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Abstract 

Cancer comprises many different diseases (estimated at more than 200 types of 
malignancies), all characterized by accumulation of DNA damage and uncontrolled 
proliferation of abnormal cells with capacity for spread to healthy organs and form 
malignant tumours. The therapeutic approaches in the last decades included surgery, 
radiation, chemotherapy and other advanced medical strategies. The scientists who 
contributed to these discoveries and improved therapeutic approaches to cancer 
treatment have been awarded Nobel prizes in the past. In 2018 the Nobel Prize in 
Physiology or Medicine was awarded to an American and a Japanese scientist for 
their discovery of a revolutionary approach to cancer treatment. Their revolutionary 
discovery proved that the human body’s immune system can be harnessed to attack 
cancer cells 20 years ago. It was known for many years before that the human 
immune system under normal physiological conditions seeks out and destroys 
mutated cells, but cancer cells find sophisticated ways to hide from immune attacks, 
allowing them to thrive and grow. Many types of cancer do this by ramping up a 
braking mechanism that keeps immune cells in check. In 2011, new anticancer drugs 
have been approved by the Food and Drug Administration (FDA, USA) as a 
therapeutic antibody drug ipilimumab (trade name Yervoy® Bristol-Myers Squibb Co) 
which is a monoclonal antibody that works to activate the immune system by 
targeting CTLA-4 (T-lymphocyte-associated protein). Also, in 2014 FDA approved 
PD-1 inhibitor pembrolizumab (trade name Keytruda®, Merck Sharp & Dohme Corp.) 
which is used in cancer immunotherapy. It is an IgG4 isotype antibody that blocks a 
protective mechanism of cancer cells, and allows the immune system to destroy 
those cancer cells. Prof. J. Allison’s research was fundamental. It focused on the 
question of how T cells worked in the fight against cancer cells because this basic 
knowledge was instrumental in developing the therapeutic aspects of immuno 
therapy. Prof. Tasuku Honjo (Department of Immunology at Kyoto University, Japan) 
and co-researchers discovered (1992) another protein PD-1 which functions in a 
similar way blocking the anticancer function of the immune system’s T cells. Prof. 
Honjo and his co-workers performed research to unravel PD-1 role. Meticulously 
explored its function in elegant experiments performed over many years. The results 
showed that PD-1, similar to CTLA-4, functions as a T cell brake, but operates by a 
different mechanism. The 2018 Nobel prize was a justified reward for professors J. 
Allison and T. Honjo for their revolutionary approach to cancer treatment by using the 
capacity of the immune system. This review describes the process of the discovery 
and the drugs that were approved for the immunotherapy trteatment of cancer. The 

discovery of immunotherapy has become the fourth pillar of cancer treatment via the 
adaptive immune responses.. 
 

http://www.chem-tox-ecotox.org/
mailto:valavanidis@chem.uoa.gr
https://en.wikipedia.org/wiki/Monoclonal_antibody
https://en.wikipedia.org/wiki/Immune_system
https://en.wikipedia.org/wiki/CTLA-4
https://en.wikipedia.org/wiki/Cancer_immunotherapy
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Introduction: cancer cells and the human immune system 

 

 The mammalian immune system plays a fundamental role in 

monitoring tissue homeostasis and protects the body against infectious 

pathogens by eliminating damaged cells. The human immune system 

protects against infections caused by bacteria, viruses, fungi or parasites and 

other invanders. Some cells of the immune system can recognise cancer cells 

as abnormal and kill them. But this action is not enough to get rid of a cancer 

altogether. But after many decades of research scientists explored methods 

for new treatments aiming to use the immune system to fight cancer.1  

The human immune system constantly surveys the body checking for 

invaders (bacteria, viruses, parasites) but the system is also able to recognize 

when normal cells are altered into cancer cells. Recognition of invaders 

involves cooperation between different cells and is tightly controlled . The link 

between the immune system and cancer has been widely appreciated for over 

a century and was first highlighted by Rudolph Virchow over 150 years ago.2 

Virchow (German physician 1821-1902) first proposed that tumours 

could originate from sites of chronic inflammation contributing to cancer 

progression and predisposing tissues to various types of malignancies. 

