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Neoplastic 
cells 

Autonomy 
in growth 
signals

Evasion of 
cell death

Irregular 
replication

Heightened 
metastasis 

Induction of 
angiogenesis

Insensitivity 
to inhibitory 

factors



Chemotherapy

Targeted therapy

Immunotherapy 

Era of personalized 

medicine



THE IDEA OF 
CANCER 

IMMUNOEDITING
THE THREE E’s



Elimination

(immunosurveill
ance)

The host’s immune system recognize 
and respond to tumor-specific 

antigens

Equilibrium

(tumor 
dormancy)

Some tumor cells survive and enter the 
next phase. Occult or stable 

malignancy

Escape

(tumor 
progress)

Tumor cells develop resistance  and 
escape. Cancer growth and 

metastasis



Alteration or loss of antigens

Manipulation of cytokine expression

Upregulation of immune checkpoint proteins

Cancer 
immunotherapies were 
developed based on 

studies of the 
mechanisms of tumor 

escape



Immunoscore: researchers use the intensity of T-cell infiltration 
as a key prognostic marker for patient survival (higher 
infiltration indicates better immune control) 

Cancer immunoediting is a major reason for resistance to 
immunotherapies

Understanding the specific antigens lost during the "editing" 
process can guide the development of personalized treatment

Significance and 

clinical implications







Early approaches targeted 

cytokines to affect immune 

cell function. Short half-life, 

narrow therapeutic window, 

toxicity risks

First approaches based on 

cancer growth in 

immunocompromised patients



IMMUNOTHERAPY

1. Immune checkpoint inhibitors (ICIs)

2. Adoptive cell transfer (ACT) (TIL, TCR, CAR-T cell)

3. Oncolytic virus therapy 

4. Cancer vaccines



• Designed to train the immune system to recognize and attack cancer cells, 

acting as either prevention or treatment

• Preventive vaccines: HPV

• mRNA Technology: similar to COVID-19 vaccines

• Current Approvals for treatment: BCG vaccine for bladder cancer 

and Sipuleucel-T (Provenge) for prostate cancer

• Tumor heterogeneity!

4. Cancer vaccines



• Replication-specific viruses that directly infect and lyse tumor cells in situ

• OVs can enter both normal and cancer cells, but the inherent abnormalities in the 

cancer cells provide a selective advantage for viral replication, allowing replication 

within tumor cells and direct lysis

• T-VEC is a genetically modified type 1 herpes simplex virus (HSV-1) which is the first 

approved oncolytic virus for the treatment of advanced melanoma by the US FDA

• OVs are administered to patients intratumorally, basic limitation

3. Oncolytic virus therapy





• Ex vivo modification of patient T cells to generate specific antitumor reactivity

• Chimeric antigen receptor (CAR) T cells are used to treat hematologic malignancies 

and are being investigated in multiple solid tumors 

• Current clinical use of CAR-T cells targets CD19, the pan–B-cell antigen, in the 

treatment of hematologic malignancies

• The most common toxicities are cytokine release syndrome (CRS) and immune 

effector cell associated neurotoxicity syndrome (ICANS)

2. Adoptive cell transfer (ACT) (TIL, TCR, CAR-T cell)



PD-1 (programmed 
cell death-1) 

inhibitors 

• Nivolumab
• Pembrolizumab
• Cemiplimab

PDL-1 inhibitors

• Atezolizumab
• Durvalumab
• Avelumab

CTLA-4 (cytotoxic T 
lymphocyte antigen 

4) inhibitors

• Ipilimumab

1. Immune checkpoint inhibitors (ICIs)







PD-1 is a cell-surface 

receptor expressed on 

multiple immune cell types (T, 

B, NK cells) and binds to the 

ligands PD-L1 and PD-L2

PD-L1 is expressed on 

multiple tissue types, 

including tumor cells.

