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BACKGROUND 

Cancer is the development of the uncontrolled growth of 

immature cells anywhere in the body. These abnormal 

cells have the potential to infiltrate and spread to other 

parts of the body, thus called malignant.
[1]

 Multiple 

Myeloma also called Kahler's disease is a blood cancer 

of plasma cells.
[2]

 Plasma cells are short-lived, 

immunoglobin producing cells that originate in the bone 

marrow.  They are found in the bloodstream, lymph 

nodes, intestines, and bone marrow.
[3]

 These cells are 

very important for the body's system of immunity to 

fight off infection and to kill bacteria. When the third 

line of the defense mechanism of the immune system 

fails to provide a barrier against invading 

microorganisms, B and T lymphocytes come into 

action.
[2]

 These specific immune cells provide an 

adaptive immune response against pathogenic invasions 

and antigens. During infection, the B lymphocytes 

secretes the specific antibiotics upon the maturation. 

These plasma cells are differentiated B-lymphocytes that 

produce specific antibodies to kill bacteria.  These 

lymphocytes also mature and produce memory cells to 

protect the body for future invasions.
[4] 

 

In Multiple Myeloma, abnormal plasma cells proliferate 

in the spongy material present in the center of the long 

bones, the bone marrow.
[5]

 The uncontrolled growth and 

accumulation of the malignant plasma cells outgrow the 

normal healthy plasma cells, thus declining the body's 

ability to fight off infections. These monoclonal plasma 

cells synthesize proteins (antigens) that provide no 

defense mechanism to the body and are of no benefit. 

Nevertheless, they have many negative effects and can 

cause tumors, malfunctioning of kidney, destruction of 

bones and the impaired immune response.
[2]

 

 

With the advance in technology, cancer search is also 

progressing. Conventional chemotherapy and other 

treatments have more cons than pros. The treatment 

strategy of conventional chemotherapy do not provide 

much benefits. It has many adverse effects and it does 

not provide a cure for the malignancies. All these 

drawbacks have led scientists to explore new therapeutic 

strategies to treat cancer patients. Thus, scientist shifted 

their target from anti-cancer drugs to anti-angiogenesis 

drugs. The angiogenesis inhibitor drugs came into 

establishment but it did not turn out to be a very 
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beneficial drug. It only increased life expectancy to a few 

months, not more.
[6,7]

 

 

Later, it came into notice that the conventional 

chemotherapeutic drug has an anti-angiogenetic effect 

when administered in a low dose. This lead to the 

concept of treating cancer patients with metronomic 

chemotherapy. Hence we can define metronomic 

chemotherapy as “frequent administration of multidrug 

at low dose without break fee intervals”. Previous studies 

suggested that these drugs target on the activated 

endothelial cells. This target switch that is anti-

angiogenic property of the metronomic therapy was 

considered its main line of action. But later, additional 

mechanisms of this multidrug regimen came into 

lightening. The discovery of these additional 

mechanisms of the metronomic chemotherapy has 

established it as multi-targeted therapy.
[8,9]

 

 

 
Figure 1: Plasma cells of multiple myeloma. 

 

CAUSES OF MULTIPLE MYELOMA 

The main cause of multiple myeloma is still unknown, 

not identified yet, although scientists have pointed out 

certain risk factors that may play a role in its cause. The 

most important of which is genetic abnormalities.
[10]

 The 

c-Myc genes are involved in the genetic mutation. Many 

scientists do not consider Multiple Myeloma to be a 

hereditary disease.
[11]

  Yet, some familial history in 

patients with Multiple Myeloma has been found. There is 

a close link between the Multiple Myeloma and MGUS. 

One in every 100 patients of MGUS develops Multiple 

Myeloma.  Some factors may accelerate the risk of 

Multiple Myeloma. The disease is more common in male 

individuals, old people and adults over 60. Widely it 

affects African and American, while it is twice more 

common in blacks than Asian whites along with family 

history of Multiple Myeloma or MGUS.
[8]

 

 

TREATMENT OF MULTIPLE MYELOMA 

Proper cure for this disease has not discovered yet. 

