
Patient Stratification

As new cases of cancer worldwide are set to increase by 70% 
over the next two decades, the race to find effective treatments 
has become more important than ever (1). Recent research 
has given novel insights into how the immune system fights 
cancer and how malignant tumours evade recognition through 
immuno-suppression (2,3). This has led to the development of 
new immunotherapies that work by activating the body’s own 
natural immune defences, helping it to fight various cancers.

Immunotherapies typically fall into two main categories:  
active and passive. Active immunotherapies involve destroying 
cancer cells by strengthening natural immune defenses, often 
using a therapeutic cancer vaccine (4). One approach to cancer 
vaccination has been to extract tumour-associated antigens 
(TAAs) and inject them back into the patient in a suitable delivery 
vector, thus triggering the stimulation of the immune system 
to recognise and destroy the cancerous cells. Costimulatory 
adjuvants or immune modulators are also injected along with 

the vaccine in order to counteract the immuno-suppressive 
environment induced by the tumour, enabling a strong and 
sustained immune response (5).

Passive immunotherapies do not directly weaponise the immune 
system, but instead aim to reduce or overcome the immuno-
suppressive effects of the tumour. Their primary goal is to reinstall 
the ability of the patients’ immune system to fight the disease. 
Many tumours secrete or carry proteins on their cell surface that 
can inhibit components of the immune system’s weaponry – like 
cytotoxic T cells for example. As such, this type of immunotherapy 
either blocks the silencer proteins expressed by the tumour cells, 
or targets their corresponding docking sites on the cytotoxic 
T cells, so that the two can no longer interact to suppress T cell 
activity (6). This is typically achieved by developing specific 
monoclonal antibodies that will bind to these factors. Checkpoint 
inhibitors are a well-known class of drugs that carry out this 
blocking function, side-stepping a key defensive tactic used by 
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Figure 1: When it comes to repressing the formation of cancer using immunotherapies, the immune system must be kept in a careful balance
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many tumours and enabling the patient’s immune system to 
attack and destroy the cancerous cells (7).

Great Potential

So far, both active and passive immunotherapies have shown 
promise in human clinical trials, with some new drugs recently 
obtaining regulatory approval, stimulating further commercial 
and research interest (8). After the first proof-of-concept and FDA 
authorisation of a vaccine for prostate cancer, many subsequent 
cancer vaccine studies have demonstrated that they can be 
effective against other cancer types, including melanoma, breast, 
lung, pancreatic, colorectal and blood cancers, particularly during 
early-stage disease (9-11). For example, melanoma patients who 
responded to immunisation had longer overall survival times 
compared to non-responders – 21.9 versus 8.1 months – and 
patients with colon cancer had a 42% reduction in the risk of 
recurrence and/or death when given a cancer vaccine (12,13).
 
Checkpoint inhibitors show even greater promise when it comes 
to developing effective cancer treatments. These have significantly 
improved the prognosis of patients with certain types of cancers, 
such as advanced melanoma, bladder and non-small cell lung 
cancer (14-16). This has led to FDA approval and the rapid market 
penetration of several types of checkpoint inhibitor drugs. It is also 
reflected in the large number of trials currently taking place around 
the world (around 250, utilising over 40 checkpoint inhibitors).

However, due to the complex nature of the immune system 
and the huge molecular and morphological variability of the 
cancer cells it targets, both immunotherapies have significant 
limitations and risks that need to be addressed to drive further 
progress (7,17). One promising solution takes its inspiration 
from a precision medicine approach, using biomarkers as 
predictive tools to improve therapeutic outcome, better 

forecast and monitor success and reduce the chances  
of unwanted side effects. 

Hazards in Implementation

While there is good evidence that active immunotherapies 
can be highly effective in cancer treatment, they are not 
without their risks. One important observation is that 
they can overstimulate the immune system, resulting in 
severe inflammatory responses and even the formation of 
autoimmune diseases (18). Consequently, a key challenge  
is to find a way to develop treatments that maintain the fine 
balance of the immune system, adequately stimulating it to 
target and destroy cancer cells while preventing unwanted 
immune attacks on normal cells (see Figure 1).

Checkpoint inhibitors, while a valued breakthrough in cancer 
therapy, do have some limitations. For example, as most of 
them are highly specific monoclonal antibodies, they target one 
type of molecule and are only effective on the small subset of 
patients for which this molecule facilitates tumour survival. This 
is significant, as the molecular mechanisms underlying any one 
type of cancer can vary a great deal among patients – even when 
the initial diagnostic methods used suggest they suffer from the 
same disease, so different drugs will likely be required to treat 
each subset (see Figure 2). 