Epidemiological and clinical studies in the last decades have demonstrated 

the strong association between chronic inflammation and various types of 

cancer. Proinflammatory cytokines, chemokines and adhesion molecules, 

which regulate the sequential recruitment of leukocytes, are frequently 

observed in tumour microenvironment.3 

The relationship between cancer and the immune system involves 3 

basic principles of how the immune system works. The first action after the 

infection is to defend the human body by detecting ―non-self‖ antigens from 

pathogens or infected/malignant cells. Immune cells (lymphocytes) recognize 

non-self antigens and produce antibodies that bind specifically to each 

antigen. Non-self antigens are present on bacteria and viruses which invade 

the human body. The second action of the immune system encompasses 

effector functions to specifically target and destroy the pathogen or 

infected/malignat cells whihe protecting the host. Third, the immune system 
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develops immunological memory via the adaptive immune responses for 

subsequent defense mechanisms following a future injury or infection.4,5 

The mammalian immune system is made up of a network of cells, 

tissues, and organs that work together in a protective manner. One of the 

important cells involved are white blood cells (called leukocytes), which seek 

out and destroy disease-causing organisms or substances. The leukocytes 

(there are two types, B lymphocytes and T lymphocytes) circulate through the 

body between the organs and nodes via lymphatic vessels and blood vessels. 

In this way, the immune system works in a coordinated manner to monitor the 

body for germs or substances that might cause health problems. Humans, as 

advanced mammalian species, have 3 types of immunity — innate, adaptive, 

and passive:6  

 
Figure 1. The human immune system protects the body against infectious disease 

and malignant cells. The immune system identifies and attacks infectious agents 
(viruses, bacteria and parasites), while distinguishing them from the body’s own 
healthy tissues. The Lymphatic system consists of bone marrow, spleen, thymus and 
lymph nodes. 

Discovery of revolutionary approaches to cancer treatment 

 

The traditional therapeutic treatments for cancer, such as surgical 

excision of tumours in the initial stages, radiation therapy and chemotherapy, 

are often limited by the occurrence of severe toxicities, which account for the 

numerous side effects experienced by oncology patients. Radiation therapy is 
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an effective means for systemic treatment; however, localized collateral 

damage of healthy tissues occurs as a consequence. Chemotherapeutic 

agents, such as genotoxic drugs or antimetabolites, reveal short-term side 

effects and are often administered in combination with surgical interventions. 

Also, surgical excision of malignant tumours is effective only in early stages of 

cancer and its effectiveness is very limited once the malignancy becomes 

metastatic in other organs of the body. Immunotherapy of cancer was first 

described in 1985 utilizing components of a cancer patient's own immune 

system to selectively target cancer cells. In that case the patient reduces 

substantially many of the side effects associated with traditional cancer 

treatment options. Research proved that the human immune system can 

detect cancer cells in one of two ways: by recognizing molecules uniquely 

expressed in cancer cells (tumour-specific antigens or mutations) or by 

recognizing molecules that are differentially expressed in cancer cells relative 

to normal cells (tumour-associated antigens). Immunotherapy applications 

proved very effective for some cancers and the results were very promising. 

The advantages of immunotherapy were: selectivity, long-lasting effects, 

improved overall survival and tolerance.7-9 

In the last 20 years, cancer immunotherapy methods were growing 

very fast and proved very effective for the treatment of some cancers.10,11 

1. Vaccinations. There are 2 types of cancer prevention vaccines [they 

were approved intially by the U.S. Food and Drug Administration (FDA, 

USA and then by other national medical agencies):  

a. HPV vaccine. The vaccine protects against the human papillomavirus 

(HPV). If the virus is long-lasting, it can cause some types of cancer. 

HPV vaccines to prevent: cervical, vaginal, and vulvar cancer, anal 

cancer, genital warts. The World Health Organization (WHO) 

recommends HPV vaccines as part of routine vaccinations in all 

countries, along with other prevention measures. Most health authorities 

in developed and developing countries approved the vaccine. 

