Cell Cycle Specific (CCS) and Cell Cycle Non-Specific (CCNS) Anticancer Drugs
Introduction
Anticancer drugs are classified according to their action on the cell cycle:
1. Cell Cycle Specific (CCS) Drugs
· Act only during a specific phase of the cell cycle.
· Most effective against rapidly dividing tumors.
· Require continuous exposure for maximal effect.
2. Cell Cycle Non-Specific (CCNS) Drugs
· Act in all phases of the cell cycle, including resting (G0) cells.
· Kill both dividing and non-dividing cells.
· Usually dose-dependent.
Cell Cycle Overview
The cell cycle consists of:
G_0 \rightarrow G_1 \rightarrow S \rightarrow G_2 \rightarrow M
· G0 phase – Resting phase
· G1 phase – Cell growth
· S phase – DNA synthesis
· G2 phase – Preparation for mitosis
· M phase – Mitosis/cell division
Cell Cycle Specific (CCS) Drugs
Definition
These drugs act on a particular phase of the cell cycle and are more effective in rapidly proliferating cancers.
Classification of CCS Drugs
	Drug Class
	Phase of Action
	Examples

	Antimetabolites
	S phase
	Methotrexate, 5-Fluorouracil

	Vinca alkaloids
	M phase
	Vincristine, Vinblastine

	Taxanes
	M phase
	Paclitaxel, Docetaxel

	Topoisomerase inhibitors
	S/G2 phase
	Etoposide, Irinotecan

	Bleomycin
	G2 phase
	Bleomycin



1. Antimetabolites (S-Phase Specific)
Mechanism
They interfere with DNA and RNA synthesis.
Examples
a) Methotrexate
· Folate antagonist
· Inhibits dihydrofolate reductase (DHFR)
DHF \xrightarrow[DHFR]{} THF
· Prevents thymidine synthesis → inhibits DNA formation
Uses
· Acute lymphoblastic leukemia (ALL)
· Choriocarcinoma
· Osteosarcoma
Adverse Effects
· Bone marrow suppression
· Hepatotoxicity
· Mucositis
Rescue Therapy
· Leucovorin rescue
b) 5-Fluorouracil (5-FU)
· Pyrimidine analog
· Inhibits thymidylate synthase
Uses
· Colon cancer
· Breast cancer
· Gastric cancer

Toxicity
· Myelosuppression
· Diarrhea
· Hand-foot syndrome
2. Vinca Alkaloids (M-Phase Specific)
Examples
· Vincristine
· Vinblastine
Mechanism
Prevent microtubule polymerization.
\text{Tubulin} \not\rightarrow \text{Microtubules}
Cells cannot complete mitosis.
Uses
· Leukemia
· Lymphoma
Adverse Effects
	Drug
	Major Toxicity

	Vincristine
	Neurotoxicity

	Vinblastine
	Bone marrow suppression



3. Taxanes (M-Phase Specific)
Examples
· Paclitaxel
· Docetaxel
Mechanism
Prevent microtubule depolymerization, causing mitotic arrest.

Uses
· Ovarian cancer
· Breast cancer
· Lung cancer
Adverse Effects
· Peripheral neuropathy
· Myelosuppression
· Hypersensitivity reactions
4. Topoisomerase Inhibitors
Examples and Phases
	Drug
	Enzyme Inhibited
	Phase

	Etoposide
	Topoisomerase II
	S/G2

	Irinotecan
	Topoisomerase I
	S


Uses
· Testicular cancer
· Small cell lung carcinoma
· Colon cancer
Toxicity
· Bone marrow suppression
· Severe diarrhea (irinotecan)
5. Bleomycin (G2-Phase Specific)
Mechanism
Causes free radical formation and DNA strand breaks.
Uses
· Hodgkin lymphoma
· Testicular cancer
Major Toxicity
· Pulmonary fibrosis
· Skin pigmentation
Characteristics of CCS Drugs
	Feature
	CCS Drugs

