History of Chemotherapy

Era of modern chemotherapy began in
1940s.early

Goodman and Gilman first administered
nitrogen mustard to patients with
lymphoma.

nifrogen mustard was developed as a
rather than as a medicine..war gas

toxic effects on the lymphatic system led 1o .
trials.clinical
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Classification of Chemotherapeutic Agents

Cell Cycle—Specific
(CCS) Agent=s

Alkvyviatainmng agents

Ormnmntimetabolites
Capecitabins
Cladribine
Cwyvtarabine
Fludarabins
S-Fluorouracil (5-FuUJ)
GGemmcitabins
S-Mercaptopurine (&6-NMP)
Methotrex<ate (MNMT X))
S-Thioguanine (&6-TG)

A omntitumMmor anmntibiotic
Elecomycin

Epipodophyllotoxins
Etoposide
Teniposidse

Taxanmnesas
Albummin-bounrnd paclitaxel
Docetaxel
Paclitaxel

Wimnca alkkaloids=
Vinblastimne
YWinNncristimes
Vinorelbimne

Cell Cyvcle—Nonspecific

Busulfam

C_ armmuustinmne
Cyvclophosphamide —
Lormustins
Mechlorethamines

Melphalam
Thiotepa

Anthracy<clines

Daunmnorubicim

Doxorubicin —
Epirubicinm

Idarubicinm

Mito>x>xanmntromne

Antituaearmor antibiotics

Dactinormycin
MiIitormiycinm

Camptothecins

Irimotecan —

Topotecan

Flatinurnm analogs

Carboplatin
Cisplatinm
O<aliplatinm
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Alkylating Agents

Main effect is on DNA synthesis with most
cytotoxicity to rapidly proliferating cells

Cl_GHE_EHE
Cl—CHs—CH,  HN N
N/ " /
A o
o /
Cl—CH—CH, 5 0 Cl—CH;—CH, E}TRD

Cyclophosphamide Ifosfamide




Cyclophosphamide

and Toxicity
600 MG/M2 (BREAST- SARCOMA-CLL-NHL

Myelosuppression
principle dose-limiting toxicity.
primarily leukopenia.

Hemorrhagic cystitis
metabolite.
*associated with high-dose therapy.

*more common in or renally compromised
patients.

*onset may be delayed from 24 hours to several weeks.
*manifests as gross
*aggressive hydration requwed with high dose therapy
mesna administration.
*management: increase IVF mesna total bladder irrigation




Cyclophosphamide Toxicity

Svyndrome of inappropriate antidiuretic hormone.

*Alopecia.
Highly emetogenic if > 1500 mg/m?



1-2 G/M2 dl1-ds........ (.Sarcoma -ICE (NHL)

Hemorrhagic cystitis
*excretion of intfo the urinary bladder.

*greater with bolus regimen.

*higher after ifosfamide that after equivalent doses of
cyclophosphamide

symptoms of dysuria and urinary frequency.
mesna binds acrolein.

routinely recommended o protect against urothelial
toxicity.

treatment of hemorrhagic cystitis requires evacuation of
clots and continuous bladder irrigation;, prostaglandins, or
high-dose franexamic acid have been tried with varying
results.
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Cisplatin Toxicity

MOST SOLID TUMORS(lung- breast) 75Mg/m2

Hematologic toxicity
can affect all 3 blood lineages

minor neutropenia, thrombocytopenia, and ANEMIA.

its mild hematologic toxicity has allowed its combination
with highly myelosuppressive chemotherapy

Ototoxicity

audiograms show bilateral and symmetrical high
frequency hearing loss

usually irreversible.
caution with other drugs (aminoglycosides)




Cisplatin Toxicity

Neurotoxicity
dose-limiting toxicity

are peripheral neuropathy
hearing loss.

less common include Lhermitte’s sign (electric shock-like
sensation fransmitted down the spine upon neck flexion)

autonomic neuropathy, seizures, encephalitic symptoms,
and vestibular disturbances.

