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Introduction

SISTEMIC THERAPY EVOLUTION IN CANCER TREATMENT

DIAGNOSTIC MORPHOLOGICAL AND MOLECULAR 
EVOLUTION

NEW DRUGS IN THE ERA OF PRECISION MEDICINE → 
ESSENTIAL ROLE OF PREDICTIVE AND PROGNOSTIC 
MARKERS



Introduction

Novel Drug Approvals for 2021 | FDA

• In 2021 FDA approved 43 drugs

• 15 drugs were approved for cancer 
treatment

• 10 small molecules (1 anti-CDK4/6, 1 c-MET 
inhibitor, 1 PI3K inhibitor, 4 anti-TKI, 1 KRAS 
inhibitor, 1 enzyme, 1 interferon)

• 1 drug-conjugate small molecule (1 peptide)

• 2 monoclonal antibodies (1 anti-PD1, 1 
biphasic anti EGFR-anti MET)

• 2 drug-conjugate monoclonal antibodies (1 
anti-CD19, 1 anti-TF)

https://www.fda.gov/drugs/new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-products/novel-drug-approvals-2021


Introduction
TARGET THERAPIES

Monoclonal
Antibodies Small-molecules

Targeted Therapy for Cancer - National Cancer Institute

Antibody-drug
conjugates

(ADCs)

Small molecule
drug-conjugates

(SMDCs)

RADIOTHERAPY 
SINERGIC EFFECT

Gefitinib

https://www.cancer.gov/about-cancer/treatment/types/targeted-therapies
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MONOCLONAL ANTIBODIES AND RT: ADJUVANT SETTING
TRASTUZUMAB: clinical evidences

NCCN Clinical Practice Guidelines – Breast Cancer – v.08.2021
10.1200/JCO.2008.17.9549 Journal of Clinical Oncology 27, no. 16 (June 01, 2009) 2638-2644



MONOCLONAL ANTIBODIES AND RT: ADJUVANT SETTING

TRASTUZUMAB: biomolecular effect
Molecular effect

• Blocking of the proteolytic cleavage and dimerization of
the HER2 receptor, thereby blocking the ligand-
independent signaling and downstream signaling
pathways (inhibition of PI3K-Akt and MAP kinase
signaling pathways)

Immune effect

• Stimulation of innate cellular immunity by recruiting
natural killer cells and macrophages (ADCC) by
recognition of FcγRs

Cancers 2021, 13, 3540. https://doi.org/10.3390/cancers13143540



MONOCLONAL ANTIBODIES AND RT: ADJUVANT SETTING

TRASTUZUMAB: biomolecular effect and radiotherapy Molecular sinergic effect

• Trastuzumab reduces phosphorylation hence the
inactivation of the different signaling pathways
causing radioresistance

• In vitro association, showed a 4,5 times
implementation of apoptosis

Possible side effects

• HER2 receptor has a cardioprotector role -> its
inhibition can cause a slow reparation of
cardiomyocites

• Trastuzumab can activate apoptosis in
cardiomyoctes

https://doi.org/10.1016/j.bulcan.2020.12.012



MONOCLONAL ANTIBODIES AND RT: ADJUVANT SETTING
PERTUZUMAB: clinical evidences

NCCN Clinical Practice Guidelines – Breast Cancer – v.08.2021
J Clin Oncol. 2021 May 1;39(13):1448-1457. doi:10.1200/JCO.20.01204



MONOCLONAL ANTIBODIES AND RT: ADJUVANT SETTING

PERTUZUMAB: biomolecular effect

Molecular effect

• Prevention of potent ligand-dependent HER2/HER3
heterodimerization

• Suppression downstream PI3K,
• Suppression MAPK pathways

Immune effect

• Stimulation of innate cellular immunity by recruiting
natura killer cells and macrophages (ADCC)

Am J Cancer Res 2020;10(4):1045-1067 www.ajcr.us /ISSN:2156-6976/ajcr0109526



MONOCLONAL ANTIBODIES AND RT: ADJUVANT SETTING

PERTUZUMAB: biomolecular effect and radiotherapy

Ajgal Z. et al. Cancer Radiothérapie 21 (2017) 114-118
Aboudaram, A et al. Cancers 2021, 13, 4790. https://doi.org/10.3390/ cancers13194790