In the 1970s, Harald zur Hausen (Prof. Harald zur Hausen, awarded the 

Nobel Prize in Physiology or Medicine 2008, for his groundbreaking work on 

HPV, working for the German Cancer Research Center, Heidelberg, 

Germany) detected the human papillomavirus (HPV) in warts and cervical 

https://www.cancer.net/node/24561
https://en.wikipedia.org/wiki/Routine_vaccinations
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cancer, and he subsequently isolated and cloned different strains of HPV. His 

research concluded that patients infected with HPV types 16 and 18 were at 

an increased risk of developing cancer. Human papillomavirus can cause 

cancer of the cervix, vagina, vulva, penis, and anus, as well as some head 

and neck cancers, anogenital warts, and recurrent respiratory papillomatosis. 

The World Health Organization (WHO) estimates that of the 500,000 new 

cases annually, of which 80% involve women between the ages of 15 and 45 

years in developing nations.12,13 

 
 

Figure 2. Dr. Zur Hausen's discovery led eventually to the development of an HPV 

vaccine. Gardasil is the best known of the two vaccines on the market. Most doctors 
recommend that young girls be vaccinated. 

 

b. Hepatitis B vaccine. This vaccine prevents hepatitis B virus (HBV) 

infection. Long-lasting infection with HBV can cause liver cancer. 

2. Chimeric Antigen Receptor (CAR) T-cell therapy. T cells are taken 

from a patient's blood. Then the gene for a special receptor that binds to 

a certain protein on the patient's cancer cells is added in the laboratory. 

The special receptor is called a Chimeric Antigen Receptor (CAR). CAR 

T-cell therapy is being studied in the treatment of some types of cancer.  

3. Immune Checkpoint Blockade Therapy. Immune checkpoint blockade 

removes inhibitory signals of T-cell activation, which enables tumour-

reactive T cells to overcome regulatory mechanisms and mount an 

effective antitumour response. Among the immune checkpoint 

inhibitors, PD-1/PD-L1 and CTLA-4 inhibitors showed promising 

http://en.wikipedia.org/wiki/HPV_vaccine
http://en.wikipedia.org/wiki/HPV_vaccine
http://en.wikipedia.org/wiki/HPV_vaccine
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therapeutic outcomes in clinical trials, and some have been approved 

for certain cancer treatment by FDA in the USA.  

In the last two decades several clinical trials have investigated these 

immunotherapy merthods and their potential in cancer patients.14-18 Some of 

the results were very promissing and effective for cancer treatment. The 

famous research journal Science (American Association for the Advancement 

of Science) witnessing the amazing effect of cancer immunotherapy selected 

the method as "2013's Breakthrough of the Year".19,20 

 
The Nobel Prize of 2018 for the immunotherapy of cancer 

 

In 2018 the Nobel Prize in Physiology or Medicine was awarded to 

scientists for their discovery of a revolutionary approach to cancer treatment. 

Their discovery that the human body’s immune system can be harnessed to 

attack cancer cells 20 years ago was a revolutionary concept. It was known 

for many years before that the human immune system under normal 

physiological conditions seeks out and destroys mutated cells, but cancer 

cells find sophisticated ways to hide from immune attacks, allowing them to 

thrive and grow. Many types of cancer do this by ramping up a braking 

mechanism that keeps immune cells in check.21 

 

Figure 3. Deactivated T cell. When programmed-death receptor (PD-1) on the T cell 

binds to programmed death-ligand 1 (PD-L1) on the tumour cell, the T cell becomes 
deactivated, allowing the cancer cell to evade immune attack. 
[The new era of immune checkpoint inhibitors, The Pharmaceutical Journal 18 Nov 

2014.[ https://www.pharmaceutical-journal.com/news-and-analysis.]. 

https://www.pharmaceutical-journal.com/PJ,-22/29-November-2014,-Vol-293,-No-7837/8/906.issue
https://www.pharmaceutical-journal.com/news-and-analysis


 

7 
 

The new methodology transformed practical cancer treatment leading 

to a new class of drugs that their anticancer effect works by switching off the 

braking mechanism, prompting the immune system to attack cancer cells. The 

drugs have significant side-effects, but have been shown to be effective for 

late-stage cancers that were previously untreatable.The human immune 

system is critical in fighting inflammation and cancer, because it has been 

designed to recognize native and non-native cells.22  

The promissing results 30 years ago stimulated interest from many 

teams of researchers worldwide studying the anticancer immunotherapies. 

