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mmunotherapy’s use in on-

cology has emerged in recent

years as an important treat-

ment option in many different
disease sites, but the concept of im-
munotherapy has been discussed for
centuries. Although the beginning
of immunotherapy itself dates back
to the 18th century, the principles it
is based on originated almost 2,000
years prior. The first concepts of
immunotherapy were rooted in the
principles of infectious disease dat-
ing back to the ancient Greeks, most
notably Thucydides, who was the
first to write about gaining immunity
to a specific disease. After surviving
the plague that hit Athens in 430 BC,
Thucydides observed that survivors
were never inflicted with the disease
a second time. With this observation,
he theorized that survivors devel-
oped a resistance to the plague. This
became one of the first documented
observations about the immune sys-
tem and laid the groundwork for fur-
ther study (Piana, 2015).

ORIGIN OF THE

IMMUNE SYSTEM AND
IMMUNOTHERAPY

Even though the initial concept of
the immune system was first ob-
served in ancient Greece, the first
immunotherapy trial was not con-
ducted until the 18th century in Lon-
don (Piana, 2015). At this time, Dr.

Charles Maitland began studying the
deliberate infection of children with
small amounts of smallpox. He had
previously heard of this practice in
Turkey, which prevented those in-
fected from contracting the fulmi-
nant disease in the future. He first
began by infecting the children of an
English Ambassador in Constantino-
ple with pus from someone with ac-
tive smallpox. Although the children
erupted in a pox, after a few days, the
rash completely resolved, leaving no
scarring or damage.

Hearing about these results, the
Princess of Wales allowed Dr. Mai-
tland to “inoculate” six prisoners
with smallpox, in hopes of finding a
way to protect her children from the
deadly disease in the future. After
the prisoners recovered from their
infection, they were released from
prison, and Dr. Maitland exposed
them to people with active small-
pox. None of the participants on
this “trial” became ill with smallpox
after reexposure, and Dr. Maitland
continued to inoculate people with
smallpox to prevent future infec-
tions of the disease (Maitland, 1722).
As time went on, the concepts of the
immune system and immunothera-
py in infectious disease were built
upon the ideas of the ancient Greeks
and Dr. Maitland, but the use of im-
munotherapy in oncology would not
be explored for many years.
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IMMUNOTHERAPY

ENTERS ONCOLOGY

Although studies continued to be conducted about
infectious disease, and the field of immunology
continued to grow over the following centuries, it
wasn’t until the late 19th century that the use of im-
munotherapy was explored for cancer care (Zach-
arski & Sukhatme, 2005). Small-scale attempts to
use bacterial infections to induce tumor reduction
were studied in the late 19th century, but it was not
until Dr. William Coley published his first paper
on the subject in 1893 that this phenomenon was
introduced on a large scale (Wiemann & Starnes,
1994). In this paper, Dr. Coley detailed his experi-
ence with using erysipelas infections, an infection
of the upper dermis and lymphatics, to treat un-
resectable sarcomas (Baddour, 2016; Coley, 1893).

Dr. Coley’s interest started when he encoun-
tered a gentleman 7 years after the patient under-
went surgery to remove his sarcoma, which was
originally deemed too extensive and unresectable.
However, shortly after the operation, the gentle-
man developed erysipelas, and his tumor disap-
peared. After studying erysipelas, Dr. Coley found
both anecdotal accounts of tumors disappearing
after erysipelas infections, as well as one paper by
Dr. Friedrich Fehleisen, who described five cases
of unresectable malignant tumors resolving after
being exposed to erysipelas. Dr. Coley then de-
cided to inject erysipelas into the first case of un-
resectable sarcoma he encountered. Although Dr.
Coley’s original injections did not create a durable
response, the injection of Streptococcus erysipelatis
caused the patient to have a true erysipelas infec-
tion. By the time the infection cleared 10 days later,
the patient’s tumor almost completely resolved,
and the patient was still living when Dr. Coley pub-
lished his paper 2 years later (Coley, 1893).