PD-L2 is expressed primarily 

on hematopoietic cells

CTLA-4 is expressed on the 

surface of CD4+ and CD8+ 

lymphocytes



Tumor cells use checkpoint 

protein signaling, to evade 

immune response and 

establish a TME that permits 

tumor growth

Immune checkpoint proteins, 

including PD-1 and CTLA 4, 

initiate signaling pathways 

that suppress T-cell function 



Upregulation of the PD-1 

pathway can promote T-CELL 

EXAUSTION (reduced T-cell 

effector function and 

proliferation)

Exhausted T cells highly 

express immune checkpoints 

(CTLA-4, PD-1, LAG-3, TIGIT) 

that effectively prevent T cell 

activation







ICIs bind to immune 

checkpoint proteins to over 

come this tumor-mediated 

effect

Checkpoint inhibitors have 

transformed treatment 

algorithms with ongoing 

expanded indications



2011–2014 (Foundations) 2016–2018 (Expansion) 2021–2026 (Next-gen & Formulations)

Ipilimumab (2011) – First CTLA-4 

inhibitor

Atezolizumab (2016) – First PD-L1 

inhibitor

Dostarlimab (2021) – PD-1 (dMMR 

endometrial)

Pembrolizumab (2014) – First PD-1 

therapy
Avelumab (2017) – PD-L1 (Merkel cell)

Relatlimab-rmbw (2022) – First LAG-3 

inhibitor

Nivolumab (2014) – PD-1 inhibitor Durvalumab (2017) – PD-L1 (bladder) Toripalimab (2023) – PD-1 (NPC)

Cemiplimab (2018) – PD-1 (cSCC) Tislelizumab (2024) – PD-1 (ESCC)

Atezolizumab and hyaluronidase-tqjs 

(2024) – Subcutaneous PD-L1

Nivolumab and hyaluronidase-nvhy 

(2024) – Subcutaneous PD-1

Pembrolizumab plus berahyaluronidase 

alfa-pmph (2026) – SC formulation 

(ovarian)



SIGNIFICANT 
DEVELOPMENTS 
AND 
COMBINATIONS

2017: Pembrolizumab granted the first tumor-site 
agnostic approval (MSI-H or dMMR solid tumors)

2025-2026: subcutaneous formulations 
(atezolizumab, nivolumab, pembrolizumab)

Novel immunotherapy combinations 



KEY NOVEL IMMUNOTHERAPY COMBINATIONS

Neoadjuvant and adjuvant setting, immunotherapy + chemotherapy as 1st line, 

Immune Checkpoint Inhibitors + Anti-angiogenic Agents: anti PD1 with anti VEGF 

Dual Checkpoint Inhibition: CTLA-4 with PD-1/PD-L1 inhibitors 



FACTORS AFFECTING 
CANCER 
IMMUNOTHERAPY



FACTORS AFFECTING 
CANCER 
IMMUNOTHERAPY





is immunotherapy 

beneficial for 

everyone?



Biomarkers 

Hypoxia, IFN-γ, 
extracellular matrix 

(ECM)

Microsatellite 
instability (MSI 

high), DNA 
mismatch repair 

(dMMR)

High tumor 
mutation 
burden 
(TMB)

Microbiome

High PD-L1 
expression

(CPS/TPS 
score)



BIOMARKERS IN IMMUNOTHERAPY

Burden? Aid?

Real world 

data!!!



Patient Selection: 20-30% of patients likely to respond to ICIs

Approval & Standardization: Validated markers such as PD-L1 
expression, MSI-H, dMMR are integral to clinical guidelines for 
selecting first-line therapy

Tissue-Agnostic Options: MSI-H/dMMR and High TMB allow for 
approval of therapies based on molecular features rather than 
just tumor origin

Real-Time Monitoring: liquid biopsies like circulating tumor DNA 
(ctDNA) allow for non-invasive monitoring of treatment efficacy 
and early detection of relapse

PROs



Imperfect Predictors: A single biomarker is rarely sufficient. Many 
patients with high PD-L1 do not respond, while some with negative PD-L1 
do

Assay Heterogeneity: Variability between testing platforms inconsistent 
results across laboratories and studies

Tumor Heterogeneity: Tumors are dynamic; a single biopsy may not 
represent the whole tumor or its evolution during treatment

Accessibility and Cost: Advanced diagnostics (NGS, Whole Exome 
Sequencing) are expensive and require infrastructure not always 
available

Hyper-progression Risks: In some cases, checkpoint inhibitors can 
accelerate tumor growth, a phenomenon that current biomarkers fail to 
reliably predict

