CAMPBELL BIOLOGY IMMUNOTHERAPY US

THE FIELD OF ONCOLOGY IS UNDERGOING A REVOLUTION, AND UNDERSTANDING THE CUTTING-EDGE TREATMENTS AVAILABLE IS
CRUCIAL FOR PATIENTS AND MEDICAL PROFESSIONALS ALIKE. THIS ARTICLE DELVES INTO THE INTERSECTION OF BIOLOGY AND
CANCER TREATMENT, SPECIFICALLY FOCUSING ON IMMUNOTHERAPY WITHIN THE UNITED STATES. WE WILL EXPLORE HOW THE
FOUNDATIONAL PRINCIPLES OF CAMPBELL BIOLOGY INFORM OUR UNDERSTANDING OF THE IMMUNE SYSTEM'S ROLE IN COMBATING
CANCER. FROM THE DIVERSE MECHANISMS OF ACTION TO THE LATEST ADVANCEMENTS AND FUTURE DIRECTIONS, WE AIM TO
PROVIDE A COMPREHENSIVE OVERVIEW OF CANCER IMMUNOTHERAPY IN THE US. W/HETHER YOU ARE SEEKING TO UNDERSTAND THE
SCIENCE BEHIND THESE TREATMENTS OR THE IMPACT THEY ARE HAVING ON PATIENT OUTCOMES, THIS GUIDE OFFERS VALUABLE
INSIGHTS INTO THIS RAPIDLY EVOLVING AREA OF MEDICINE.

UNDERSTANDING CANCER IMMUNOTHERAPY IN THE US: A BioLoGICAL
FOUNDATION

CANCER IMMUNOTHERAPY REPRESENTS A PARADIGM SHIFT IN HOW WE APPROACH THE TREATMENT OF MALIGNANT DISEASES. IT
HARNESSES THE POWER OF THE PATIENT'S OWN IMMUNE SYSTEM TO RECOGNIZE AND DESTROY CANCER CELLS. THE PRINCIPLES OF
CAMPBELL BIOLOGY/ A WIDELY RESPECTED TEXTBOOK, PROVIDE THE BEDROCK FOR UNDERSTANDING THE COMPLEX BIOLOGICAL
INTERACTIONS INVOLVED. THIS INCLUDES A DEEP APPRECIATION FOR CELLULAR BIOLOGY, IMMUNOLOGY, GENETICS, AND
PHYSIOLOGY, ALL OF WHICH ARE CRITICAL TO GRASPING HOW IMMUNOTHERAPY WORKS AND WHY IT IS PROVING SO EFFECTIVE.
IN THE UNITED STATES, THE DEVELOPMENT AND APPLICATION OF CANCER IMMUNOTHERAPY HAVE SEEN REMARKABLE PROGRESS,
OFFERING NEW HOPE FOR PATIENTS WITH PREVIOUSLY INTRACTABLE CANCERS. THIS SECTION WILL EXPLORE THE FUNDAMENTAL
BIOLOGICAL CONCEPTS THAT UNDERPIN THESE INNOVATIVE THERAPIES, SETTING THE STAGE FOR A DETAILED EXAMINATION OF
THEIR APPLICATION WITHIN THE US HEALTHCARE LANDSCAPE.

THe IMMUNE SYSTEM'Ss RoLE IN CANCER: A BIoLOGICAL PERSPECTIVE

THE HUMAN IMMUNE SYSTEM IS A SOPHISTICATED NETWORK OF CELLS, TISSUES, AND ORGANS THAT WORK COLLABORATIVELY
TO DEFEND THE BODY AGAINST FOREIGN INVADERS, INCLUDING PATHOGENS AND ABNORMAL CELLS. CANCER, BY ITS VERY NATURE,
INVOLVES THE UNCONTROLLED PROLIFERATION OF THESE ABNORMAL CELLS. A FUNDAMENTAL CONCEPT FROM CAMPBELL
BIOLOGY IS THE IMMUNE SYSTEM'S ABILITY TO DISTINGUISH BETWEEN SELF AND NON-SELF. CANCER CELLS, DESPITE ARISING FROM
THE BODY'S OWN CELLS, OFTEN ACQUIRE MUTATIONS THAT ALTER THEIR SURFACE PROTEINS, CREATING WHAT ARE KNOWN AS
TUMOR-ASSOCIATED ANTIGENS (TAAS) orR TUMOR-SPECIFIC ANTIGENS (TSAS). THESE ALTERED PROTEINS CAN BE RECOGNIZED
BY IMMUNE CELLS, SUCH AS T LYMPHOCYTES, AS FOREIGN, TRIGGERING AN ANTI-TUMOR IMMUNE RESPONSE.

HOWEVER, CANCER CELLS ARE NOT PASSIVE TARGETS. THEY EMPLOY A VARIETY OF SOPHISTICATED MECHANISMS TO EVADE
IMMUNE SURVEILLANCE. THESE EVASION STRATEGIES, ALSO ILLUMINATED BY THE PRINCIPLES OF CELLULAR AND MOLECULAR
BIOLOGY, INCLUDE DOWNREGULATING THE EXPRESSION OF TAAS, SECRETING IMMUNOSUPPRESSIVE MOLECULES, AND RECRUITING
REGULATORY IMMUNE CELLS THAT DAMPEN THE ANTI-CANCER IMMUNE RESPONSE. LUNDERSTANDING THESE INTRICATE BIOLOGICAL
MECHANISMS IS PARAMOUNT TO DEVELOPING EFFECTIVE IMMUNOTHERAPIES. THE CONSTANT BATTLE BETWEEN CANCER CELLS AND
THE IMMUNE SYSTEM, AS DETAILED IN CAMPBELL BIOLOGYI IS THE VERY LANDSCAPE UPON WHICH IMMUNOTHERAPY OPERATES.

Key PrINCIPLES OF CANCER IMMUNOTHERAPY

CANCER IMMUNOTHERAPY AIMS TO BOLSTER OR REDIRECT THE PATIENT'S IMMUNE SYSTEM TO MORE EFFECTIVELY TARGET AND
ELIMINATE CANCER CELLS. THIS INVOLVES LEVERAGING VARIOUS COMPONENTS OF THE IMMUNE SYSTEM, INCLUDING T CELLS, B
CELLS, AND NATURAL KILLER (NK) CELLS. THE OVERARCHING GOAL IS TO OVERCOME THE IMMUNE EVASION MECHANISMS
EMPLOYED BY TUMORS AND TO AMPLIFY THE BODY'S NATURAL DEFENSE CAPABILITIES. THE DEVELOPMENT OF THESE THERAPIES IS
DEEPLY ROOTED IN BIOLOGICAL RESEARCH, FROM UNDERSTANDING IMMUNE CELL SIGNALING PATHWAYS TO IDENTIFYING SPECIFIC
TUMOR ANTIGENS THAT CAN BE TARGETED.