During Dr. Coley’s career, which spanned more
than 40 years, he treated almost 900 unresectable
sarcoma patients with Streptococcus erysipelatis,
achieving greater than a 10% cure rate with his
“Coley’s toxin” (Wiemann & Starnes, 1994). Despite
these results, Dr. Coley’s work was not widely ac-
cepted in the medical community, and the idea of
using the immune system to fight cancer fell out of
favor until the middle of the 20th century.

The topic of immunotherapy in oncology was
almost completely disregarded by the medical com-

munity until arguments of its use resurfaced in the
late 1940s. Furthermore, disagreement over wheth-
er or not immunotherapy could be used in oncology
deepened, when, in 1949, Frank Burnet published
his “acquired immunological tolerance theory” This
theory asserted that self-identifying lymphocytes
were destroyed in the prenatal development of the
immune system, and therefore, Mr. Burnet claimed,
immunotherapy would be impossible because a per-
son’s immune system would not be able to recognize
tumor cells that developed from his or her own body.
However, during the same period, other research-
ers were conducting animal experiments showing
that once tumors induced by outside carcinogens
were removed, they could potentially be immunized
against. In many of these experiments, the induced
tumor was removed, and then the animals would
later reject an injection of the same tumor cells, lead-
ing to the idea that tumors have “tumor-associated
antigens” (TAA) that the immune system could po-
tentially recognize (Parish, 2003).

The debate about immunotherapy’s use in on-
cology was further complicated in the 1960s, when
after initially arguing against the use of immuno-
therapy, Mr. Burnet developed his “immunosurveil-
lance theory,” which helped promote the idea of
immunotherapy. This theory proposed that lympho-
cytes function to search tissues for malignant cells
through the identification of TAA. This, combined
with the TAA experiments of the 1950s, spurred the
search to identify targetable TAAs (Parish, 2003).

The interest in immunotherapy’s role in on-
cology treatment was short-lived, however, and
by the 1970s, Mr. Burnet’s immunosurveillance
hypothesis was rejected in favor of his acquired
immunological tolerance theory (Parish, 2003).
By the 1980s, researchers became cautiously op-
timistic about the immune system’s ability to de-
tect TAAs, and immunologists began, once again,
to search for antibodies that would bind to tumors
(Kirkwood et al., 2012). In 1982, Dr. James Allison
discovered the T-cell antigen receptor, which laid
the groundwork for further identification of how
T cells work and how to use them and monoclo-
nal antibodies in cancer treatment (Cavallo, 2014).
After decades of debate about the use of immuno-
therapy in oncology, the discovery of the T-cell an-
tigen receptor tipped the scale in favor of immu-
notherapy, and immunotherapeutics soon entered
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development. For a timeline of the emergence of
immunotherapy, please see Figure 1.

EARLY IMMUNOTHERAPEUTICS

With the debate over the ability to use immuno-
therapy in oncology settled in the 1980s, antitumor
cytokines became commercially available to treat
multiple disease sites in the late 20th century. The
first immunotherapy agent, an antitumor cytokine
called interferon-alpha 2 (IFN-a2), was approved
by the US Food and Drug Administration (FDA) in
1986, with the expansion and further approval of
immunotherapy drugs occurring in the early and
mid-1990s.

Interferon-alpha 2 influences the immune sys-
tem by regulating cytokines and their receptors by
both stimulating an innate cell-mediated response
as well as creating an adaptive immune response
(Brassard, Grace, & Bordens, 2002). Interferon-
alpha 2 was initially approved for use in hairy cell
leukemia (HCL) after studies showed that IFN-a2
demonstrated a high response rate in patients with
progressive HCL (Golomb et al., 1986; Kirkwood
et al,, 2012). The FDA expanded the approval of
IFN-a2 in 1995 to use in the adjuvant treatment of
stage IIB/III melanoma.

