












CT image of an occlusion of the ŏrst part of the left middle cerebral artery (white 
arrow), which was successfully treated with thrombectomy.
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Despite decades of a war on cancer, progress has been incremental, 

with new drugs offering patients only an extra few months of life. 

News that novel T cell–based immunotherapeutic approaches 

such as immune checkpoint blockade and adoptive cell transfer are 

achieving durable responses in patients with aggressive cancers has 

created excitement in the world of cancer research. It has raised 

hopes that the body’s immune system may be nimble, potent, and 

dynamic enough to eradicate tumors despite their ability to mutate 

and develop resistance, setting the stage for durable responses and 

cures. After years in the wings of cancer treatment, immunotherapeu-

tics—previously used only as a last resort in patients who failed other 

therapies—is now taking center stage. Part I of this article will focus 

on immune checkpoint blockade and Part II, which will appear in the 

Fall 2015 issue of Progressnotes, on adoptive cell transfer.

Part I: No Longer Hiding in Plain Sight 
Immune Checkpoint Inhibitors Uncloak Cancer
Immune checkpoint inhibitors are a novel class of immunotherapeutic 

agents that take the blinders off the immune system and enable T 

cells to “see” and target tumors that had previously been hiding in 

plain sight. In clinical trials of these new agents, durable responses 

and impressive gains in survival have been achieved, demonstrating 

that T cells are capable of mounting a successful defense against 

cancer—a point about which many had been skeptical until recently. 

Much of that skepticism was erased when promising gains in sur-

vival were seen with ipilimumab (Bristol-Myers Squibb), an immune 

checkpoint inhibitor (speciŏcally, a CTLA-4 inhibitor), in pretreated 

and untreated patients with advanced melanoma that had metasta-

sized to the brain (NCT00094653 and NCT00324155, respectively). 

According to MUSC Health hematologist/oncologist Keisuke 

Shirai, M.D., MSCR, who participated in an expanded-access trial 

of ipilimumab for advanced, metastatic melanoma before its approval 

by the FDA in 2011, ipilimumab is the “ŏrst agent [in] the last 30 years 

to provide survival beneŏt in stage 4 melanoma. The beauty of this 

drug is that, if patients respond, the response can be sustainable.” He 

is following up study patients three, four, and ŏve years out who were 

once assumed to be terminal but who have now returned to work and 

lead relatively normal lives. 

Of the pretreated patients receiving ipilimumab—patients who 

would otherwise only have had a few months to live—one ŏfth were 

alive at two-year follow-up,1 and twice as many patients who received 

ipilimumab in addition to standard of care (i.e., dacarbazine) were 

alive at ŏve years compared with those given standard of care alone.2 

A pooled analysis of data from ten prospective and two retrospec-

tive studies of ipilimumab, including two phase 3 trials, showed a 

median overall survival of 11.4 months, and a three-year survival rate 

of 22% in patients overall, 26% in untreated patients, and 20% in 

pretreated patients.3 
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Even more exciting is that immune checkpoint inhibitors are 

proving relevant not only to cancers that have historically shown some 

susceptibility to immunological approaches, such as melanoma and 

hematological cancers, but also to solid tumors. “With immune check-

point inhibitors, we are harnessing the immune system to ŏght cancers 

that were previously thought to be resistant to immunotherapy,” 

explains Carolyn D. Britten, M.D., Director of the Phase 1 Clinical 

Trials Research Program at MUSC Hollings Cancer Center.  

A number of recent high-proŏle articles have reported their 

efŏcacy in a broad range of tumor types. For instance, ŏve letters 

published in the November 27, 2014 issue of Nature document 

“profound clinical response” in 175 efŏcacy-evaluable patients with 

a variety of cancers: conŏrmed objective response was observed 

in 18% of all study patients, 21% of patients with non-small cell lung 

cancer, 26% of patients with melanoma, 13% of those with renal cell 

carcinomas, and 13% of other tumors (e.g., colorectal cancer, gastric 

cancer, and head and neck squamous cell carcinoma).4 Preliminary 

data suggest that immune checkpoint blockade could be a promising 

approach for breast5 and ovarian6 cancer, and research is underway 

in a host of other cancers. 

