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Immunotherapy Toxicity in the ICU 
Special Guest: Heather May, PharmD, FCCM, BCPS, BCCCP 

 

What type of immune-system primer do we need to understand the discussion 
today? 

§ Think about a picture we’ve seen where a half-moon shaped T cell is presenting 
a Y-shaped T-cell receptor to an antigen of some kind.  

o These antigens are expressed on everything from our own tissues to 
bacteria to tumor cells 

§ Signal 1 is the connection made between the T cell receptor and the antigen 
o What’s often forgotten is Signal 2: A connection that is happening at the 

same time as to determine if a T cell becomes activated or inactivated 
§ This second signal involves another receptor on the T cell binding to a molecule 

on the antigen presenting cell that either: 
o Signals T cell activation, which is what we want when bodies are fighting 

off illness or eliminating mutated cells that are cancer precursors OR 
o That signal can cause the T cell to be permanently inactivated (or 

tolerant) 
§ T cell inactivation occurs to maintain homeostasis, checks and 

balances, to make sure we don’t have uncontrolled cell 
proliferation in our immune system 

§ When a T cell meets an Antigen Presenting Cell (APC), 2 signals occur: 
o One of those involves either co-stimulatory or co-inhibitor signaling 

§ Chimeric Antigen Receptor T cell (CART) and Immune Checkpoint Inhibitor 
(ICI) therapy fall under the umbrella of immunotherapy 

§ Basic concept of immunotherapy is that we are arming an individual’s immune 
system to fight their cancer.  
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§ Source: Macleod M, et al. Antigen-based immunotherapy for autoimmune and allergic disease. Current Opinion 

in Pharmacotherapy. 2015; 23: 11-16.  
 
How do Chimeric Antigen Receptor T cells work? 
§ In CART therapy, a patient’s own T cells are harvested and then bioengineered 

to express a T cell receptor that is designed to recognize and bind specific 
tumor antigen with a high affinity 

§ They also express a co-stimulatory signal 2 domain (CD28 or 4-1BB) that 
interacts with corresponding molecules on tumor cells to cause T cell activation 
and proliferation 

§ Patients are pre-treated with lymphodepleting chemotherapy, then these 
bioengineered T cells are infused.  

o These CART cells are called “effector cells” 
o Once activated they migrate to and kill tumor cells by releasing cytotoxic 

granules and proteins 
§ Sometimes CART is referred to as “immune-effector cell therapy” 

§ 2 FDA approved products Kymriah (Tisagenlecleucel) and Yascarta 
(Axicabtagene ciloleucel) 

o Currently being used to treat Acute Lymphoblastic Leukemia and 
refractory B-cell lymphomas, but indications are expanding rapidly 

o 2 more agents may be approved in the upcoming year 
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What adverse effects from this therapy are more likely to put patients in the 
ICU?  
§ The 2 most common toxicities specific to CART therapy: 

o Cytokine release syndrome (CRS) 
o Neurotoxicity or immune-effector cell associated neurotoxicity syndrome 

(ICANS) 
§ Additional adverse effects that commonly occur: 

o Infection 
o Sepsis 
o Critical-illness complications such as Hemophagocytic 

lymphohistiocytosis (HLH) 
 
When does CRS occur post CART infusion? How acutely do these patients 
present? 
§ CRS is an exaggerated inflammatory response caused by excessive cytokine 

release as a result of T cell activation 
§ CRS typically occurs within 1-2 weeks of CART cell infusion, though 

symptoms typically start shortly after the CART infusion 
o Median time to onset for Kymriah in the JULIET trial was 3 days 
o Median time to onset for Yascarta in the ZUMA-1 trial was 2 days 

§ Hallmark feature of CRS is fever 
§ Other symptoms include: 

o Tachypnea, headache, tachycardia, hypotension, and rash 
§ Can vary in severity 

§ Symptoms are described using a grading system ranking them from 1-4 
o Grade 2 includes fever, hypotension not requiring vasopressors, or low-

flow nasal cannula O2 for respiratory support 
o Grades 3-4 will bring the patient to the ICU 