The monoclonal antibodies used as part of checkpoint inhibition 
strategies can also trigger so-called immune-related adverse 
events (irAEs), such as the joint changes typically seen in diseases 
like rheumatoid arthritis (19,20). In addition, checkpoint inhibitors 
cannot work on their own if the body fails to mount an adequate 
immune response, or if the tumour evolves so that it is no longer 
recognised by the immune system. As such, another issue is 
the improvement of treatment outcomes through the better 
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Figure 2: Populations of patients with the same disease at first diagnosis are often made up of discrete groups of patients with disease variations that require a different 
drug for successful treatment
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understanding of molecular mechanism behind each patient’s 
disease and prescribing the best medical approach to treat it.

Autoantibodies as Biomarkers

One approach that is showing great potential in resolving these 
challenges is the profiling of autoantibodies in individuals. 
These can be used as biomarkers of disease incidence, treatment 
progress and even as an early warning system for identifying 
autoimmune disease development. Although somewhat 
overlooked for this application until relatively recently, the 
inherent role of autoantibodies in the inflammatory response 
makes them excellent tools for improving immunotherapeutic 
drug development, informing patient selection in trials and 
driving treatment strategies in the clinic. 

Autoantibodies are released by the body against TAAs, both 
naturally and after a vaccine is presented, and detecting the 
type and number produced can provide a wealth of useful 
information. For example, profiling could show whether a vaccine 
has effectively induced an immune response, or what subtype of 
cancer the patient is suffering from. As autoantibodies are often 
released in the early stages of cancer development – even without 
artificial stimulation from vaccines – profiling them in individuals 
can also help diagnosis and prognosis predictions (21). In addition, 
given that a pre-existing immune response can indicate a patient’s 
response to immunotherapy, profiling autoantibodies could help 
to preselect those patients who will respond, as well as explain the 
molecular causes of why some respond while others do not (22). 
The prolonged or over-expression of autoantibodies could also 
help to drive the formation of autoimmune disease, so detecting 

these in the patient would show if they were at risk of an adverse 
immune response during immunotherapy.

Profiling autoantibody biomarkers in cancer patients can also 
reveal significant clues about the specific molecular mechanisms 
underlying their body’s immune response, as well as their 
likely response to a particular vaccine or checkpoint inhibitor. 
In practice, this can provide several advantages to the cancer 
immunotherapy developers. For instance, autoantibody profiling 
could be used throughout clinical studies to reveal whether a 
particular drug is adequately stimulating the immune system. 
Moreover, it could help to quickly identify who is at risk of 
developing an autoimmune disease so that countermeasures 
can be initiated early on before severe adverse symptoms arise. 

Given the clear advantages of profiling autoantibodies in driving 
forward effective and safe cancer immunotherapies, the creators 
of new treatments, regulators and investors require state-of-the-
art biomarker screening technologies now more than ever. 

Looking Ahead

The successful advancement of cancer immunotherapies 
will be at least partly reliant on profiling the biomarkers of 
individual patients to improve disease diagnosis and monitor 
for overstimulation. What is less clear is how this approach can 
be optimised. Certainly, the need for more effective biomarker 
strategies still exists. Precisely identifying patients who are most 
likely to respond to a specific immunotherapy, optimising assays 
to monitor tumour-directed immune responses and identifying 
biomarkers that allow precise monitoring and the prediction of 
adverse responses, are all now pertinent future research avenues 
in the progression of cancer immunotherapies (10). 

Despite these unanswered questions, it is becoming clear that 
optimising cancer immunotherapies is likely to be based on a 
multiplex-multimodality approach in which different sources 
of biomarker data are detected using a range of assay methods  
– including DNA/RNA analysis, immunohistochemistry and 

Personalised Patient Care

Why do some patients respond favourably to cancer 
immunotherapies while others fail to respond?

Why do some cancer patients treated with immunotherapies 
develop debilitating autoimmune diseases? 

Why is it so difficult and partly impossible to develop  
novel therapies in some of the most debilitating  
autoimmune diseases?
 
Protagen empowers personalised patient care by offering 
answers to these questions using their proprietary immune 
system profiling platform, known as SeroTag® and its  
product line NavigAID.
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protein or metabolite measurements. One important type of 
biomarker will be autoantibodies, mostly due to their essential 
and prevalent involvement in the immune response. Given 
how unpredictable patient responses are to immunotherapies, 
autoantibody biomarkers will provide useful insights for 
ensuring their effectiveness, such as by preselecting patients 
who will be most likely to benefit, diagnosing early stage  
disease and monitoring irAEs.

Although cancer is still one of the leading causes of mortality 
worldwide, there is some hope on the horizon. Autoantibodies 
are set to have a starring role in helping to effectively weaponise 
the immune system by tailoring immunotherapies to work with 
the exact molecular makeup of precise groups of patients.  
As such, future research and technological advancements  
should take full advantage of autoantibodies as biomarkers  
in order to lead the way in developing ever more effective  
cancer immunotherapies. 