They focused their research efforts on harnessing the bracking mechanism 

allowing the immune system to attack cancer cells. But the two scientists 

awarded the Nobel Prize for Physiology or Medicine in 2018 were very 

prominent in the discovery of the new therapeutic methodology. Professor 

James Allison (professor and chair of immunology at the University of Texas’s 

MD, Anderson Cancer Center, USA) investigated in the 1990s a known 

protein that functions as a brake on the immune system. He realised the 

potential of releasing the brake and thereby unleashing the human immune 

cells to attack cancerous tumours. He then developed new understanding on 

the biology of immune T cells to attack cancer cells. Meawhile, another 

prominent researcher Professor Tasuku Honjo (Department of immunology at 

Kyoto University, Japan), discovered a different protein on immune cells that 

also appeared to operate as a brake to the immune system attacking tumours, 

but with a different mechanism of action.23 

 

Figure 4. Professor Tasuku Honjo (University of Tokyo, Japan) and Professor James 

P. Allison (University of Texas, USA), shared the 2018 Nobel Prize in Physiology or 

Medicine for their discovery of a revolutionary approach to cancer therapy by the 

activation of the immune system to attack cancer cells. 
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The concept of harnessing the activation of the immune 
system to attack tumours 

 
From the 1980s researchers investigating cancer therapeutic 

mechanisms, approached the concept that activation of the immune system 

can be a promissing strategy for destroying tumour cells. Attempts were made 

to infect patients with bacteria to activate the immune defense but these 

efforts only had modest effects. Researchers realized that more knowledge 

was needed and intense basic research to uncover fundamental mechanisms 

regulating immunity. The results showed that the immune system can 

recognize cancer cells, but attempts to attack and destroy them proved 

difficult because of the evading the deception of tumours play by using 

checkpoint inhibitors .24,25 

In 2013 the first signs of success. Clinical trials have cemented 

immunotherapy’s potential in cancer patients and swayed even the skeptics. 

The cancer medical field were full of stories of cancer patient’s lives extended, 

such as a woman with lung melanoma (alive and healthy 13 years later); 

another 6-year-old near death from leukemia, now at 18 and in remission. All 

these events marked a turning point in long-sought efforts to unleash the 

immune system against untretable tumours. That's what made Science's 

selection of 2013 as year's scientific “Breakthrough of the Year 2013” to be 

cancer immunotherapy and harnessing the immune system to battle solid and 

hematological malignancies. Immune checkpoint inhibitors, in particular, have 

demonstrated considerable promise in their recent approval for the treatment 

of melanoma, non-small cell lung cancer, and other cancers.26,27 

In 2011, new anticancer drugs have been approved by the Food and 

Drug Administration (FDA, USA). One was the therapeutic antibody drug 

ipilimumab (trade name Yervoy® Bristol-Myers Squibb Co) which is a 

monoclonal antibody that works to activate the immune system by targeting 

CTLA-4 (T-lymphocyte-associated protein). Researchers working with Prof. J. 

Allison found that protein CTLA-4 puts the brakes on T cells (of the immune 

system), 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.28,29 

https://en.wikipedia.org/wiki/Monoclonal_antibody
https://en.wikipedia.org/wiki/Immune_system
https://en.wikipedia.org/wiki/CTLA-4
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Figure 5. Ipilimumab (trade name Yervoy® Bristol-Myers Squibb Co) is a 

monoclonal antibody that attaches to CTLA-4 and stops it from working. This can 
boost the body’s immunity response against cancer cells. This drug is used to treat 
metastatic melanoma and is being studied against other types of cancers. 

 

CTLA4 or CTLA-4 (cytotoxic T-lymphocyte-associated protein 4), also 

known as CD152 (cluster of differentiation 152), is a protein receptor that 

functions as an immune checkpoint and downregulates immune responses. 

