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In the second step, dendritic cells present the tumor anti-
gen on major histocompatibility complex (MHC) molecule 
to generate T-cells responses in lymphoid organs[2]. Two 
signals are also required to activate T-cells – the first one 
is provided by the interaction of antigen presented in the 
MHC on the antigen-presenting cell (APC) with T-cell re-
ceptor on T-cell and the second one by interaction of mod-
ulators, e.g. co-stimulatory ligands (CD80/86) with CD28 
on the T-cells[5]. If inhibitory signals appear in this step, e.g. 
interactions of cytotoxic T lymphocyte-associated protein 4 
(CTLA-4) with CD80/86 or programmed cell death-1 (PD-
1) with PD-L2/PD-L2, they will promote immune tolerance 
instead of the T-cell response.

In third step effect or T-cell , B-cells and NK cells reach  
tumor bed and kill tumor cells.

Mechanisms which allow cancer to prevent immunization 
are being intensively studied. So far, several modes have 
been investigated, including: overexpressing of the inhibi-
tory ligands and receptors – upregulation of PD-L1/L2 on 
the cancer cells surface, release of T-cell suppressors (PGE2, 
arginase or IDO) or release of VEGF which inhibits T-cell 
diapedesis from vasculature and thus infiltration into the 
tumor bed[2].

Immunotherapy
Therapy based on activation of the immune system is a re-
sult of an intensive search for a modern, effective therapy for 
cancer. The most prominent results of immunotherapy were 
obtained in melanoma and non-small cell lung carcinoma 
(NSCLC), but promising results were also observed in renal 
cell carcinoma (RCC).

By 2015, three antibodies – one anti-CTLA-4 antibody 
(ipilimumab), two anti-PD-1 antibodies (nivolumab, pem-
brolizumab) – and one cell based cancer vaccine (sipuleu-
cel-T) have been approved by the Food and Drug Adminis-
tration (FDA) and EMA[6-15].

All the antibodies were approved for treatment of advanced 
melanoma – ipilimumab in 2011, nivolumab and pem-
brolizumab in 2014 (EMA approval in 2015). Moreover, in 
2015 nivolumab received FDA and EMA authorization in 
a second indication – NSCLC. Sipuleucel-T was approved 
for treatment of asymptomatic or minimally symptomatic 
metastatic castrate-resistant (hormone refractory) prostate 
cancer in 2010 (EMA approval in 2013). Due to commercial 
reasons market authorization in Europe was withdrawn in 
2015 at the request of the marketing authorization holder[16].

 
 
 

Immunotherapeutics could be classified into four main 
types[17]:

1.	 checkpoint inhibitors (e.g. anti-CTLA-4 and anti-PD-1 
antibodies),

2.	 T-cell co-stimulators (e.g. anti-CD143 antibodies, 
anti-CD27 antibodies),

3.	 adoptive T-cell therapies (utilizing transgenic T-cell 
receptor or chimeric antigen receptor),

4.	 cancer vaccines (e.g. sipuleucel-T).
Immune checkpoints, which assure the balance between 
co-stimulatory and inhibitory signals, enable regulating re-
sponse of T-cells after antigen recognition by T-cell receptors 
(TCR)[18]. The role of checkpoints is to maintain the self-tol-
erance (prevent autoimmunity) under normal, physiological 
conditions[18]. Antibodies which block immune checkpoints 
target tumor lymphocyte receptors or their ligands, and not 
the tumor directly, in order to enhance endogenous antitu-
mor activity. Providing the agonist to co-stimulatory recep-
tor or antagonist of inhibitory signal result in amplification 
of antigen-specific T-cell responses, which potentially has 
antitumor activity[18].

The best results were obtained with the use of antibodies in-
volved in two inhibitory pathways – CTLA-4 and PD1.

Anti-CTLA-4-antibodies
CTLA-4 molecule is the key inhibitory receptor expressed 
exclusively on the surface of activated T-cells. It competes 
with the co-stimulatory receptor CD28 for binding with 
the CD80/86 expressed on the surface of APC (e.g. den-
dritic cells). While CD28 signalling strongly amplifies TCR 
signalling to activate T-cells, CTLA-4 signalling inhibit 
the TCR signalling and leads to diminish the T-cell func-
tion[4,18]. CTLA-4 regulates the amplitude of the early stages 
of T-cell activation.