However, treatments can help relieve the symptoms. It 

helps to control the disease and its complication, prolong 

life expectancy, and provide a healthy lifestyle for 

years.
[12]

 Treatment of Multiple Myeloma includes 

Chemotherapy i.e. Metronomic Chemotherapy (MC) 

along with medicines and general treatment of other 

problems caused my Multiple Myeloma; such as bone 

destruction and fracture, anemia, and impaired kidney 

problem. Targeted therapy involves medications that 

destroys proteins in the malignant cells, thus causing it to 

die. Biological therapy involves medications that’s uses 

the immune system of the body to attack the tumor cells. 

Thalidomide (Thalomid), lenalidomide (Revlimid), or 

pomalidomide (Pomalyst) are the medicines given to 

enhance the immune system.
[13,14]

 

 

Corticosteroids; such as dexamethasone or prednisone 

reduces the inflammation in the body. They can be used 

to treat Multiple Myeloid as they help in destroying the 

malignant plasma cells 
2
. Stem cell transplants; by 

replacing diseased spongy bone marrow with healthy 

bone marrow from a donor, is done along with 

chemotherapy. It uses high doses regimen of 

chemotherapy along with Autologous Stem Cell 

Transplant (ASCT) to kill the malignant stem cells.
[15]

 

 

CONVENTIONAL CHEMOTHERAPY 

Chemotherapy is an aggressive form of drug therapy that 

uses powerful chemicals to destroy rapidly dividing 

cells.
[16]

 They are used for both local and malignant 

neoplasms. However, the treatment is accompanied by 

short and long term side effects and reactions. The 

collateral damage with the cyclic use of chemotherapy 

can limit its dose and anti-tumor efficacy.
[17]

 This 

intensive drug treatment uses high doses regimen along 

with Autologous Stem Cell Transplant (ASCT) to kill the 

malignant stem cells. All this weakens the immune 

system and requires proper medical care and attention.
[18]

 

Conventional chemotherapy uses Maximum Tolerable 

Dose (MTP) to kill and eliminate the malignant cells. 

The drug-free interval is prolonged to help the patient 

recover from the side effects of the drug. One of the 

major drawbacks of this treatment is that during the 

drug-free interval, relapse or reoccurrence can occur 

Also, the malignant cells can develop resistance to the 

chemotherapeutic drug. This further complicates the plan 

of treatment and is a huge setback for both, the doctor 

and the patient.
[19]

 

 

NEW LINE OF TREATMENT 

With the advance in technology, scientists discovered a 

new fact about the tumor growth and metastasis which is 

related to the growth of new blood vessels. The concept 

is based on the fact that by using anti-angiogenesis 

drugs, the tumor cells can be starved to death (. Without 

the formation of new blood vessels, the neoplasia would 

not able to nourish itself with nutrients, thus stopping its 

growth and spread. Thus, scientist shifted their target 

from anti-cancer drugs to anti-angiogenesis drugs. The 

angiogenesis inhibitor drugs came into establishment but 

it did not turn out to be a very beneficial drug. It only 

increased life expectancy to a few months, not more.
[20]

 

Later, it came into notice that the conventional 

chemotherapeutic drug has an anti-angiogenetic effect 
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when administered at a low dose. This lead to the 

concept of treating cancer patients with metronomic 

chemotherapy.
[19] 

 

METRONOMIC CHEMOTHERAPY 

The main approach of metronomic chemotherapy was 

first revealed by the Hanahan. The term Metronomic 

Chemotherapy is currently used to describe the regular 

administration of chemotherapeutic agents at a very low 

doses but for a longer period of time. It is a new method 

of administrating drug that overcomes the hurdles faced 

by conventional therapy. This multidrug regimen 

involves frequent administration of low doses of 

conventional chemotherapeutic drugs with break free 

intervals to prevent relapse or.
[21,22]

 The important 

characteristics features of Metronomic Chemotherapy 

are: a) Direct inhibition of tumor growth; direct cytotoxic 

activity to tumor cells (cancer stem cells), b) Inhibition 

of vasculogenesis and angiogenesis, c) Activation of 

immunity, d) No application of Hematopoietic Growth 

factor, e) Low dose without break free interval, f) 

Preference for oral drugs, g) No chemoresistance, and h) 

No injurious side effects. However, the use of 

metronomic chemotherapy in the clinical setup has been 

limited palliative purposes in relapse/refractory diseases 

and metastatic cases. The metronomic chemotherapy can 

be used for maintenance strategy. It can also be 

performed as a assiduity of the induction regimen in 

which case one or two drugs already used in the 

induction regimen are carried out as maintenance.
[21]