J Clin Oncol. 2021 May 1;39(13):1448-1457. doi:10.1200/JCO.20.01204

Very FEW DATA -> pertuzumab is always associated with trastuzumab during irradiation

Molecular sinergic effect

• Association of pertuzumab and trastuzumab with radiotherapy probably further reduces radioresistance of HER2+
tumors

Possible side effects

• HER2 receptor has a cardioprotector role -> its inhibition can cause a slow reparation of cardiomyocites
• Dual blockage + radiotherapy -> compared to an increased fear of toxicity rate clinical data are reassuring

• Ajgal Z et al. 2016: 23 pts -> 1 case of asymptomatic <50% LVEF; 1 case of grade 3 radiodermitis
• Aboudaram A. 2021: 55 pts -> 3 cases of grade 3 radiodermitis (5.4%), but no significant gastrointestinal or cardiac toxicity
• APHINITY Trial 2021: 4805 pts -> primary cardiac events remain < 1% in both the treatment groups



MONOCLONAL ANTIBODIES AND RT: ADJUVANT SETTING
TRASTUZUMAB EMTASINE (T-DM1): clinical evidences

NCCN Clinical Practice Guidelines – Breast Cancer – v.08.2021
Von Minckwitz G et al. N Engl J Med 2019; 380:617-628

T-DM1 reduces the risk of IDFS of 50% respect trastuzumab



MONOCLONAL ANTIBODIES AND RT: ADJUVANT SETTING

T-DM1: biomolecular effect

Molecular effect

• T-DM 1 retains all mechanisms of action of anti-HER2
monoclonal antibodies drugs

• Through lysosome internalization Emtasine inhibits
microtubule polymerization blocking cells and leading
them to mitototic arrest, apoptosis, mitotic catastrophe
and disrupted intracellular trafficking

Immune effect

• T-DM1 retains also stimulation of innate cellular
immunity by recruiting natura killer cells and
macrophages (ADCC)

LoRusso PM et al. Cliln Cancer Res 2011
Barok et al. Breast Cancer Research 2014, 16:209



MONOCLONAL ANTIBODIES AND RT: ADJUVANT SETTING

T-DM1: biomolecular effect and radiotherapy

Molecular sinergic effect

• Anti-HER2 + RT sinergic effects are retained
• Anti-tubulin drugs have a comprovate radiosensitizing role
• Emtasine delivery directly into tumor cells allows to radiosensitize only tumor

Possible side effects

Adams SR et al. Nature Communications 7: 13019
Von Minckwitz G et al. N Engl J Med 2019; 380:617-628
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MONOCLONAL ANTIBODIES AND RT: METASTATIC SETTING



MONOCLONAL ANTIBODIES AND RT: METASTATIC SETTING
SACITUZUMAB GOVITECAN: clinical evidences

NCCN Clinical Practice Guidelines – Breast Cancer – v.08.2021
Bardia A et al. N Engl J Med 2019; 380(8):741-751



MONOCLONAL ANTIBODIES AND RT: METASTATIC SETTING

Sacituzumab Govitecan: biomolecular effect Molecular effect

• TROP-2 is a signal trasducer that play a role in cell

growth, migration and invasion

• In solid epithelial cancers is highly overespressed

• Sacituzumab link TROP-2 to selectively deliver SN-38

(active metabolite of irinotecan) into tumor cell

• SN-38 delivered inside cell targets Topoisomerase I with

damage and cellular apoptosis

• Due to its permeability, free SN-38 can leave the cell and

give antitumor effects in adjacent tumor cells
Rugo HS et al. Future Oncology, 16;12



MONOCLONAL ANTIBODIES AND RT: METASTATIC SETTING

Sacituzumab Govitecan: biomolecular effect and radiotherapy

Sacituzumab Govitecan +/- Pembrolizumab In HR+ / HER2 - MBC - Full Text View - ClinicalTrials.gov

Increment in apoptosis?

Increment in SN-38 release?

Increased cell permeability?

