid dose (as prednisolone equivalent) in 

patients who developed hyperglycaemia was 5,631 mg compared 

to a median cumulative corticosteroid dose of 2,200 mg in 

patients who did not develop hyperglycaemia (p<0.0001; 

Fig  3 b). The median duration of corticosteroid treatment in 

patients who developed hyperglycaemia was 124 days compared 

to a median duration of 52 days in patients who did not develop 

hyperglycaemia (p<0.0001; Fig  3 c).   

  Discussion 

  Prevalence of glucocorticoid use 

 In this audit, 38% of patients received oral or intravenous 

corticosteroids greater than 5 mg prednisolone equivalent directly 

for IRAEs. This is similar to a retrospective analysis conducted 

at the Memorial Sloan Kettering Cancer Centre, where 35% of 

patients treated with ipilimumab for melanoma received systemic 

corticosteroids for IRAEs.  20   In a systematic review, Garant  et al  

evaluated observational studies where patients were administered 

 Fig 1.       Number of patients treated with corticosteroids (n=412) . 
IRAEs = immune-related adverse events.  
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 Fig 2.       Corticosteroid use.  a) Duration of corticosteroid treatment for 

patients receiving glucocorticoids due to immune-related adverse events. 

 b) Cumulative dose of corticosteroid received by patients being treated for 

immune-related adverse events.  c) Number of patients receiving each type 

of corticosteroid. Many patients received more than one different type of 

corticosteroid and hence the total number exceeds the number of patients 

receiving corticosteroids.  
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 The cumulative dose and duration of corticosteroid 

administration for IRAEs was often much greater than more 

typical clinical indications for corticosteroid use. Patients receiving 

corticosteroids for common medical conditions such as chronic 

obstructive pulmonary disease and rheumatoid arthritis typically 

require 2–4 weeks of corticosteroid treatment, with a cumulative 

corticosteroid dose well below 500 mg prednisolone equivalent. 

In such instances, the guidelines do not necessitate monitoring 

for glucocorticoid-induced complications due to the short-term, 

low-dose corticosteroid treatment. However, in a condition 

such as temporal arteritis, for example, patients can receive 

corticosteroids for up to 1 year or more, with the cumulative 

corticosteroid dose potentially reaching in excess of 10,000 mg 

prednisolone equivalent. National guidelines recommend risk 

assessments and appropriate monitoring for side effects of steroid 

use, especially hyperglycaemia and osteoporosis, particularly with 

more prolonged courses, and this data highlights the importance 

of such screening in patients requiring glucocorticoids for 

management of the toxicities of checkpoint inhibitor therapy in 

cancer.  

  Hyperglycaemia 

 The results of this study demonstrated a high rate of new onset 

hyperglycaemia occurring in response to corticosteroid treatment. 

The results of this study also showed that patients who developed 

hyperglycaemia had a higher mean glucose value at corticosteroid 

initiation compared to those who did not develop hyperglycaemia. 

However, other markers of pre-existing hyperglycaemia such 

as glycated haemoglobin were not routinely monitored in this 

cohort. Patients who developed hyperglycaemia also received a 

higher median cumulative dose and duration of corticosteroid 

compared to those who did not develop hyperglycaemia. 

Despite a statistically significant difference in the pre-treatment 

glucose values between patients who developed new onset 

hyperglycaemia and patients who did not, it is unlikely that this 

finding will be of significant clinical utility, given the large range 

of baseline glucose values and the overlapping of values between 

the new onset hyperglycaemia group and the normoglycaemia 

group. However, it does highlight the importance of assessing 

pre-treatment glucose metabolism to identify those at the highest 

risk of hyperglycaemia. Similarly, while a statistically significant 

difference was found in both the median cumulative corticosteroid 

dose and median corticosteroid duration between patients who 

developed hyperglycaemia and patients who did not, highlighting 

the need to focus screening on those needing the highest doses, 

(although this may not be known at the start of treatment), 

consideration needs to be given to screening all patients 

receiving glucocorticoids for the development of hyperglycaemia, 

pending better predictive biomarkers. The prompt detection 

of hyperglycaemia is even more important given that it is now 

emerging that a presumed immune-mediated form of diabetes, 

resembling type 1 diabetes can rarely occur following inhibition 

of the PD-1 pathway.  23,24   In this study we did not collect detailed 

data about outcomes in the patients with hyperglycaemia, so 

cannot rule out the possibility that hyperglycaemia in some 

patients may have been a direct result of the checkpoint 

inhibitor. However, as we only screened those patients receiving 

corticosteroids, they would likely have contributed to the degree of 

hyperglycaemia even if any patients had developed diabetes as an 

immune-related adverse event. 
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 Fig 3.       Comparisons of patients that developed glucocorticoid-induced 
hyperglycaemia and those who did not.  a) Comparison of the pre-

