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Even if you have had only a passing acquaintance with oncol-
ogy research over the past few years, cancer immunotherapy 

has been hard to miss. It has been standing-room only at some 
conference presentations.1 About half of current cancer clinical 
trials include a variant of immunotherapy.1 And the lay press 
heralded immunotherapy as “effectively” curing some terminal 
cancers.2

 But we have been here before. I am old enough to recall the 
global media hype heralding an early form of immunotherapy, 
interferon, as a “magic bullet” against cancer in the late seven-
ties and early eighties. In large cancer studies, however, inter-
feron was “disappointing” and, in many patients, caused severe 
side-effects. Eventually, interferons found several niches, but 
they proved to be a long way from being the much-hyped possi-
ble cures for cancer.3 So, should we believe the hype this time?

An old idea
After all, the basic idea underlying immunotherapy is not 
new. Physicians in the 1700s noted that malignancies some-
times improved when patients contracted bacterial infec-
tions. In the late 19th and early 20th century, physicians 
attempted to use immune responses to control cancer. A 
New York surgeon, William Coley, used a bacterial vaccine 
to induce a robust immune response – and achieved a cure 
rate of better than 10 per cent for inoperable sarcoma.4 
Moreover, researchers have long realised that the immune 
system can eliminate cells during their initial transformation 
into cancer.5 The failure of this immune surveillance helps 
account for the increased risk of some malignancies in cer-
tain immunosuppressed people.
 “Researchers have recognised that the immune system is 
involved in cancer for decades. But immunological and cancer 
research have traditionally been two different disciplines,” says 
Emma Smith, Cancer Research UK’s science information man-
ager. “In the last few years, however, we’ve seen a big growth in 
collaboration. Cancer Research UK, for example, has prioritised 

Cancer immunotherapy:  
should we believe the hype?
MARK GREENER

Immunotherapy – enhancing the ability 
of the patient’s own immune system 
function to fight cancer – regularly 
captures the headlines. This article 
outlines the types of immunotherapy 
available and in development, and 
discusses whether the hype surrounding 
it is justified. 

SP
L



14  ❚  Prescriber October 2016 prescriber.co.uk

■  RESEARCH l Cancer immunotherapy

funding cancer immunology research. This cross-fertilisation 
will lead to a paradigm shift in our understanding of many can-
cers as well as some really important clinical successes.”
 “The concept that the immune system could suppress 
tumour formation has been around for more than 100 years, but 
it did not really gain traction as being biologically and clinically 
relevant until about 15 years ago,” adds leading immunotherapy 
researcher Ivan Blasutig, assistant professor in the Department 
of Laboratory Medicine and Pathobiology, University of Toronto. 
“Now, it’s becoming a vital therapy for several cancer types. The 
most exciting part is that immunotherapy produces responses in 
cancers that do not typically respond to conventional therapies. 
In some cases, immunotherapy has induced long-term remis-
sions in patients with what was considered terminal disease.”

Targeted treatment
Advances in molecular biology and genomics offer unprece-
dented insights into the plethora of subtle ways in which malig-
nancies differ from healthy cells. Some of these differences 
offer tempting pharmacological targets that, in theory at least, 
allow tailored therapy. For example, the prognosis for the 
approximate 8800 people in the UK diagnosed with oesoph-
ageal cancer each year is usually bleak: median survival is 
less than a year. However, recent research funded by Cancer 
Research UK and the Medical Research Council raises the pros-
pect of targeted treatments for this lethal malignancy.6

 Researchers classified the DNA signatures of 129 oesopha-
geal cancers into three subtypes. One subtype had faults in the 
pathways that repair DNA. Patients with this subtype may benefit 
from drugs that inhibit the enzyme poly-ADP ribose polymerase 
(PARP). Blocking PARP prevents DNA repair and, as a result, 
induces apoptosis (programmed cell death) of the cancerous 
cells. The second subtype showed changes associated predom-
inately with cell ageing. This group might benefit from drugs that 
target the proteins on the surface of the cancer that modulate 
cell division. The final subtype had a higher number of DNA mis-
takes and more immune cells in the tumours than the other 
variants, and might benefit from immunotherapy.6

 “Our study suggests we could make changes to the way we 
treat oesophageal cancer. Targeted treatments for the disease 
have so far not been successful, and this is mostly down to the 
lack of ways to determine which patients might benefit from 
different treatments,” comments lead researcher Professor 
Rebecca Fitzgerald, from the University of Cambridge. “These 
new findings give us a greater understanding of the DNA signa-
tures that underpin different subtypes of the disease and mean 
we could better tailor treatment. The next step is to test this 
approach in a clinical trial. The trial would use a DNA test to 
categorise patients into one of the three groups to determine 
the best treatments for each group and move away from a ‘one-
size-fits-all’ approach.”

