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• Targeted therapies for Cancer

• Immunotherapies for Cancer

• General toxicities of targeted and immunotherapies for 

Cancer

• Infection Risks in targeted and immunotherapies for Cancer

• Immunotherapies in infection

AGENDA
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56-year-old man presented with two months of progressive fatigue; found to have 

WBC 83.5 with 65% blasts, AML with normal cytogenetics

• 7+3 induction with cytarabine and daunorubicin, with levofloxacin, 

posaconazole and acyclovir as antimicrobial prophylaxis →remission

• At follow up 9 months later, the patient’s laboratory tests showed pancytopenia. 

• Bone marrow biopsy: 60% cellular marrow with 80% myeloid blasts.

• The next- generation sequencing hematologic malignancy panel showed 

NPM1-W290Sfs*10 (variant allele frequency, 25%) and IDH2-R140Q (variant 

allele frequency, 43%). 

• Enasidenib was initiated

• Infectious Diseases was consulted to determine antimicrobial prophylaxis 

Case 
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• Surgery, radiation, systemic anticancer therapy alone and in combination for 

many years

• Needed targeted, innovative therapy to try to decrease the off-target effects of 

chemotherapy on normally replicating cells 

--targeted therapies and cancer immunotherapies are two novel treatment 

modalities that have recently begun to enter the hematology and oncology clinic to 

address these issues. 

--often used in heavily pretreated patients and combine with other 

anticancer treatments

Therapies for cancer
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Targeted therapy

• Small molecule drugs or monoclonal antibodies

• Target specific genes and proteins. Only available for patients with tumors that have 

targetable driver mutations or aberrations, these agents may interrupt growth of cancer 

cells by impairing signal transduction pathways involved in growth, proliferation or 

help the immune system destroy cells, deliver toxins, induce apoptosis, etc.

• When based on genetic profiling of individual and tumor are the foundation of precision 

medicine

Also hampered by side effects/toxicities associated with cross-reactivity with normal cells 

and drug resistance

Ke et al. Frontiers in Laboratory Medicine 1 (2017) 69-75

What is Targeted Therapy in Cancer?
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Targeted therapies

Min and Lee, Exp and Molec Med (2022 54: 1670-1694)
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From: Min and Lee, Experimental and Molecular Medicine, 2022

Targeted therapy timeline (partial list)
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Where is the target normally expressed and what does inhibiting it do to normal 

cellular function, particularly, in the case of infectious diseases cells of the innate 

and adaptive immune system?

1. Trastuzumab – anti-HER2 monoclonal ab (treatment in HER-2+ breast CA)

2. Imatinib – small molecule tyrosine kinase inhibitor targeting BCR-ABL, an aberrantly 

activated ABL kinase that leads to production of an enzyme that causes normal myeloid 

cells to start behaving like cancer cells (treatment in PH+ CML)

3. Enasidenib - Mutations in isocitrate dehydrogenase IDH 1 or 2are found in 6-19% of 

patients with acute myeloid leukemia (AML). Mutated IDH alters normal DNA methylation 

and impairs differentiation. Enasidenib is a small molecule inhibitor of IDH. 

4. Ibrutinib – Used in B cell malignancies such as CLL. cellular target of ibrutinib is Bruton 

tyrosine kinase (BTK) which is critical for B-cell proliferation and  is important in 

macrophage function

Targeted therapies for cancer
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• Evidence for an increased association between some agents and susceptibility 

to infection, whereas for others, clear correlation with infectious risk is lacking

• Complicating the picture, many agents are being used for a wide array of 

disease processes, often in combinations and in the setting of numerous prior 

chemotherapy regimens and relapse, various comorbidities

• In general, for infection risk, consider the ON TARGET/OFF TUMOR EFFECTS 

(what cells are target expressed on)?