 

Metronomic chemotherapy can also be used as a switch 

maintenance therapy. In this case, a short period of 

conventional chemotherapy is carried on which is later 

followed by the extended courses of non-cross-resistant 

cytotoxic drugs.
[23,24]

 

 

MECHANISM OF ACTION OF METRONOMIC 

CHEMOTHERAPY 

The interaction of the tumor and its surroundings like its 

microenvironment have led scientist to hypothesize a 

new mechanism of action of chemotherapeutic drugs to 

provide anti-cancer activity. Metronomic Chemotherapy 

is a multitargeted therapy which has both direct and 

indirect effect on the malignant tumor cells and its 

microenvironment.
[25]

 A high dose of chemotherapy 

should not be considered anti-angiogenic. Dose above 

MTD causes endothelial toxicity and is not considered 

safe. The mechanism of action of chemotherapy consists 

of its anti-angiogenic property, activation of immunity, 

tumor dormancy induction, and 4D effect.
[26]

 

 

Anti-angiogenic Properties 

Metronomic chemotherapy inhibits angiogenesis by 

direct killing or inhibition of the endothelial cells.
[27]

 

This anti-cancer property of metronomic therapy is 

carried out by: a) Inhibition of activated endothelial cells 

apoptosis, b) Inhibiting the selective migration of 

endothelial cells, c) Up regulation of thrombospondin-1 

which is an endogenous inhibitor of angiogenesis, and d) 

Inhibition of ECP (endothelial progenitor cells.
[26]

 

 

Activation of immunity 

The new approach of Metronomic Therapy turns out to 

be very useful. Some scientists have suggested that the 

suppression in immune system caused by chemotherapy 

can lead to tumor cell growth. This is due to neutropenia 

and lymphopenia of White Blood Cells.
[26]

 However, 

new researches have proposed that while some cytotoxic 

drugs like Anthracyclines, taxanes, cyclophosphamide 

suppress part of the immune system, some WBC like T 

cells (Natural killer cells) help in sustaining immune-

stimulatory properties. These regulatory T cells (Treg) are 

CD4
+
 CD25

+
. By inhibiting anti-tumor immune 

response, antigen specif. Thus suppressing the activity of 

both, tumor-specific and tumor-unspecific effector cells. 

Tumor-specific cells are CD8
+
 cytotoxic T lymphocytes 

and CD4
+
 T helper cells. Natural killer (NK) and NK T 

cells are those unspecific effector cells which increase 

Treg cells in the body mean that the tumor is progressing 

and is somewhat ineffective to the treatment provided.
[28]

 

 

Induction of tumor dormancy 

Tumor cells are not active during the early of tumor 

formation, which is before the vascular phase. This is 

called tumor dormancy. Some scientists suggest that this 

phase comes after the completion of the chemotherapy, 

which is during the remission phase. Suppression of 

blood vessel formation, programmed cell death of 

malignant cells, and immune-surveillance are three main 

methods by which metronomic chemotherapy induces 

tumor dormancy. In tumor mass dormancy, there is 

stagnation of the tumor cell proliferation because of the 

dynamic equilibrium state. This phenomenon can be 

observed during the early stage as well as after the 

therapy in the remission phase.
[29]

 

 

Induction of senescence 

Chemotherapeutic agents can cause low-grade damage. 

This initiates senescence associated with anti-

proliferative response. The cascades of caspase activity 

that induce cellular apoptosis are not activated. The 

induction of senescence in tumors can be done by 

repetitive, low-dose regimens of cytostatic drugs.
[30]

 

 

Four-Dimensional effects 

Cell dependency which is followed by the sudden 

withdrawal or subsequent drug deprivation due to the 

chemotherapy is called the 4D effect. It has been 

postulated that the therapeutic effect of metronomic 

therapy is not only because of the anti-angiogenic and 

immune-stimulatory effect of the drug but also due to the 

direct anti-cancer activity. Because of the long exposures 

of chemotherapeutic agents, tumor cells become 

dependent on these drugs. So, the sudden withdrawal of 

the drug can lead to the death of the tumor cells. This 

explains why multiple drugs are used with a differing 

period of administration.
[25]
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Figure 2: Mechanism of action of metronomic chemotherapy. 

 

Table 1: Differences between conventional and metronomic chemotherapy. 

