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Outline

Cancer-therapy-specific toxicities

3 Anthracyclines

3 Her2 inhibitors

3 Immune checkpoint inhibitors

Focus on when (and when not!) to screen

Not covered&

3 Anti-VEGF TKIs

3 5-FU vasospasm

3 Proteasome inhibitor toxicity (e.g. carfilzomib)

3 BTK inhibitor toxicity (e.g. ibruitinib)

3 Many others!



Anthracyclines



Anthracyclines
Potent anti-neoplastic agents for multiple tumors

3 Doxorubicin, daunorubicin, idarubicin, epirubicin,

3 Breast CA, lymphoma, leukemia, sarcoma

Mechanism/toxicity:

3 Likely largely via effects on topoisomerase II

3 Ultimately à free radical formation à injury



Should We Believe The 

Doxorubicin Label?

<The probability of developing impaired myocardial 
function& is estimated to be 1-2% at a total cumulative 

dose of 300 mg/m2 of doxorubicin, 3-5% at a dose of 

400 mg/m2, 5-8% at 450 mg/m2, and 6-20% at 500 

mg/m2.=

<Treatment of doxorubicin-induced congestive heart 

failure includes the use of digitalis, diuretics, afterload 

reducers such as ACE-inhibitors, low salt diet, and bed 

rest.  Such interventions may relieve symptoms and 

improve the functional status of the patient.=

Adapted from https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/050467s070lbl.pdf

https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/050467s070lbl.pdf


Primary Source of Those Numbers&

Adapted from Von Hoff et al. Ann Int Med. 1979;91:710-7.
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A Subsequent Evaluation&

Study of three anthracycline trials

3 Significant event:
Symptomatic CHF or

EF drop >20% or

EF drop >10% from normal to below 
LLN, or

EF drop >5% in patient already below 
LLN

3 So the data is not just off, but is off... 
By a full order of magnitude!!!

Adapted from Swain et al. Cancer. 2003;97:2869-79.
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How Often Should We Screen LVEF in

Patients Who Receive Anthracyclines?

A) We shouldn9t define a monitoring threshold.

B) At baseline, at the end of treatment, then q3 months for 12 months 

after completing treatment, and then annually thereafter.

C) After 200 mg/m2.

D) At 240 mg/m2 and every 50 mg/m2 thereafter.

E) At 360 mg/m2 and every 2 cycles thereafter.

F) At completion of therapy, and after every cycle above 240 mg/m2.

G) We should discourage screening unless symptoms or physical 

exam signs point to cardiac toxicity.
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Each of these Strategies are Endorsed By 

Major Groups/Societies 3 As of Today!!!



Society Recommendations:

What is a Well-Meaning Clinician to Do?

<Routine screening or testing for 

cardiovascular disease in 

asymptomatic patients beyond 

careful history and physical 

examination are not warranted.=

- American Cancer Society survivorship 

guideline, 2016

Adapted from Up-to-Date, Accessed Februrary 3, 2019, European Heart J 2016;37:2768-2801,  J Am Soc Echo 

2014;27:911-39, J Clin Onc 2016;34:611, J Clin Oncol 2017;35:893, Ann Oncol 2012;23 Suppl 7:vii155-66.



ESMO Guidelines:

Anthracycline Monitoring (!)

Adapted from Ann Oncol 2012;23 Suppl 7:vii155-66.



Talk About Mixed Messages!

Should we not screen at all? Should we 

screen 6 times in year 1 and then annually?

My recommendations for LVEF screening 

with anthracyclines:

Baseline

At 300 mg/m2 and every 50 mg/m2 thereafter

At end-of therapy (regardless of total dose)

High-risk cases (e.g. borderline LVEF):

Consider anthracycline-free regimen if appropriate

GDMT if already LV dysfunction

Closer monitoring

Other options&



Prolonged Infusion Protocols

Adapted from van Dalen et al. Cochrane Database Syst Rev. 2016;3(3):CD005008.



Dexrazoxane

Developed in 1950s by Eastman Kodak Company & 

Ciba Geigy Corporation as jet fuel additive & for textile 

manufacturing

Then developed therapeutically as antineoplastic 

agent!

