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Combination Approaches  
in Immuno-oncology Trials: New Horizons 
for Multiple Tumour Indications

Cancer immunotherapy has steadily been gaining momentum 
over the last decade, due to its proven efficacy as monotherapy 
in patients with various tumours, including tumours resistant 
to chemo- or radiotherapy. With an ever-increasing amount 
of clinical trials reporting significant benefits in long-term 
overall survival of patients with specific cancers following 
mono-immunotherapy, the goal has shifted to attaining 
higher response rates in broader patient populations by 
employing immuno-oncology (IO) combination approaches. 
Our research aimed to shed light on the discovery of effective 
IO combinations and specific tumour indications in which 
they can attain durable and long-lasting anti-tumour immune 
responses, by anticipating new developments in the IO field 
and identifying trends. This paper describes the results of a 
quantitative and qualitative analysis on Phase II, II/III, and III 
trials started between 1st of January, 2014, and 17th of January, 
2019. Overall, 1096 clinical trials assessing IO combinations 
were started in the aforementioned period, 97.3% of which are 
currently ongoing and 80.1% of which are Phase II trials. The 
majority of IO trials (89.2%) assessed only one combination 
therapy, and the use of biomarkers in the trials decreased 
from 41.7% of the trials started in 2014 to 21.4% of the trials 
started in 2018. The top five IO combinations used in these 
trials employed immune checkpoint inhibitors (ICIs), together 
with chemotherapy (19.1%), another ICI (11.9%), radiotherapy 
(7.5%), targeted therapy (4.9%), or chemoradiotherapy (3.9%). 
Furthermore, ICIs were predominantly used for the treatment 
of solid vs haematological tumours (86.2% vs 23.3% of trials, 
respectively). The most commonly investigated tumour 
indications were the lung (14.2%), lymphoma (6.7%), melanoma 
(6.5%), breast (6.0%), multiple myeloma (5.6%), head and neck 
(5.6%), and leukaemia (5.2%). Despite the limitation imposed by 
the fact that most analysed trials are not yet completed, our 
research offers a structured overview of the recent ongoing 
trials in the IO field, the combinations used and tumour types 
evaluated. This knowledge is crucial in guiding the design, 
duration, and development of new clinical trials assessing IO 
combinations in multiple tumour indications.  

Introduction
Immunotherapy has gained significant attention in the oncology field 
over the last 10 years, due to its established efficacy as monotherapy. 
Among the most promising new cancer therapeutics are immune 
checkpoint inhibitors (ICIs), with monotherapies leading to long-
lasting responses in 40–50% of patients in selected indications1. The 
two main modes of action leading to these durable responses are 
the neutralisation of the immune suppressive machinery and the 
stimulation of effector mechanisms2. More recently, however, the 
emphasis has shifted towards combination regimens encompassing 
various phases of the cancer-immunity cycle, as a means to 

increase the response rate and to obtain results in broader patient 
populations. Such combination regimens, consisting of several 
immunotherapies or associations with standard therapies, enhance 
the capacity to prevent immune escape by simultaneously targeting 
multiple tumour immune evasion mechanisms. To this end, the US 
Food and Drug Administration (FDA) approvals of bevacizumab plus 
interferon-alpha for the treatment of metastatic renal carcinoma3, 4 

and nivolumab plus ipilimumab for the treatment of unresectable/
metastatic melanoma5 are stepping stones in highlighting the 
potential and revealing the added benefit of immuno-oncology (IO) 
combination regimens. 

With almost 200 drugs and more than 15 immunotherapeutic 
agents currently approved by the FDA for cancer treatment6, 
the discovery of effective combinations and the specific tumour 
indications in which these can achieve more durable responses than 
with monotherapy is a challenging endeavour. Some of the main 
challenges are triggering of anticancer immunity and a plethora 
of immune evasion mechanisms, increases in the occurrence of 
immune-related adverse events due to overlapping toxicities, and 
enhanced immunotherapy specificity leading to high variations in 
response rates depending on tumour type7. To elucidate the progress 
made thus far in the discovery of promising IO combinations, a 
quantitative and qualitative data analysis was performed at SMS-
oncology, a clinical research organisation specialising in early-phase 
oncology trials and drug development strategies. The aim was to 
anticipate promising developments in IO trials with combination 
regimens and to identify the most commonly assessed tumour 
indications in these trials. 