recovery is typically incomplete



o“bir Cisplatin Toxicity

Nephrotoxicity
renal damage is but rarely can be
irreversible and require dialysis.
platinum concentrations are than in

the plasma or other tissues
initiating event is proximal fubular lesion

hypomagnesemia 75%
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Cisplatin Toxicity

Nausea and vomiting

acute or delayed
highly emetogenic if use doses > than 50 mg/m?
moderately emetogenic if use doses < 50 mg/m?2

severe if not adequately prevented with appropriate
medications

typical anti-emetic regimen

mg po day 1 then 8 mg po daily x
3 days

8mg IVP day 1
every 4 hours prn N/V




Cisplatin Nephrotoxicity

Preventive Measures
aggressive enhance urinary excretion)*
*lower doses may require less hydration.

*infuse over 24 hours.

*magnesium supplementation.

predisposing factors to developing nephrotoxicity include age 60
years or older, higher doses,

‘ o
s ® pretfreatment GFR < 75 ml/min,
A :
o o cumulative dose,
L | low albumin,
L5 O

single dose compared with daily x 5 administration schedules
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Cisplatin Administration

Mixed in 250 - 1000 ml NS
Infused over at least Thours

Pre-hydration of 250 — 1000 mL NS depending on dose

fCliqéJﬂon in patients with HF who cannot tolerate this amount of
uids

May require furosemide VP
*Post-hydration with 1 Liter NS

instruct pafient to drink 6 — 8 full glasses of water/day (1.5 -2
Liters/day) at home)




Carboplatin Toxicity

Moderately emetogenic

Renal impairment is rare

because it is excreted primarily in the kidneys as an
unchanged drug, it is not directly toxic to the renal tubules

Neurotoxicity is rare

Myelosuppression
especially THROMBOCYTOPENIA
dose-limiting toxicity
cumulative
Hypersensitivity reaction
| hypersensitivity (IgE mediated)

incidence of hypersensitivity seems to be correlated with
increased number of cycles of carboplatin administered

risk of hypersensitivity due fo carboplatin exposure significantly
increases during the sixth cycle, and it continues to increase
up to cycle 8




| colorectal cancers ---pancreatic cancers
85mg/m?2

Gastrointestinal

Moderate emetogenicity.
Diarrhea.

Minimal hematologic toxicity
Thrombocytopenia is dose-related (doses > 135 mg/m?2)
mild neutropenia
mild anemia

No nephrotoxicity
Hypersensitivity reaction

*mild

* generally subside upon discontinuation

* slowing down infusion rate and giving an antihistamine
and/or steroid

desensitization protocol
Peripheral neuropathy

Prevention:




Oxaliplatin Neuropathy

v avoid cold temperatures

v if exposure to cold temperatures cannot be
avoided, such as use of the refrigerator,
wear gloves during the exposure

v use scarves and face masks in cold weather

v' prolonging the infusion time

v’ use cotton socks, pot holders, rubber gloves
for dish washing

v’ assess the water temperature in the home

v use




Comparison of Platinum Toxicity

Adverse effect carboplatin oxaliplatin

+ -

Gastrointestinal +++ + +
toxicity

Ototoxicity

Hematologic toxicity

Hypersensitivity
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HISTORICAL OVERVIEW OF TAXANES
FOR THE TREATMENT OF BREAST

CANCER

Discovery Docetaxel
1977 18994 1996 1999
NCI confirmed Approved for treatment of Approved as Approved as adjuvant
antitumor activity of MBC after failure of monotherapy for treatment of node-positive
paclitaxel in animal combination locally advanced or breast cancer administered
models of melanoma, chemotherapy or relapse metastatic breast sequentially to standard
breast, lung, and within 6 months of cancer after failure of doxorubicin-containing

colon cancer adjuvant chemotherapy prior chemotherapy combination therapy




NCCN Chemotherapy Order Templates (NCCN Templates™)
Appendix B

Appendix B: rboplatin Dosin
Calvert Equation’

e Carboplatin Dose (mg) = Target area under the curve (AUC mg-min/mL) x (GFR* + 25)
*GFR estimated by calculated creatinine clearance using Cockcroft-Gault Equation (see below).
Cockceroft-Gault Equation”