Toxicity too high à abandoned

Subsequently discovered to ameliorate anthracycline 

cardiotoxicity (as well as anthracycline extravasation 

injuries)

Adapted from Langer. Cancer Manag Res. 2014;6:357-363.



Dexrazoxane: Evidence for Myocardial Protection

Study published in NEJM (2004)

Evaluated troponin T in children receiving doxorubicin +/-

dexrazoxane for high-risk ALL

Adapted from Lipshultz et al. NEJM. 2004;351:145-53.



Disease-Free Survival Unchanged

Adapted from Lipshultz et al. NEJM. 2004;351:145-53.



Cochrane Review of Dexrazoxane: 

Clinical Heart Failure

Adapted from van Dalen et al. Cochrane Database Syst Rev. 2011;6:CD003917.



Dexrazoxane: 

Progression-Free Survival

Adapted from van Dalen et al. Cochrane Database Syst Rev. 2011;6:CD003917.



Her-2 Inhibitors



Trastuzumab 
Human epidermal growth factor receptor-2 (Her2)

3 Gene discovered/cloned 1983

3 Amplified and/or overexpressed in 25-30% breast 
CA

3 Denotes more aggressive tumor/shorter survival

Trastuzumab

3 Murine monoclonal Ab against extracellular 
domain of Her2 protein



Original Trastuzumab Pivotal Trial
Patients:

3 Women with metastatic breast CA 
with HER2 overexpression/no prior Rx 
for the metastatic disease.

Intervention:

3 Chemotherapy + trastuzumab (H) or 
chemotherapy alone

Adapted from Slamon et al. NEJM. 2001;344:783-92.



Progression-Free Survival

Adapted from Slamon et al. NEJM. 2001;344:783-92.



The Bad News (Independent Review)
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The Worse News: NYHA Class III-IV
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HERA Trial

3386 patients randomized to
3 Trastuzumab x 1 year 

3 Observation

94% had received anthracycline-based 
therapy prior to randomization

LVEF assessment at times:
3 0, 3, 6, 12, 18, 24, 30, 36, and 60 months

The data for 1693 randomized to 
trastuzumab&

Data adapted from Suter et al. J Clin Oncol. 2007;25:3859-65.



HERA Trial: Low CV Event Rates!

NYHA Class III/IV HF: 0.6% (!)

LVEF drop g10% to EF <50%: 3.0%

And that9s despite doing 9 EF 
assessments by protocol over 5 years 
of follow-up (!)

Data adapted from Suter et al. J Clin Oncol. 2007;25:3859-65.
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Data adapted from Suter et al. J Clin Oncol. 2007;25:3859-65.

Is this higher than what would be 

expected in the general population?



Comparing All 3 Strategies

3222 patients with HER2+ operable 

breast CA randomized to:

3 ACT: Adriamycin-Cytoxan (AC) + 

docetaxel (T)

3 ACTH: ACT + trastuzumab (H)

3 TCH: T + carboplatin + H

3 Median f/u: 65 months (!)

Data adapted from Slamon et al. N Engl J Med. 2011;365:1273-1283.



LVEF in Each Arm

Data adapted from Slamon et al. N Engl J Med. 2011;365:1273-1283.



Outcomes

Data adapted from Slamon et al. N Engl J Med. 2011;365:1273-1283.



Outcomes
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Competing Risks

Data adapted from Slamon et al. N Engl J Med. 2011;365:1273-1283.
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That9s Incredibly Important Data!

So over a >5 year period&

Grade 3/4 CHF 3 TCH 
(trastuzumab without 
anthracycline):
3 4/1030 = 0.4%!

3 That9s less than 1 in 1000 people per 
year!

3 Is this higher than we would have 
seen with placebo?



Trastuzumab Label

Adapted from https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/103792s5256lbl.pdf, accessed Sep. 2, 2018.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/103792s5256lbl.pdf
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So How Many Echos is That?

