
Over the last years, immunotherapy strategies against cancer are emerging as powerful weapons. For example, the development  

of immune checkpoint blockade therapy achieving robust and durable responses in patients with refractory malignancies opened  

new avenues for cancer treatment. These advances are the result of many years of intense research into the complex cellular and 

molecular mechanisms controlling the immune response. A key breakthrough in this research was the description of the cancer  

immunity cycle by Dan Chen and Ira Mellman in 2013, becoming the intellectual framework for future cancer immunotherapy research.1
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Both Chen and Mellman are leading authorities on the human immune  
system, who left their stellar academic careers to pursue the development of 
effective immunotherapeutics in the war against cancer. Ira Mellman, PhD, is 
a scientist with an index line in probably every cell biology textbook around. 
He is a member of the National Academy of Sciences and former Yale Professor 
who received a plethora of academic distinctions. Currently, Mellman is vice 
president of cancer immunology at Genentech, part of the Roche group. Dan 
Chen, MD, PhD, is an oncologist and former Howard Hughes Medical Institute 
Associate who ran the Stanford University Cancer Centre’s metastatic melanoma 
clinic before becoming Genentech’s cancer immunotherapy franchise head. 

  
Setting the scene
Individual human tumors arise through a combination of genetic and epi-
genetic changes that facilitate immortality, but at the same time also create 
foreign antigens. These neo-antigens should in theory render cancer cells 
detectable by the immune system and target them for destruction. However, 
neoplastic cells manage to escape immune recognition and subsequent des- 
truction by developing multiple resistance mechanisms (e.g. local immune 
evasion, induction of tolerance, systemic disruption of T cell signaling).2 For 
decades, immunologists demonstrated the capacity of the immune system 
to recognize and kill cancer cells in the laboratory. However, they could not 
reliably translate these findings in patients. As a result, the history of cancer 
immunotherapy has consisted of extremely high levels of enthusiasm after 
anecdotal successful case reports, followed by decreasing levels of enthusiasm 
when controlled clinical trials did not deliver on their promise. That picture 
started to change as researchers made advances in understanding the under-
lying biology of the immune system, and homed in on several factors in the 

tumor microenvironment. Researchers across the globe uncovered vast new 
swathes of science: new proteins, new biomarkers, new information about 
cancer and immunology, cell biology and clinical oncology. Chen and Mellman 
teamed up to bring all this information together in a rational map of the 
cancer-immunology interface. The result of this effort was a seminal article 
that continues to provide an intellectual framework for cancer immuno- 
therapy research around the world.

The cancer immunity cycle
Chen and Mellman demonstrated that the generation of an anti-cancer immune 
response is a cyclic process that can be self-propagating, leading to an accu-
mulation of immune-stimulatory factors that in principle should amplify and 
broaden T cell responses (Figure 1).1 First, neo-antigens created by onco- 
genesis are released and captured by antigen presenting cells (APCs) for pro-
cessing (step 1). For this step to yield an anticancer T cell response, it must 
be accompanied by immunogenic signals (e.g. pro-inflammatory cytokines,  
factors released by dying tumor cells). In the second step, APCs present  
the tumor-associated antigens to T-cells via MHC molecules (step 2). When  
a T cell encounters an antigen-presenting cell to which it can bind, it will  
initiate an activation program (step 3, priming and activation). This activa-
tion requires three sets of signals: a cascade generated by the T-Cell Receptor 
(TCR), a cascade generated through the costimulatory molecules (B7:CD28) 
and cytokines. This T-cell activation is regulated by immune checkpoints: 
costimulatory and inhibitory interactions that protect against auto-immunity 
and excessive immune responses. Finally, the activated effector T-cells enter 
the bloodstream and traffic to the site of the tumour (step 4), migrating 
across the endothelial barrier into the tumour bed (step 5). There, T-cells 
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Figure 1. Schematic representation of the Cancer-Immunity Cycle.1