CrCl (male: mL/min) = (140 — age) x (weight in kg)

72 x serum creatinine (mg/dL.)
CrCl (female; mL/min) = 0.85 x CrCl (male)

Maximum Carboplatin Dose Calculation®
The FDA has recommended that physicians consider capping the dose of carboplatin for desired
exposure (AUC) to avoid potential toxicity due to overdosing. The maximum dose 1s based on a

GFR estimate that is capped at 125 ml/min for patients with normal renal function.

Based on the Calvert formula described in the carboplatin label, the maximum doses can be
calculated as:

Maximum Carboplatin Dose (mg) = Target AUC (mg'min/mL) x (125 mL/min + 25)

For a target AUC = 6, the maximum dose 1s 6 X 150 =900 mg
For a target AUC = 5, the maximum dose 1s 5 X 150 =750 mg
For a target AUC = 4, the maximum dose 1s 4 x 150 = 600 mg




How to hit the target

If you know the target, and there is only one
target you can be very specific.
If you don’t really know or it's a really big
target, a larger weapon may be needed.



“Targeted” Cancer Treatment

How does it work?e

Atftack targets which are specific for the cancer
and are critical for its survival or forits ~ cell
behavior malignant

Why is it better than chemotherapye
More specific for cancer cells .

Possibly more effective.



Targets

The targets currently being used are those that block the
growth and spread of cancer by interfering with specific
molecules involved in tumor growth and progression.

The focus is on proteins that are involved in cell signaling
pathways, which form a complex communication system
that governs basic cellular functions and activities, such as
cell division, cell movement, how a cell responds to
specific external stimuli, and even cell death.

We use the term “signal tfransduction” to refer to the
actions of these proteins.



FDA-Approved TKls

Generic Name Brand Name Cancer
Gleevec CML, GIST, others
Dasatinib Sprycel CML, ALL
Nilotinib Tasigna CML
Gefitinib Iressa Lung
Tarceva Lung, Pancreas
Lapatinib Tykerb Breast
Nexavar Kidney, Liver
Sunitinib Sutent Kidney




Monoclonal Anfibodies

Another type of targeted therapy — they are largemolecules produced
through genetic

engineering
They usually have to be given IV

Side effects can include reactions to non-human proteins

They can cause cell damage in several ways, most often by afttacking
cell-surface receptors



Monoclonal Antibodies

FDA-Approved “Naked” (Non-Conjugated) MoAbs

Generic Name Brand Name Target Cancer(s)
Alemtuzumab Campath CD52 CLL
Bevacizumab Avastin VEGF Multiple
Cetuximab Erbitux EGFR1 Colon, H&N
Panitumumab Vectibix EGFR1 Colon
Rituximab Rituxan CD20 Lymphomas
rastuzumab Herceptin HER-2 Breast




Trastuzumab

*  Monoclonal antibody against epidermal
growth factor receptor 2 (EGFR2, HER-2)

Very effective against breast cancers in which HER-2 is “over-
expressed” (more than usual amount per cell) (about 20% of all
breast cancers)

Often used in combination with chemotherapy



i Halbre & Fymes. Ay Rar Pharmacod Toaoocod 2004 44:195-217;
2. harmar et ok &

o WNserTEAn ek ol

The HER receptor tyrosine kinases as
targets in breast cancer therapy

Family of four type HER
receptor tyrosine kinases

Important in human growth l! . l
L
-

and development
-:H"“‘-.L .