Blocking CTLA-4 significantly enhances the immune re-
sponses and hypothetically allows for expansion of T-cells 
with antitumor activity[18,19].

Two fully human monoclonal anti-CTLA-4 antibodies were 
intensively investigated in clinical trials – ipilimumab and 
tremelimumab. However, only ipilimumab caused signifi-
cant improvement in phase III trials and was the first thera-
py that showed a survival benefit for patients with metastatic 
melanoma[18]. The effect of ipilimumab on long-term surviv-
al is also impressive: 18% of ipilimumab-treated patients 
survived beyond two years (compared with 5% of patients in 
the control group)[18]. The percentage of patients who achieve 
clinical response (defined as a complete response (CR), par-
tial response (PR) or stable disease (SD)) was relatively low 
(28.5%), but still significantly higher than in the control group 
(11%). Moreover, the achieved response was sustainable[4].  
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sequent treatment, palliative care and comorbidities and al-
low for performing single arm trials with smaller a cohort 
of patients[24].

Validation of each surrogate for each intervention is very 
important. Different drugs could affect the same surrogate, 
however, if the mechanism of affecting cancer between 
those drugs differs, the benefit from the intervention could 
not be adequately captured.

Progression-free survival and time to progression (TTP) 
are the most commonly used surrogate endpoints[24].  
TTP is defined as the time from randomization until objec-
tive tumor progression and does not include deaths and PFS 
is defined as the time from randomization until objective 
tumor progression or death[23]. TTP and PFS are the pre-
ferred endpoints for drug approval in case of conventional 
cytostatic therapies.

However, PFS as the primary outcome measure in trial de-
sign and analysis, carries a risk of drawing invalid conclu-
sions about the long-term efficacy of a drug, particularly 
if it is not a true surrogate endpoint for that disease site.  
A strong correlation between PFS and OS has been demon-
strated only for some types of cancer, e.g. advanced colorec-
tal and extensive-stage small-cell lung cancer. Other disad-
vantage of PFS is the possibility of increased uncertainty 
from extrapolating how a surrogate endpoint would behave 
from historic trial data[24].

Although demonstration of a survival benefit is the pre-
ferred objective, regulatory bodies such as the FDA and 
EMA recognize that alternative endpoints which objective-
ly measure patient benefit can be useful in specific disease 
settings. A review of drug approvals granted by the FDA re-
vealed that time-to-event endpoints were being increasingly 
used for drug approvals – from 13% in 1990-1999 through 
33% in 2000-2005 to 43% between 2006 and 2011[26].

Objective response rate defined as a sum of partial respons-
es and the complete response is another important surro-
gate endpoint. ORR is assessed by bidimensional assess-
ment provided by World Health Organisation (WHO) and/
or unidimensional assessment of tumor burden formulated 
as Response Evaluation Criteria in Solid Tumors (RECIST) 
methodology. Using ORR allows to show clinical benefit for 
the patient in a single-arm trial, however the response rate 
could under- or overestimate the drugs’ effect. High initial 
response rates with highly toxic biochemotherapy have not 
translated into overall survival benefit, whereas low response 
rates with immunotherapy have translated into a benefit in 
overall survival[27,50-52]. Recently, immune-related Response 
Criteria (ir-RC) were proposed for ORR assessment which is 
adequate for evaluation of immunotherapy[19]. 
 

The most important factors which need to be taken into 
account in the trial design when defining appropriate 
endpoints are: the disease characteristics (prognosis, ag-
gressiveness, symptoms) and effect of available therapies 
on these characteristics. A review performed byWilson et 
al. mentions differences between metastatic gall bladder 
cancer and ovarian granulosa-cell tumor. In the first case, 
median overall survival is equal to less than a year and 
therefore even modest improvement in survival might be 
clinically relevant. A median overall survival in the second 
case is equal to over 15 years, so detection of a therapeu-
tic benefit in terms of overall survival is not realistic and a 
short term, more clinically meaningful objective measure 
of benefit might instead be improvement in symptoms or 
quality of life[24].