In 1998, interleukin-2 (IL-2), a T-cell growth
factor that aids in immune regulation and T-cell
proliferation, became the second antitumor cyto-

kine approved by the FDA when it was approved
in the treatment of metastatic melanoma and renal
cell carcinoma (Kirkwood et al., 2012).

In 1990, the FDA approved a new type of immu-
notherapeutic when it approved the use of intrave-
sicular bacillus Calmette-Guérin (BCG) for nonin-
vasive, stage Tis, Ta, and T1bladder cancers (Cancer
Research Institute, 2016; Redelman-Sidi, Glickman,
& Bochner, 2014). It is believed that BCG is taken up
by urothelial and tumor cells upon contact. Once in-
ternalized by the cells, it is presented to the immune
system via antigen-presenting cells (APCs), causing
the bladder cells to release cytokines and recruit im-
mune cells to attack any cells containing BCG. Since
BCG is also taken up by the tumor cells, the immune
system is able to recognize the cells and subsequent-
ly attack them (Redelman-Sidi et al., 2014).

MODERN IMMUNOTHERAPEUTICS:
CHECKPOINT INHIBITORS
After the approval of antitumor cytokines and
BCG, researchers continued to look for new ways
to use the immune system to fight cancer. Over
the past few years, a new class of immunothera-
peutics, referred to as checkpoint inhibitors, has
emerged as a mainstay in cancer treatment.
Immune checkpoints are the body’s way of
protecting healthy cells from damage by the im-
mune system through both the activation and
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Figure 1. Timeline of immunotherapy in oncology.
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suppression of T cells (Luke & Ott, 2015). These
pathways are often activated when proteins on T
cells interact with proteins on the surface of oth-
er cells in the body. When these proteins interact,
they either stimulate T cells to start an immune
response against an unfamiliar or ill cell or inhib-
it T cells from damaging a healthy cell (Ameri-
can Cancer Society, 2015; Dana-Farber Cancer
Institute, 2016). However, multiple studies have
shown that tumor cells have adapted the ability
to express inhibitory receptors seen on healthy
cells, which results in decreased function of an-
tigen-specific T cells. Ultimately, this prevents T
cells from recognizing and attacking cancer cells
(Nguyen & Ohashi, 2014). Checkpoint inhibitors
block the interaction of this inhibitory pathway
between T cells and tumor cells, allowing the im-
mune system to identify and attack tumor cells
(American Cancer Society, 2015).

Two immune checkpoint pathways that are
targeted in oncologic immunotherapeutics are
the cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4) and the programmed cell death protein

1 (PD-1) pathways, which work at different stages
of the immune system. CTLA-4 is activated in the
early stages of the immune system, when T cells
are mobilized by APCs. Once activated, CTLA-4
is then able to bind to B7 ligands and prevent fur-
ther T-cell activation (Luke & Ott, 2015). Contin-
ued T-cell stimulation by TAAs causes high levels
of CTLA-4, which in turn, creates immune cells
that can no longer attack the TAA (Tarhini, Lo, &
Minor, 2010).

This pathway became the first immune check-
point target when, in 2011, the FDA approved the
anti-CTLA-4 monoclonal antibody ipilimumab
(Yervoy) in the treatment of metastatic melanoma
(Cancer Research Institute, 2016; FDA, 2015a).
Ipilimumab blocks CTLA-4 signaling and its abil-
ity to bind to B7 ligands, which heightens T-cell-
mediated immunity by perpetuating T-cell activa-
tion and restoring T-cell proliferation (Luke & Ott,
2015; Tarhini et al., 2010; Figure 2).