] | |
Similar structure, but: "‘3":'
— HER2 lacks ligand- ——— % "'::J <2
binding domain - 1
— HERS3 lacks functional HER1 (EGFR) HER2 (HER2) HER3 HER4

intracellular tyrosine
kinase domain

E=0 Balkan Maslerdass in Chnical Onoology
il J Radial Oireal Bdal Phys 2004:68:203-13; 3. Rawinsky. Are Rew Mea' 200458-453-57; 11.5.30191- 95.6.20171
Cancer 205 1TESE 1770 5 Sundval al al. J dMammary Sland Biald Meaplasi 2008 13- F58-0.8 Dubsown sk, Craatia




DIMERIZATION

HER2 — P8, — HER3

=

2PI3K pathway
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HER2 receptors signal through two main
pathways: MAPK and PI3K

Ligands k)
' - -
Other HER | . HER2

| -
|

e W
s,
—

MAPK pathway

{(Ras/Raff PI3K/Akt pathway
MEK/ERK)
1_—_—“———__________h d__ﬂ__a—ﬂ"ﬂ_ 5 -
e -
[ Proliferation ] [ Cell cycle, Survival ]

DUET W TRr, T
1. Citri & Yarden. Mafure Rar WMolsodar Cail Béal 2006 T:EOE-14; 2. Wissman ¢! ol Covicer 20051063080 1773-7



Pertuzumab and Trastuzumab:
Mechanisms of Action

Pertuzumab binds to a
specificdomain il and
Tractazumab r..-;;iy’ inhibits ligand-activated

binds to subdomainIv dimerization

and inhibits
downstream signalling

g

The combined regimen of pertuzumab and trastuzumab offersthe potential
fora more comprehensive HER blockade

Medscape

Franklin MC, ot al. Cancer Cell. 2004:5{4):317 328. L



Cetuximab

* Monoclonal antibody against epidermal
growth factor receptor 1 (EGFR1)

* Effective in colon cancer and head and neck cancer; possibly useful
in lung cancer

* Used with chemotherapy and with radiation therapy



Angiogenesis

(New Blood Vessel Growth)




Bevacizumab

*Monoclonal antibody against vascular endothelial growth factor
(VEGF), which stimulates angiogenesis (growth of new blood vessels
into tumor)

*Deprives tumors of the blood supply they need for growth and
Invasion

*Effective against cancers of colon lung, breast, kidney, and brain



Antigen Presenting Ce

T Cell

. .. Inhibition




IMMUNQO THERAPY

SMG/KG(HEAD NECK-HD-LUNG-TCC-RCC

HEAD NECK-HD-LUNG-TCC-
(RCC..2MG/KG

1200 MG TCC
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THE EXPANDING SCOPE OF
CANCER MMUNOTHERAPEUTICS

AS OF FANUARY 2017 THE FOLLOWING CHECHPOINT INHIBITORS WERE FDVA-APRPROWVED:

Head and

neck cancer:—
pembrolizumab
(Keytruda)
nivolumab (Opdivo)

Melanoma:
ipilimumab
CYervoy)
nivolumab
pembrolizumab
combination of
ipilimumab and
nivolumab

Hodgkin
Iymphoma:
nivolumab
Lung cancer:
nivolumab
pembrolizumab
atezolizumab

Kidney cancer:
nivolumab

Bladder cancer:
atezolizumab
( Tecentriq)

Adapted from the American Association for Cancer Research (AACR) Cancer Progress Report 2016



oA I F

M E 5 G thelioms ecent Breakthroughs in
T e S Cancer Immunotherapy

~ US FDA approved immune checkpoint blockers:
2011 =¥ ipilimumab (anti-CTLA-4) = melanoma

2014 = pambrolizumab (anti-PD-1)=2 melanoma

2014 = pivolumab (anti-PD-1) = melanoma

2015 = pembrolizumab (anti-P0D-1) =2 lung cancer

2015 = nivolumab (anti-PD-1) = lung cancer

2015 = nivolumab + ipillimumab combo <* melanoma
2016 =2 nivolumab (amti-PD-1) <* kidney cancer

2016 = nivolumab [anti-PD-1) = Hodgkin's lymphoma
2016 = atezolizumab (anti-PD-L1)} = biadder cancer

» PD-1 or PD-L1 clinical trials:
= > 700 registered trials for PD-1 or PD-L1 blockers.
= > 10 PD-1 or PD-L1 trials for mesothelioma.
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