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Abstract

Cancer therapeutics is a rapidly changing field which offers patients the prospect of a better quality of life and cure.

Immunotherapy has become a unique approach for select metastatic solid tumours. While initial results do show durable

responses in select patients, there are concerns on how best to utilise this expensive resource which can result in costly

side effects and in whom the use of biomarkers to stratify patients is still in its infancy. Given the ageing population and

extreme challenges on healthcare, economic modelling with regards to immunotherapy is imperative especially now

when it is being considered for further cancer types.
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Cancer is a process whereby normal cells acquire mech-

anisms to circumvent the normally controlled processes

of proliferation and apoptosis.1 Unfortunately, despite

best efforts the incidence of cancer is rising, with 14 mil-

lion new cases reported worldwide in 2012. Paralleling

this rise is the increasing sales of oncology medications

which in 2000 represented 3.5% of global pharmaceu-

tical sales and 7% in 2011. A major contribution to this

increase is the emergence of targeted therapies which

can offer superior outcomes in select patients.2–4 Whilst

radiotherapy and chemotherapy remain mainstay in

the oncologist’s arsenal and act by indiscriminately kill-

ing normal and cancerous cells alike, with dose limiting

toxicities. Immunotherapy works indirectly by promot-

ing the immune system to recognise and destroy cancer

cells to produce clinical benefit even in late stage and

metastatic disease.1,5

The origins of Immunotherapy derive from the

1800 s where William Coley utilised mixtures of live

and inactivated Strep.Pyogenes and Serratia to induce

remission in sarcoma, lymphomas, and testicular

cancer with varying success. Recently immunotherapy

is being employed in select solid cancer management

including malignant melanoma and non-small cell

lung cancer (NSCLC) however in non-invasive bladder

cancer it has been used for decades in the form of the

Baccile Calmette-Guerin vaccine.6 While the immune

system is good at detecting and eradicating tumorigenic

cells through immune surveillance, established tumours

employ many mechanisms to evade detection including

the production of immunosuppressive cytokines and

reduced surface major histocompatibility complex

(MHC) expression. Immunotherapies encompass a

wide range of biologically active molecules including

interferons, interleukins, and immune checkpoint

inhibitors (ICIs) of these the latter are the most studied,

utilised, and researched.5 ICIs work to enhance T-cell

activation which are essential for anti-tumour activity

and requires two distinct signals to be present. The first

of these is the interaction between the T-cell receptor

(TCR) and the peptides being presented by the MHC

on antigen presenting cells (APC) at the draining

lymph node while the second signal is a confirmatory
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co-stimulation signal involving interaction between the
T-cell and APC by CD28:CD80/CD86 respectively. In
the absence of this costimulatory signal T-cell anergy
occurs. One method by which T-cell activation is lim-
ited to avoid hyperstimulation of the immune system is
by the T-cell CD28 homolog, Cytotoxic T-lymphocyte
-Associated Protein 4 (CTLA-4) which is upregulated
on initial T-cell activation and competitively and with
greater affinity than CD28 binds to CD80/CD86 on
APCs and downregulates their expression. CTLA-4
also plays an essential role in regulatory T-cells func-
tion to maintain immune tolerance.7,8 Therefore by
inhibiting the action of CTLA-4 one potentiates T-
cell activation, proliferation and infiltration of the
tumour leading to potentially robust anti-tumour
responses. CTLA-4 is the target of the humanized
IgG monoclonal antibody, Ipilimumab, which since
2011 has been licensed for the treatment of malignant
melanoma. Another key target of ICI therapy is
Programmed Death Receptor (PD-1R) blockade. This
is expressed on a plethora of immune cells including B,
T and NK cells whose normal functions are altered in
the setting of cancer. The ligand of this receptor, PD-
L1 is expressed on stromal and tumour cells and upon
binding downregulates T-cell activation, proliferation
and IL-2 production thereby limiting anti-tumour
responses. This pathway is the target of the ICIs
Pembrolizumab and Nivolumab which block PD-1R.7