THE EFFICACY OF IMMUNOTHERAPY IS INTRINSICALLY LINKED TO THE BIOLOGICAL CHARACTERISTICS OF BOTH THE TUMOR AND
THE PATIENT’S IMMUNE SYSTEM. FACTORS SUCH AS THE TUMOR'S MUTATIONAL BURDEN, THE PRESENCE OF SPECIFIC IMMUNE CELL
INFILTRATES WITHIN THE TUMOR MICROENVIRONMENT, AND THE PATIENT'S GENETIC MAKEUP CAN ALL INFLUENCE THE RESPONSE TO
TREATMENT. THEREFORE, A COMPREHENSIVE UNDERSTANDING OF IMMUNOLOGY AND CELL BIOLOGY, AS PRESENTED IN CAMPBELL
BIOLOGY/ IS ESSENTIAL FOR PREDICTING PATIENT RESPONSES AND OPTIMIZING TREATMENT STRATEGIES.

TypPes oF CANCER IMMUNOTHERAPY APPROVED AND UTILIZED IN THE US

THE UNITED STATES HAS BEEN AT THE FOREFRONT OF DEVELOPING AND APPROVING GROUNDBREAKING CANCER IMMUNOTHERAPIES.
THESE TREATMENTS ARE BROADLY CATEGORIZED BASED ON THEIR MECHANISM OF ACTION AND THE SPECIFIC COMPONENTS OF THE
IMMUNE SYSTEM THEY ENGAGE. THE RAPID PACE OF INNOVATION IN THIS FIELD MEANS THAT NEW AGENTS AND STRATEGIES ARE
CONTINUALLY EMERGING, OFFERING EXPANDED TREATMENT OPTIONS FOR A GROWING NUMBER OF CANCER TYPES. THIS SECTION
WILL DETAIL THE MAJOR CLASSES OF IMMUNOTHERAPY THAT HAVE MADE A SIGNIFICANT IMPACT IN US CLINICAL PRACTICE.

CHECKPOINT INHIBITORS: UNLEASHING THE IMMUNE SYSTEM

IMMUNE CHECKPOINTS ARE REGULATORY PATHWAYS THAT PREVENT EXCESSIVE IMMUNE RESPONSES AND MAINTAIN SELF-
TOLERANCE, THEREBY PREVENTING AUTOIMMUNE DISEASES. CANCER CELLS EXPLOIT THESE CHECKPOINTS TO SUPPRESS ANTI-
TUMOR IMMUNITY. IMMUNE CHECKPOINT INHIBITORS ARE MONOCLONAL ANTIBODIES THAT BLOCK THESE INHIBITORY SIGNALS,
EFFECTIVELY “RELEASING THE BRAKES” ON THE IMMUNE SYSTEM AND ALLOWING T CELLS TO ATTACK CANCER CELLS MORE
EFFECTIVELY. THE MOST WELL-KNOWN CHECKPOINTS TARGETED BY THESE DRUGS ARE:

e CTLA-4 (CytoToxic T-LyMPHOCYTE-ASSOCIATED PROTEIN 4): CTLA-4 IS EXPRESSED ON T CELLS AND ACTS
EARLY IN THE IMMUNE RESPONSE, PRIMARILY IN LYMPH NODES, BY COMPETING WITH THE CO-STIMULATORY RECEPTOR
CD28 FoRr BINDING TO B7 LIGANDS ON ANTIGEN-PRESENTING CELLS. BLOCKING CTLA-4 ENHANCES T CELL ACTIVATION
AND PROLIFERATION.

e PD-1 (ProGrAMMED CELL DEATH PROTEIN 1) AND PD-L 1 (ProGRAMMED DEATH-LIGAND 1): PD-1 IS EXPRESSED ON
ACTIVATED T CELLS, B CeLLS, AND NK CELLS, WHILE PD-L 1 1S OFTEN EXPRESSED ON TUMOR CELLS AND VARIOUS
IMMUNE CELLS. THE PD-1/PD-L 1 PATHWAY PLAYS A CRUCIAL ROLE IN DAMPENING IMMUNE RESPONSES IN PERIPHERAL
TISSUES AND WITHIN THE TUMOR MICROENVIRONMENT. INHIBITING THIS INTERACTION RESTORES THE CYTOTOXIC
FUNCTION OF T CELLS AGAINST CANCER.

IN THE US, severaL PD-T1, PD-L 1, ano CTLA-4 INHIBITORS HAVE RECEIVED FDA APPROVAL FOR A WIDE RANGE OF CANCERS
INCLUDING MELANOMA, NON-SMALL CELL LUNG CANCER, KIDNEY CANCER, BLADDER CANCER, AND HODGKIN LYMPHOMA, AMONG
OTHERS. THE BIOLOGICAL RATIONALE FOR THEIR EFFICACY LIES IN RESTORING THE ABILITY OF CYTOTOXIC T LYMPHOCYTES
(CTLS) To RECOGNIZE AND KILL TUMOR CELLS, A CONCEPT FIRMLY ROOTED IN IMMUNOLOGY AS PRESENTED IN CAMPBELL
BioLogy.

’

CAR T-CeLL THERAPY: GENETICALLY ENGINEERED W ARRIORS

CHIMERIC ANTIGEN RECEPTOR (CAR) T-CELL THERAPY REPRESENTS A HIGHLY PERSONALIZED AND POTENT FORM OF
IMMUNOTHERAPY. THIS APPROACH INVOLVES GENETICALLY MODIFYING A PATIENT'S OWN T CELLS TO EXPRESS A SYNTHETIC
RECEPTOR (CAR) THAT CAN SPECIFICALLY RECOGNIZE AND BIND TO ANTIGENS PRESENT ON THE SURFACE OF CANCER CELLS.
ONCE INFUSED BACK INTO THE PATIENT, THESE ENGINEERED T CELLS ACT AS HIGHLY TARGETED “LIVING DRUGS” THAT CAN SEEK
OUT AND DESTROY CANCER CELLS.