CONs



IMMUNE RELATED 
ADVERSE EVENTS 

irAEs





Grade 1 Mild; asymptomatic or mild symptoms; clinical or diagnostic 

observations only; INTERVENTION NOT INDICATED

Grade 2 Moderate; minimal, local or NONINVASIVE INTERVENTION 

INDICATED; limiting instrumental ADL or mild/moderate impact on 

age-appropriate normal daily activity 

Grade 3 Severe or medically significant but NOT IMMEDIATELY LIFE- 

THREATENING; hospitalization or prolongation of hospitalization 

indicated; disabling; limiting self-care ADL or severe impact on 

age-appropriate normal daily activity 

Grade 4 LIFE-THREATENING consequences; urgent intervention indicated 

Grade 5 Death related to AE



Immunotherapies have transformed treatment landscape for multiple solid and 
hematologic malignancies 

irAEs: disinhibition of T-cell function by ICIs can lead to organ-specific inflammatory 
side effects with unique toxicity profiles, variable depending on the type of 
immunotherapy

Pathophysiology: not yet fully understood, combination of pathways involving 
autoreactive T cells, autoantibodies, and cytokines 



• 72% with ipilimumab 
monotherapy

• 66% with anti–PD-
1/anti–PD-L1 
monotherapy

• Higher incidence with 
dual blockade



• 0.36% with anti–PD-1
• 0.38% with anti–PD-L1
• 1.08% with anti–CTLA-4
• 1.23% with combined anti–PD-1/ anti–PD-L1 

and CTLA-4
• Colitis (70%) with anti–CTLA-4 therapy







Variable in  onset, kinetics, presentation, often require specific 
management

irAEs can affect any organ system in the body. Most toxicities occur at 
barrier organs including the skin, G.I. tract, liver, lungs

Most toxicities are mild, but severe toxicities in any of these organs can 
be life threatening 

The fact that barrier organs are so commonly involved suggests that the 
antigenic targets may be the commensal microbiome (not yet 
demonstrated)

Distribution, severity, and frequency of irAEs related to the class of ICI 
used

irAEs BASIC 

FEATURES



CTLA-4 blockade leads to more frequent and severe toxicities than PD-1 
blockade

Colitis and hypophysitis is more common with CTLA-4blockade than 
with either PD-1 or PD-L1 inhibitors

PD-1 blockade is more frequently associated with thyroiditis and 
pneumonitis 

Combination immunotherapy is considerably more toxic, additive rather 
than synergistic risk

Treatment dependent on the organ involved and the severity of the 
inflammation, rather than on the class of checkpoint inhibitor that was 
used

irAEs BASIC 

FEATURES



DERMATOLOGIC 
TOXICITY

irCAEs (ir cutaneous AEs): Most common irAE in patients 
treated with CTLA-4 or PD-1/ PD-L1 blockade

All-grade toxicity:  30% to 40% of patients treated with 
PD-1/PD-L1 blockade and 50% of patients treated with 
ipilimumab

Most of the dermatologic toxicity is grade 1 or 2

Diverse presentation: from maculopapular or 
papulopustular to severe toxicities such as Stevens-Johnson 
syndrome/toxic epidermal necrolysis (SJS/TEN) or DRESS 
syndrome (mainly with a combination ICI)



DERMATOLOGIC 
TOXICITY

Most common cutaneous toxicities are maculopapular 
rash, pruritis, and vitiligo

Vitiligo: only in patients with melanoma (7.5% of 
patients treated with nivolumab, 8.3% of patients 
treated with pembrolizumab)

The development of vitiligo and dermatitis have been 
associated with improved outcomes!



ENDOCRINOPATHIES

Hypothyroidism, hyperthyroidism, thyroiditis, 
hypophysitis, primary adrenal insufficiency, insulin-
dependent DM

Variable by agent, highest incidence after combination 
therapy

Presentation may be nonspecific, including nausea, 
fatigue, headache, or weakness

Unlike other irAEs, which resolve with treatment, 
endocrinopathies are almost always permanent and 
require lifelong hormone replacement



ENDOCRINOPATHIES
THYROID 

DYSFUNCTION

Hypothyroidism is the most common endocrinopathy 
with ICI therapy

Thyroid storm and myxedema crisis have rarely been 
reported

Hypothyroidism more common with anti–PD-1 
monotherapy than with anti–CTLA-4

Median onset of thyroid dysfunction occurs 4 weeks 
after starting therapy

Guidelines recommend checking TSH and free thyroxine 
levels at baseline and routinely during ICI therapy