Historically Malignant melanoma had a median sur-
vival of 6months with Dacarbazine the standard of
care in patients with inoperable disease despite showing
no conclusive survival benefit.9 In 2011 the first phase
III trial to demonstrate Ipilimumab’s and immuno-
therapies superiority was reported. This involved 676
patients of good functional status with previously
treated stage III-IV melanoma who had progressed
despite best standard care. Participants were random-
ized to three groups each receiving four treatments:
Ipilimumab with glycoprotein 100 (gp100) a peptide
vaccine and adjuvant (n-403), Ipilimumab monother-
apy (n-137) or gp100 alone (n-136). The median overall
survival of these groups was 10.0, 10.1 and 6.4months
respectively at follow-up (p< 0.001). In addition,
45.6% and 23.5% of Ipilimumab monotherapy recipi-
ents were alive at 12 and 24months respectively with a
36% reduction in progression noted. Importantly, on
re-exposure to Ipilimumab clinical responses were still
seen.10,11 As a result of this pivotal study Ipilimumab
was approved in 2011 for advanced/unresectable mela-
noma as well as an adjuvant therapy for fully resected
stage III disease.4 The National Institute of Clinical
Excellence (NICE) appraisal however concluded that
while Ipilimumab was clearly beneficial that only
30% of recipients may show some benefit and of
these a minority show durable responses. As such it

was deemed that without manufacturer discount with
total treatment Ipilimumab would not be cost-effective.
In addition, there was methodological concerns with the
lack of clinical difference reported between escalating
doses of Ipilimumab and the usefulness of the gp100
adjuvant.12 More recent work published in 2018 has
highlighted the power and synergistic effect combina-
tion immunotherapy can have. In the pivotal
CheckMate-067 trial looking at 3-year outcomes in
those with untreated grade III/IV malignant melanoma,
patients (n=945) were randomized equally to receive
either monotherapy or combination therapy involving
Nivolumab and Ipilimumab until either progression or
unacceptable toxicity. Patients who received combina-
tion therapy had a higher objective and complete
response (58% and 19% respectively) than those on
monotherapy after only a median of 4 doses. This cor-
related with a progression free survival (PFS) of
11.5months and an overall survival (OS) rate of 58%.
This study highlighted that Nivolumab therapy was
more efficacious in all patient groups than Ipilimumab
with a complete response of 16% and 5% and OS of
52% and 34% respectively. Importantly these responses
were durable and reinforced observations seen in earlier
trials and highlighted the superior outcomes that com-
bination therapy holds even upon extremely limited
exposure. It is because of such data and the concept of
cure that many patients often embrace the use of immu-
notherapy. However, it remains unknown if these
patients are cured or if they represent immunotherapy
induced tumour dormancy.7,13

Despite these results immunotherapies may be inef-
fective in up to 50% of patients, explanations include
tumour heterogeneity as well resistant subclonal pop-
ulations of tumour cells produced by prior therapy.
Importantly there may be other immune checkpoint
pathways yet unappreciated which run parallel to and
circumvent those currently targeted.14 Unlike tradition-
al therapies immunotherapies do not commonly cause
hair loss, nausea, and infertility.1 Instead by leading to
unopposed stimulation of the immune system, ICIs can
lead to autoimmune reactions and multi-organ dys-
function through an uncontrolled, dysregulated
immune response which paradoxically may lead to
enhanced anti-tumour activity. Every organ system
has been implicated as part of immune related adverse
effects (iRAEs) with dermatological complications,
hypothyroidism and hypopituitarism well described in
the literature occurring up to 3 years post-
exposure.5,7,15 Currently up to two-thirds of patients
receiving anti-CTLA-4 therapy experience irAEs of
which one third are gastrointestinal in nature ranging
from diarrhoea to colitis and can necessitate hospital
admission and therefore be resource intensive to
manage. In many recipients however grade I/II
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toxicities are observed with 80% of side effects resolv-

ing within 4–6weeks of corticosteroid therapy. It is
these toxicities which are often underreported in clini-

cal trials and reported economic analyses.7,16,17

Evidently understanding and identifying patients in

whom immunotherapies will work is of paramount
importance given their costs and side effect profile.

At present the only biomarker used in clinical practice

is tumour PD-L1 expression, which is used in NSCLC
to determine the likelihood of response. However, this

has several disadvantages with PD-L1 expression

known to vary with time, previous treatment exposure,
and underlying method of detection.17 In addition,

there has been reports of a 20-30% response rate to

anti-PD-1R therapy in patients who were PD-L1 neg-
ative making its validity questionable. It is important

therefore for formal identification of novel, robust,

cost-effective, and reliable biomarkers (e.g.

microRNAs) to enhance immunotherapy efficacy and
safety in a cost-effective manner while avoiding poten-

tial treatment delays.12,18,19 The cost of cancer care is

currently greater than any other chronic condition and
this expense cannot be explained alone by the rarity of

the underlying cancer or high research and develop-

ment costs or a given therapeutic agents efficacy.
Indeed complicit with this are the high indirect costs

including a loss of income in patients and treatment

related costs due to often debilitating side-effects.2,19,20

A recent systematic review, looking at the cost of

immunotherapy treatment complications in 844 elderly

melanoma patients, receiving either immunotherapy
(n¼ 528) or target therapy (n¼ 316) revealed that the

overall costs in both groups suffering complications

were on average four times higher than those who did

not ($17,570- $30,534). Moreover versus targeted ther-
apies, immunotherapy recipients were more likely to

suffer respiratory (76%), haematologic (71%) and gas-

trointestinal (79%) complications all of which costed
more to manage ($21,041-$31,179) and led to greater