THE PROCESS TYPICALLY INVOLVES:

1. LeUKAPHERESIS: COLLECTION OF T CELLS FROM THE PATIENT'S BLOOD.



2. GENETIC MODIFICATION: INSERTION OF THE CAR GENE INTO THE T CELLS USING VIRAL VECTORS.
3. ExPANSION: GROWING A LARGE POPULATION OF THESE MODIFIED CAR T CELLS IN THE LABORATORY.

4. INFUsION: Re-INFUSION OF THE CAR T CELLS INTO THE PATIENT, OFTEN AFTER LYMPHODEPLETING CHEMOTHERAPY TO
CREATE A MORE FAVORABLE ENVIRONMENT FOR THE CAR T CELLS.

IN THE US, CAR T-CELL THERAPY HAS BEEN PARTICULARLY SUCCESSFUL IN TREATING CERTAIN HEMATOLOGICAL MALIGNANCIES,
SUCH AS B-CELL ACUTE LYMPHOBLASTIC LEUKEMIA (B-ALL) AND DIFFUSE LARGE B-CELL LYMPHOMA (DLBCL). THe
BIOLOGICAL PRINCIPLES BEHIND CAR T-CELL THERAPY HIGHLIGHT THE POWER OF GENETIC ENGINEERING TO AUGMENT CELLULAR
FUNCTION AND TARGET SPECIFIC CELLULAR MARKERS, A TESTAMENT TO THE ADVANCEMENTS IN MOLECULAR BIOLOGY.

OTHER IMMUNOTHERAPY APPROACHES

BEYOND CHECKPOINT INHIBITORS AND CAR T-CELL THERAPY, SEVERAL OTHER IMMUNOTHERAPY STRATEGIES ARE BEING
EMPLOYED OR ARE IN ADVANCED STAGES OF DEVELOPMENT IN THE US:

MoNocLoNAL ANTIBODIES (TARGETING TUMOR ANTIGENS

THESE ARE LABORATORY-PRODUCED ANTIBODIES DESIGNED TO SPECIFICALLY BIND TO ANTIGENS THAT ARE OVEREXPRESSED ON
THE SURFACE OF CANCER CELLS. ONCE BOUND, THEY CAN:

® BLOCK GROWTH SIGNALS ESSENTIAL FOR CANCER CELL SURVIVAL.

e MARK CANCER CELLS FOR DESTRUCTION BY THE IMMUNE SYSTEM (ANTIBODY-DEPENDENT CELL-MEDIATED CYTOTOXICITY
or ADCQ).

® DELIVER CHEMOTHERAPY OR RADIATION DIRECTLY TO CANCER CELLS (ANTIBODY‘DRUG CONJUGATES OR
RADIOIMMUNOTHERAPY).

EXAMPLES INCLUDE RITUXIMAB FOR CERTAIN LYMPHOMAS AND TRASTUZUMAR FOR HER2-POSITIVE BREAST CANCER. THESE
THERAPIES LEVERAGE THE SPECIFICITY OF ANTIBODY-ANTIGEN INTERACTIONS, A CORE CONCEPT IN IMMUNOLOGY.

OnNcoLYTIC VIRUSES

ONCOLYTIC VIRUSES ARE NATURALLY OCCURRING OR GENETICALLY MODIFIED VIRUSES THAT PREFERENTIALLY INFECT AND
REPLICATE WITHIN CANCER CELLS, CAUSING THEM TO LYSE (BURST). THE LYSIS OF CANCER CELLS RELEASES TUMOR ANTIGENS
AND DANGER SIGNALS, WHICH CAN THEN STIMULATE AN ANTI-TUMOR IMMUNE RESPONSE. SOME ONCOLYTIC VIRUSES ARE
ENGINEERED TO EXPRESS IMMUNE-STIMULATING MOLECULES, FURTHER ENHANCING THEIR THERAPEUTIC POTENTIAL. T ALIMOGENE
LAHERPAREPVEC (T-VEC) 1s AN FDA-APPROVED ONCOLYTIC VIRUS THERAPY FOR MELANOMA.

CANCER VACCINES

CANCER VACCINES AIM TO STIMULATE AN IMMUNE RESPONSE AGAINST CANCER CELLS BY PRESENTING TUMOR-SPECIFIC ANTIGENS
TO THE IMMUNE SYSTEM. THESE VACCINES CAN BE THERAPEUTIC (ADMINISTERED TO PATIENTS WITH EXISTING CANCER) OR, IN
SOME CASES, PREVENTATIVE (LIKE THE HPV VACCINE TO PREVENT CERVICAL CANCER). W/HILE THERAPEUTIC CANCER VACCINES
HAVE FACED CHALLENGES, ONGOING RESEARCH IS EXPLORING VARIOUS PLATFORMS AND ANTIGEN TARGETS TO IMPROVE THEIR
EFFICACY. THE BIOLOGICAL AIM IS TO EDUCATE THE IMMUNE SYSTEM TO RECOGNIZE AND MOUNT A ROBUST ATTACK AGAINST
CANCER.

CYTOKINE THERAPY



CYTOKINES ARE SIGNALING MOLECULES THAT PLAY CRITICAL ROLES IN REGULATING IMMUNE RESPONSES. SOME CY TOKINES, LIKE
INTERLEUKINS (E.G., IL-2) AND INTERFERONS (E.G., IFN-ALPHA), CAN ACTIVATE AND ENHANCE THE ACTIVITY OF IMMUNE CELLS,
INCLUDING T CELLS AND NK CELLS, TO FIGHT CANCER. W/HILE EFFECTIVE IN SOME CASES, CYTOKINE THERAPY OFTEN COMES WITH
SIGNIFICANT SIDE EFFECTS DUE TO ITS SYSTEMIC NATURE.

THe BioLoGICAL BASIS FOR RESPONSE AND RESISTANCE TO IMMUNOTHERAPY

W/HILE CANCER IMMUNOTHERAPY HAS REVOLUTIONIZED CANCER TREATMENT, NOT ALL PATIENTS RESPOND, AND RESISTANCE CAN
DEVELOP. UNDERSTANDING THE BIOLOGICAL UNDERPINNINGS OF RESPONSE AND RESISTANCE IS CRUCIAL FOR IMPROVING PATIENT
OUTCOMES AND DEVELOPING MORE EFFECTIVE STRATEGIES. THE COMPLEX INTERPLAY BETWEEN THE TUMOR, THE IMMUNE SYSTEM,
AND THE TUMOR MICROENVIRONMENT, ALL AREAS EXPLORED IN DETAIL WITHIN CAMPBELL BIOLOGY/ DICTATES THE SUCCESS OF
THESE THERAPIES.