Review article:

Davis et al Infections with Targeted Immunotherapies, Clin Micro Rev, 33; 3, pp 1-117

Infection Risk in Targeted Therapies
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• 77 y.o. male with stage IVB, double hit DLBCL with CNS, skin and lung involvement, relapsed after 

first clinical remission, received 3 cycles of R-EPOCH, 2 cycles of R-CHOP, IT methotrexate x7, and 

whole brain radiation therapy, MRI and PET scans in 2/2023 revealed refractory disease, who was 

admitted to undergo Breyanzi CAR-T cell therapy on 3/29/23 after fludarabine/cyclophosphamide 

lymphoid depletion

• Patient started to develop fevers on 3/27/23, with worsening fever curve worsened 4/2/23. His mental 

status started to deteriorate in late March, and by 4/2/23, patient developed more confusion and 

tremors

• started on dexamethasone on 3/30/23.   He he received a dose of tocilizumab and mannitol on 4/3/23 

and was started on Solu-Medrol

• 4/5/23 CT chest w/o: Bilateral pneumonia with a large consolidation in the right upper lobe extending to 

the apex. Trace bilateral pleural fluid. Increased subcutaneous edema across the body wall soft 

tissues

• Karius – aspergillus (no BAL)

Case 2 -
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• 65  yo DLBCL Pt received Fly/Cy lymphodepletion for 3 days starting on 1/14 and received Yescarta CAR-

T on 1/22/19.  Her course was c/b elevated troponin, hypotension, respiratory distress due to pulmonary 

edema necessitating ICU transfer, transient pressor support and diuresis.    Pt also developed 

restlessness/agitation and was unresponsive on 1/24 and she received Tocilizumab on 1/27 for CRS and 

then dexamethasone for encephalopathy.  Pt on 1/31 underwent bronch and was placed on the vent 

thereafter.  Bronch was pos for few Achromobacter xylosoxidans/denitrificans (sensitive to mero, levo, imi, 

ceftaz, pip/tazo, tmp/smx).  She was treated with meropenem for this up until 2/12.  She was converted to 

ceftazidime on 2/14.  She also developed g-tube erythema/leaking and her g-tube required changing on 

2/19.  She was treated with 5 days of IV vancomycin from 2/14-2/18.  

•

• On 2/20 worsening pulm sx and CT 

• There appears to be interstitial and consolidative changes seen in the lungs with some mild FDG uptake. 

Inflammatory/infectious etiology should be considered.

• CMV PCR serum 2.3 million copies/ml; BAL with shell vial pos and cytopathy c/w CMV pneumonitis; asp 

GM also positive at 1.4

• Started on GCV and isavucon

Case 3
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Cancer Immunotherapies (courtesy Dr. S. Ma, COH, adapted)

15

Adoptive cell therapy
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Immunotherapy

Korman et al. Nature Reviews July 2022 | volume 21 
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Immune Checkpoint Inhibitors (ICI) Mechanism of action

Centanni et al, Clinical Pharmacokinetics (2019) 58:835–857
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Immune checkpoint inhibitors
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What is CAR T Cell Therapy

Cellular therapy Gene therapy

Immune therapy

T

Targeted therapy

CAR T

Courtesy E. Budde, COH
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CAR-T
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CAR-T
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CAR-T – adapted to prostate Cancer

Perera et al, Cancers 2022, 14, 503 
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• CAR T-cells can cause several unique adverse events including 

– cytokine release syndrome (CRS), 

– immune effector cell-associated neurotoxicity syndrome (ICANS),

– hypogammaglobulinemia, 

– and prolonged cytopenia 

• In addition, due to on-target effects, 

– CD19 CAR T-cells result in depletion of B cells and a subset of CD19 + plasma cell

– BCMA-targeted CAR T-cells lead to plasma cell aplasia 

– As a result of underlying immune system dysregulation and further disruption by 
CAR T-cells, patients who undergo CAR T-cell therapy are predisposed to 
infections. In addition, underlying hematologic malignancies and 
immunosuppressive treatment for CAR T-cell-associated toxicities also contribute 
to the cumulative immunosuppressive state of CAR T-cell recipients. 