treatment random glucose values; mean ± standard error of mean. 

 b) Comparison of cumulative corticosteroid dose (as prednisolone equiva-

lent); median and interquartile range (IQR).  c) Comparison of duration of 

glucocorticoid treatment; median and IQR.  

corticosteroids for IRAEs following ICPI therapy.  21   While the 

proportion of patients receiving corticosteroids for IRAEs varied 

slightly between the studies, corticosteroids were generally 

prescribed for around one-third of patients, comparable to the 

results observed in this audit.  21,22   

CMJv20n2-Morganstein.indd   166CMJv20n2-Morganstein.indd   166 3/6/20   4:33 AM3/6/20   4:33 AM



© Royal College of Physicians 2020. All rights reserved. 167

Glucocorticoid use after checkpoint inhibitors  

 The study has a number of strengths. Firstly, this study audited 

a large sample size of patients. Secondly, the results of this audit 

were based upon data covering 7 years, meaning the findings are 

not affected by any short-term variations in either clinical practice 

or in the patient cohort that may have arisen. Thirdly, there was 

consistency in the method of data collection as all data was 

collected by one author. 

 However, there are two main limitations to this audit. Firstly, 

this audit only reviewed the practice at a single centre and more 

specifically, a single team looking after melanoma patients. 

However, the proportion of patients receiving glucocorticoids 

was similar to two other studies, suggesting the results are likely 

to be generalisable. Secondly, many of the results obtained in 

this audit are likely to be underestimates of the true values. We 

have not analysed use of topical glucocorticoids or those, such 

as budesonide, with reduced systemic absorption, while use of 

glucocorticoids initiated locally prior to transfer to the specialist 

centre have also not been included. Likewise, we have not assessed 

use of topical glucocorticoids, although these can be used, for 

example, in mild skin reactions, and can at times be associated 

with systemic effects. Thus, the cumulative glucocorticoid dose 

and duration are likely to be under-represented. However, as the 

reported doses are large, this further strengthens the need for 

careful management of side effects of glucocorticoid exposure. 

In addition, as the diagnosis of hyperglycaemia was made on 

the basis of elevated random blood glucose levels obtained 

during routine clinic visits, it is possible that the frequency of 

hyperglycaemia is an underestimate. A more targeted approach, 

particularly using self blood glucose monitoring may have shown 

the true incidence to be even higher, although we cannot rule out 

the possibility of stress hyperglycaemia due to acute illness as a 

contributor in some patients   

  Conclusion 

 The use of ICPIs for the treatment of cancer is growing. Until 

recently, the use of corticosteroids in oncology was mainly for 

short durations or in the palliative care setting. However, patterns 

of corticosteroid use are changing due to the widespread use 

of ICPIs, and a proportion of patients obtaining a durable 

clinical benefit. Nevertheless, this does mean that the third 

of patients who will require corticosteroids for IRAEs are at 

increased risk of developing glucocorticoid-induced complications 

such as hyperglycaemia and osteoporosis. In the absence of 

prospective studies and biomarkers to determine the optimal 

toxicity management strategy, current expert consensus 

guidelines stipulate a stepwise approach starting with high dose 

corticosteroids in the first instance and escalating to additional 

immunosuppression if needed. Future clinical trials which 

incorporate targeting selective inflammatory cytokines to ‘switch 

off’ toxicity are desperately needed. However, in the interim, it is 

important for all those involved in treating patients with immune 

checkpoint inhibitors, but especially oncology teams, to introduce 

robust pathways to screen patients requiring corticosteroids for 

hyperglycaemia and osteoporosis and follow national guidelines 

for the management of these complications. ■     
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