International guidelines 
and consideration 
regarding endpoints in 
oncological clinical trials
Based on EMA and FDA guidelines[22,23], an efficacy and 
safety analysis of anticancer medicinal products should 
evaluate patient-oriented clinically significant endpoints, a 
change of which resulting from treatment would make the 
treatment preferred for the patients. It reflects the treatment 
effect, prolonging of life and improving the patients’ quality 
of life.

The endpoints which should be evaluated in randomized 
clinical trials in oncology include: overall survival and end-
points based on tumor assessment such as: disease-free sur-
vival (DFS), ORR, PFS or TTP[22,23].

Challenges connected with clinical trial design

So far, classical molecules for cancer treatment were as-
sessed primary in phase II clinical trials on the basis of tu-
mor response (shrinkage) after a minimum number of dos-
es. The decision on whether to move on to phase III trial was 
based on the proportion and duration of objective tumor 
responses and overall survival compared with historical 
controls[17]. Immunotherapy activates the immune system 
to fight cancer, which requires longer time to demonstrate 
the cytoreductive effects and to achieve remission in com-
parison to the traditionally used molecules[17] and requires a 
novel approach to clinical trial designing, statistical analy-
sis and the drug development pipeline.
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The differences between mechanisms of action of classi-
cal cytotoxic drugs and immunotherapy could be trans-
lated into the following features:

•	 the optimal biologic dose is often not equal to the maximum 
tolerated dose;

•	 treatment effect is not proportionally linked to toxicity;
•	 conventional pharmacokinetics may not determine the dose 

and schedule;
•	 anti-tumor response is not the sole predictor of survival;
•	 clinical effects can be delayed in time and can occur after 

tumor volume increase (often categorized as progression)[29].

These prominent differences imply the need for the use 
of endpoints adjusted to the immunotherapy which will 
adequately assess the clinical effects.

Endpoints in 
immunotherapy trials
Overall survival

The effect of immunotherapy on survival of patients in 
randomized clinical trials is characterized by delayed 
separation in the Kaplan-Meier curves of the control ver-
sus experimental groups. The delayed separation, which 
could occur months after commencement of the treat-
ment, reduces the statistical power of difference between 
the curves. An analysis of such a Kaplan-Meier plot re-
quires different statistical assumptions, as convention-
al statistical methods assume a constant hazard ratio 
over time (proportional hazards), where the separation 
of curves occurs shortly after treatment initiation[17,29]. 
Therefore, alternative statistical methods which take into 
account delayed separation assumptions allow to avoid 
loss of statistical power and to compute the required 
number of events for final analysis should be implement-
ed[17,31].

The effect of delayed separation of K-M curves and long-
term survival after immunotherapy through reduction 
of statistical power of a trial might increase the chance 
of early termination of trial due to futility[17]. A delayed 
separation will increase the chances of a negative result 
at a time when curves have not yet parted, which could 
lead to unintended termination of trial[29]. Past failures in 
translations of immunotherapeutic clinical effects could 
be attributed to incomplete understanding of mechanism 
which determine the interaction of the immune system 
with the tumor, as well as methodological limitations and 
bias[29]. Thus, ensuring that the clinical trial is proper-
ly designed and methods of analysing the endpoints are 
chosen adequately is a very important issue.

The effect of ipilimumab on long-term survival was 
investigated in a pooled analysis based on 12 pro-
spective (phase III, II, I/II) and retrospective studies.  
Data of 1,861 patients with unresectable or metastatic 
melanoma were analyzed[30]. Median OS was 11.4 months 
and OS curve reached plateau around year 3, when sur-
vival rates ranged from 20% to 26%, moreover some pa-
tients survived until the 10-year follow-up. These results 
suggest that the majority of patients who reached this 
milestone time point (3 years) had a low risk of death 
thereafter.

Response to immunotherapy
The kinetics of the response is the main feature which 
distinguishes immunotherapy from conventional chemo-
therapeutic agents or oncogene-targeted small molecule 
drugs.