NEED OF MORE CLINICAL DATA

https://clinicaltrials.gov/ct2/show/NCT04448886
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SMALL MOLECULES AND RT: ADJUVANT SETTING



SMALL MOLECULES AND RT: ADJUVANT SETTING
OLAPARIB: clinical evidences

NCCN Clinical Practice Guidelines – Breast Cancer – v.08.2021
10.1200/JCO.2021.39.15_suppl.LBA1 Journal of Clinical Oncology 39, no. 18_suppl



OLAPARIB: biomolecular effect

Molecular effect

• PARP inhibitor block poly-polymerase
enzymes (PARP1, PARP2 and PARP3)

• PARP enzymes partecipates to DNA
trascription, cell cycle regulation and
DNA repair

• When a BRCA mutation is present, PARP
inhibition induces increment of
formation of double stranded DNA
breaks, disruption of cellular
homeostasis and cell death

Olaparib: realising the promise of synthetic lethality | by Research at CRUK | Medium

SMALL MOLECULES AND RT: ADJUVANT SETTING

https://medium.com/@CRUKresearch/olaparib-realising-the-promise-of-synthetic-lethality-f5f61d84ad99


OLAPARIB: biomolecular effect and radiotherapy

Molecular effect

• Radiotherapy causes different DNA
damages (base modifications, single and
double-strand breaks) that lack of BRCA
and PARP inhibition are conditions not
favourable for repair

• PARP inhibitors and RT have a
comprovate sinergic effect in promotion
of cell death

Curtin NJ et al. Anticancer therapy and beyond. Mol. Asp. Med. 2013, 34, 1217–1256

SMALL MOLECULES AND RT: ADJUVANT SETTING
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SMALL MOLECULES AND RT: METASTATIC SETTING



SMALL MOLECULES AND RT: METASTATIC SETTING
PALBOCICLIB/RIBOCICLIB/ABEMACICLIB: clinical evidences

NCCN Clinical Practice Guidelines – Breast Cancer – v.08.2021
Cristofanilli et al, 2018; Hurvitz et al 2019; Slamon et al 2019; Sledge et al. 2019



SMALL MOLECULES AND RT: METASTATIC SETTING
PALBOCICLIB/RIBOCICLIB/ABEMACICLIB: biomolecular effect and radiotherapy

Lange et al. Endocrine Rel Cancer 2011; Finn Slamon et al. Breast Cancer Res 2009
Yang Y et al. Jour Exper Clin Cancer Resear 2020 39;188

Molecular effect

• CDK4/6i have a radiosensitizer role by:
• Inhibition of damage repair (RAD5

and ATM)
• Increment of apoptosis
• Induction of cell senescence

• RT increase antigens presentation +
CDK4/6i promote immunitary response
by:
• TREG proliferation
• IL2 increase

CONCOMITANT
PALLIATIVE SETTING

SEQUENTIAL
OLIGOMETASTATIC/OLIGOPROGRESSIVE 
SETTING



SMALL MOLECULES AND RT: METASTATIC SETTING
ANTI-EGFR and ANTI-TKI: clinical evidences in oligoprogressive NSCLC

NCCN Clinical Practice Guidelines – Breast Cancer – v.08.2021
Cristofanilli et al, 2018; Hurvitz et al 2019; Slamon et al 2019; Sledge et al. 2019



SMALL MOLECULES AND RT: METASTATIC SETTING
LAROTRECTENIB: clinical evidences

Larotrectenib is highly selective TRK inhibitor 

A «jolly» drugs -> it is independent from primary tumor diagnosis and age of patients

Gene driven is NTRK (Neurotrophic Tyrosine Receptor Kinase) gene fusion identified at molecular profile

Drilon A et al NEJM 2018;378:371:731-9



SMALL MOLECULES AND RT: METASTATIC SETTING
LAROTRECTENIB: biomolecular effect

NTRK fusion-positive cancers and TRK inhibitor therapy (nih.gov)

POSSIBLE ROLE OF RADIOTHERAPY IN OLIGOPROGRESSIVE DISEASE NEED OF MORE CLINICAL DATA

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6419506/pdf/nihms-1016874.pdf


Conclusion

• Cancer therapies are becoming even more intelligent, tracking a specific driver 
for damaging cancer cells and reducing systemic side effects

• In some setting, radiotherapy can have a sinergic effect with a good clinical 
compliance

• Further studies are neeeded, for choicing timing of association and dose of 
radiotherapy
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