Methods
The competitive intelligence data platform GlobalData Plc was used 
to gather and analyse the relevant information. The public clinical 
trial databases Clinicaltrials.gov and the European Union (EU) Clinical 
Trials Register were used as validation and back-up databases. All 
IO Phase II, II/III, and III trials initiated between January 1st, 2014 
and January 17th, 2019 and assessing combination regimens were 
included in the analysis. Sorting of the total registry was performed 
by classification of immunotherapy modality, the combination 
treatments used, and the tumour types assessed. Combination 
therapies lacking immunotherapy were excluded from the analysis. 
SAS Visual Analytics (SAS VA) was used for data analysis and output 
visualisation. 

Results
IO Trials Assessing Combination Regimens in 2014–2019
The current field analysis revealed that 1096 clinical trials were 
initiated between January 1st, 2014 and January 17th, 2019. Compared 
with 2014, when only 60 IO trials were initiated, in 2018 a total of 374 
trials were started, leading to an approximately six-fold increase in 
the number of IO trials (Figure 1A). Of the total analysed trials over 
this period, 80.1% are Phase II (Figure 1B) and 97.3% are currently 
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ongoing (Figure 1C). Noteworthy, only a small percentage (2.7%) 
of trials are completed, while the majority (85.4%) are presently 
recruiting patients.  

Top Five Combination Therapies Assessed in IO Trials 
Assessment of the number of combinations used in IO trials during 
the aforementioned period revealed a total of 1237 combinations 
and 237 unique IO regimens (Figure 2A), thus indicating that most 
trial designs included several experimental arms and treatments. 
The majority of trials (89.2%) assessed only one combination therapy 
(Figure 2B), whereas combinations including ≥3 therapies were 
evaluated in only 2.5% of the trials. This trend was also observed in 
the completed trials, where only one of the 29 finalised trials used 
multiple combinations (data not shown), most likely due to the 
outweighing of benefits by the frequency and severity of adverse 
events. Considering that biomarkers are commonly employed for 
patient inclusion in clinical trials as well as for monitoring response 
to treatment, the use of biomarkers in the total IO trials included in 
the analysis was assessed. Noteworthy, biomarker use was recorded 
in a third of the analysed trials and decreased from 41.7% (25/60) of 
the trials initiated in 2014 to 21.4% (80/374) of the trials initiated in 
2018 (Figure 2C). 

Figure 1. IO combination trials initiated from Jan 1st, 2014 to Jan 17th, 2019. Depicted are 
the number of trials per trial phase and year (A), and the percentages of trials per phase (B) 
and trial status (C). Data shown is reflective of two separate analyses. IO: immuno-oncology.

Figure 2. Analysis of IO combination trials initiated from Jan 1st, 2014 to Jan 17th, 2019. 
Depicted are the numbers of combination therapies and unique IO regimens (A), the 
percentages of trials per number of combination therapies (B), and the use of biomarkers 

in combination trials (C). IO: immuno-oncology.

Figure 3. Combination therapies investigated in IO trials initiated from Jan 1st, 2014 to 
Jan 17th, 2019. Depicted are the top five combination therapies, including ICIs (A), and the 
use of ICIs in solid and haematological tumours (B). ICI: immune checkpoint inhibitor; IO: 

immuno-oncology.

An in-depth examination of the types of combination therapies 
revealed ICIs as the predominant IO therapy used, in combination 
with ≥1 standard treatment (Figure 3A). Nearly one-fifth (19.1%) of 
the total landscape of IO trials consisted of the combined therapy 
of ICIs plus chemotherapy. In 11.9% of the trials, a combination of 
two different ICIs was used, whereas 7.5% of the trials evaluated ICIs 
plus radiotherapy combinations. Approaches using ICIs plus targeted 
therapy (4.9%) or chemoradiation therapy (3.9%) completed the top 
five combinations assessed in these trials. Together, these top five 
unique regimens account for 47.3% of the total IO trials. Clearly visible 
is the domination of ICIs in these trials, as each IO regimen in the top 
five included an immunomodulatory agent that targets programmed 
cell death protein 1 (PD-1) and programmed death ligand-1 (PD-L1), 
as well as the cytotoxic T-lymphocyte associated protein 4 (CTLA-4). 

To further clarify the role of ICIs in cancer immunotherapy, an 
additional analysis was performed to evaluate whether ICIs are 
predominantly used in solid or haematological tumours or both. 
Overall, 780 (72.1%) trials are investigating ICI combinations and 291 
(26.9%) trials are investigating non-ICI combinations. Interestingly, 
the use of ICIs in IO clinical trials proved to be considerably higher 
in solid versus haematological tumours (86.2% vs 23.3%, respectively; 
Figure 3B). 