§ Includes vasopressor support, high-flow nasal cannula, or non-
invasive positive pressure ventilation 

§ Symptoms take approximately 7 days to completely resolve 
§ Recently, the grading system has been agreed upon by the ASTCT 

o Hard to harmonize the incidence of each grade from the existing 
literature 

§ Results from real-world trials indicate that grades 3-4 CRS occur in 10-18% of 
patients 
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§ The rate of progression isn’t something well-described in trials 
§ Anecdotally, some patients decompensate acutely 

o So, it’s important to be prepared 
§ Many patients will experience grades 1-2 on the general care floor for days and 

never warrant ICU transfer 
§ Others may be transferred because of concomitant ICANS (with CRS) or 

suspect CRS will imminently progress 
 
Are certain patients more likely to experience CRS? 
§ Data isn’t robust 
§ Results from secondary analysis of larger trials and some smaller studies 

suggest there are a few characteristics that increase CRS risk: 
o Higher CART cell dose 
o Greater tumor bulk 
o Older age 
o Type of lymphodepleting chemotherapy (specifically fludarabine) 
o Patients with more baseline comorbidities 

 
Do you prepare for these adverse effects from CART regardless if risk factors 
are present or not? 
§ Protocols are in place for transfer 

o Many centers have worked up treatment protocols 
o Good communication networks between the Hematology and ICU team 

§ Different places likely prepare different ways 
§ Part of being able to do CART therapy is demonstrating to accrediting bodies 

that you can handle and are ready for these side effects 
 
Are there biomarkers that can help identify CRS, since it may mimic other 
presentations? 
§ There is currently no pathognomonic indicator of CRS 
§ A helpful tool can be cytokine studies, if your center has capacity to do them 

and run them regularly 
o Levels of IL-2, IL-6, IL-10, interferon gamma, and TNF alpha have all 

been shown to be elevated in the context of CRS 
§ Of the tests that are more widely available: 

o Increased ferritin and/or CRP is common 
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o CRP is correlated with IL-6 and abrupt elevations in either could indicate 
underlying CRS 

§ There are ongoing studies looking at the use of procalcitonin to differentiate 
sepsis and CRS 

§ Use biomarkers and laboratory data in combination with the context of the 
larger clinical picture to assist in diagnosis 

 
What is the treatment once we’ve identified or suspected that a patient has 
CRS? 
§ Treatment is largely determined by the CRS grade 
§ No official guideline recommendations 
§ MD Anderson made their treatment protocol available on their website 
§ CCM Review paper outlines framework for supportive care 

o That includes fluid resuscitation, vasopressors, diuresis as needed 
§ The targeted and FDA approved first-line treatment is tocilizumab 

o Tocilizumab is a monoclonal antibody targeting soluble and membrane-
bound IL-6 to reverse the symptoms of CRS 

o Dose: 8 mg/kg indicated for patients experiencing Grade 3 CRS and 
above 

§ Real-world data suggests we are giving it earlier and earlier, often 
in patients with Grade 2 CRS to prevent progression 

• 1 pending trial looking at optimal timing of treatment 
§ The CART REMS program mandates that an institution must have 2 doses of 

tocilizumab for every patient receiving CART 
§ Tocilizumab can be given up to 3 times 

o However, if a patient fails to improve after 2 doses, will look to rescue 
agents 

§ Rescue agents include: 
o Siltuximab – monoclonal antibody that binds IL-6 
o Anakinra – IL-1 receptor antagonist 
o Corticosteroids 

§ Some initial concern that corticosteroids might suppress CART cell replication 
and negatively impact patient outcomes 

§ Recent data suggest that short courses do not affect tumor response rates or 
CART cell expansion 

o Makes sense since we have a hyperinflammatory pathway from CRS 
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§ Ongoing research looking at the effect of earlier corticosteroid use on the 
incidence of toxicities 

o Early indicators suggest it could decrease rates of advanced CRS 
§ Still learning about the optimal timing, dose, and duration of corticosteroids 
§ In reality, will work up CRS and infection concurrently 

o Mayo Clinic research describes that 80% of patients will receive 
treatment antimicrobials 