MUSC has had a long interest in T cell immunity. In the 1990s, 

surgeon and current MUSC President David J. Cole, M.D., opened 

one of the ŏrst immunology laboratories at MUSC focused on the 

role of T cells in tumor immunity. In the two decades since, a talented 

cadre of basic and translational immunologists, currently under 

the direction of Zihai Li, M.D., Ph.D., Chair of the Department 

of Microbiology and Immunology, has continued to work in close 

collaboration with hematologists/oncologists at MUSC Hollings 

Cancer Center to study the mechanisms underlying T cell immunity 

and further optimize T cell–based immunotherapies. Currently, trials 

of immune checkpoint inhibitors are underway at MUSC in patients 

with advanced melanoma, lung cancer, head and neck cancer, and 

glioblastoma. Phase 1 trials offer patients with many more types of 

cancers access to these exciting new immunotherapeutic agents. 

How Immune Checkpoint Inhibitors Work
The job of the immune system is to distinguish between self and 

other and to mount a defense against invaders without harming the 

body’s own tissue. T cells are the body’s defenders, charged with 

eliminating threats from the outside. However, T cells in the vicinity 

of tumors may show little interest in cancer cells, which develop as a 

result of mutations to the body’s own cells and so are not perceived 

as a threat. Cancer cells often “hide” from neighboring T cells by 

hijacking a regulatory mechanism meant to prevent an attack on the 

body’s healthy cells (i.e., autoimmunity).

To prevent autoimmunity, the immune system has evolved a 

number of important safeguards. For example, the T cell, which is 

switched on when a receptor on the T cell surface binds to an antigen 

presented on the surface of antigen-presenting or tumor cells, can be 

switched back off when immune checkpoint proteins on T cells bind 

to their cognate proteins on tumors. 

Immune checkpoint inhibitors block the binding of key immu-

nosuppressive proteins such as cytotoxic T-lymphocyte-associated 

protein 4 (CTLA-4), programmed cell death protein 1 (PD-1), and 

programmed cell death ligand 1 (PD-L1, a cognate protein for PD-1), 

enabling a robust T cell response. 

In contrast to chemotherapeutic agents, which 

directly kill cancer cells at the expense of harming 

healthy cells, immune checkpoint inhibitors license 

the immune system to attack the malignancy. As a 

result, patients do not experience the side effects 

often associated with chemotherapy (e.g., nausea 

and vomiting, blood disorders, hair loss). 

However, because these agents override a 

safeguard against autoimmunity, the T cells that have been licensed 

to attack cancer by immune checkpoint inhibitors could also target 

healthy tissues, causing inŐammation. For example, patients receiving 

the CTLA-4 inhibitor ipilimumab may experience vitiligo (i.e., a loss 

of pigment or white patches in otherwise normally pigmented skin) 

and colitis, whereas those receiving anti-PD1 are more vulnerable to 

pneumonitis. These side effects are usually quite manageable with 

high-dose corticosteroid therapy and, in rare, intractable cases, with 

tumor necrosis factor (TNF)-blockers. However, these side effects 

can be life-threatening if they are not treated, and so physicians 

should be vigilant in monitoring for them as immune checkpoint 

inhibitors enter more broadly into the clinic. 

Immune checkpoint blockade enables manipulation of a patient’s 

T cells, favoring effector T cells (that could promote a robust immune 

“Cancer immunotherapy reŐects a paradigm 

shift in oncology. Instead of targeting cancers, 

immunotherapy focuses on rejuvenating the  

cancer-ŏghting immune system.” 

—Dr. Zihai Li 




