Use of Metformin at Oasis of Hope

Mark McCarty

Metformin, a drug whose structure was based on the bioactive compounds in the traditional anti-
diabetic herb Galega officinalis (“goat’s rue”), is currently the most prescribed agent worldwide for
control of type 2 diabetes. lIts efficacy in this regard appears to reflect its ability to activate an enzyme
known as “AMP-activated protein kinase” — AMPK for short.%2 AMPK functions as a kind of cellular fuel
gauge, becoming activated and signaling when the high-energy catalyst ATP is in short supply. AMPK
causes cells to burn more fuel to generate ATP, while suppressing non-essential cellular activities that
use up ATP. In the liver of diabetics, AMPK spares ATP by slowing the rate at which liver cells produce
and release glucose; the liver’s production of glucose is constantly elevated in diabetics, and this is one
of the key reasons why their blood sugar levels are chronically high. Metformin, via activation of AMPK,
slows the rate at which the liver releases glucose, and this is thought to be the chief way in which it is
helpful in diabetics.3

Interest in metformin as an agent for preventing and controlling cancer was triggered by
epidemiological studies examining cancer rates in diabetics. It is known that diabetics tend to be more
cancer prone than non-diabetics, and to have poorer prognosis when they get cancer. However, studies
found that diabetics treated with metformin, as opposed to comparable diabetics treated with other
drugs, were less likely to develop a number of types of cancer — breast, prostate, colon, lung,
pancreatic, hepatic among them.4*® Moreover, when researchers focused on diabetics who already had
cancer, in many though not all studies they found that the diabetics taking metformin had longer
survivals than those not taking it.*%7-23

A key to metformin’s ability to prevent and restrain cancer is its capacity to inhibit the enzyme complex
mTORC1 (mammalian target of rapamycin complex 1).  mTORCa is chronically activated in most
cancers, and this complex causes cancer cells to increase their production of certain proteins that boost
cellular proliferation, enable cells to invade surrounding tissues and to evoke the growth of new blood
vessels that feed the tumor (angiogenesis), and that prevent the cell-suicide mechanism known as
“apoptosis”.24 Apoptosis helps to prevent cancers by killing off pre-cancerous cells that have sustained
damage to their DNA, but it also is the chief mechanism whereby chemotherapy and radiotherapy kill
cancer cells. Hence, mTORCa activity both helps cancers to arise, and also shields them when they are
therapeutically assaulted.?4 This helps to explain why the mTORCz antagonist metformin has utility for
cancer prevention and control.

These finding gave rise to a number of studies in which immunodeficient mice implanted with various
human tumors were treated with metformin. In many though not all of these studies, metformin was
found to slow cancer growth.>s%*  Other studies examined the interaction of metformin with
chemotherapy or radiotherapy in animal tumor models; many of these studies found that chemo- and
radiotherapy were more effective for killing tumor cells and restraining cancer growth when metformin
was co-administered.26: 33 42:48



While metformin’s ability to potentiate chemo/radiotherapy is attributable in part to an inhibition of
mTORCz that boosts cellular capacity for apoptosis, it is now clear that this phenomenon also reflects
metformin’s ability to increase the vulnerability of cancer stem cells to therapy. Cancer stem cells are a
small sub-population found in tumors that tend to be extraordinarily resistant to killing by
chemotherapy, radiotherapy, and hyperthermia,“® and that have the ability to proliferate and give rise
to all the cancer cell types needed for a tumor to grow and spread. So killing cancer stem cells is sort of
a “holy grail” of cancer therapy. For reasons that remain somewhat obscure, metformin has the
potential to kill or prevent the formation of cancer stem cells, and also slows their growth.5o-68
Moreover, metformin sensitizes these cells to killing by chemotherapy, radiotherapy, and
hyperthermia.26: 50 52 54 63, 69,70

In light of all these provocative finding, numerous clinical trials worldwide are in progress in which
metformin, alone or as an adjuvant to other cancer-killing measures, is being tested in patients with a
variety of cancer types. Within several years, we should know a lot more about how useful metformin
can be as an anti-cancer drug. But it won't surprise you to learn that metformin has already been in use
at Oasis of Hope for a number of years, in line with the dictum: “tomorrow’s medicine — today”.

Oasis of Hope is particularly interested in the potential of metformin as adjuvant to its unique
therapeutic strategy combining intravenous ascorbate with whole-body hyperthermia and other
supportive agents.”* One of the cancer-promoting proteins whose synthesis is boosted by mTORCa is
HIF-1alpha (“hypoxia-inducible factor 1alpha”). This protein is rapidly degraded when cells are well
oxygenated, but it has a prolonged half-life in oxygen-deprived tumor regions. HIF-1alpha helps cancer
cells to survive, grow, and spread in the low oxygen environments that tumors often encounter.”> But
another effect of HIF-1alpha activity is to render cancer cells more resistant to killing by high external
concentrations of ascorbate (vitamin C).73 This may help to explain why, whereas most cancer cell lines
are readily susceptible to killing by ascorbate in oxygenated cell cultures, tumors in animals or in
patients tend to be somewhat less responsive to intravenous ascorbate in comparable concentrations.
7475 Qasis of Hope's strategy for overcoming this effect is to decrease tumor levels of HIF-1alpha with a
two-fold approach — decreasing tumor synthesis of this protein by administering metformin; and
promoting its degradation by boosting tumor oxygenation with the drug pentoxifylline. (Pentoxifylline
can enhance tumor blood flow.)

Metformin may also have a complementary or synergistic interaction with hyperthermia in killing of
cancer cells, as revealed by a recent study with human breast and pancreatic cancer cell lines.®3 In
particular, this combination works together to kill cancer stem cells. This study also determined that
hyperthermia of the magnitude employed at Oasis of Hope (42° C) activates AMPK and suppresses
mTORCz, in @ manner that is complementary to the impact of metformin in this regard. Hopefully,
researchers will conduct more studies evaluating the interaction of ascorbate, hyperthermia, and
metformin as a therapeutic strategy.

In doses that are typically prescribed for diabetes (and as employed by Oasis of Hope), metformin is a
very safe and inexpensive drug. It does not produce any of the characteristic toxicities of cytotoxic
chemotherapies — in particular, it does not depress the bone marrow. Its chief side effect, initially
troublesome in a significant minority of patients, is gastrointestinal upset; when this is a problem, it can



often be managed by starting with a lower dose and gradually increasing it. Quite aside from its utility
in diabetes and cancer therapy, metformin has the potential to benefit health in a number of ways, and
in rodents it even has been found to boost lifespan, suggestive of an “anti-aging” effect!7678
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