§ 90% of those patients received expanded empiric antibiotic 
coverage upon ICU transfer 

§ A study by Park and colleagues in CID showed that over 40% of 53 patients 
experienced an infection within the first 30 days 

o Most were bacterial, but fungal infections also occurred in this early time 
period 

o This small study suggested there is a correlation between the severity of 
CRS grade and presence of infection 

§ Particularly bacteremia 
§ While we may strongly suspect CRS it is important not to neglect a sepsis 

work-up, these 2 things may be occurring simultaneously 
§ Want to ensure you have local protocols in place to help providers be 

comfortable ordering them, nurses hanging them, and pharmacists being able to 
get the medication ready quickly and safely 

§ Always maintain open communication with the Hematology team when making 
these decisions 

 
The other severe adverse effect from CART therapy is neurotoxicity. When 
does this commonly present how do the symptoms range in severity? 
§ Neurotoxicity, or ICANS, is a truly unique toxicity 
§ It can present in the early phase, concurrently with some grade of CRS 
§ There is also a delayed presentation that may develop as far as 8 weeks after 

CART cell infusion 
§ Symptoms usually start with tremor or dysgraphia (poor and illegible 

handwriting) as well as mild difficulty with speech (difficulty naming objects) 
o These can progress to expressive aphasia, a hallmark symptom of ICANS 
o Can also be inattentive, lethargic, and apraxia (understand a command 

but are unable to use their motor skills to complete the task) 
o Encephalopathy is a dominant feature 
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§ Severe toxicity can lead to seizures, elevated ICP and cerebral 
edema which is often fatal 

§ Sometimes the neurotoxicity can look like hypo- or hyperactive delirium, 
specifically when patients have a depressed level of consciousness 

o But it will typically contain a unique feature like the dysgraphia or 
aphasia 

§ The ASTCT developed a standardized grading system that evaluates speech and 
motor function, orientation, levels of consciousness and attentiveness, and 
findings from brain imaging 

o Available via BBMT (journal) or mobile application with an easy-to-use 
grading calculator 

§ Real-world trials are describing slightly different frequencies of advanced-grade 
toxicity that would be managed in the ICU setting 

o This is relative to the Phase III trials that led to its approval 
§ Grade 3-4 ICANS includes severe aphasia, inability to follow commands, 

evidence of seizures, brain swelling, and coma 
o Occurs in about 30-40% of patients 
o Some abstract data report surprisingly low rates around 4% 

§ Neurology team should be consulted early in these patients 
 
Do we know why neurotoxicity, or ICANS, occurs after CART cell therapy? 
§ The mechanism of ICANS is still a bit of mystery 
§ The best educated guess: 

o Cytokines such as IL-6 accumulate in the brain perhaps as a result of 
CART cell trafficking into the CNS 

§ Some evidence that higher grades of CRS predispose patients to ICANS 
§ Due to the frequency and severity, a lot of effort is being made to better 

understand it 
 
Are there patient-specific risk factors for neurotoxicity? 
§ Older patients 
§ Baseline cognitive impairment 
§ Tumor burden and CART cell dose 
§ Patients experiencing a higher-grade CRS 

o Can experience both ICANS and CRS simultaneously 
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Can you treat ICANS similarly to CRS since they are complications from the 
same treatment? 
§ Treatment for ICANS follows a different pathway 
§ Tocilizumab is not the ICANS treatment of choice, would only be indicated if 

CRS is also present and progressing towards a higher grade 
o Tocilizumab may actually worsen ICANS symptoms by leading to higher 

circulating blood levels of IL-6 which can cross the BBB 
o Ultimately, more research is needed here  

§ Corticosteroids are the mainstay of treatment 
o Similar to CRS there are no universally accepted guidelines for treatment 
o Starting doses are dexamethasone 4-6 mg every 6-12 hours once early 

symptoms appear 
o Often these doses increase to 10mg IV q6hr when ICU is required 
o Some centers administer a 1g methylprednisolone per day for the most 

severe toxicities 
§ Will often switch steroid formulations due to poor tolerability of 

dexamethasone at the equivalent dose 
§ Some centers initiate seizure prophylaxis, but this isn’t done everywhere 

o The Mayo Clinic initiates levetiracetam 500mg q12hr and increase the 
dose to 1g if ICANS symptoms are severe 