The many faces of immunotherapy
In an insightful recent review, Dr Blasutig and colleagues 
described several basic forms of immunotherapy. Each works 
through a different mechanism and presents different chal-
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lenges and profiles of activity (see Table 1 for the available 
immunotherapies against cancer). For example, in addition 
to preventing some cancers associated with human papil-
loma virus (HPV) and hepatitis B, vaccines can treat certain 
malignancies. These ‘therapeutic vaccines’ bolster the body’s 
immune response to the cancer. However, many tumours sur-
vive by ‘hiding’ from the immune system. Overcoming this 
tolerance depends on identifying and increasing expression 
of cancer-specific neoantigens (new antigens expressed by 

the tumour that allow the immune system to target the malig-
nancy) that influence the malignancy’s survival or growth. 
However, identifying the most suitable antigens often proves 
difficult.5

 Oncolytic viruses, another approach, selectively replicate 
in and kill cancer cells. Oncolytic viruses seem to debulk the 
tumour and trigger the body’s immune responses against the 
cancer. Tumour lysis, for example, can release the cancer’s 
antigens. Genetically engineered oncolytic viruses can also 

Strategy Basic mechanism and major advantages Major disadvantages

Cytokines

IL-2 • Stimulates the host’s immune system • Low response rates
• Significant risk of serious systemic inflammation

IFN alpha • Stimulates the host’s immune system
•  Durable responses (from a small subset of 

melanoma patients)

• Low response rates
• High-dose toxicity

Cell-based therapies

Vaccines • Stimulates the host’s immune system
• Minimal toxicity, eg sipuleucel-T
• Administered in the outpatient clinic

•  Lack of universal antigens and ideal 
immunisation protocols lead to poor efficacy  
and response

Adoptive cellular 
therapy

•  Omits the task of breaking tolerance to tumour 
antigens

• Produces a high avidity in effector T cells
•  Lymphodepleting conditioning regimen prior to 

TIL infusion enhances efficacy
•  Genetic T cell engineering broadens TIL to 

malignancies other than melanoma

• Restricted to melanoma
•  Safety issues, serious adverse effects, and 

lack of long lasting responses in many patients
•  Requires time to develop the desired cell 

populations
• Expensive

Immune checkpoint blockade

Anti-CTLA-4 
monoclonal 
antibodies

•  Unleashes pre-existing anticancer T cell 
responses and possibly triggers new

• Exhibits potent antitumour properties
• Prolongation of overall survival

•  Only a relatively small fraction of patients 
obtain clinical benefit

•  Severe immune-related adverse events have 
been observed in up to 35 per cent of patients

Anti-PD-1 and anti-
PD-L1 antibodies

•  Sufficient clinical responses, which are often 
long-lasting

•  Therapeutic responses in patients within a 
broad range of human cancers

• Reduced toxicity compared to anti-CTLA-4 antibodies

•  Only a relatively small fraction of patients 
obtain clinical benefit

Combination 
immunotherapy 
(immune checkpoint 
blockade as the 
backbone)

• Improvement of antitumour responses/immunity •  May lead to increases in the magnitude, 
frequency, and onset of side-effects

IL-2 = interleukin 2; IFN alpha, = interferon alpha; CTLA-4 = cytotoxic T lymphocyte-associated protein 4; PD-1 = programmed cell 
death protein 1; TIL = tumour infiltrating antibodies

Table 1. Spectrum of available immunotherapies for cancer (Reproduced from Farkona et al.5)
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express cytokines that recruit and stimulate immune reactions. 
To evade the immune system, oncolytic viruses tend to be 
injected near the malignancy. However, this means that onco-
lytic viruses might not reach metastases and some tumours 
may be inaccessible to injection.5