ENDOCRINOPATHIES
HYPOPHYSITIS

The highest incidence of hypophysitis occurs with anti CTLA-4 
monotherapy and combination therapy

Dose-dependent: 1%-4% with ipilimumab 3 mg/kg and 16% 
with 10 mg/kg

Deficiency of at least 1 pituitary hormone with MRI abnormality 
or deficiency of ≥2 pituitary hormones in the presence of 
symptoms

Adrenal insufficiency secondary to ICI-induced hypophysitis is 
usually permanent and requires lifelong hormone replacement

If adrenal insufficiency and hypothyroidism are both present, 
steroids should be started before thyroid hormone replacement 
to prevent adrenal crisis





G.I. TOXICITY
COLITIS

Diarrhea is a common complication, higher incidence in 
patients treated with CTLA-4 antibodies

Highest incidence of colitis in dual CTLA-4/PD-1 
blockade, also increased risk of grade 3 and 4  

In anti–CTLA-4 monotherapy, average onset after 3rd 
infusion, symptoms may occur since 1st infusion

Diarrhea or colitis may recur after discontinuation of 
therapy, presentation like chronic inflammatory bowel 
disease



G.I. TOXICITY
COLITIS

Early flexible rectosigmoidoscopy or ileocolonoscopy with biopsies 
in patients with suspected IR enterocolitis of grade >1 is strongly 
recommended.

In ≥grade 2 ICI should be stopped and systemic corticosteroids 
started

If there is no response within 3 to 5 days, infliximab should be 
considered; a single 5-mg/kg dose is usually sufficient (also, shorter 
time to symptom resolution and shorter duration of steroid use)

Deep ulcerations and extensive inflammation above the left colon 
are predictive of CS-refractory disease and requirement for 
immunosuppressant treatment



GRADE 1



GRADE 2



GRADE 3-4



G.I. TOXICITY 
HEPATOTOXICITY

Estimated incidence 3% to 9% in patients treated with 
ipilimumab and 1% to 2% in those treated with anti PD-1/anti–
PD-L1 antibodies

The incidence of ipilimumab-induced hepatitis is dose-
dependent

Most often asymptomatic elevations of AST and ALT with or 
without hyperbilirubinemia

Transaminase elevation is observed between 6 and 14 weeks 
after the initiation of treatment



G.I. TOXICITY 
HEPATOTOXICITY

Most cases resolve with treatment discontinuation, but multiple 
reports of acute liver failure have been published

In grade 2 toxicity, ICI should be held and liver function tests 
monitored; therapy can be resumed when there is resolution 
to grade 1, and corticosteroids should be started if there is 
no improvement

Rare cases are refractory to high-dose steroids, and then 
mycophenolate mofetil or tacrolimus or tocilizumab should 
be considered. Infliximab is contraindicated according to 
some guidelines given concerns about hepatotoxicity





GRADE 3-4



PNEUMONITIS

The most common pulmonary toxicity of ICI therapy 

Low overall incidence but potentially life-threatening and should be 
considered in any patient who develops new respiratory symptoms

A meta-analysis of fatal AEs of ICI found that 35% of anti–PD-1/anti–
PD-L1–related fatalities resulted from pneumonitis

Incidence slightly higher with PD-1 monotherapy vs CTLA-4 
monotherapy and increases with dual checkpoint inhibition

More common and more severe in patients who have NSCLC compared 
to melanoma and RCC (underlying lung pathology, including COPD and 
pulmonary fibrosis) 



PNEUMONITIS

Presentation varies in severity and acuity of onset

Cough, chest pain, wheezing, shortness of breath, new 
hypoxia, or fatigue

Some are asymptomatic, with a diagnosis made 
incidentally on imaging studies

High index of suspicion should be maintained in patients 
on ICI therapy who develop respiratory symptoms 

Baseline pulmonary function tests can be considered in 
patients who are at high risk



PNEUMONITIS

Concurrent broad-spectrum antibiotics and immunosuppression 
during workup because of the potential for overlapping presentation 
of pneumonitis and infection