References
1.  Visit: www.cancerresearchuk.org/health-professional/cancer-

statistics/worldwide-cancer/incidence
2.  Blankenstein T et al, The determinants of tumour immunogenicity, 

Nature Reviews Cancer 12: pp307-313, 2012
3.  Trinchieri G, Cancer and inflammation: An old intuition with rapidly evolving 

new concepts, Annual Review of Immunology 30: pp677-706, 2012
4.  Lollini PL et al, Vaccines for tumour prevention, Nature Reviews 

Cancer 6: pp204-216, 2006
5.  Dubensky TW and Reed SG, Adjuvants for cancer vaccines, 

Seminars in Immunology 22: pp155-161, 2010
6.  Dunn GP et al, Cancer immunoediting: From immunosurveillance  

to tumour escape, Nature Immunology 3: pp991-998, 2002
7.  Pardoll DM, The blockade of immune checkpoints in cancer 

immunotherapy, Nature Reviews Cancer 12: pp252-264, 2012
8.  Farkona S et al, Cancer immunotherapy: The beginning of the end  

of cancer?, BMC Medicine 14: p73, 2016
9.  Cheever MA and Higano CS, PROVENGE (Sipuleucel-T) in prostate 

cancer: The first FDA-approved therapeutic cancer vaccine,  
Clinical Cancer Research 17: pp3,520-3,526, 2011

10.  Kantoff PW et al, Overall survival analysis of a phase II randomized 
controlled trial of a Poxviral-based PSA-targeted immunotherapy in 
metastatic castration-resistant prostate cancer, Journal of Clinical 
Oncology 28: pp1,099-1,105, 2010

11.  Melero I et al, Therapeutic vaccines for cancer: An overview of 
clinical trials, Nature Reviews Clinical Oncology 11: pp509-524, 2014

12.  Oshita C et al, Dendritic cell-based vaccination in metastatic melanoma 
patients: Phase II clinical trial, Oncology Reports 28: pp1,131-1,138, 2012

13.  Vermorken JB et al, Active specific immunotherapy for stage II 
and stage III human colon cancer: A randomised trial, Lancet 353: 
pp345-350, 1999

14.  Mahoney KM et al, The next immune-checkpoint inhibitors: PD-1/PD-
L1 blockade in melanoma, Clinical Therapeutics 37: pp764-782, 2015

15.  Powles T et al, MPDL3280A (anti-PD-L1) treatment leads to clinical 
activity in metastatic bladder cancer, Nature 515: pp558-562, 2014

16.  Anagnostou VK and Brahmer JR, Cancer immunotherapy: A future 
paradigm shift in the treatment of non-small cell lung cancer, 
Clinical Cancer Research 21: pp976-984, 2015

17.  Finn OJ, Cancer vaccines: Between the idea and the reality,  
Nature Reviews Immunology 3: pp630-641, 2003

18.  Caspi RR, Immunotherapy of autoimmunity and cancer: The penalty 
for success, Nature Reviews Immunology 8: pp970-976, 2008

19.  Friedman CF et al, Treatment of the immune-related adverse effects 
of immune checkpoint inhibitors: A review, JAMA Oncology 2: 
pp1,346-1,353, 2016

20.  Spain L et al, Management of toxicities of immune checkpoint 
inhibitors, Cancer Treatment Reviews 44: pp51-60, 2016

21.  Reuschenbach M et al, A systematic review of humoral immune 
responses against tumour antigens, Cancer Immunology 
Immunotherapy 58: pp1,535-1,544, 2009

22.  Ulloa-Montoya F et al, Predictive gene signature in MAGE-A3 
antigen-specific cancer immunotherapy, Journal of Clinical 
Oncology 31: pp2,388-2,395, 2013

Dr Peter Schulz-Knappe joined Protagen in 
2010 as Chief Scientific Officer (CSO). He 
trained as a Medical Doctor before working 
as a Cell Biologist and brings over 25 years of 
protein and peptide biochemistry experience, 
coupled with biomarker discovery and 

development expertise. Peter has more than 15 years of 
management experience in R&D and served as both Chief 
Executive Officer and CSO at BioVisioN and as CSO at 
Proteome Sciences. He has published over 100 papers and 
is named as inventor on more than 70 patents including 
peptides, biomarkers and analytical procedures.
Email: peter.schulz-knappe@protagen.com

Dr Georg Lautscham is Chief Business 
Officer at Protagen, having joined in 2013. 
A Chemist and Immunologist by training, 
he also has over 15 years of experience as 
a biotechnology executive, with a strong 
commercial track record in business 

development, marketing and sales. Georg has led a number 
of interdisciplinary teams in Germany, the UK and the US, 
operating within the fields of immunology, oncology, clinical 
research, regulatory affairs and bioinformatics.
Email: georg.lautscham@protagen.com

About the authors

     Given the clear advantages 
of profiling autoantibodies in driving 
forward effective and safe cancer 
immunotherapies, the creators of 
new treatments, regulators and 
investors require state-of-the-art 
biomarker screening technologies 
now more than ever