The upregulation of the PD-1 pathway occurs
later in the immune response, with PD-1 being
more prominent on T cells after persistent anti-

-

~
B7-1/B7-2 binds to CTLA-4 and Blocking B7-1/B7-2 or CTLA-4
inhibits T cell killing of tumor cell allows T cell killing of tumor cell
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B7-1/B7-2 B7-1/B7-2
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Figure 2. Mechanism of action of CTLA-4 inhibitors. Tumor cells develop B7-1/B7-2 to bind with CTLA-
4 on T cells, which prevents T cells from destroying the tumor cells (left). By blocking the ability of
B7-1/B7-2 to bind to CTLA-4 with a CTLA-4 inhibitor, T cells are then able to kill the tumor cells (right).
CTLA-4 = cytotoxic T-lymphocyte-associated antigen 4. For the National Cancer Institute © 2015 Terese

Winslow LLC, U.S. Govt. has certain rights.
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gen exposure, such as with chronic infections or
tumors (Luke & Ott, 2015). Similar to CTLA-4, tu-
mors can use this pathway to “turn oft” T cells and
evade destruction. Many different types of tumor
cells have evolved to express programmed cell
death ligand 1 (PD-L1), which binds with PD-1 on
T cells and initiates the inhibitory process (Nguy-
en & Ohashi, 2014). By blocking PD-1 or PD-L],
the tumor cells are no longer able to initiate the
inhibition of T cells, and the immune system is
more adequately able to identify tumor cells for
destruction (Figure 3).

In 2014, the FDA approved two PD-1 inhibi-
tors for use in metastatic melanoma: pembroli-
zumab (Keytruda) and nivolumab (Opdivo; FDA,
20144, 2014b). Since 2014, the FDA has expanded
the use of pembrolizumab and nivolumab for mul-
tiple different disease sites, and in 2016, the first
PD-L1 inhibitor, atezolizumab (Tecentriq), was
approved for use in metastatic urothelial carcino-
ma (FDA, 2015b-f, 2016a-c). For a complete list of
FDA-approved uses of CTLA-4, PD-1, and PD-L1
inhibitors, see the Table on the following page.

DISCUSSION

From the first observations of the immune system
in ancient Greece to the great debate of the 20th
century over the role of immunotherapy in oncol-
ogy, immunotherapy has emerged from a tumultu-
ous past to become one of the most studied models
of cancer care in recent years. The development of
BCG, interferon, and IL-2 in the late 20th century
began to change the perception of the immune
system’s role in oncology, as well as provide new
treatment options in multiple different disease
sites. However, the rise of checkpoint inhibitors
over the past few years has cemented immuno-
therapy’s place in the care of cancer patients. Fur-
thermore, the development of the first PD-L1 in-
hibitor has reexamined the PD-1 pathway and may
lead to further breakthroughs in immunotherapy
in the future. Checkpoint inhibitors have revolu-
tionized treatment modalities in many different
types of cancer. As new trials study the efficacy of
checkpoint inhibitors in new disease sites, as well
as in combination with different agents, new in-
dications for their use will likely be announced.

( N
PD-L1 binds to PD-1 and inhibits Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell T cell killing of tumor cell
Tumor cell
Tumor cell doathi
PD-L1 PD-L
i Antigen
Anti-PD-L1
N\ T cell receptor o
A\ )
PD-1 A\'/ﬁ
- J

Figure 3. Mechanism of action of PD-1 and PD-L1 inhibitors. Tumor cells develop PD-L1 to bind with PD-1
on T cells, which prevents T cells from destroying the tumor cells (left). By blocking the ability of PD-L1
to bind to PD-1 with a PD-1 or PD-L1 inhibitor, T cells are then able to kill the tumor cells (right).

PD-1 = programmed cell death protein 1; PD-L1 = programmed cell death ligand 1. For the National
Cancer Institute © 2015 Terese Winslow LLC, U.S. Govt. has certain rights.
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Table. Approved Uses for CTLA-4, PD-1, and PD-L1 Inhibitors

Agent

Nivolumab

Pembrolizumab

Nivolumab + ipilimumab

Ipilimumab

Atezolizumab

Durvalumab

Mechanism of action

PD-1 inhibitor

PD-1 inhibitor

PD-1 inhibitor + CTLA-4
inhibitor

CTLA-4 inhibitor

PD-L1 inhibitor

PD-L1 inhibitor

Approved disease sites?