30 day treatment costs.21 This therefore represents a

very real challenge for the NHS in advocating poten-
tially life changing treatments and ensuring equal

access while limiting their potential complications. In

addition, despite nearly a decade of use many health-
care professionals are inexperienced in dealing with

immunotherapeutics and their potential toxicities and

as such often requires tertiary hospital specialist input

and admission. This may not only affect service provi-
sion but could antagonise existing area specific health

inequalities. This emphasises the need therefore to

identify methods to risk stratify patients who will
likely be older, suffered progressive disease despite

past treatments with attendant comorbidities, organ

dysfunction and reduced functionality which

themselves may be complicated and exacerbated by
immunotherapy.

This therefore is an important consideration for the
NHS, a publicly funded body which has competing
interests in managing the increasing demands from an
ageing population and nation as a whole, in whom car-
diovascular and metabolic disease is becoming more
prevalent and for whom sustainability is key. This chal-
lenge however is not only restricted to the UK. In
America, the cost of cancer care will reach between
$173-206 billion this year and as a result of the emerg-
ing role of ‘maintenance’ cancer treatment, cancer is
quickly becoming a chronic disease with costs set to
rise.2 To address this one must first consider the chal-
lenges of economic modelling in modern oncology,
given that for many therapies there is often limited
trial data, diverse drug mechanisms of action and
often limited applicability in only a subset of patients
suffering a given cancer diagnosis, thereby hindering
comparison. In addition, longterm data is often
absent limiting one to accurately evaluate the total
costs of treatment with quantitative quality of life
data often not present which is an important
consideration.1

Currently there are two main economic models
which can be utilised to assess cost effectiveness.
These are the Markov and Partitioned Survival (PS)
Models. While the former considers patients to be in
flux between different health states (i.e. progression free
or progression of disease etc) and is based on assump-
tions of how likely such transitions are to take place;
PS models rely on Kaplen-Meier survival curves and
therefore are extrapolations of real life data.22 At pre-
sent several outcome measures can be calculated from
such models including quality adjusted life years
(QALYs) which considers both quality and quantity
of life (i.e. a QALY of 1 signifies 1 year of perfect
health) and those costs associated with gaining an addi-
tional QALY the incremental cost effectiveness ratio
(ICER) which is compared with a predetermined will-
ingness to pay threshold. Comparison between these
values can help demonstrate cost effectiveness. NICE
traditionally have a QALY threshold of £20–30,000
which is substantially less than the USA threshold of
$100,000. 23 During Ipilimumab’s appraisal NICE esti-
mated the QALY to be �£240,000 with an ICER of
£54,000–£70,000 while within NSCLC the ICER of
Nivolumab and Pembrolizumab was $1,17,000 and
$98,000 in primary and recurrent disease translating
into a 3.5month PFS.13 Importantly however when
analysing the cost-effectiveness of Nivolumab accord-
ing to tumour PD-L1 expression levels a trend to cost-
effective satisfying the USA QALY threshold was seen,
$1,12,311 (�1%), $72,897 (�5%), $78,921(�10%) with
similar results found with Pembrolizumab
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monotherapy. This therefore represents one method by

which economic viability with immunotherapy use can

be pursued.20 Regardless it is imperative that risk-

sharing schemes are sought to both help mitigate

these substantial costs and allow for their sustainable

use. Given that even with the historical $50,000/QALY

cited in the literature then only three of the twenty

economic studies used in a 2018 systematic analyses

of immunotherapies would demonstrate cost effective-

ness.23,24 Importantly however with identification of

suitable biomarkers and therefore improved patient

selection, it can be deduced that QALY and ICER

measures will decrease markedly while providing max-

imal clinical benefit.
In conclusion while immunotherapy offers to other-

wise terminal patients a chance of robust durable

responses it is associated with both high treatment

costs and frequency of expensive adverse side effects

which may limit its use. In addition, there is at present

no method to differentiate between likely responders

who represent the minority and non-responders which

impacts their cost effectiveness. Therefore, future aims

must be to identify suitable biomarkers and methods to

enhance response rates while analysing cohort data to

evaluate the long term clinical and financial outcomes

of immunotherapy.
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