§ Early brain imaging is also key if patients are decompensating 
o Want to catch the cerebral edema early, because it can often be fatal 

§ There are no specific recommendations for ICANS-associated cerebral edema, 
seizures, or status epilepticus 

o Treatment centers usually follow their existing protocols for these 
symptoms 

 
Where are most of these patients receiving CART therapy located in the 
hospital? 
§ They will be kept close to the treatment center particularly in the first 30 days, 

but could be even longer post-infusion  
§ Most patients will be given specific instructions about where to receive 

treatment if they believe they are experiencing a complication or symptoms 
requiring a medical work-up 

o Patients could be instructed NOT to go to the ED, but rather contact an 
on-call provider if at any point they experience concerning symptoms 
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§ At this point, patients receiving CART therapy won’t be found in hospitals that 
aren’t providing this therapy 

§ Since CART therapy is considerably extending life expectancy, you may 
encounter a more remote history of CART toxicity 

o Could be experiencing another medical emergency unrelated to CART 
therapy 

o There are cases of delayed neurotoxicity or other chronic complications 
such as hypogammaglobulinemia and infections 

§ Will always want to contact their primary hematology provider or the treatment 
center regardless of the patient’s chief complaint 

 
What are some examples of immune checkpoint inhibitors (ICI)?  
§ Fundamentally these agents are antibodies, so they end in -mab 
§ But nothing exists to help differentiate ICI from already available such as 

rituximab or infliximab 
§ There are 5 FDA approved ICIs for indications spanning hematologic and solid 

tumors 
o Most recognizable include: Keytruda (pembrolizumab) and Yervoy 

(ipilimumab) 
§ There are thousands of ongoing clinical trials looking at these and other 

compounds 
§ All of us in the ICU/ED are likely to encounter patients on these drugs 
 
How do ICIs work and how are they different from traditional 
chemotherapy? 
§ Traditional chemotherapy work through different mechanisms of direct 

cytotoxicity that kills cancer and healthy cells alike 
§ The 2nd signal between T cells and antigen-presenting cells (APC) that can 

stimulate or inactivate T cells 
o ICIs block co-inhibitor molecules (such as CTLA-4 and PDL1) 
o More of a patient’s own T cells can be activated and proliferate to fight 

their cancer 
§ ICIs prevent the downregulation of immunity 

o Aren’t a form of immunosuppression like we think of chemotherapy as 
being 

o ICIs enhance the immune system, which is why they are immunotherapy 
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What are some adverse effects from immune checkpoint inhibitors? What is 
the mechanism behind these adverse effects? 
§ They are called immune-related adverse events or irAEs 

o Inflammatory side effects that result from over-activation of the immune 
system 

§ Almost any organ system can be affected 
o Most commonly think of GI tract, endocrine glands, skin, liver, lungs, 

heart, CNS, musculoskeletal system, and bone marrow 
§ The irAEs most likely to encounter in the ICU are: 

o Pneumonitis, hepatitis, myocarditis, aseptic meningitis, and 
musculoskeletal issues such as Guillain Barré  

§ Severe toxicities are relatively rare 
o More common with ipilimumab (the only anti-CTLA 4 drug) and when 

multiple ICIs are being used together 
§ Most of the knowledge on these come from phase III trials, case reports/series, 

and systematic reviews 
o Variable frequencies are being reported in the literature 
o A pooled analysis of nivolumab-treated patients showed that severe 

treatment-related grade 3-4 irAEs occurred in only 2% of patients 
§ Anecdotally this may be low 
§ Could be a biased perspective or maybe the diagnosis occurs too 

quickly when something else was occurring 
• Real-world experience could be different than clinical trial 

data, unsure about this 
o Unfortunately, this is a diagnosis of exclusion 

§ The mechanism behind each toxicity isn’t completely understood, and may 
differ depending on what organ system is involved 

o Some evidence suggests that as T cells are proliferating, they travel into 
areas they shouldn’t and cause local inflammation 

o Some T cells appear to be auto-reactive and respond to normal host 
antigens as though they’re foreign, causing an auto-immune type reaction 

o Or toxicity could be related to cytokine release from immune-system 
activation such as with colitis 

