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History’s path is unchartable when it’s not yet past 
but present, when we are still standing in the mid-
dle of it. That’s what made Science’s selection of this 
year’s Breakthrough of the Year such a topic of inter-
nal debate, even anxiety. In celebrating cancer immu-

notherapy—harnessing the immune system to battle 
tumors—did we risk hyping an approach whose ultimate 

impact remains unknown? Were we irresponsible to label 
as a breakthrough a strategy that has touched a tiny fraction 
of cancer patients and helped only some of them? What do 
we mean when we call something a breakthrough, anyway?

Ultimately, we concluded, cancer immunotherapy 
passes the test. It does so because this year, clinical trials 
have cemented its potential in patients and swayed even 
the skeptics. The fi eld hums with stories of lives extended: 
the woman with a grapefruit-size tumor in her lung from 
melanoma, alive and healthy 13 years later; the 6-year-
old near death from leukemia, now in third grade and in 
remission; the man with metastatic kidney cancer whose 
disease continued fading away even after treatment stopped. 

As the anecdotes coalesce into data, there’s 
another layer, too, a sense of paradigms shifting. 

Immunotherapy marks an entirely different 
way of treating cancer—by targeting 

the immune system, not the 
tumor itself. Oncologists, 

a grounded-in-reality bunch, say a corner has been turned 
and we won’t be going back.

With much pressure these days to transform biological 
insights into lifesaving drugs, there’s a lesson to be learned 
from immunotherapy’s successes: They emerged from a 
careful decoding of basic biology that spanned many 
years. The early steps were taken by cancer immunologist 
James Allison, now at the University of Texas MD 
Anderson Cancer Center in Houston. In the late 1980s, 
French researchers who weren’t thinking about cancer 
at all identifi ed a new protein receptor on the surface of 
T cells, called cytotoxic T-lymphocyte antigen 4, or 
CTLA-4. Allison found that CTLA-4 puts the brakes 
on T cells, preventing them from 
launching full-out immune attacks. 
He wondered whether blocking the 
blocker—the CTLA-4 molecule—
would set the immune system free to 
destroy cancer.

Allison’s rationale was untested. 
He and his colleagues changed 
the conversation, in the words of one cancer researcher, 
“to consider immunosuppression as the focal point, and 
manipulation of immunosuppression as the target.”

Doing so took time. CTLA-4 was discovered in 1987. 
In 1996, Allison published a paper in Science showing 
that antibodies against CTLA-4 erased tumors in mice. 

This year marks a turning point in cancer, as long-sought efforts to unleash the immune 
system against tumors are paying off—even if the future remains a question mark

Online
sciencemag.org

Podcasts, 

videos, and other 

extras (http://scim.ag/

med_6165).

Cancer Immunotherapy

Seek and destroy. Instead of targeting tumors directly, cancer 

immunotherapy enlists the immune system to attack them. Here, 

an antibody (pink) blocks a receptor (purple) found on T cells 

(gray), setting off a chain reaction that leads to an assault on 

cancer cells (brown).
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Immunology: What we used to know… 

 B cells make antibodies which bind to antigens 
Antibodies: molecules that “target” (bind) specific proteins 

 T cells can kill cells recognized as “foreign” or diseased 
T cells have antibody like receptors on their cell surface 
Designed to kill virus infected cells or potentially cancer cells 

 Dendritic cells (DCs) educate the T cells 
DCs “process” antigens and “present” them to T cells in lymph nodes 

 Macrophages are the garbage trucks of the immune system 
They “eat” dead or dying cells and dispose of remains 
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T cells: What we know now… 
 Different types of T cells 

-Killer T cells: capable to killing cancer cells 
-Suppressor T cells (Treg): inhibit activation of Killer T cells 

  “Checkpoint” proteins can stimulate or block T cells 
-Checkpoint proteins on some normal tissues, tumor  cells and 
on macrophages, Treg cells and Killer T cells 
-Antibodies made in the laboratory can bind to and block 
function of checkpoint proteins 

 T cells can be genetically engineered to attack cells 
with any specific antigen 
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Turning up The Activating Blocking the Inhibiting 

Controlling the immune system:  
Gas Pedals and Brakes 
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Lambrolizumab in Melanoma

n engl j med nejm.org 9
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Presence of PD-L1 correlates with improved 
response to PD1 targeted drugs 

PD-1:   Nivolumumab (Bristol): Approved for melanoma (dec ‘14) 
            Pembrolizumab (Merck): Approved for melanoma (sept ‘14) 
            Pidilizumab (Curetech) 
PD-L1: MPDL328a (Genentech) 
            BMS-936559; MEDI4736; MSB0010718C 
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Presented By Jedd D. Wolchok, MD, PhD at 2013 ASCO Annual Meeting 

Wolchok et al, ASCO 2013 
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Wolchok et al, ASCO 2013 
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Linking the dots (or leaps of faith?) 

 PD1/PD-L1 drugs “may” work better with a drug that 
targets CTLA-4 (ipilumumab) especially in tumors with 
low PD-L1 expression 

 But, combination associated with higher risk of 
autoimmune complications (e.g. colitis causing diarrhea) 

 Might injecting ipilumumab directly into a tumor (rather 
than intravenously) and combining with PD1 or PD-L1 
agent be an effective strategy?? 
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Cancer Immunotherapy Approaches 

Checkpoint 
Modulators 

Vaccines Cell-based 
Therapies 

Promote T cell 
activation or inhibit 
suppressors 

Activate tumor-specific 
T cells to induce an 
antitumor immune 
response.   

Manipulate autologous 
immune cell subsets 
ex vivo 

•  Anti PD-1 
•  Anti PD-L1 
•  Anti CTLA-4 
•  Anti CD137 
•  And many others.. 

•  Peptide-derived 
•  Manipulated tumor 

cells 
•  Viral vectors 

•  TILs 
•  Dendritic cells 
•  CAR-T cells 

Figures adapted from Chen and Mellman, Immunity 2013. 
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“It’s tough to make predictions, especially 
about the future”  Yogi Berra 