CTLA-4 is a member of the immunoglobulin superfamily that is expressed by 

activated T cells and transmits an inhibitory signal to T cells.30 

Initially, the CTLA-4 was discovered in 1987 and in 1996, Prof. James 

Allison published a paper that antibodies acting against CTLA-4 were able to 

erase tumours in mice. But despite the evidence big pharmaceutical 

companies shied away from this type of cancer immunotherapy because of 

the past failures. So the job of testing anti–CTLA-4 drug in people with difficult 

cancers fell to a small biotechnology company, Medarex, in Princeton, New 

Jersey.  The company in 1999, acquired patent rights to the antibody, taking 

the leap from biology to a commercial immunotherapy drug.31 

Research showed that anti-CTLA-4 protein receptor downregulates the 

immune system. The concept was pursued with vigor by the Prof. J. Allison’s 

research laboratory. Research was extended and used for the treatment of 

melanoma, a type of skin cancer. At the same time clinical trials started for the 

treatment of other types of cancer, such as non-small cell lung carcinoma 

(NSCLC), small cell lung cancer (SCLC), bladder cancer, and metastatic 

hormone-refractory prostate cancer.26,31 

https://en.wikipedia.org/wiki/Cluster_of_differentiation
https://en.wikipedia.org/wiki/Protein_receptor
https://en.wikipedia.org/wiki/Immune_checkpoint
https://en.wikipedia.org/wiki/Immune_system
https://en.wikipedia.org/wiki/Immunoglobulin_superfamily
https://en.wikipedia.org/wiki/Helper_T_cells
https://en.wikipedia.org/wiki/T_cell
https://en.wikipedia.org/wiki/Melanoma
https://en.wikipedia.org/wiki/Clinical_trial
https://en.wikipedia.org/wiki/Non-small_cell_lung_carcinoma
https://en.wikipedia.org/wiki/Small_cell_lung_cancer
https://en.wikipedia.org/wiki/Bladder_cancer
https://en.wikipedia.org/wiki/Prostate_cancer
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Figure 6. CTLA-4 chemical structure. It is a protein receptor that functions as an 
immune checkpoint downregulating immune responses to attack cancer cells. The 
mechanism by which CTLA-4 acts in T cells remains controversial. Biochemical 
evidence suggested that CTLA-4 recruits a phosphatase to the T cell receptor (TCR), 
thus attenuating the signal. 

 

Prof. J. Allison’s research focused on the question of how T cells of the 

immune system worked in the fight against cancer cells.That basic knowledge 

was instrumental in developing the therapeutic aspects of immuno therapy. 

Immune checkpoint inhibition and T cell activation are two important phases 

for the fight against malignancies. Cancer cells find ways to use these 

checkpoints to avoid being attacked by the immune system. They can hide by 

fooling immune cells into thinking they are not foreign at all.32,33 

 

Figure 7. Immune checkpoint inhibitors are monoclonal antibodies that block 

proteins, called ―checkpoints,‖ expressed by tumour cells to inhibit the immune 
response [Checkpoint blockade is thought to reactivate endogenous T cell responses 
directed against tumour neoantigens presented in the context of major 
histocompatibility complex (MHC) molecules]. 

 

The complex cross talk between cancer cells, immune cells, and 

tumour microenvironment involves many mechanisms that lead to an 

inefficient immune response toward cancer cells. In cancer, T cell dysfunction 

https://en.wikipedia.org/wiki/Protein_receptor
https://en.wikipedia.org/wiki/Immune_checkpoint
https://en.wikipedia.org/wiki/Immune_system
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may be due to T cell exhaustion, decreased phosphorylation, and inhibitory 

signaling within the tumour microenvironment. During typical interaction of T 

cells with antigens, complex cytokine signaling provides the immune system 

confirmation of correctly targeting only non-self antigens, thereby preventing a 

state of auto-immunity. [antigen presenting cells = APC), T-lymphocyte-

associated protein-4 = CTLA-4); T cell receptor = TCR; Programmed cell 

death-1 = PD-1; Programmed cell death ligand-1, PD L1] and major 

histocompatibility complex (MHC) molecules.34,35  

 

 

Figure 8. Immune checkpoints are signaling pathways responsible for 

downregulating the immune response to avoid destruction of endogenous targets, 
and tempering the peripheral immune response.[Genscript. What are immune 
checkpoints? https://www.genscript.com/immune-checkpoint-inhibitors.html].  