§ Overall, the incidence is fairly low, and we still have a lot to learn about why 
they are occurring 
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The immune-related adverse effects (irAEs) vary in severity, which patients 
will be admitted to the hospital/ICU and how will they generally present? 
§ ICI use the NCI’s Common Terminology Criteria for Adverse Events (CTCAE) 

to grade each toxicity 
§ Grades range from mild (grade 1) to moderate, severe, life threatening, or 

deadly (grade 5) 
o Criteria for each grade is described in detail on the NCI or NIH websites 

§ Generally speaking, patients will be hospitalized for grade 2 toxicities 
§ ICU care will be required for grades 3-4 

o Require aggressive, if not life-sustaining, supportive care 
§ Presentations can vary depending on the organ system involved 

o ICI-induced pneumonitis can have evidence of organized pneumonia or 
ground-glass opacities on chest x-ray with SOB, cough, and sometimes 
fever 

o ICI-induced myocarditis can manifest in cardiomyopathy, arrhythmias, 
pericardial effusion, or cardiac arrest 

§ Both are less common but will likely present to the ICU 
 
What is the general timeline for irAEs presentation? 
§ Some patients present with lower-grade toxicities that never progress to 

advanced toxicity 
o Others may decompensate rapidly 

§ Can occur as early as the first few weeks after the initial dose 
§ Could also be as late as 6-12 months after a single dose 

o This is why it’s so important for ALL pharmacists to pay attention to 
what treatment their patients with cancer are receiving or have received 
in the past 

§ Time to onset of the irAEs may determine whether the patient is re-challenged 
with another ICI 

o More than one irAEs may occur at the same time, so patients may exhibit 
toxicity of 2 or more organ systems simultaneously 

 
How do we treat irAEs? Are there guidelines or a general treatment 
algorithm to follow? 
§ There are no comparative trials of safety or efficacy for various strategies used 

in managing irAEs 
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o Largely adopted the approaches designed for trial protocols or 
extrapolated from other areas of medicine 

§ ASCO published guidelines based on systematic review and expert 
recommendations 

§ Make sure that ICI is held during the acute illness 
§ Summing up the ASCO guidelines in one word – Corticosteroids 

o Dose is based on grade of symptoms and ranges from: 
§ Methylprednisolone 0.5 mg/kg for grade 2 toxicity 
§ Methylprednisolone 1-2 mg/kg for grade 3-4 toxicities 
§ Bursts of 2 mg/kg are recommended a short course of 3-5 days 

before decreasing the dose to 1 mg/kg 
§ Then slowly taper when symptoms resolve to a level of grade 1 

o These corticosteroid doses generally aren’t huge 
§ Notable exceptions: Musculoskeletal symptoms such as Guillain 

Barré or encephalitis necessitate higher doses 
• 2-4 mg/kg up to 1 gram/day in severe cases 
• Supplemental therapy may include IVIG, plasmapheresis, or 

targeted hormone supplementation 
§ There are cases that are steroid-refractory, and there are several rescue therapies 

based on the organ system affected 
o In colitis, a more common toxicity due to ipilimumab (anti-CTLA 4), 

infliximab may be used to address underlying mechanism of cytokine 
involvement 

§ Vedolizumab has also shown promise in other inflammatory bowel 
diseases but isn’t included in the guidelines 

o Other options include mycophenolate mofetil, abatacept, and belatacept 
§ The theme to treatment is immunosuppression, because these irAEs occur as a 

result of immune system over-activation 
o Difficult to find the right balance of immunosuppression and immune 

activation 
§ Since this therapy is so new, much isn’t known including: 

o Timeline for treatment initiation, rescue therapy treatment of choice, and 
corticosteroid down-titration schedule 
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Is there any downside to using immunosuppressive agents to treat irAEs? 
§ Yes, we often down-play the true risk of corticosteroids or casually dismiss 

them as a necessary evil 
§ A 2016 study published in CID found that serious infection developed in over 