Tumor Indications Assessed in IO Combination Trials
In the current analysis, 34 different cancer types were categorised 
based on their frequency of assessment in the IO combination 
trials. The most commonly investigated cancers, altogether covering 
approximately 50% of the IO landscape, were those of the lung (14.2%), 
lymphoma (6.7%), melanoma (6.5%), breast (6.0%), multiple myeloma 
(5.6%), head and neck (5.6%), and leukaemia (5.2%) (Figure 4). The 
remaining 50% of the trials assessed 26 tumour types, with the five 
least investigated being those of bone, uterine, germ cell, thyroid, and 
thymus. 

Discussion, Conclusions, and Future Directions
With cancer immunotherapy being designated breakthrough of the 
year in 2013 due to its capacity to treat even advanced and metastatic 
disease, IO was officially recognised as a separate, stand-alone field 
in cancer research. Since then, the significant advances obtained with 
IO monotherapies have led to the initiation and development of a 
large number of clinical trials assessing various IO treatments, either 
in combination with the current standard of care or with other novel 
therapies in the field. In this context, a structured qualitative and 
quantitative analysis of recent IO combination trials was stringently 
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needed to identify existing trends and potentially anticipate 
favourable developments in the field. 

SMS-oncology’s secondary desk research involving IO 
combination trials initiated in the last five years yielded the 
following trends (possible interpretations are rendered in italics):

•  An exponential increase was observed in the number of IO 
combination trials initiated in the last five years, an expected 
trend considering the recent preclinical and clinical progress in 

the field. While only 2.7% of these trials are currently completed, 
finalisation of all trials is expected in the following 3–5 years. The 
outcomes of these trials are of crucial relevance, as they might 
potentially help pave the way for immunotherapy combinations to 
become the standard of care for cancer treatment by 2025.

• A substantial decrease in biomarker use was observed in IO trials 
initiated in 2018. The recent advancements in the field have led to 
a deeper understanding of the variability in results obtained with 
biomarker use (e.g. variability in standardisation, measurement, 
and interpretation of early biomarker assays; heterogeneity in 
biopsy location/type, primary vs metastatic tumours; dynamics 
of the tumour microenvironment; resistant tumour cell clones)8, 
and have possibly introduced more stringent biomarker selection 
criteria.  

• All top five combination therapies assessed in IO trials over the 
last five years involved the use of ICIs, predominantly targeting 
PD-1 and PD-L1. Using the PD-1/PD-L1 axis blockade as a 
backbone for an increasing number of IO trials can be explained 
by its capacity to exert an enhanced efficacy as compared with the 
associated monotherapy and a relatively more favourable safety 
profile than that of other checkpoint inhibitors1,9,10. The approval 
of the anti-PD-1 antibody pembrolizumab as first-line treatment 
for patients with metastatic/unresectable recurrent head and 
neck squamous cell carcinoma in combination with platinum 
and fluorouracil, granted in June 2019, is a recent evocative 

Figure 4. Overview of tumour indications assessed in IO trials initiated from Jan 1st, 2014 to 
Jan 17th, 2019 (n=1096). ASR: age-standardised risk; IO: immuno-oncology. 
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example concerning the efficacy of ICIs. The approval was based 
on the results from the randomised, multicentre KEYNOTE-048 
trial, which reported a significant improvement in the median 
overall survival of patients randomised to pembrolizumab plus 
chemotherapy versus cetuximab plus chemotherapy at a pre-
specified interim analysis11. 

• Despite recent indications that checkpoint blockade also exhibits 
beneficial outcomes in patients with haematological tumours 12, 13, 
our results show a clear trend of ICI use predominantly in IO 
trials assessing solid tumours. Explanations for this trend might 
be the reportedly modest effects observed thus far with ICIs in 
haematological tumours13,14, the specificity of improvements in 
outcomes to limited tumour types, such as Hodgkin lymphoma15, 
or the increased haematological complications of ICIs that might 
compound the disease burden16. 

• The most commonly investigated cancers were lung, blood, 
skin, breast, and head and neck cancers, altogether covering 
approximately 50% of the IO landscape. Noteworthy, the only 
type of cancer assessed in more than 100 IO combination trials 
was lung cancer. A reason for this might be the recent progress in 
the understanding of molecular pathways specifically involved in 
lung cancer, which led to the development of targeted therapies. 
Additionally, as the most commonly diagnosed cancer and the 
leading cause of cancer death worldwide17, lung cancer has a great 
impact on the world population; this puts forward a stringent 
requirement for novel, more effective therapies. 

Overall, the outcomes of our research offer a general overview of the 
recent IO combination trials, the top five IO combinations used and the 
most common tumour types investigated, and they represent a tool to 
better understand the present status and new advances in the IO field. 
This deeper understanding is crucial in guiding development of new 
clinical trials that make use of tailored IO combinations for specific 
tumour types, as well as selecting and implementing the most suitable 
changes in trial design and duration.
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