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“ICIs have revolutionized the treatment scenario of several solid tumors. However, there is
urgent need to identify dedicated end points in early clinical Phase II studies with ICIs. This

identification could better and more cost-effectively drive the selection of the most accurate
agent to be used in randomized Phase III trials. ”

Keywords: end points • immunotherapy • PD-1 • PD-L1 • Phase II

Immune checkpoint inhibitors (ICIs) are a novel class of therapeutic agents whose peculiar mechanism of action,
based on an activation of the immune system against tumor cells, has changed the management of several advanced
solid tumors [1]. The use of the immune system against tumors is not a novelty in oncology field; in fact, IL-2, a
cytokine produced by activated cytotoxic T lymphocytes, has shown a certain antitumor activity in melanoma and
renal cell carcinoma but also in other solid tumors [2]. In addition, interferon (IFN) is another cytokine that has
achieved US FDA approval as a single agent for the adjuvant therapy of stage III melanoma [3]. Finally, it has been
suggested that response to chemotherapy and radiotherapy involves T-cell activation, corroborating the hypothesis
that combining conventional chemotherapy with blocking of immune checkpoint would lead to an improvement in
tumor response [3]. The evolution of the strategy of treatment that was started with the use of IL-2 and IFN lead to
the development of the novel class of anticancer drugs known as ICIs. Ipilimumab was the first human monoclonal
antibody that targets the cytotoxic T lymphocyte-associated antigen 4 receptor that showed an efficacy on advanced
melanoma [4]. Consequently, the discovery of the antigen programmed cell death 1 (PD-1), a protein expressed on
the surface of activated T cells, and its ligand PD-L1 (also known as B7-H1) expressed mainly in tumor cells as well
as other immune cells, had led to a development of novel classes of ICIs: the anti-PD-1 and anti-PD-L1 antibodies
that work by blocking the PD-1/PD-L1 pathway. The PD1 binding of its ligand PD-L1 results in inhibition of
T-cells proliferation, so that anti-PD-1 or PD-L1 agents prevent this binding and consequently potentiate T-cell
activity, including antitumor response. To date, two anti-PD-1 antibodies (nivolumab and pembrolizumab) have
been approved for several solid tumors [5] and it is of September 2018 the news of cemiplimab US FDA approval for
cutaneous squamous cell carcinoma. On the other hand, the anti-PD-L1s atezolizumab, avelumab and durvalumab
are approved or under investigation [5]. Interestingly, the first approved ICI, ipilimumab, to date has been used
only in melanoma or renal cell carcinoma [6]. An important point in favor of ICIs is the different toxicity profile
compared with common chemotherapy, resulting in good compliance even for patients with advanced diseases.
Finally, ICIs have been investigated in combination with chemotherapy in non-small-cell lung cancer [7] and with
antiangiogenic agents in renal cell carcinoma [8].