FACTORS INFLUENCING RESPONSE

SEVERAL BIOLOGICAL FACTORS CONTRIBUTE TO A PATIENT'S LIKELIHOOD OF RESPONDING TO IMMUNOTHERAPY:

TuMor MUTATIONAL Burpen (TMB)

HigH TMB, MEANING A LARGE NUMBER OF MUTATIONS WITHIN A TUMOR'S DNA, OFTEN LEADS TO THE PRODUCTION OF MORE
NEOANTIGENS. THESE NEOANTIGENS ARE NOVEL PROTEINS THAT CAN BE RECOGNIZED BY THE IMMUNE SYSTEM AS FOREIGN, MAKING
THE TUMOR MORE VISIBLE TO IMMUNE CELLS. TUMORS WITH HIGHER TMB ARE GENERALLY MORE LIKELY TO RESPOND TO
CHECKPOINT INHIBITORS.

TuUMOR MICROENVIRONMENT (TME)

THe TME CONSISTS OF VARIOUS CELLULAR COMPONENTS, INCLUDING IMMUNE CELLS, STROMAL CELLS, BLOOD VESSELS, AND
EXTRACELLULAR MATRIX, AS WELL AS SOLUBLE FACTORS LIKE CYTOKINES AND GROWTH FACTORS. THE COMPOSITION OF THE
TME IS CRITICAL. FOR EXAMPLE, THE PRESENCE OF TUMOR-INFILTRATING LYMPHOCYTES (TILS), PARTICULARLY CYTOTOXIC T
CELLS, WITHIN THE TUMOR IS A STRONG PREDICTOR OF RESPONSE TO CHECKPOINT INHIBITORS. CONVERSELY, A TME RICH IN
IMMUNOSUPPRESSIVE CELLS LIKE REGULATORY T CELLS (TREGS) OR MYELOID-DERIVED SUPPRESSOR CELLS (MDSCS) CAN HINDER
IMMUNE RESPONSES.

Tumor ANTIGENS AND MHC ExPRrESSION

THE ABILITY OF T CELLS TO RECOGNIZE CANCER CELLS DEPENDS ON THE PRESENTATION OF TUMOR ANTIGENS BY MHC (MAJOR
HISTOCOMPATIBILITY COMPLEX) MOLECULES ON THE SURFACE OF CANCER CELLS. TUMORS THAT EXPRESS ADEQUATE LEVELS
OF APPROPRIATE TUMOR ANTIGENS AND PRESENT THEM VIA MHC CLASS | MOLECULES ARE MORE LIKELY TO BE RECOGNIZED BY T
CELLS.

GERMLINE GENETICS

A PATIENT’S INHERITED GENETIC MAKEUP CAN ALSO INFLUENCE THEIR IMMUNE SYSTEM'S ABILITY TO RESPOND TO
IMMUNOTHERAPY. V ARIATIONS IN GENES RELATED TO IMMUNE FUNCTION MAY PREDISPOSE INDIVIDUALS TO BETTER OR WORSE
RESPONSES.

MECHANISMS OF RESISTANCE

RESISTANCE TO IMMUNOTHERAPY CAN BE INTRINSIC (PRESENT FROM THE OUTSET) OR ACQUIRED (DEVELOPING DURING



TREATMENT). BIOLOGICAL MECHANISMS UNDERLYING RESISTANCE INCLUDE:

Loss oF TUMOR ANTIGENS

TUMOR CELLS CAN EVOLVE TO DOWNREGULATE OR LOSE THE EXPRESSION OF TARGET ANTIGENS OR MHC MOLECULES,
RENDERING THEM INVISIBLE TO T CELLS.

UPREGULATION OF IMMUNE CHECKPOINTS

CANCER CELLS CAN INCREASE THE EXPRESSION OF PD-LL 1 OR OTHER INHIBITORY LIGANDS, EFFECTIVELY RE-ESTABLISHING AN
IMMUNOSUPPRESSIVE ENVIRONMENT EVEN IN THE PRESENCE OF CHECKPOINT INHIBITORS.

ACTIVATION OF ALTERNATIVE IMMUNOSUPPRESSIVE PATHWAYS

TUMORS CAN ACTIVATE OTHER IMMUNOSUPPRESSIVE PATHWAYS, SUCH AS THOSE INVOLVING INDOLEAMINE 2,3-DIOXYGENASE
(IDO) OR ADENOSINE, TO DAMPEN IMMUNE RESPONSES.

IMMUNOSUPPRESSIVE TUMOR MICROENVIRONMENT

TUMORS CAN RECRUIT OR PROMOTE THE FUNCTION OF IMMUNOSUPPRESSIVE CELLS LIKE TREGS, MDSCs, aND M2
MACROPHAGES, WHICH CREATE A HOSTILE ENVIRONMENT FOR ANTI-TUMOR IMMUNE CELLS.

DerecTs IN T-CELL FUNCTION

T CELLS MAY HAVE INTRINSIC DEFECTS IN THEIR ABILITY TO INFILTRATE THE TUMOR, SURVIVE, OR EXECUTE THEIR EFFECTOR
FUNCTIONS, EVEN WHEN IMMUNE CHECKPOINTS ARE BLOCKED.

CuiNnicaL APPLICATIONS AND ADVANCES IN US CANCER CENTERS

CANCER IMMUNOTHERAPY HAS TRANSITIONED FROM EXPERIMENTAL TREATMENTS TO STANDARD-OF-CARE FOR MANY CANCERS IN
THE UNITED STATES. LEADING CANCER CENTERS ACROSS THE COUNTRY ARE AT THE FOREFRONT OF BOTH ADMINISTERING THESE
APPROVED THERAPIES AND PIONEERING NEW APPROACHES THROUGH CLINICAL TRIALS. THE INTEGRATION OF BIOLOGICAL
UNDERSTANDING INTO CLINICAL PRACTICE IS KEY TO THESE ADVANCEMENTS.