" Let9s consider a typical adjuvant trastuzumab dosing schedule, 

and assume there is never any LVEF drop requiring more 

frequent echos&

" Baseline: 1 echo

" During therapy: 4 echos

" After therapy: 4 echos

" Total: 9 echos!

" Why the seeming overkill?



What does this lead to?

Oncologists are voting with their feet.



That Clears it Up!

Adapted from Chaves-MacGregor et al. J Clin Onc. 2015;33:2176-83.



Most Oncologists Don9t Screen at All

Adapted from Pinder et al. J Clin Onc. 2007;25:3808-15.



So What Have We Learned?

Anthracycline + concomitant trastuzumab
3 Unacceptably high cardiotoxicity

Anthracycline + sequential trastuzumab
3 Significant cardiotoxicity, routine monitoring 

appropriate

Trastuzumab w/o anthracycline
3 Very little cardiotoxicity, routine monitoring not 

appropriate

But& Screening recommendations don9t 
reflect this knowledge!



Immune Checkpoint Inhibitors



Checkpoint Inhibitors

Major recent advance in cancer therapies 

Basic mechanism: Unleash 8checkpoints9 on the 

immune system à attack tumors

3 Prototypes: 

Anti-CTLA-4 antibody (e.g.ipilimumab), 

Anti-programmed death-1 (PD-1) antibody (e.g. nivolumab, 

pembrolizumab) or PD-L1 antibody (e.g. atezolizumab)

3 Problem: Toxicity from unleashed immune action on normal 

tissues à GI, skin, endocrine, hepatic, pulmonary toxicity

Obvious next question...

3 Could they cause myocarditis?

Answer:

3 Yes, and it can be very bad/fatal

3 Fortunately, seems fairly uncommon&

In clinical trials, no routine testing for myocarditis by 

biochemical analysis or cardiac imaging...



NEJM Report

Reported on 2 fatal cases of patients treated 

with nivolumab/ipilimumab who developed 

fulminant myocarditis clinical picture

Postmortem autopsies

Findings:

3 Both with T-cell & macrophage infiltrates

3 Selective clonal T-cell populations infiltrating the 

myocardium were identical to those present in 

tumors

3 PDL-1 highly expressed on myocardial tissue

Interrogated Bristol-Meyers Squibb corporate 

safety databases

3 18/20594 patients (0.09%) with drug-related SAEs 

of myocarditis were reported

3 More common with ipi/nivo combination Rx than 

with nivolumab alone (0.27% vs. 0.06%)

Adapted from Johnson et al. New Engl J Med. 2016;375:1749-1755.



Follow-Up Checkpoint Inhibitor Study

Analyzed VigiBase 3 WHO9s global database 

of case safety reports

3 Compared ICI vs. non-ICI therapy

Myocarditis reporting odds ratio: 11.21 (!)

3 OR 4.3 for combination therapy vs. monotherapy

Adapted from Salem et al. Lancet Oncol. 2018. 



Stanford ICI Troponin Screening

Began a regular troponin screening protocol of ICI-

treated patients at Stanford in September, 2019

Between 9/19 - 6/20, screened 214 patients

3 Troponin I tested at baseline & every 2-4 weeks after each 

dose of ICI up to the 10th dose

3 found to have ICI myocarditis

3 Peak troponin 4080-11780 ng/L (!)

3 Unlikely any of them would have been otherwise detected

DB C

Adapted from Waliany et al. JACC: CardioOncology. 2021;3:137-139. 



Summary



Dizzying Array of Toxicities 3 Need for 

Cardio-Oncology Specialists!

Adapted from Witteles et al. Circulation. 2015;132:1835-1845.



Conclusions 3 My Takes

Anthracyclines:

8Classic9 cardiotoxicity 3 still a major problem!

Generally underscreening occurs

Trastuzumab:

Cardiotoxicity very dependent on +/- anthracyline exposure

A mix of underscreening/overscreening occurs

ICI cardiotoxicity

Fairly uncommon 3 but can be deadly

Role for prospective screening?

The field is complex 3 need for CardioOncology

specialists!





Thank you!

@Ron_Witteles