 

Approval of more immunotherapy drugs 

In 2014 FDA approved another drug as a PD-1 inhibitor 

pembrolizumab (trade name Keytruda®, Merck Sharp & Dohme Corp.). It is a 

humanized antibody used in cancer immunotherapy. It is an IgG4 isotype 

antibody (immunoglobulin G4, or IgG4, is a type of antibody, humans express 

four types, IgG1, IgG2, IgG3, and IgG4) that blocks a protective mechanism of 

cancer cells, and allows the immune system to destroy those cancer cells. It 

targets the programmed cell death 1 (PD-1) receptor of lymphocytes. The 

FDA initially approved it to treat metastatic melanoma. In 2017 the FDA 

approved it for any unresectable or metastatic solid tumour with certain 

genetic anomalies (mismatch repair deficiency or microsatellite instability). It 

https://www.genscript.com/immune-checkpoint-inhibitors.html
https://en.wikipedia.org/wiki/Humanized_antibody
https://en.wikipedia.org/wiki/Cancer_immunotherapy
https://en.wikipedia.org/wiki/Programmed_cell_death_1
https://en.wikipedia.org/wiki/Melanoma
https://en.wikipedia.org/wiki/Mismatch_repair_cancer_syndrome
https://en.wikipedia.org/wiki/Microsatellite_instability
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was the first time the FDA had approved a cancer drug based on tumour 

genetics rather than tissue type or tumour site.36 

 

Figure 9. PD-1 inhibitor pembrolizumab is an immunotherapy drug working with the 
immune system to fight various types of cancer (trade name Keytruda®, Merck Sharp 
& Dohme Corp.).  

 
 
 On 12 June 2018, the FDA approved Keytruda (Merck) as the first anti-

PD-1 therapy for patiernts with advanced cervical cancer and diseases 

progression on or after chemotherapy. Keytruda use was given the green light 

under the FDA’s accelerated approval regulations based on tumour response 

rate and durability of response. Continued approval for this indication may be 

contingent upon verification and description of clinical benefit in the 

confirmatory trials. The efficacy of Keytruda was investigated in 98 patients 

with recurrent or metastatic cervical cancer enrolled in a single cohort (Cohort 

E) in study KEYNOTE-158, a multi-center, non-randomized, open-label, multi-

cohort trial. Keytruda increase the ability of the body's immune system to help 

detect and fight tumour cells. It is a humanized monoclonal antibody that 

blocks the interaction between PD-1 and its ligands, PD-L1 and PD-L2, 

thereby activating T lymphocytes which may affect both tumour cells and 

healthy cells. The big pharmaceutical company Merck has the industry's 

largest immuno-oncology clinical research program, which currently involves 

more than 750 trials. [Merck press release. https://www.mrknewsroom.com/ 

news-release/prescription-medicine-news/fda-approves-two-new-indications-

mercks-keytruda-pembrolizum ]. Merck & Co recorded revenues of $42.3bn in 

https://www.keytruda.com/keytruda-faq/is-keytruda-an-immunotherapy/
https://www.keytruda.com/keytruda-faq/is-keytruda-an-immunotherapy/
https://www.mrknewsroom.com/%20news-release/prescription-medicine-news/fda-approves-two-new-indications-mercks-keytruda-pembrolizum
https://www.mrknewsroom.com/%20news-release/prescription-medicine-news/fda-approves-two-new-indications-mercks-keytruda-pembrolizum
https://www.mrknewsroom.com/%20news-release/prescription-medicine-news/fda-approves-two-new-indications-mercks-keytruda-pembrolizum
https://www.mrknewsroom.com/%20news-release/prescription-medicine-news/fda-approves-two-new-indications-mercks-keytruda-pembrolizum
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2018, up by 5% from the previous year. Increase in sales of key products 

such as Keytruda and Gardasil was the major contributor to growth in the 

pharmaceutical division, which posted revenues of $9.8bn 

[https://www.pharmaceutical-technology.com/features/top-pharmaceutical-

companies/  (accessed June, 2019). 