APPROVED INDICATIONS AND PATIENT POPULATIONS

THe FDA HAS APPROVED VARIOUS IMMUNOTHERAPIES FOR AN EXPANDING LIST OF CANCERS. THESE INCLUDE, BUT ARE NOT
LIMITED TO:

* MELANOMA: BOTH CHECKPOINT INHIBITORS AND SOME CAR T-CELL THERAPIES HAVE SIGNIFICANTLY IMPROVED SURVIVAL
RATES.

o LuNG CANCER: PARTICULARLY NON-SMALL CELL LUNG CANCER (NSCLC), WHERE CHECKPOINT INHIBITORS ARE OFTEN
USED AS FIRST-LINE THERAPY.

¢ Kipney CANCER (RENAL CeLL CARCINOMA): CHECKPOINT INHIBITORS HAVE BECOME A CORNERSTONE OF TREATMENT.

o BrLabDER CANCER (UROTHELIAL CARCINOMA): IMMUNOTHERAPY IS USED FOR BOTH METASTATIC AND ADJUVANT
SETTINGS.

o Heap AND Neck CANCERS: CHECKPOINT INHIBITORS ARE APPROVED FOR RECURRENT OR METASTATIC DISEASE.



o HEMATOLOGICAL MALIGNANCIES: CAR T-CELL THERAPIES HAVE SHOWN REMARKABLE SUCCESS IN SPECIFIC TYPES OF
LEUKEMIA AND LYMPHOMA.

THE BIOLOGICAL RATIONALE FOR TARGETING THESE SPECIFIC CANCERS OFTEN RELATES TO THEIR CHARACTERISTIC MUTATIONAL
LANDSCAPES, IMMUNE INFILTRATION PATTERNS, AND EXPRESSION OF SPECIFIC ANTIGENS.

ONGOING CLINICAL TRIALS AND EMERGING STRATEGIES

THE LANDSCAPE OF CANCER IMMUNOTHERAPY IN THE US Is DYNAMIC, WITH NUMEROUS CLINICAL TRIALS EXPLORING NOVEL
AGENTS AND COMBINATIONS. EMERGING STRATEGIES INCLUDE:

o COMBINATION THERAPIES: PAIRING DIFFERENT IMMUNOTHERAPIES (E.G., DUAL CHECKPOINT BLOCKADE) OR COMBINING
IMMUNOTHERAPY WITH CHEMOTHERAPY , RADIATION, OR TARGETED AGENTS TO ACHIEVE SYNERGISTIC EFFECTS.

o NexT-GENERATION CAR T-CeLLS: DEVELOPING CAR T-CELLS WITH IMPROVED PERSISTENCE, REDUCED TOXICITY, AND
THE ABILITY TO TARGET MULTIPLE ANTIGENS OR RESIST IMMUNE ESCAPE.

e ONcoLYTIC VIRUS ENGINEERING: ENHANCING THE PAYLOAD AND TARGETING SPECIFICITY OF ONCOLYTIC VIRUSES.

® TARGETING THE TUMOR MICROENVIRONMENT: DEVELOPING THERAPIES THAT MODULATE IMMUNOSUPPRESSIVE CELLS OR
FACTORS WITHIN THE TME.

* NEOANTIGEN V ACCINES: PERSONALIZED VACCINES DESIGNED BASED ON THE UNIQUE NEOANTIGENS IDENTIFIED IN A

PATIENT'S TUMOR.

THESE EFFORTS ARE DRIVEN BY A DEEP UNDERSTANDING OF CANCER BIOLOGY AND IMMUNOLOGY, AIMING TO OVERCOME CURRENT
LIMITATIONS AND EXPAND THE REACH OF IMMUNOTHERAPY TO MORE PATIENTS AND CANCER TYPES.

BiIoMARKER DISCOVERY FOR PERSONALIZED IMMUNOTHERAPY

PERSONALIZED MEDICINE IS A CRITICAL ASPECT OF MODERN CANCER TREATMENT, AND BIOMARKERS PLAY A CENTRAL ROLE IN
TAILORING IMMUNOTHERAPY. BY ANALYZING BIOLOGICAL MARKERS, CLINICIANS CAN PREDICT WHICH PATIENTS ARE MOST LIKELY
TO BENEFIT FROM SPECIFIC TREATMENTS, THEREBY IMPROVING EFFICACY AND MINIMIZING TOXICITY. KEY BIOMARKERS BEING
INVESTIGATED AND UTILIZED IN THE US INCLUDE:

o PD-L T EXPRESSION: IMMUNOHISTOCHEMISTRY STAINING OF TUMOR CELLS AND IMMUNE CELLS FOR PD-L 1 IS WIDELY
USED TO GUIDE THE USE ofF PD-1/PD-L 1 INHIBITORS.

o TuMor MuTATIONAL BURDEN (TMB): GENOMIC SEQUENCING TO ASSESS THE NUMBER OF MUTATIONS.

o MICROSATELLITE INSTABILITY (MSI): A MEASURE OF DNA MISMATCH REPAIR DEFICIENCY, WHICH IS ASSOCIATED WITH A
HIGHER RESPONSE RATE TO CHECKPOINT INHIBITORS.

o TUMOR-INFILTRATING LYMPHOCYTES (TILS): ASSESSING THE PRESENCE AND TYPE OF IMMUNE CELLS WITHIN THE TUMOR.
o GENE EXPRESSION PROFILING: ANALYZING RNA EXPRESSION PATTERNS TO IDENTIFY SIGNATURES ASSOCIATED WITH

RESPONSE OR RESISTANCE.

THE CONTINUOUS DISCOVERY AND VALIDATION OF NEW BIOMARKERS ARE CRUCIAL FOR THE ONGOING ADVANCEMENT OF
IMMUNOTHERAPY IN THE US, ALLOWING FOR MORE PRECISE AND EFFECTIVE TREATMENT SELECTION.



CHALLENGES AND FUTURE DIRecTIONS IN US CANCER IMMUNOTHERAPY

DESPITE THE REMARKABLE SUCCESSES, SIGNIFICANT CHALLENGES REMAIN IN THE FIELD OF CANCER IMMUNOTHERAPY IN THE UNITED
STATES. ADDRESSING THESE CHALLENGES IS CRITICAL FOR EXPANDING THE BENEFITS OF IMMUNOTHERAPY TO A BROADER PATIENT
POPULATION AND IMPROVING OVERALL TREATMENT OUTCOMES. THE FUTURE DIRECTION IS HEAVILY INFLUENCED BY ONGOING
BIOLOGICAL RESEARCH AND TECHNOLOGICAL INNOVATION.