 Adoptive T cell therapy involves the oncology team isolating 
T lymphocytes from the patients’ blood, lymph nodes close to 
the cancer or the tumour itself. The lymphocytes are cultured in 
the laboratory to increase their number and are then reinfused 
back into the patient. Autologous T cell transplants can induce 
dramatic and durable responses. For example, in melanoma 
the objective response rate seems to be between 49 and 72 
per cent with about 22 per cent of patients showing complete 
tumour regression. But growing the lymphocytes takes time and 
is relatively costly. In addition, adoptive T cell therapy may not 
produce long-term benefits and may be associated with serious 
adverse events.5

Immune checkpoint inhibitors
Another class of immunotherapies, the immune checkpoint 
inhibitors, block the checkpoints in the pathways that inhibit the 
immune response against the cancer (see Figure 1). Essentially, 
the approach ‘reawakens’ the immune cells inside the tumour.1 
Ipilimumab, for example, is a monoclonal antibody that blocks 
cytotoxic T lymphocyte-associated protein 4 (CTLA-4), which 
plays a major role in dampening the priming and activation of T 
cells. Ipilimumab is now licensed in the UK for the treatment of 
advanced (unresectable or metastatic) melanoma. 
 Monoclonal antibodies against a checkpoint receptor 
called programmed cell death protein 1 (PD-1), have been 

shown to be effective in metastatic melanoma and non-small 
cell lung cancer (NSCLC).5 Dr Smith highlights, in particu-
lar, the promising results in NSCLC – a malignancy with a 
dismal prognosis. In one study, pembrolizumab, which is 
an anti-PD-1 immune checkpoint inhibitor, was used to 
treat NSCLC that progressed after standard chemotherapy. 
Pembrolizumab was associated with an overall response rate 
of 19.4 per cent and median overall survival was 12 months. 
Another study reported that pembrolizumab produced a 44 
per cent response rate on previously untreated brain NSCLC 
metastases.7 Pembrolizumab is now licensed for advanced 
melanoma and as second-line therapy for locally advanced 
or metastatic NSCLC.
 Atezolizumab targets the checkpoint protein PD-L1 (pro-
grammed death-ligand 1), which binds to the PD-1 receptor. 
Atezolizumab has shown promise in a range of cancers includ-
ing lung, colon, head and neck, gastric, melanoma and renal 
cell carcinoma.5

 “All these approaches offer potential benefits. Cancer is a 
very heterogeneous disease and there will never be one therapy 
that works for all cancers or patients,” Dr Blasutig says. “At this 
stage, I don’t think that there is one approach that is clearly 
superior to the others and it is possible that a combination of 
therapies will prove to be the most efficacious.”
 Combination therapy will almost certainly be needed 
to treat pancreatic cancer, for example. Pancreatic cancer 
is notoriously difficult to treat, partly because an almost 
impenetrable barrier called the stroma surrounds islands of 
malignant cells. In addition to forming a physical barrier, the 
pancreatic stroma contributes to carcinogenesis, progres-
sion, metastasis, drug resistance and immunosuppression.8 
“Biological barriers, such as the stroma, mean that reactive 
T cells cannot reach the cancer, which is why results with 
checkpoint inhibitors have been disappointing in pancreatic 
cancer,” Dr Smith says. “However, several groups are working 
on ways to weaken the stroma and allow immunotherapy and 
conventional chemotherapy to attack this aggressive malig-
nancy.”
 In the meantime, researchers need to discover why only 
some patients show a marked and sustained response to 
immunotherapy. “In skin cancer clinical trials, about 20 per 
cent of people show clinical remission with a single immuno-
therapy. The proportion rises to perhaps 50 or 60 per cent with 
combinations,” Dr Smith remarks. “But that still means about 
half of the patients do not show a good response and we don’t 
know why.” 
 “Understanding why some individuals respond favourably 
while others don’t respond at all should help us improve the 
efficacy of the therapies by providing personalised treatments,” 
Dr Blasutig adds. Indeed, several groups of researchers are 
evaluating potential biomarkers to identify individuals that 
would respond to immunotherapy or that could assess efficacy, 
resistance or both. 
 “The immune system is very complex and a diverse variety 
of factors that play a role in a patient’s response to immu-
notherapy have already been identified,” Dr Blasutig says. 
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Figure 1. Mechanism of action of anti-PD-1 and anti-CTLA-4 immune checkpoint 
inhibitors. Immune checkpoints initiated by ligand-receptor interactions can be 
blocked by monoclonal antibodies, ‘reawakening’ the immune response.  
Key: TCR = T cell receptor; MHC = major histocompatibility complex; CD28 =  
T cell co-stimulatory receptor; B7 = a membrane-bound inhibitory ligand
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“These include some expected findings, such as the selec-
tion for genetic alterations in cancer cells that lead to immune 
resistance, and the unexpected finding in mice that the gut 
microbiome directly effects the efficacy of immune checkpoint 
blockade therapy.”