Metastatic melanoma

Metastatic non-small cell lung cancer

Metastatic renal cell carcinoma

Classical Hodgkin lymphoma

Recurrent or metastatic squamous cell carcinoma of the head and
neck

Mismatch repair deficient or microsatellite instability-high colorectal
cancer

Hepatocellular carcinoma

Locally advanced or metastatic urothelial carcinoma

Metastatic melanoma (first line)

Metastatic non-small cell lung cancer

(PD-L1 expression-dependent)

Recurrent or metastatic squamous cell carcinoma of the head and
neck

Classical Hodgkin lymphoma

Microsatellite instability-high cancersP

Recurrent locally advanced or metastatic gastric or
gastroesophageal junction adenocarcinoma (PD-L1 expression-
dependent)

Locally advanced or metastatic urothelial carcinoma

Metastatic or unresectable melanoma (first line)

Adjuvant therapy for stage 3 melanoma
Metastatic melanoma

Locally advanced or metastatic urothelial carcinoma
Metastatic non-small cell lung cancer

Locally advanced or metastatic urothelial carcinoma

Note. PD-1 = programmed cell death protein 1; PD-L1 = programmed cell death ligand 1; CTLA-4 = cytotoxic T-lymphocyte-
associated antigen 4. Information from FDA (2014a-c, 2015a-f, 2016a-e, 2017a-h).
2aApproval in the second-line metastatic setting unless otherwise noted.

QFirst cancer treatment approved for solid tumor based on specific genetic feature. j

Disclosure
The author has no potential conflicts of interest
to disclose.

References

American Cancer Society. (2015). Cancer immunotherapy.
Retrieved from http://www.cancer.org/treatment/treat-
mentsandsideeffects/treatmenttypes/immunotherapy/
immunotherapy-toc

Baddour, L. (2016). Cellulitis and erysipelas. Retrieved from
https://www.uptodate.com/contents/cellulitis-and-
erysipelas?source=preview

Brassard, D. L., Grace, M. J.,, & Bordens, R. W. (2002).
Interferon-o. as an immunotherapeutic protein. Journal
of Leukocyte Biology, 70(4), 565-581.

Cancer Research Institute. (2016). Timeline of progress. Re-
trieved from https://www.cancerresearch.org/cri-im-
pact/timeline-of-progress

Cavallo, J. (2014). Immunotherapy research of James P. Al-
lison, PhD, has led to a paradigm shift in the treatment
of cancer. Retrieved from http://www.ascopost.com/
issues/september-15-2014 /immunotherapy-research-
of-james-p-allison-phd-has-led-to-a-paradigm-shift-

in-the-treatment-of-cancer/

Coley, W. B. (1893). The treatment of malignant tumors by
repeated inoculations of erysipelas. American Jour-
nal of the Medical Sciences, 105(5), 487-510. https://doi.
org/10.1097/00000441-189305000-00001

Dana-Farber Cancer Institute. (2016). What is a check-
point inhibitor? Immune checkpoint inhibitor defini-
tion. Retrieved from http://blog.dana-farber.org/in-
sight/2015/09 /what-is-a-checkpoint-inhibitor/

Golomb, H. M., Jacobs, A., Fefer, A., Ozer, H., Thompson,
J., Portlock, C.,..Spiegel, R. (1986). Alpha-2 interferon
therapy of hairy-cell leukemia: A multicenter study of
64 patients. Journal of Clinical Oncology, 4(6), 900-905.
https://doi.org/10.1200/JC0.1986.4.6.900