In grade ≥2 pneumonitis, ICI should be withheld, pulmonology should 
be consulted for bronchoscopy with bronchoalveolar lavage, high-
dose steroids should be started, and hospitalization may be needed

Limited data exist regarding the management of steroid- refractory 
pneumonitis

Additional immunosuppression with infliximab, cyclophosphamide, 
or mycophenolate mofetil can be considered









RENAL 
TOXICITY

Rare, estimated incidence of 2% with ICI monotherapy and 5% 
with combination therapy 

Presentation varies, worsening hypertension, electrolyte 
imbalance, altered urinary output, or rising creatinine

Renal toxicity occurs earlier with ipilimumab therapy (2-
3 months) compared with anti–PD-1 therapy (3-10 months)

Acute interstitial nephritis (AIN) is the most commonly reported 
pathology

Workup includes urinalysis, renal ultrasound, biopsy if needed



RHEUMATOLOGIC 
TOXICITY

Incidence not well characterized, difficulty in 
distinguishing between these irAEs and other 
musculoskeletal complaints

Variable presentations including arthritis, with symptoms 
persisting beyond cessation of checkpoint blockade

Grade 1: nonsteroidal anti-inflammatory drugs, followed 
by prednisone if no improvement occurs

Grade ≥2: prednisone or even methotrexate, 
sulfasalazine, leflunomide, or anticytokine therapy in 
steroid-refractory cases



FATIGUE



Chronic 
steroid use

Other 
comorbidities

(COPD, HBV, 
HCV, HIV, 
cardiac) 

Previous irAE

Rechallenge?

Preexisting 
auto-

immune 
disease







STEROIDS AND 
IMMUNOTHERAPY

Dosing and timing!

Most prospective clinical trials have excluded patients 
receiving doses of steroids above physiologic levels 
(e.g., prednisone 7.5mg or more) 

>10mg/day of prednisone was independently 
associated with poorer clinical outcomes after 
adjusting for covariates, such as smoking history, 
performance status, and history of brain metastases



STEROIDS AND 
IMMUNOTHERAPY

ICI requires an intact and robust immune response; the 
immunosuppressive properties of steroids have led to a 
widespread concern they may interfere with antitumor responses

Steroid use shortly after starting therapy intuitively could pose 
a heightened risk of adverse clinical outcomes compared with 
later use, potentially by forestalling a developing anti-tumor 
immune response



AUTOIMMUNE 
HISTORY 

OR PRIOR IRAE

In patients with preexisting autoimmune disease there 
is a risk of exacerbation of autoimmunity 

In patients with prior irAEs, there is a risk of 
redevelopment of prior irAEs, or development of de 
novo irAEs with ICI therapy 

These populations were excluded from trials leading to 
FDA approval

Diverse spectrum of disease pathophysiology and 
severity, long-term prospective studies are needed to 
clarify the optimal approach 



RECHALLENGE?

Permanent discontinuation of ICI after grade 4 irAEs, except for 
endocrine toxicity, which is managed with physiologic hormone 
replacement, and after grade 3 toxicity with a high risk of 
morbidity and mortality 

Nature and severity of the autoimmune disease or irAE, the 
organ system affected, goals of treatment, therapeutic 
alternatives, and the expected clinical benefit of additional ICI

Multidisciplinary teams (MDTs), case by-case basis



Diagnosis and grading

Differential 
diagnoses and pre-
immunosuppression 

work-up

SCs or appropriate 
immunosuppression 
strategy for grade 

2 events 

Active evaluation at 
72 h to adapt 

treatment



PROs CONs

chemotherapy • Not expensive

• No need for biomarkers

• Fast results

• Targets rapidly dividing 

cells (both healthy and 

malignant)

• Resistance

• Toxicities, hair loss

• Limited number of cycles

immunotherapy • Uses host immune system 

against cancer

• Greater specificity

• Long lasting results

• Lower toxicity profile

• Combination therapies

• Autoimmune side effects 

(irAEs)

• Expensive

• Biomarkers not always 

reliable

• Resistance

targeted therapy • Targets specific proteins 

required for cancer growth

• Long lasting results

• Lower toxicity profile

• Combination therapies

• Side effects

• Resistance

• Lab quality methods
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