Conventional chemotherapy 
Metronomic chemotherapy 

 

Used at their Maximum Tolerance Dose (MTD) Used at low dose 

Targets tumor cell Targets endothelial cells of blood vessels 

After its administration, the plasma concentration of the dug 

gradually rises and then falls 
Concentration of the drug is sustained in the plasma 

Given at regular intervals Dosing frequency is continuous such as daily or weekly 

Administered with the purpose to treat cancer by directly 

inhibiting or killing the abnormal tumor cells 

Inhibition of vasculogenesis or angiogenesis is the main 

target 

No significant adverse effect or chemo resistance, also there is a 

reduced need for medical support 
Side effects and toxicity are of major concern 

 

 
Figure 3: Conventional VS Metronomic chemotherapy.  
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(Administrates intermittently) 

                  7                                                     14                                                21           

Days 

          

  

                                                                         

Initial tumor               Tumor after first treatment       Tumor after 2
nd

 treatment      Recurrence 

 

      

(Administrates Continuously) 

                                         7                                                14                                           21                                           

 Days   

 

 

                                                              

Initial tumor                  Tumor at 14 days                      Tumor after 21 days            Remission 

METRONOMIC THERAPY OF MULTIPLE 

MYELOMA 

The main goal of metronomic therapy is to reduce or 

eliminate the growth and spread of the tumor, to provide 

a hostile environment for the tumor cells, to prevent 

relapse or recurrence, and to help the body and it’s 

immune system to fight off infection and recover its 

health and potential.
[12]

 Low dose metronomic 

chemotherapy is cytotoxic to tumor cells of Multiple 

Myeloma buy is non-toxic for other healthy cells of the 

human body.
[31]

 The new drug has many benefits that can 

improve treatment modalities in cancer patients. This 

emerging treatment of cancer is based on the concept of 

reducing the dose and increasing the frequency of the 

chemotherapeutic drug. Hence, leading to a dramatically 

slow and stable tumor for a long term but not necessarily 

targeting the complete elimination of the malignant 

cells.
[32]

 

Conventional 

chemotherapy 

Metronomic 

chemotherapy 
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The multidrug regimen use in metronomic chemotherapy 

has provided better treatment options for patients that 

were refractory to all other treatment modalities. Because 

of the low dose and reduce side effects, this drug has 

turned out quite beneficial for patients with Multiple 

Myeloma.
[33] 

The repetitive low dose with high 

frequency has enabled the drug to treat patients of 

Multiple Myeloma without causing any adverse side 

effects or toxicity.
[5]

 The results turned out quite 

beneficial for both, the doctors and the patients. This 

multidrug regimen is fairly well tolerated in patients with 

multiple myeloma. 

 

DRUGS USED IN METRONOMIC THERAPY 

Metronomic chemotherapy is a multidrug therapy which 

includes drugs of various classes that have anti-

angiogenic, apoptotic, and immune-stimulatory 

properties.
[34,35]

 Some anti-cancer drugs, when given at 

break free intervals in low doses, can cause damage to 

both, circulating endothelial cells and circulating 

CEPs.
[36]

 Whereas it has no effect on white blood cells 

and non-endothelial cells. These anti-cancer drugs 

include CPA, methotrexate, etoposide, vinblastine, 

paclitaxel. Endothelial cells are genetically stable so 

even with a high dose of chemotherapy, they are less 

suspectable to develop resistance. Whereas tumor cells 

can develop resistance if administered with cyclic breaks 

and intervals. Thus, endothelial progenitor cells may help 

as a surrogate biomarker to determine the Optimum 

Biological Dose of metronomic chemotherapy 

regimens.
[22]

 

 

Scientists have observed that when resistance has 

developed to the Maximum Tolerated Dose of 

conventional therapy, treatment modality is no longer 

effective. Thus, switching over to metronomic 

chemotherapy at such circumstances has proved quite 

beneficial. Metronomic doses are around one-tenth of the 

Maximum Tolerated Dose (MTD) of conventional 

chemotherapy. Hence, toxicity is not a concern. 

Therefore the aim of phase one clinical trial is to obtain 

the Optimum Biological Dose (OBD) of a drug.
[37,38]

 

 

PRECLINICAL AND CLINICAL DATA 

In preclinical evaluation, the most frequently used drug 

was Cyclophosphamide. By combining 

cyclophosphamide with methotrexate, UFT, and 

vinorelbine, long term survival effects were observed. 