Kirkwood, J. M., Butterfield, L. H., Tarhini, A. A., Zarour, H.,
Kalinski, P.,, & Ferrone, S. (2012). Immunotherapy of can-
cer in 2012. CA: A Cancer Journal for Clinicians, 62(5),
309-335. https://doi.org/10.3322 /caac.20132

Luke, J. J, & Ott, P. A. (2015). PD-1 pathway inhibitors:
The next generation of immunotherapy for advanced
melanoma. Oncotarget, 6(6), 3479-3492. https://doi.
org/10.18632 /oncotarget.2980

Maitland, C. (1722). Mr. Maitland’s account of inoculating the
small pox. Retrieved from http://ocp.hul.harvard.edu/

J Adv Pract Oncol AdvancedPractitioner.com



IMMUNOTHERAPY THROUGH THE YEARS PRACTICE MATTERS

dl/contagion/006046002

Nguyen, L. T., & Ohashi, P. S. (2014). Clinical blockade of PD1 and
LAG3—Potential mechanisms of action. Nature Reviews
Immunology, 15(1), 45-56. https://doi.org/10.1038 /nri3790

Parish, C. R. (2003). Cancer immunotherapy: The past,
the present, and the future. Immunology and Cell Bi-
ology, 81, 106-113. https://doi.org/10.1046/j.0818-
9641.2003.01151.x

Piana, R. (2015). A snapshot of early immunotherapy. The
ASCO Post, 6(19). Retrieved from http://www.ascopost.
com/issues/october-25-2015/a-snapshot-of-early-im-
munotherapy/

Redelman-Sidi, G., Glickman, M. S., & Bochner, B. H. (2014).
The mechanism of BCG therapy for bladder cancer: A
current perspective. Nature Reviews Urology, 11,153-162.
https://doi.org/10.1038/nrurol.2014.15

Tarhini, A., Lo, E., & Minor, D. R. (2010). Releasing the
brake on the immune system: Ipilimumab in melanoma
and other tumors. Cancer Biotherapy and Radiophar-
maceuticals, 25(6), 601-613. https://doi.org/10.1089/
¢br.2010.0865

US Food and Drug Administration. (2014a). FDA approves
Keytruda for advanced melanoma: First PD-1 blocking
drug to receive agency approval . Retrieved from http://
www.fda.gov/NewsEvents/Newsroom/PressAnnounce-
ments/ucm412802.htm

US Food and Drug Administration. (2014b). FDA approves
Opdivo for advanced melanoma . Retrieved from http://
www.fda.gov/NewsEvents/Newsroom/PressAnnounce-
ments/ucm427716.htm

US Food and Drug Administration. (2015c). FDA approves
Opdivo to treat advanced form of kidney cancer . Re-
trieved from http://www.fda.gov/NewsEvents/News-
room/PressAnnouncements/ucm473971.htm

US Food and Drug Administration. (2015a). FDA approves Yer-
voy to reduce the risk of melanoma returning after sur-
gery . Retrieved from https://www.fda.gov/NewsEvents/
Newsroom,/PressAnnouncements/ucm469944.htm

US Food and Drug Administration. (2015d). FDA expands ap-
proved use of Opdivo in advanced lung cancer: Opdivo
demonstrates survival benefit in squamous and non-
squamous non-small cell lung cancer . Retrieved from
http://www.fda.gov/NewsEvents/Newsroom/PressAn-
nouncements/ucm466413.htm

US Food and Drug Administration. (2015e). FDA expands
approved use of Opdivo to treat lung cancer . Retrieved
from http://www.fda.gov/NewsEvents/Newsroom,/
PressAnnouncements/ucm436534.htm

US Food and Drug Administration. (2015f). Nivolumab in
combination with ipilimumab . Retrieved from http://
www.fda.gov/Drugs/InformationOnDrugs/Approved-
Drugs/ucm465274.htm