specifically recognize and bind to cancer cells through the interaction  
between its TCR and its cognate antigen bound to MHCI (step 6), and kill 
their target cancer cell (step 7). Killing of the cancer cell releases additional 
tumor-associated antigens (step 1 again) to increase the breadth and depth 
of the response in subsequent revolutions of the cycle. In cancer patients, 
the Cancer-Immunity Cycle does not perform optimally. For example, tumor 
antigens may not be detected, APCs and T cells may treat antigens as self 
rather than foreign, T cells may not properly home to tumors, T-cells can be 
inhibited from infiltrating the tumor, or factors in the tumor microenvironment 
might suppress those effector cells that are produced.1

  
From theoretical framework to 
effective therapies
Currently, Roche is evaluating more than 20 investigational medicines  
targeting four different steps of the Cancer-Immunity Cycle. Building on this 
foundational framework, researchers at Roche and Genentech identified 
three different immune phenotypes that describe the level of T-cell presence 
and activity within the tumor microenvironment. These immune phenotypes 
identify the T-cell activities that are required to reinitiate the cancer immunity 
cycle.3,4 In the immune desert phenotype, T-cells are absent from the tumor 
and the tumor microenvironment. In this case, it is necessary to generate 
active, tumor-directed T-cells (generate antigens, enhance antigen presen- 
tation, etc.).3-5 The immune excluded phenotype is characterized by the fact 
that T-cells have accumulated, but are not efficiently infiltrating the tumor 
microenvironment. Therapeutic strategies for this phenotype are the recruit-
ment of T-cells to the tumor, address the stromal barrier, or to redirect and 
engage T-cells.3-5 In the immune inflamed phenotype, T-cells do infiltrate, but 

are not functioning properly. To address this phenotype, T-cells should be 
activated to kill the tumor cells.3-5 A successful approach to address the  
immune inflamed phenotype consists of hindering immune effector inhibition, 
reinvigorating and potentially expanding preexisting anti-cancer immune 
responses. A prime example of this consists of PD-L1/PD-1 inhibition. The  
immune checkpoint inhibitor PD-L1 competes with CD28 for binding with B7 
on APCs, resulting in downregulated T-cell priming. Tumor cells can express 
PD-L1 to de-activate T cells and avoid immune destruction. With atezolizumab 
(Tecentriq®), Roche developed the first EMA and FDA-approved anti PD-L1  
cancer immunotherapeutic. Tecentriq® is now registered in the treatment  
of metastatic non-small cell lung cancer (NSCLC) previously treated with  
platinum-based chemotherapy and for patients with locally advanced or  
metastatic urothelial carcinoma (UC) after prior platinum-containing chemo-
therapy or for patients considered cisplatin ineligible.6 Tecentriq® will establish 
a personalized cancer immuno-therapy paradigm to provide more patients 
durable, quality survival and the potential for cure. The name Tecentriq® was 
chosen with care: the name not only sounds like ‘T-cell’, the ‘IQ’ ending refers 
to an intelligent solution in oncology, while ‘centriq’ conveys how immuno-
therapy fights cancer from within, using the patients’ own immune system. 

References
1. CHEN D, ET AL. IMMUNITY 2013;39(1):1-10.

2. MAHONEY K, ET AL. NAT REV DRUG DISCOV 2015;14:561–84.

3. KIM J, ET AL. ANN ONCOL 2016;27(8):1492-1504.

4. CHEN D, ET AL. NATURE 2017;541(7637):321-330.

5. GAJEWSKI TF. SEMIN ONCOL. 2015;42:663-671.

6. SMPC TECENTRIQ (ATEZOLIZUMAB) 09/2017.

ADVERTISEMENT – THE CONTENT OF THIS ARTICLE DOES NOT FALL UNDER THE RESPONSIBILITY OF THE EDITORIAL BOARD

R.
E:

 D
R.

 C
HR

. L
EN

AE
RT

S-
 B

E/
 T

CN
 /0

91
7/

00
09

 - 
26

/0
9/

20
17