CAR-T Toxicity
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CAR T cell therapy: toxicity overview

Target specific toxicities: on target off tumor effect
The immune-mediated recognition of TAAs in normal tissues

Target tumor off tumor

concerns

outcome

CD19 B cell 

malignancies

Normal B cells B cell aplasia

CD33 AML Normal HSC Myeloablation

Her2 (4D5) Colon Cancer lung epithelium Serious

Death reported

CEA Colorectal 

Cancer

Colonic

epithelium

Severe Colitis

carboxyanhydr

ase-IX

Renal cell 

carcinoma

bile duct 

epithelium

cholestasis

Morgan et al, Mol Ther, 18 (2010; Parkhurst et al. Mol. Therapy 2011; 

Lamers et al. Mol Ther, 21 (2013)
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CAR T cell therapy: toxicity overview

➢ Target specific toxicities
On target off tumor event

➢ Lymphodepletion chemo related events
Myelosuppression
nausea/vomiting 
Fever (fludarabine) 
Hemorrhagic cystitis (cyclophspohamide)
tumor lysis syndrome 
organ dysfunction (i.e. cardiac,liver, renal, plumonary)
Immunosuppression
Neurotoxicity (fludarabine, cyclophosphamide)
Hypersensitivities
➢ CAR T cell related/emergent events
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CAR T Cell Therapy: toxicity overview

➢ Target specific toxicities
➢ Lymphodepletion chemo related events
➢ CAR T cell related/emergent events
Short term ( within 8 weeks)
• Cytokine release syndrome (MUST CONSIDER INFECTION)
• Neurotoxicity 
• Macrophage activation syndrome (HLH/MAS)
• Infection
• Coagulopathy
• Cardiac toxicity

Long term (>8 weeks) 
• prolonged cytopenia
• Infection
• Secondary malignancy due to insertional mutagenesis
• Deconditioning 
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Jennifer N. Brudno, and James N. 

Kochenderfer Blood 2016;127:3321-3330

• A common toxicity to CAR T 
cell therapy

• Not restricted to a particular 
antigen

• constellation of 
inflammatory symptoms 
from cytokine elevations.

• Association with T cell 
activation and proliferation 

• Association with clinical 
benefit and toxicity in some 
CAR T product treatment. 

Cytokine Release Syndrome
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CRS Grading System



29

CRS Management

Goal: reduce serious CRS symptoms and signs, and prevent life-

threatening complications

➢ Tocilizumab is the first choice for CRS mitigation 

➢ humanized IgG1 anti-hIL-6R mAb, FDA approved in 8/2017

8 mg/kg iv over 1 hour x1, can repeat in 24 to 48 hours

What to do in tocilizumab refractory cases (no improvement after 2 doses of 

Tocilizumab)?  

- Steroids, Methylpred 2mg/kg/d or Dex 0.5mg/kg max 10mg/dose, quick 

taper.

- Siltuximab, Etenercept, Roxilitinib, ibrutinib
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Immune Effector Cell-Associated Neurotoxicity Syndrome (ICANS)

Treatment: steroids
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Other!

• Although CD19 is expressed on most B-cell malignancies, it is also present on 

normal B-cells, creating an “on-target, off-tumor” of B-cell aplasia, which results 

in cytopenias and hypogammaglobulinemia.

– Cytopenias typically occurs within the first 30 days after cell infusion but can 

take months or possibly longer to resolve. 

– Lymphodepleting chemotherapies are known to cause drops in blood counts 

initially, but the CAR T-cells can also cause immune-mediated 

pancytopenia. 

• BCMA CAR - associated with plasma cell aplasia

• CD33 – myeloid stem cells

• Underlying heme malignancies and IS treatment for CAR-T cell associated 

therapies (steroids, toci) contribute to net state of immunosuppression.
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Mosunetuzumab: a bispecific antibody targeting CD3 and CD20

• Full-length humanized IgG1 antibody

– Longer half-life than fragment-based drug 

formats 

– Does not require ex-vivo T-cell manipulation

– Off the shelf, readily available treatment

ADCC, antibody-dependent cell-mediated cytotoxicity

Sun et al. Sci Transl Med 2015

• Mechanism of action

– Redirects T-cells to engage and eliminate 

malignant B-cells

CD20

B-

cell

CD3

T-cell

IgG1

Mosunetuzumab
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Infection Risk CAR-T