When a novel agent is approved in the field of oncology, there are generally two main issues. The first is
identification of a surrogate marker for survival, required to select the appropriate primary end point for the early
and further phases of drug development. This option permits quicker and less expensive studies. The second issue is
the need of selective biomarkers to better tailor the therapeutic agent. For example, the guideline for decreasing
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of 50% of more of the serum prostate-specific antigen value in patients with prostate cancer is usually used as a
valid surrogate for survival and to identify in an earlier phase of treatment those patients who are not responsive
to anticancer agents and who may benefit from a change in therapy [9,10]. For what concerns ICI treatments,
the role of PD-L1 expression as a marker of response remains controversial [11], although it has been used as a
selective criterion for pembrolizumab treatment of patients with non-small-cell lung cancer. In general, the clinical
evaluation of the activity and efficacy of a conventional or biological cancer treatment is assessed by change in tumor
burden. The main criteria used for the evaluation of these changes are the Response Evaluation Criteria in Solid
Tumors (RECIST), which are used not only in experimental but also in clinical practice as a guide to continue or
discontinue a treatment [12]. According to the RECIST criteria, the rate of total patients with a complete response
or a partial response defines the objective tumor response rate (ORR). The ORR is generally used as primary
end point in Phase II trials, hence the choice of ORR as the preferred surrogate parameter for overall survival
(OS). The Phase II trial is generally the first step to evaluate the efficacy of an anticancer agent. Based on this
universal approach for drug development, the design of a typical Phase II trial in immunotherapy is single arm
with a moderate number of patients enrolled, with ORR as the primary end point. Unfortunately, researchers were
faced with a unique event that characterizes the pattern of response and progression of ICIs compared with those
of conventional chemotherapy or biological/molecular-targeted therapies: the pseudo-progression. This event is
characterized by the development of new lesions or an increase in existing lesions, which is not strictly related to a
resistance to treatment [13] but rather to an infiltration of immune cells triggered by ICIs [14,15]. As matter of fact,
the correlation between ORR and survival in Phase II ICI trial seems to be weakened by pseudo-progression, an
expected event in this kind of therapy, and by the lack of a careful selection of the patient. Indeed, a more accurate
selection method would better determine an ulterior lowering of the numbers; on the other hand, it should also
discriminate a greater effectiveness of agents. In this context, a recent meta-analysis [16] compared the primary end
points of 87 Phase II trials, weighing the strength of the correlation of the surrogate parameter with 6 months
progression-free survival (PFS) and 12-month OS rate using a unique prediction model of correlation. They found
that 60% of Phase II trials had ORR as the primary end point, but that ORR correlated poorly with OS. However,
6-month PFS correlates relatively strongly with the 12-month OS rate and is proposed as a preferred parameter to
be used in Phase II studies. In addition, Kaufman et al. performed a systematic literature review with meta-analysis
to assess the correlation of classical clinical end points used in clinical trial such as PFS, ORR or disease control rate
and their use for surrogacy of OS. A total of 27 randomized controlled trials were evaluated for a total of more than
10,000 patients. The rate of patients with tumor response and PFS hazard ratio (HR) showed a weak correlation
with survival; however, 6-month PFS HR was predictive of survival. Interestingly, PFS HR at 6 months was highly
predictive of survival in the subgroup of patients treated with single-agent ICI, but was weakly predictive in the
pooled analysis. In line with the two above literature analysis [16,17], a recent robust meta-regression of 24 trials,
for a total of 11,894 patients, aims to assess the role of the tumor response rate (RR) after ICI-based therapy as a
potential surrogate end point of PFS and OS confirmed a weak correlation between RR and OS [5].

To try to avoid the limitations of ORR during ICI-based therapy, a modified version of the RECIST criteria
has been recently proposed, immune-related response criteria (iRECIST) and immune-modified response criteria
(imRECIST), in response to the need for an appropriate scale to evaluate and distinguish pseudo-progression from
real progression of disease [18]. Nevertheless, only 6% of the included trials considered iRECIST, either as a primary
or secondary end point [16]. The recurrence rate of pseudo-progressions in ICI-treated tumor strictly depends on the
scale used to measure the response, and onset occurs and is completely concluded on average in a 1-year period [19].

All these data underscore the limitations of Phase II trials and the challenges involved in translating early
promising clinical results from Phase II trials in efficacy to survival of Phase III studies. In fact, promising Phase II
trials have not translated into successful Phase III trials for some ICIs [20]. Nevertheless, further studies are ongoing
to explore the role of ICIs in combination with chemotherapy or antiangiogenic agents. For these types of studies,
the optimal primary end points in early clinical investigations are not well defined. Although it could be speculated
that potential future end points of Phase II studies for ICIs may include classical clinical end points in combination
with newer end points such as stability in overall tumor burden, sustained reduction or durable response rate, to
date, very few Phase II studies have used this combination of end points and further investigations are required to
define its role.
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Conclusion
ICIs have revolutionized the treatment scenario of several solid tumors. However, there is urgent need to identify
dedicated end points in early clinical Phase II studies with ICIs. This identification could better and more cost-
effectively drive the selection of the most accurate agent to be used in randomized Phase III trials. At this time
point, it seems that the phenomenon of false progression and the difficulties in selecting and finding the appropriate
population of patients indirectly affect the further approval of compounds for the successive phases of research.
Considering that ORR is the most used surrogate end point and that correlates poorly with survival, other end
points such as 6-month PFS could be used as surrogate markers for survival in future Phase II ICI trials.
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