US Food and Drug Administration. (2015b). Pembrolizumab
label updated with new clinical trial information . Re-
trieved from http://www.fda.gov/Drugs/Information-
OnDrugs/ApprovedDrugs/ucm478493.htm

US Food and Drug Administration. (2016d). Atezolizum-
ab (Tecentriq) Retrieved from https://www.fda.
gov/Drugs/InformationOnDrugs/ApprovedDrugs/

ucm525780.htm

US Food and Drug Administration. (2016¢). FDA approves
new, targeted treatment for bladder cancer: Tecentriq
is the first PD-L1 inhibitor approved by the FDA . Re-
trieved from http://www.fda.gov/NewsEvents/News-
room/PressAnnouncements/ucm501762.htm

US Food and Drug Administration. (2016b). Nivolumab (Op-
divo) for Hodgkin Lymphoma . Retrieved from http://
www.fda.gov/Drugs/InformationOnDrugs/Approved-
Drugs/ucm501412.htm

US Food and Drug Administration. (2016e). Nivolumab for
SCCHN . Retrieved from https://www.fda.gov/Drugs/
InformationOnDrugs/ApprovedDrugs/ucm528920.htm

US Food and Drug Administration. (2016a). Pembrolizumab
(Keytruda) . Retrieved from http://www.fda.gov/Drugs/
InformationOnDrugs/ApprovedDrugs/ucm515627.htm

US Food and Drug Administration. (2017a). Durvalumab
(Imfinzi) . Retrieved from https://www.fda.gov/Drugs/
InformationOnDrugs/ApprovedDrugs/ucm555930.htm

US Food and Drug Administration. (2017b). FDA approves
first cancer treatment for any solid tumor with a spe-
cific genetic feature . Retrieved from https://www.fda.
gov/newsevents/newsroom/pressannouncements,/
ucm560167.htm

US Food and Drug Adminstration. (2017c). FDA grants ac-
celerated approval to nivolumab for HCC previously
treated with sorafenib . Retrieved from https://www.
fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/
ucm577166.htm

US Food and Drug Administration. (2017d). FDA grants ac-
celerated approval to pembrolizumab for advanced gas-
tric cancer . Retrieved from https://www.fda.gov/Drugs/
InformationOnDrugs/ApprovedDrugs/ucm577093.htm

US Food and Drug Administration. (2017e). FDA grants
nivolumab accelerated approval for MSI-H or dAMMR
colorectal cancer . Retrieved from https://www.fda.
gov/Drugs/InformationOnDrugs/ApprovedDrugs/
ucm569366.htm

US Food and Drug Administration. (2017f). Nivolumab for
treatment of urothelial carcinoma . Retrieved from
https://www.fda.gov/Drugs/InformationOnDrugs/Ap-
provedDrugs/ucm539646.htm

US Food and Drug Administration. (2017g). Pembrolizumab
(Keytruda) for classical Hodgkin lyphoma . Retrieved
from https://www.fda.gov/Drugs/InformationOnDrugs/
ApprovedDrugs/ucm546893.htm

US Food and Drug Administration. (2017h). Pembrolizumab
(Keytruda): Advanced or metastatic urothelial carcino-
ma . Retrieved from https://www.fda.gov/Drugs/Infor-
mationOnDrugs/ApprovedDrugs/ucm559300.htm

Wiemann, B., & Starnes, C. 0. (1994). Coley’s toxins, tumor
necrosis factor and cancer research: A historical per-
spective. Pharmacology and Therapeutics, 64(3), 529-
564. https://doi.org/10.1016/0163-7258(94)90023-x

Zacharski, L. R., & Sukhatme, V. P. (2005). Coley’s toxin
revisited: Immunotherapy or plasminogen activator
therapy of cancer? Journal of Thrombosis and Haemo-
stasis, 3(3), 424-427. https://doi.org/10.1111/j.1538-
7836.2005.01110.x

AdvancedPractitioner.com

753

Vol 8 m No 7 = Nov/Dec 2017