 

Prof. T. Honjo’s discovery of another blocking protein PD-1 

 
A few years after the discovery of Prof. J. Allison for the role of immune 

system in fighting cancer, Prof. Tasuku Honjo (Department of Immunology at 

Kyoto University, Japan) and co-researchers discovered (1992) another 

protein PD-1 which functions in a similar way blocking the anticancer function 

of the immune system’s T cells. The immunoregulatory roles of PD-1 are 

responsible for limiting excessive T cell activation to prevent immune-

mediated tissue damage. Programmed death-1 (PD-1) is a cell surface 

molecule that regulates the adaptive immune response. Engagement of PD-1 

by its ligands PD-L1 or PD-L2 transduces a signal that inhibits T cell 

proliferation, cytokine production, and cytolytic function. 37-39 

Prof. Honjo and his co-workers were determined to unravel PD-1 role. 

So, they meticulously explored its function in a series of elegant experiments 

performed over many years in his laboratory at Kyoto University. The results 

showed that PD-1, similar to CTLA-4, functions as a T cell brake, but operates 

by a different mechanism. The researchj laboratory of Honjo performed 

animal experiments and established that PD-1 blockade was also shown to be 

a promising strategy in the fight against cancer, the same results were 

demonstrated by other research groups. This paved the way for utilizing PD-1 

as a target in the treatment of cancer patients. Clinical development ensued, 

and in 2012 a key study demonstrated clear efficacy in advanced melanoma, 

a type of skin cancer. In several patients signs of remaining cancer 

disappeared. Such remarkable results had never been seen before in this 

patient group. 

https://www.pharmaceutical-technology.com/features/top-pharmaceutical-companies/
https://www.pharmaceutical-technology.com/features/top-pharmaceutical-companies/
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Figure 10. Prof. S. Honjo with his researchers. Nobel Laureate Tasuku Honjo, 
surrounded by his research team at Kyoto University after hearing the news that 
he had been awarded the 2018 Nobel Prize in Physiology or Medicine. 

 

The anticancer results were dramatic, leading to long term remission and 

possible cure in several cancer patients with metastatic cancer, which was 

considered essentially untreatable. Scientists concluded that ―Anti–PD-1 

antibody produced objective responses in approximately one in four to one in 

five patients with non–small-cell lung cancer, melanoma, or renal-cell cancer; 

the adverse-event profile does not appear to preclude its use. Preliminary 

data suggest a relationship between PD-L1 expression on tumour cells and 

objective response. (Funded by Bristol-Myers Squibb and others; 

ClinicalTrials.gov number, NCT00730639.).40,41 

The first clinical trial of a PD-L1-blocking drug began in 2006 in patients 

with a variety of tumours including melanoma, kidney, and lung. Today, six 

PD-1/L1 ―checkpoint inhibitor‖ immunotherapy drugs have been approved by 

the U.S. Food and Drug Administration (FDA) for 14 different types of cancer, 

and PD-1/L1 inhibitors are being evaluated in more than 2,250 clinical trials. 

These trials involve thousands of patients with a wide range of cancer types, 

including rare cancers.42 

https://twitter.com/hashtag/NobelPrize?src=hash
http://clinicaltrials.gov/show/NCT00730639
https://www.dana-farber.org/melanoma-treatment-center/
https://www.dana-farber.org/kidney-cancer/
https://www.dana-farber.org/thoracic-lung-cancer-treatment-center/
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Figure 11.  Cancer cells over-express the PD-1 ligands, PD-L1 or PD-L2, which 
provide a negative signal to T-cells that prevent their activation, and suppress the 
body’s immune response against cancer. 
[http://www.caltagmedsystems.co.uk/information/wp-content/uploads/ 
Cancer_Immunotherapy_PD-1.png ]. (accessed Juner 2019) 

 
 
Documentary film on Prof. J. Allison’s groundbreaking 
research and passionate advocacy 
 
 In June 2019 a documentary film, ―Breakthrough‖, in the USA was 

released. The film documented the rocky path of the immunotherapy research 

to treat cancer in the laboratory of Professor James Allison (directed by the 

award winning filmmaker Bill Haney).43. 