Research has demonstrated that methotrexate and 

vinorelbine, when given in a metronomic way, can 

retrogress cancer resistance. Whereas when the same 

drugs are administered conventionally, it can increase the 

tumor volume rapidly after two to three weeks. Another 

researcher pointed out that the growth of the endothelial 

cells of the blood vessels and its microenvironment can 

be influenced by the dose regimen of metronomic 

chemotherapy. At a concentration of 5 × 10−9 M, 

methotrexate inhibits cell proliferation. At a dose of 10 

pM, paclitaxel downregulates chemo toxins. Docetaxel is 

ten times more effective than paclitaxel when given at a 

low dose. It inhibits cell migration and capillary 

sprouting. At an ultra-low concentration of 0.1-1 pM, 

vinblastine inhibits proliferation of human endothelial 

cells, migration, and metalloproteinase secretion. Other 

researchers are still working and investigating preclinical 

designs to evaluate the impact of the low dose of 

metronomic chemotherapy on the cancer cells and its 

microenvironment.
[19,35]

 

 

Total of 18 drugs were used as a single drug and in 

combinations. The most commonly employed drugs were 

cyclophosphamide, methotrexate, capecitabine, 

bevacizumab, and vinorelbine. Cyclophosphamide and 

methotrexate were administered in doses of 50mg once 

daily and 2.5mg twice daily respectively. From the 

clinical side, mixed results have been obtained. Drugs 

such as Vinorelbine, cyclophosphamide, capecitabine, 

methotrexate, and bevacizumab have been tested. 

Different combinations of these various drugs have 

proved beneficial with the treatment of different 

carcinomas.
[35,39]

 

 

TOXIC EFFECTS OF METRONOMIC DRUGS 

The preclinical and clinical trials have highlighted the 

fact that these metronomic drugs are not devoid of side 

effects. These drugs are generally well tolerated by the 

patients as compared to conventional chemotherapy. 

However, some drawbacks and treatment interruptions 

were noted. So it must be kept in mind to avoid all these 

drawbacks which occurs due to the treatment for a longer 

time. The most common side effects of treatment with 

metronomic chemotherapy includes: Nausea and 

vomiting (Grade 1), anemia (Grade 2 and 3), low 

concentration of neutrophils, low concentration of 

leukocytes (white blood cells), low concentration of 

lymphocytes (B and T lymphocytes) and low-grade 

fatigue.  Cumulative effects can lead to secondary 

leukemia, or myelodysplastic syndrome (MDS).
[40,41]

 

Vinorelbine, cyclophosphamide, capecitabine, and 

methotrexate are some of the main drugs in which these 

severe effects can be seen. These toxic effects are more 

concerning and frequent when administered in 

combination. It is important to note that these 

metronomic therapeutic drugs are really toxic with the 

addition of bevacizumab (modern effective drug). Some 

studies have shown hypertension, excess protein in the 

urine, and kidney failure as an adverse effect to the 

metronomic chemotherapy. Taking into consideration 

that when a modern targeted drug is added to the 

metronomic chemotherapy, it can cause gastrointestinal 

problems such as diarrhea, nausea, vomiting as well as 

fatigue.
[38]

 

 

CONCLUSION 

The ideal treatment of chemotherapy is to eliminate 

malignant cells and to provide complete tumor 

suppression. The previous treatment modalities did 

provide tumor remission with its Maximum Tolerated 

Dose (MTD). But it was usually followed by re-growth, 

reoccurrence, and resistance of the tumor cells which are 
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even more malignant than the previous one. With recent 

studies and researches, scientists have changed their 

angle of thinking. Instead of coming up with a magic 

drug that would destroy the malignant cell, they came up 

with a multi-therapeutic drug therapy that has an effect 

on both, the cancer cells and its microenvironment. This 

treatment modality is called metronomic chemotherapy. 

The multidrug regimen use in metronomic chemotherapy 

has provided better treatment options for patients that 

were refractory to all other treatment modalities. Because 

of the low dose and reduce side effects, this drug has 

turned out quite beneficial for patients with Multiple 

Myeloma. The positive outcome has led to the concept of 

treating patients of Multiple Myeloma with metronomic 

chemotherapy. 
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