Hill et al.Blood 2017

Wudhikarn et alBMT 2022

Budde & Zaia Blood 2017

Incidence: 23% FHCRC trial; 27% JULIET trial; 38% ZUMA-1; 41% ELIANA  

Pretreatment factors

- impaired immune function 

- tissue damage from prior chemotherapy regimens

Treatment factors

- cytopenia from lymphodepletion, 

- immunosuppressive drugs such as toci/dex

- ICU stay

- hypogammaglobulinemia

Other risk factors 

- ALL patients 

- >= 4 lines of prior therapies

- Higher CAR dos

- Severe CRS
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Infection Risk - CART

Hill et al.Blood 2017; 

Yescarta.com

ID prophylaxis is recommended –- lack of standard approach

FHCRC cohort, N=133

Incidence: 23%

Median Time to onset: 6

Bacterial 17% (N =22)

Viral 11% (N = 11)

Fungal 5% (N = 6)

Fatal infection 4% ( n=5)

ZUMA-1 cohort, N=108

Incidence: 38%

Median Time to onset: 6

Bacterial 9% 

Viral 4% 

Unspecified 16% 

Severe infection 23% 
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SL Maude et al. N Engl J Med 2018;378:439-448.

ELIANA (Tisagenlecleucel in ALL; target CD19): Safety

ICU admission 47% (35 of 75) with median stay of 7 days (range, 1-34)
10% mechanical ventilation
25% high dose vasopressors
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Infection Risk in CAR-T cell therapy

Wudhikarn et al, BMT (2022) 57: 1477-1488
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Infection Risk CAR-T and BiTE

Key points

• Do not assume fever is due to CRS

• Do not assume neurologic changes are due ICANS

• Could be bacterial, viral, or fungal infection

• Could be fatal
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Evolving practices in prevention and management of infectious risk in patients 

treated with targeted and immunotherapy

Patients should be managed based on a comprehensive risk assessment taking 

into account the net state of immunosuppression and including disease status 

and prior and current therapies to ensure best prophylaxis and management of 

infections with an eye toward antimicrobial stewardship

ID consultation and pharmacy involvement as needed is strongly encouraged 

Overall approach to Infectious risk in targeted and immunotherapy
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NCCN guidelines



4343



4444



4545



4646



4747



4848



5050



5252



5555

• While immunotherapy in Cancer is a relatively new field, not so for ID (eg

Jenner and smallpox in 1796)

• Monoclonal antibodies for infection (RSV, C. diff, anthrax, ebola, COVID – more 

to come)

• “new age” immunotherapy for infection – toward restoration of immune function

– Checkpoint inhibition

– Cytokine therapies

– Cellular therapy

The use of newer targeted therapies and immunotherapy for infection

McCulloch et al Trends in Micro 2022. vol30 no2
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• Selection or in vivo expansion of donor PBMC’s (for instance, from stem cell 

donor) or off the shelf, third party healthy donors.

• Many CMV and EBV treatment studies

• Treatment adenovirus BK virus and viral hemorrhagic cystitis

• Multivirus prevention studies (allo-Tx, SOT) - Prevention of adenovirus (AdV), 

BK virus (BKV), cytomegalovirus (CMV), Epstein-Barr virus (EBV), human 

herpesvirus 6 (HHV-6), JC virus (JCV)

• Treatment of hMPV, Flu, PIV, RSV in allo/auto or high risk general population

Adoptive immunotherapy for infections in cancer (VST’s)

McCulloch et al Trends in Micro 2022. vol30 no2
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SARS-CoV-2-specific T cells for Adoptive T-cell therapy.

Conway et al. Blood (2022) 140 (3): 208–221
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• Targeted and immunotherapies are a growth field in Cancer therapy

• Infections with targeted therapies and immunotherapies in cancer occur, and 

vary in incidence depending on multiple factors including host, therapeutic 

target, ancillary treatments

• Vigilance for infection is critical, since other AE’s may also be common (such as 

CRS) and be infection mimics

• Awareness of the risks is critical, and access to updated guidance important 

given the rapid expansion of these products

• Harnessing immunotherapeutic products to treat infection is not new, but is also 

a reemerging and growing field

Summary

McCulloch et al Trends in Micro 2022. vol30 no2
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