 The documentary traces the life of Prof. J. Allison in the sleepy town 

Alice in Texas (born in 1948). Also, the film takes a straightforward look at 

Allison’s life. It must be mentioned that Haney is also the co-founder and chief 

executive of a cancer-immunotherapy company, taking a different approach.  

James Allison had outgrown his hometown of Alice, Texas, when the 

local high school failed to offer an advanced biology class that dared mention 

Charles Darwin. He turned to correspondence courses from the University of 

Texas at Austin. and after graduation he enrolled full-time, a 17-year-old 

bound to be a country doctor like his dad. 

 

http://www.prosci-inc.com/search/?q=PD-L2
http://www.caltagmedsystems.co.uk/information/wp-content/uploads/%20Cancer_Immunotherapy_PD-1.png
http://www.caltagmedsystems.co.uk/information/wp-content/uploads/%20Cancer_Immunotherapy_PD-1.png
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Figure 12. The Immunotherapy laboratory of Prof. J. Allison in the University of 

Huston, Texas, USA. He is chair of immunology at the University of Texas MD 
Anderson Cancer Center in Houston.Wired, Graebef C, Hannel B. Meet the 
carousing harmonic playing Texan who won a Nobel  for his cancer breakthrough.  
[https://www.wired.com/story/meet-jim-allison-the-texan-who-just-won-a-nobel-
cancer-breakthrough/ ] (accessed June 2019). .  

 

The Breakthrough film is a detailed story of how Prof. J. Allison’s 

painstaking research and years of passionate advocacy for the cancer drug 

he helped to develop was finally succesful. In the first years there were many 

rejections by the big pharmaceutical companies because of lost interest from 

previous failures of immunotherapy of cancer. But finally, the US Food and 

Drug Administration approved ipilimumab (trade name Yervoy) to treat 

advanced melanoma in 2011. This was the first drug to unleash the immune 

system against cancer (cancer cells evade by deception their presence and 

restrain immune responses). It has been discovered that these proteins are 

used by neoplastic cellls to hide from the body’s immune defence system and 

spread in the human body. 

After the success of Yervoy for immunotherapy and the fundamental 

explanation of ―blocking the blockers‖, similar immunotherapy drugs have 

emerged. These pharmaceutical products revolutionized cancer treatment for 

cancer types that were very difficult in treat in the past. Less than 1/4 of 

cancer patients with advanced skin melanoma respond to ipilimumab. The 

https://www.wired.com/story/meet-jim-allison-the-texan-who-just-won-a-nobel-cancer-breakthrough/
https://www.wired.com/story/meet-jim-allison-the-texan-who-just-won-a-nobel-cancer-breakthrough/
https://www.nature.com/news/2011/110328/full/471561a.html
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success rates were even lower for many other tumour types, including breast 

and prostate cancers. 

 

Figure 13. Prof. James Allison organised and directed a big laboratory and spent 
many hours researching meticulously with his postgraduate and doctoral students for 
many years. But at the same time he proceeded with the hard task to persuade big 
pharmaceutical companies to invest in new immunotherapy drugs and became very 
passionate advocate for their development. 

 
The documentary film gives a good picture of Allison’s passionate 

advocacy for the cancer drug he helped to develop. With the years of 

treatment increasing, melanoma data kept looking better and better, In about 

2014, there was enough data where there were 10 years of follow-up from 

about 5,000 patients, and it showed that 22% of the patients were alive 10 

years after a single dose. When this work started, if you were diagnosed with 

metastatic melanoma, your median life expectancy was 11 months, and there 

was nothing to improve that. Finally the immunoltherapy treatment has 

become the fourth pillar of cancer therapy, and this is what really 

revolutionizes everything. If you get chemo or other target therapies, they’re 

going to kill a cell with a particular weakness. But without doing something 

else, they’ll become resistant. The advantage of immunotherapy is you can 

add it with those and it’ll play friendly. That opens thousands and thousands 

of combinations. 

 

 

https://www.nature.com/news/cancer-treatment-the-killer-within-1.14955
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