A question of timing
“Deciding when to use immunotherapy isn’t simple,” Dr Smith 
admits. Initially, some tumours show relatively few genetic 
changes. This mutational burden rises as the cancer develops, 
which would, in theory, increase the number of neoantigens 
that immunotherapy could target. But as the cancer evolves, 
the tumour becomes better at hiding from the immune sys-
tem by, for example, inducing tolerance and disrupting T cell 
signalling.5

 “For cancer cells to survive, they must develop a way to 
avoid destruction by the immune system. This is likely to 
occur early on in the growth of the tumour and it remains to 
be determined whether treating cancer with immunotherapy 
at earlier stages leads to improved efficacy,” Dr Blasutig 
says. “Having said this, the earlier you target a tumour, the 
fewer cancer cells are present. If you assume that resistance 
to cancer therapy is a trait acquired through competitive 
selection, then targeting the cancer earlier would lead to 
a reduced probability that any given cancer cell will evolve 
resistance. Studies are beginning to look at immunother-
apy in early-stage cancer and I look forward to seeing the 
results.”
 “We need more research into the optimum time to stimu-
late the immune system,” Dr Smith adds. “For example, is it 
better to give immunotherapy at the same time as treatments, 
such as radiotherapy, that cause lots of cancer cell death? This 
could be especially pertinent to malignancies such as bladder 
cancers, which are immune deserts where T cells are rarely 
present. It’s not just about boosting the T cells, but making sure 
they get to the tumour too.” 

Adverse events downplayed?
Immunotherapy is often described as ‘targeted treatment’. 
But there is no pharmacological ‘free lunch’ and immunother-
apy is associated with numerous adverse events. Immune 
checkpoint inhibitors can cause adverse events when acti-
vated immune cells infiltrate healthy tissue, such as the 
gastrointestinal tract, lung, liver and pituitary gland.7 For 
example, up to 35 per cent of patients taking anti-CTLA-4 
immune checkpoint inhibitors develop severe immune-re-
lated adverse events.5

 “Because of the success of immunotherapy, there has 
been a tendency to downplay the side-effects to a degree,” 
Dr Smith says. “Immunotherapies like checkpoint inhibitors 
stimulate the immune system generally, which can produce 
side-effects, some of which can be quite severe. We are really 
only just beginning to understand the factors that drive the 
side-effects. Improving tolerability and tailoring treatment 
more accurately to each patient is an essential area for future 
research.” 

Place in therapy
Despite the plethora of outstanding issues, immunotherapy is 
beginning to justify the hype. “Immunotherapy is set to become 
a mainstay of management for many malignancies alongside 
radiotherapy, chemotherapy and surgery,” Dr Smith concludes. 
“Immunotherapy might find an important role as adjunct therapy 
to mop up circulating cancer cells left by the primary treatment.” 
 Indeed, several conventional cancer chemotherapies stim-
ulate the immune system. Some rearrange antigens on tumour 
cells allowing the immune system to ‘detect’ the cancer. Others 
undermine the mechanisms that the tumour uses to evade 
the immune surveillance. Others directly or indirectly stimulate 
immune cells.9

 “We have only just begun to explore immunotherapy. There 
is a lot left to learn and people need to realise that it does not 
work for everyone.” Dr Blasutig concludes. “Nevertheless, the 
hype surrounding cancer immunotherapy is justified.”
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