OVERCOMING RESISTANCE AND IMPROVING DURABILITY

As DISCUSSED, RESISTANCE IS A MAJOR HURDLE. FUTURE RESEARCH IN THE US IS FOCUSED ON UNDERSTANDING THE COMPLEX
BIOLOGICAL MECHANISMS OF RESISTANCE MORE DEEPLY. THIS INVOLVES INVESTIGATING THE ROLE OF THE TUMOR MICROBIOME,
EPIGENETIC MODIFICATIONS, AND METABOLIC REPROGRAMMING WITHIN THE TUMOR MICROENVIRONMENT. STRATEGIES TO
OVERCOME RESISTANCE INCLUDE DEVELOPING COMBINATION THERAPIES TARGETING MULTIPLE IMMUNE CHECKPOINTS OR
IMMUNOSUPPRESSIVE PATHWAYS SIMULTANEOUSLY , ENGINEERING T CELLS WITH RESISTANCE-BREAKING CAPABILITIES, AND
DESIGNING NOVEL VACCINES THAT ELICIT BROADER AND MORE DURABLE IMMUNE RESPONSES.

RepucINg ToxICITY AND MANAGING SIDE EFFECTS

|MMUNOTHERAPIES, WHILE POWERFUL, CAN ALSO CAUSE IMMUNE-RELATED ADVERSE EVENTS (IRAES) DUE TO THE ACTIVATION
OF THE IMMUNE SYSTEM AGAINST HEALTHY TISSUES. THESE CAN RANGE FROM MILD SKIN RASHES TO SEVERE AUTOIMMUNE
CONDITIONS. MANAGING THESE TOXICITIES EFFECTIVELY REQUIRES A THOROUGH UNDERSTANDING OF THE UNDERLYING
IMMUNOLOGICAL PROCESSES. FUTURE DIRECTIONS INVOLVE DEVELOPING PREDICTIVE BIOMARKERS FOR IRAES/ CREATING
TARGETED IMMUNOSUPPRESSIVE AGENTS TO MANAGE SPECIFIC TOXICITIES WITHOUT COMPROMISING ANTI=TUMOR IMMUNITY, AND
REFINING PATIENT MONITORING AND MANAGEMENT PROTOCOLS.

ExPANDING TO NEW CANCER T'YYPES AND PATIENT POPULATIONS

CURRENTLY, IMMUNOTHERAPY IS MOST EFFECTIVE IN CERTAIN CANCER TYPES AND FOR PATIENTS WITH SPECIFIC BIOLOGICAL
PROFILES. A MAJOR GOAL FOR US RESEARCHERS AND CLINICIANS IS TO BROADEN THE APPLICABILITY OF THESE TREATMENTS.
THIS INVOLVES IDENTIFYING NEW TUMOR-SPECIFIC ANTIGENS THAT CAN BE TARGETED, DEVELOPING MORE EFFECTIVE STRATEGIES
FOR TREATING “CoLD” TUMORS (TUMORS WITH LOW IMMUNE CELL INFILTRATION), AND EXPLORING IMMUNOTHERAPY
COMBINATIONS THAT CAN OVERCOME THE IMMUNOSUPPRESSIVE BARRIERS IN VARIOUS CANCERS. FURTHERMORE, RESEARCH IS
UNDERWAY TO UNDERSTAND HOW IMMUNOTHERAPY CAN BE SAFELY AND EFFECTIVELY USED IN PEDIATRIC CANCERS AND IN
COMBINATION WITH OTHER TREATMENT MODALITIES.

THE RoLE oF TECHNOLOGY AND DATA SCIENCE

ADVANCEMENTS IN HIGH-THROUGHPUT SEQUENCING, SINGLE-CELL ANALYSIS, AND ARTIFICIAL INTELLIGENCE ARE REVOLUTIONIZING
OUR ABILITY TO STUDY CANCER BIOLOGY AND IMMUNOTHERAPY RESPONSE. IN THE US/ LARGE-SCALE DATA COLLECTION FROM
CLINICAL TRIALS AND REAL-WORLD PATIENT DATA IS BEING LEVERAGED TO IDENTIFY NEW BIOMARKERS, PREDICT TREATMENT
OUTCOMES, AND OPTIMIZE TREATMENT STRATEGIES. COMPUTATIONAL BIOLOGY AND BIOINFORMATICS ARE BECOMING
INDISPENSABLE TOOLS IN DECIPHERING THE COMPLEX INTERACTIONS WITHIN THE TUMOR IMMUNE ECOSYSTEM, PAVING THE WAY
FOR MORE PRECISE AND EFFECTIVE IMMUNOTHERAPIES.



CoNcCLUSION

CANCER IMMUNOTHERAPY IN THE UNITED STATES REPRESENTS A MONUMENTAL LEAP FORWARD IN ONCOLOGY, TRANSFORMING
THE TREATMENT LANDSCAPE FOR NUMEROUS CANCERS. GROUNDED IN THE FUNDAMENTAL PRINCIPLES OF BIOLOGY, PARTICULARLY
IMMUNOLOGY AND CELLULAR BIOLOGY, THESE THERAPIES HARNESS THE PATIENT’'S OWN IMMUNE SYSTEM TO FIGHT DISEASE. FROM
CHECKPOINT INHIBITORS THAT UNLEASH IMMUNE CELLS TO CAR T-CELL THERAPIES THAT DEPLOY GENETICALLY ENGINEERED

W ARRIORS, THE US HAS BEEN A GLOBAL LEADER IN THE DEVELOPMENT AND APPLICATION OF THESE LIFE-SAVING TREATMENTS.
\W/HILE SIGNIFICANT PROGRESS HAS BEEN MADE, UNDERSTANDING THE BIOLOGICAL BASIS OF RESPONSE AND RESISTANCE REMAINS
CRITICAL FOR FURTHER OPTIMIZATION. FUTURE DIRECTIONS IN US CANCER IMMUNOTHERAPY ARE FOCUSED ON OVERCOMING
RESISTANCE MECHANISMS, REDUCING TREATMENT TOXICITIES, EXPANDING TREATMENT ACCESS TO MORE CANCER TYPES, AND
LEVERAGING ADVANCED TECHNOLOGIES TO PERSONALIZE CARE. THE ONGOING RESEARCH AND CLINICAL INNOVATION IN THE US
PROMISE TO CONTINUE EXPANDING THE FRONTIERS OF CANCER IMMUNOTHERAPY , OFFERING RENEWED HOPE TO PATIENTS

¥ ORLDW IDE.