7% of the 339 patients treated with corticosteroids for irAEs 
o The use of corticosteroids resulted in a 7-fold risk of infection 

§ This can also be a transition of care concern 
o Patients are often discharged from the hospital receiving >20 mg 

prednisone daily, trusting they will follow-up for close monitoring and 
symptom-guided tapering 

§ When we use corticosteroids, appropriate preventive care should be considered 
o PCP prophylaxis 
o Peptic ulcer disease prevention in high-risk patients 
o Ensure appropriate follow-up after hospital discharge 

§ In addition to infection risk and long-term complications associated with 
steroids and other immunosuppressants, there is debate whether these blunt the 
efficacy of ICI treatment 

§ Pooled analysis of nivolumab treatment, patients receiving immune-modulating 
agents like corticosteroids didn’t have a worse objective tumor response rate 

§ In an ipilimumab study, no difference in overall survival or time to treatment 
failure when corticosteroids were used for irAEs treatment 

o Conflicts with data published in the earlier phases of ICI-related research 
§ Hard to say that steroids conclusively have no effect, but more recent data is 

promising 
 
Is there a correlation between seeing immune related adverse events and 
knowing the immune checkpoint inhibitor treatment is actually working? 
§ Mechanistically it makes sense 
§ Activation of the immune system to fight cancer could work too well and lead 

to irAEs which should mean the treatment is working 
o This topic is controversial 
o The pooled nivolumab-treated patient analysis found that the response 

rate was significantly higher in patients who experienced irAEs of any 
grade (49% v. 18%) 
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o Conversely, in ipilimumab-treated patients there was no difference in 
overall survival or time to treatment failure when analysis was stratified 
according to whether corticosteroids were used to treat irAEs 

§ This suggests irAEs wasn’t associated with improved outcomes 
§ With the conflicting evidence, we can’t definitively say we have enough 

evidence to reach a conclusion 
§ This does bring up the issue about whether to re-challenge a patient with 

another or the same ICI after irAEs 
§ ICI therapy should be held until symptoms resolve to grade 1 or better before 

ICI re-introduction 
o Many places won’t entertain the idea of re-challenging depending on the 

type and severity of irAEs 
§ Severe irAEs include myocarditis or pneumonitis 
§ But there aren’t specific guidelines to guide us 

§ A 2019 study in JAMA analyzed patients who were re-challenged with an ICI 
after the occurrence of an irAEs 

o Half of patients experienced a recurrent or new irAEs 
o Trended towards an increased risk of recurrence with advancing severity 

of the initial irAEs and a shorter time to onset 
§ These ICI treatments have significant effects on cancer outcomes, even those 

types that were typically refractory to treatment 
§ The 2019 JAMA study also looked at groups that were and were not 

rechallenged with an ICI 
o There was no difference in median progression-free survival 
o Patients may not need to have large ICI exposure to have a survival 

benefit 
 
What are some take-home points when managing patients who are receiving 
or have received immunotherapy treatment? 
§ The information is changing rapidly in this field, so likely will want to google 

and look up answers when encountering these patients 
o Don’t assume anything 

§ Phone a friend 
o Have constant conversations with hematology and oncology colleagues 
o No field in which advances are being made more rapidly than in cancer 
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o Can be impossible to keep up on the literature, so make sure there’s good 
communication and collaboration 

§ Be proactive and do this before introducing a new treatment that 
may land a patient in the ICU 

§ CART therapy 
o Everyone should be educated, trained, and prepared 
o Multidisciplinary involvement is essential 

§ Need to be prepared for rapidly decompensating patients 
§ ICI treatment 

o Look for horses, not zebras 
o Consider the differential, but as a diagnosis of exclusion 
o If you initiate corticosteroids for irAEs, be willing to re-evaluate 

§ Every patient is unique and need to consider the balance of immunosuppression 
and immune activation 

§ But at the end of the day, don’t forget to stop and take time to appreciate the 
great advances that are occurring in this field 