	Action
	Specific phase only

	Best for
	Rapidly growing tumors

	Cell kill
	Schedule dependent

	Combination therapy
	Commonly used


Cell Cycle Non-Specific (CCNS) Drugs
Definition
These drugs act irrespective of the cell cycle phase.
They can destroy:
· Dividing cells
· Resting cells (G0)
Classification of CCNS Drugs
	Class
	Examples

	Alkylating agents
	Cyclophosphamide, Cisplatin

	Antitumor antibiotics
	Doxorubicin

	Hormones
	Tamoxifen

	Monoclonal antibodies
	Rituximab


1. Alkylating Agents
Mechanism
Cause DNA cross-linking and strand breakage.
DNA + \text{Alkylating Agent} \rightarrow \text{Cross-linked DNA}
Cell cannot replicate → apoptosis.
Examples
Cyclophosphamide
Uses
· Lymphoma
· Breast cancer
Toxicity
· Hemorrhagic cystitis
Prevention
· MESNA
Cisplatin
Uses
· Testicular cancer
· Ovarian cancer
Toxicity
· Nephrotoxicity
· Ototoxicity
2. Antitumor Antibiotics
Example: Doxorubicin
Mechanism
· DNA intercalation
· Free radical formation
· Topoisomerase II inhibition
Uses
· Breast cancer
· Leukemia
· Lymphoma
Major Toxicity
· Cardiotoxicity
Prevention
· Dexrazoxane

3. Hormonal Agents
Examples
· Tamoxifen
· Flutamide
Uses
	Drug
	Cancer

	Tamoxifen
	Breast cancer

	Flutamide
	Prostate cancer


4. Monoclonal Antibodies
Examples
· Rituximab
· Trastuzumab
Targets
	Drug
	Target

	Rituximab
	CD20

	Trastuzumab
	HER2


Characteristics of CCNS Drugs
	Feature
	CCNS Drugs

	Action
	All phases including G0

	Cell kill
	Dose dependent

	Effective for
	Large tumors

	Resting cells
	Effective


Difference Between CCS and CCNS Drugs
	Feature
	CCS
	CCNS

	Cell cycle action
	Specific phase
	All phases

	Best effect
	Rapidly dividing cells
	Dividing + resting cells

	Dependency
	Schedule dependent
	Dose dependent

	Tumor size
	Small tumors
	Large tumors

	Examples
	Methotrexate, Vincristine
	Cyclophosphamide, Doxorubicin




Combination Chemotherapy
Principles
Combination therapy is used to:
· Increase efficacy
· Reduce resistance
· Reduce toxicity
Common Strategy
Combine:
· CCS + CCNS drugs
Example:
· CHOP regimen:
· Cyclophosphamide
· Doxorubicin
· Vincristine
· Prednisone
Important Adverse Effects of Anticancer Drugs
	Toxicity
	Common Drugs

	Myelosuppression
	Methotrexate, Doxorubicin

	Neurotoxicity
	Vincristine

	Pulmonary fibrosis
	Bleomycin

	Cardiotoxicity
	Doxorubicin

	Hemorrhagic cystitis
	Cyclophosphamide

	Nephrotoxicity
	Cisplatin


High-Yield Exam Points
CCS Drugs
· Methotrexate → S phase
· Vincristine → M phase
· Bleomycin → G2 phase
· Etoposide → S/G2 phase

CCNS Drugs
· Cyclophosphamide → hemorrhagic cystitis
· Doxorubicin → cardiotoxicity
· Cisplatin → nephrotoxicity
Conclusion
· CCS drugs act on specific phases and are effective against rapidly dividing tumors.
· CCNS drugs act throughout the cycle including resting cells.
· Combination chemotherapy improves treatment success and decreases resistance.
· Understanding mechanisms, toxicities, and phase specificity is essential in oncology pharmacology.