FREQUENTLY AskeD QUESTIONS

\WHAT ARE THE KEY ADVANCEMENTS IN IMMUNOTHERAPY DISCUSSED IN CAMPBELL
BIOLOGY’S RELEVANT SECTIONS?

CAMPBELL BIOLOGY TYPICALLY COVERS FOUNDATIONAL ASPECTS OF IMMUNOTHERAPY, OFTEN FOCUSING ON CHECKPOINT
INHIBITORS (LikE PD-1/PD-L 1 AnD CTLA-4 BLockers) AND CAR T-CELL THERAPY AS MAJOR BREAKTHROUGHS IN CANCER
TREATMENT. |T EXPLAINS HOW THESE THERAPIES LEVERAGE THE PATIENT'S OWN IMMUNE SYSTEM TO TARGET AND ELIMINATE
CANCER CELLS.

How poes CAMPBELL BIOLOGY EXPLAIN THE MECHANISM OF ACTION FOR CAR T-CELL
THERAPY?

CAMPBELL BioLoGY wouLD LIKELY EXPLAIN CAR T-CELL THERAPY AS A PROCESS WHERE A PATIENT'S T-CELLS ARE
GENETICALLY ENGINEERED TO EXPRESS CHIMERIC ANTIGEN RECEPTORS (CARS). THESE CARS SPECIFICALLY BIND TO ANTIGENS
ON CANCER CELLS, ENABLING THE MODIFIED T-CELLS TO RECOGNIZE, ATTACK, AND DESTROY THEM.

\WHAT ARE IMMUNE CHECKPOINT INHIBITORS AND HOW DOES CAMPBELL BloLoGY
DESCRIBE THEIR FUNCTION?

IMMUNE CHECKPOINT INHIBITORS, AS DESCRIBED IN CAMPBELL BIOLOGY, ARE DRUGS THAT BLOCK 'CHECKPOINT PROTEINS' ON
IMMUNE CELLS, WHICH NORMALLY ACT AS BRAKES TO PREVENT THE IMMUNE SYSTEM FROM ATTACKING HEALTHY CELLS. BY
INHIBITING THESE CHECKPOINTS (E.G., PD-1, CTLA-4), THE THERAPY 'RELEASES THE BRAKES' ALLOWING T-CELLS TO
EFFECTIVELY TARGET AND KILL CANCER CELLS.

ARE THERE DISCUSSIONS ON THE CHALLENGES OR SIDE EFFECTS OF IMMUNOTHERAPY IN
CAMPBELL BloLoGY?

YEs, CAMPBELL BIOLOGY WOULD LIKELY TOUCH UPON THE CHALLENGES AND POTENTIAL SIDE EFFECTS OF IMMUNOTHERAPY.
THESE CAN INCLUDE 'CYTOKINE RELEASE SYNDROME' (CRS) AND ‘IMMUNE-RELATED ADVERSE EVENTS' (IRAES), WHICH OCCUR
WHEN THE ACTIVATED IMMUNE SYSTEM MISTAKENLY ATTACKS HEALTHY TISSUES.

How DOES THE CONCEPT OF ‘ADAPTIVE IMMUNITY' RELATE TO IMMUNOTHERAPY,
ACCORDING TO CAMPBELL BloLoGY?

CAMPBELL BIOLOGY EMPHASIZES THAT IMMUNOTHERAPY HEAVILY RELIES ON THE PRINCIPLES OF ADAPTIVE IMMUNITY.
SPECIFICALLY, IT HIGHLIGHTS THE ROLE OF T -CELLS AND B-CELLS IN RECOGNIZING AND RESPONDING TO SPECIFIC ANTIGENS.



IMMUNOTHERAPIES AIM TO BOOST OR RE-DIRECT THESE ADAPTIVE IMMUNE RESPONSES AGAINST PATHOGENS OR CANCER.

Does CAMPBELL BIOLOGY COVER EMERGING TRENDS IN IMMUNOTHERAPY BEYOND
CHECKPOINT INHIBITORS AND CAR T-CELLS?

W/HILE CORE EDITIONS MIGHT FOCUS ON ESTABLISHED THERAPIES, NEWER EDITIONS OR SUPPLEMENTARY MATERIALS FOR
CAMPBELL BIOLOGY MIGHT DISCUSS EMERGING TRENDS SUCH AS BISPECIFIC ANTIBODIES, CANCER VACCINES, AND ONCOLYTIC
VIRUSES, ALL OF WHICH ARE ACTIVE AREAS OF IMMUNOTHERAPY RESEARCH.

How ARE TUMOR MICROENVIRONMENTS DISCUSSED IN RELATION TO IMMUNOTHERAPY IN
CAMPBELL BioLoGY?

CAMPBELL BIOLOGY WOULD LIKELY EXPLAIN THE TUMOR MICROENVIRONMENT (TME) AS A COMPLEX ECOSYSTEM THAT
INCLUDES IMMUNE CELLS, STROMAL CELLS, AND SIGNALING MOLECULES. T WOULD DETAIL HOW THE TME CAN EITHER SUPPRESS
OR FACILITATE IMMUNE RESPONSES, AND HOW IMMUNOTHERAPIES AIM TO OVERCOME IMMUNOSUPPRESSIVE COMPONENTS WITHIN
THE TME.

\WHAT ARE THE ETHICAL CONSIDERATIONS OF IMMUNOTHERAPY THAT MIGHT BE
PRESENTED IN CAMPBELL BloLoGY?

CAMPBELL BIOLOGY MIGHT BRIEFLY TOUCH UPON ETHICAL CONSIDERATIONS, SUCH AS THE ACCESSIBILITY AND COST OF
ADVANCED IMMUNOTHERAPIES, AND THE POTENTIAL FOR OFF-TARGET EFFECTS OR LONG-TERM CONSEQUENCES OF MANIPULATING
THE IMMUNE SYSTEM.

ADDITIONAL RESOURCES

Here ARE @ BOOK TITLES RELATED TO CAMPBELL BIOLOGY, |MMUNOLOGY/ AND |MMUNOTHERAPYI WITH SHORT DESCRIPTIONS:

1. CaMpBeLL BioLoagy (1 1TH EDITION)

THIS FOUNDATIONAL TEXTBOOK PROVIDES A COMPREHENSIVE OVERVIEW OF THE PRINCIPLES OF LIFE, FROM MOLECULES AND
CELLS TO ORGANISMS AND ECOSYSTEMS. |T COVERS FUNDAMENTAL BIOLOGICAL CONCEPTS, INCLUDING GENETICS, EVOLUTION,
PHYSIOLOGY, AND ECOLOGY, MAKING IT AN IDEAL STARTING POINT FOR UNDERSTANDING THE BIOLOGICAL BASIS OF IMMUNE
RESPONSES. THE BOOK'S CLEAR EXPLANATIONS AND ENGAGING VISUALS ARE ESSENTIAL FOR GRASPING THE INTRICACIES OF THE
HUMAN BODY.

2. JANEWAY'S IMMUNOBIOLOGY (9TH EDITION)

A CORNERSTONE IN THE FIELD OF IMMUNOLOGY, THIS BOOK DELVES DEEPLY INTO THE MECHANISMS OF THE IMMUNE SYSTEM. |T
METICULOUSLY DETAILS THE CELLS, MOLECULES, AND PROCESSES THAT ORCHESTRATE BOTH INNATE AND ADAPTIVE IMMUNITY,
EXPLAINING HOW THE BODY DEFENDS ITSELF AGAINST PATHOGENS. UNDERSTANDING JANEWAY'S IS CRUCIAL FOR COMPREHENDING
THE TARGETS AND STRATEGIES EMPLOYED IN IMMUNOTHERAPY.

3. Kuey IMMuNoLoGy (8TH EpiTion)

THIS POPULAR TEXTBOOK OFFERS A CLEAR AND ACCESSIBLE INTRODUCTION TO IMMUNOLOGY, FOCUSING ON THE FUNDAMENT AL
CONCEPTS AND THEIR CLINICAL APPLICATIONS. |T PRESENTS COMPLEX IMMUNOLOGICAL PRINCIPLES IN A LOGICAL AND
SYSTEMATIC MANNER, COVERING IMMUNE SYSTEM DEVELOPMENT, REGULATION, AND EFFECTOR FUNCTIONS. KUBY IMMUNOLOGY 1S
HIGHLY REGARDED FOR ITS ABILITY TO MAKE THIS CHALLENGING SUBJECT UNDERSTANDABLE TO STUDENTS.

4. THe BioLoGy ofF CANcer (3rD EDITION)

\WHILE NOT SOLELY FOCUSED ON IMMUNOLOGY, THIS COMPREHENSIVE TEXT EXPLORES THE BIOLOGICAL BASIS OF CANCER,
INCLUDING THE INTERPLAY BETWEEN CANCER CELLS AND THE IMMUNE SYSTEM. |T DISCUSSES HOW TUMORS EVADE IMMUNE
SURVEILLANCE AND HOW THE IMMUNE SYSTEM CAN BE HARNESSED TO FIGHT CANCER. THIS BOOK IS VITAL FOR UNDERST ANDING
THE CONTEXT IN WHICH CANCER IMMUNOTHERAPIES ARE DEVELOPED AND APPLIED.

5. CANCER IMMUNOLOGY: FroOM BENCH TO BEDSIDE
THIS BOOK BRIDGES THE GAP BETWEEN BASIC RESEARCH IN CANCER IMMUNOLOGY AND ITS TRANSLATION INTO CLINICAL



TREATMENTS. [T EXAMINES THE LATEST ADVANCEMENTS IN UNDERSTANDING THE TUMOR MICROENVIRONMENT AND THE
DEVELOPMENT OF NOVEL IMMUNOTHERAPEUTIC STRATEGIES. READERS WILL FIND DETAILED DISCUSSIONS ON APPROACHES LIKE
CHECKPOINT INHIBITORS AND CAR-T CELL THERAPY.

6. IMMUNOTHERAPY: THE ART AND SCIENCE OF HELPING THE IMMUNE SYSTEM FIGHT CANCER

THIS TITLE PROVIDES A MORE ACCESSIBLE YET INFORMATIVE LOOK AT THE LANDSCAPE OF CANCER IMMUNOTHERAPY. |T EXPLAINS
THE SCIENTIFIC RATIONALE BEHIND DIFFERENT IMMUNOTHERAPY APPROACHES AND THEIR IMPACT ON PATIENT OUTCOMES. THE
BOOK AIMS TO DEMYSTIFY THESE COMPLEX TREATMENTS AND HIGHLIGHT THEIR REVOLUTIONARY POTENTIAL IN ONCOLOGY.

7. MECHANISMS OF TUMOR IMMUNITY

THIS SPECIALIZED VOLUME OFFERS AN IN-DEPTH EXPLORATION OF THE INTRICATE MECHANISMS BY WHICH THE IMMUNE SYSTEM
RECOGNIZES AND RESPONDS TO TUMORS. |T DELVES INTO THE MOLECULAR AND CELLULAR PATHWAYS INVOLVED IN ANTI-TUMOR
IMMUNITY AND TUMOR IMMUNE EVASION. IT'S A VALUABLE RESOURCE FOR RESEARCHERS AND ADVANCED STUDENTS SEEKING A
DETAILED UNDERSTANDING OF TUMOR IMMUNOLOGY.

8. PrRINCIPLES OF TUMOR IMMUNITY AND CANCER V ACCINES

THIS BOOK FOCUSES ON THE CRITICAL ROLE OF THE IMMUNE SYSTEM IN COMBATING CANCER AND THE DEVELOPMENT OF
THERAPEUTIC CANCER VACCINES. |T OUTLINES THE PRINCIPLES OF IMMUNE RESPONSE AGAINST CANCER CELLS AND EXPLORES HOW
VACCINES CAN BE DESIGNED TO STIMULATE THESE RESPONSES. THE TEXT COVERS VARIOUS VACCINE PLATFORMS AND THEIR
POTENTIAL TO ENHANCE ANTI-TUMOR IMMUNITY.

Q. CELLULAR AND MOLECULAR IMMuNoLoGY (9TH EpiTion)

THIS AUTHORITATIVE TEXT OFFERS A RIGOROUS AND COMPREHENSIVE EXAMINATION OF CELLULAR AND MOLECULAR
IMMUNOLOGY. |T DETAILS THE FUNDAMENTAL MECHANISMS OF IMMUNE CELL DEVELOPMENT, ACTIVATION, AND FUNCTION, AS
WELL AS THE MOLECULAR BASIS OF IMMUNE RECOGNITION AND SIGNALING. UNDERSTANDING THESE CORE PRINCIPLES IS ESSENTIAL
FOR APPRECIATING THE DESIGN AND APPLICATION OF IMMUNOTHERAPIES.
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