Response to conventional cytotoxic therapies is triggered 
within weeks of initial administration and causes rapid 
tumor shrinkage due to direct killing of cancer cells. The 
immunotherapy causes a three-step response: 1. immune 
activation and T-cells proliferation which starts after 
first administration; 2. clinically measureable antitumor 
effects mediated by activated immune cells which occur 
weeks to months after administration; 3. potential effect 
on patient survival observed several months after first 
administration[31]. The effect of immunotherapy on can-
cer symptoms may take several months to occur. Tumors 
may increase in size on computed tomography or mag-
netic resonance imaging scans during this period[18]. This 
initial increase in total tumor burden in patients who sub-
sequently develop objective response could be explained 
by either continued tumor growth until the sufficient 
immune response develops or transient immune-cell in-
filtration with or without edema. Both assumptions were 
confirmed by biopsies taken from patients with initial 
disease progression before response[19].

Patients treated with ipilimumab could initially experi-
ence a period of stable disease or even disease progres-
sion classified by WHO due to increase in tumor burden 
or the appearance of new lesions before any objective 
response to the treatment is observed. In clinical trials 
the response – tumor regression – was observed after 5-6 
months[32]. The delay in response to treatment and initial 
progression are the most common reasons for treatment 
discontinuation. Studies which analyzed immune-acti-
vating cytokines, cancer vaccines or immune-modulating 
antibodies in treatment of cancer showed that response to 
treatment (complete response, partial response) or stabi-
lization of the disease occurred after a primary increase 
in tumor burden characterized as progression in accor-
dance with the WHO and RECIST criteria[19,46,47].
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Immune-related 
response criteria
Immune-related response criteria were developed on the 
basis of bidimensional measurement of tumor lesions as 
done in the WHO criteria to adequately characterize par-
ticular response patterns observed after treatment with 
immunotherapy. Two major changes were implemented: 
(1) the size of individual lesions is added up to the total 
tumor burden and (2) transient increase in size of indi-
vidual lesions beyond 25% or transient appearance of new 
lesions are not to be taken into account (both of which 
instances qualify as progressive disease following the 
standard WHO or RECIST criteria)[19].

Antitumor response is based on total measurable tumor 
burden.

WHO criteria do not require to measure the new lesions 
and do not include new lesion measurements in the char-
acterization of evolving tumor burden. The new classi-
fication takes into account index and measureable new 
lesions. At baseline, tumor assessment consists of the 
sum of the products of the two largest perpendicular di-
ameters (SPD) of all index lesions (five lesions per organ, 
up to 10 visceral lesions and five cutaneous index lesions).
The total tumor burden which consist of the SPD of in-
dex lesions and of new, measurable lesions is evaluated at 
each subsequent assessment.

Antitumor response is based on the assessment of tumor 
burden; in the WHO criteria the appearance of new le-
sions always represents progressive disease, whereas ac-
cording to the irRC, the appearance of new lesions does 
not automatically represent progression and could even 
lead to a response (but precludes complete response). 
Detailed differences between the irRC, RECIST and the 
WHO response criteria are described in the Table 3.

Percentage changes in tumor burden describe the size 
and growth kinetics of both index and new lesions as they 
appear. The response in lesions is defined at each assess-
ment point based on the change in tumor burden relative 
to baseline measurements.

The definition of confirmation of progression represents 
an increase in tumor burden ≥ 25% compared with the 
nadir at two consecutive time points at least 4 weeks 
apart.

Confirmation of progression by repeated scans should 
be considered in patients with stable performance status, 
without significantly deteriorated laboratory results and 
with moderate tumor growth demonstrated during the 

physical exam or on radiographic imaging. Withdraw-
al of potentially beneficial immunotherapy should be 
avoided in those patients.

Even if new lesions are present, it could be considered pa-
tients will achieve irPR or irSD, as long as they met the 
described threshold of response. Moreover, irSD does not 
require confirmation in a second assessment. The confir-
mation of disease progression allows to capture all types 
of response according to the irRC as in many late-re-
sponding patients the response occurs within 4 weeks 
after the initial progression.

After the new criteria were formulated, they were evalu-
ated in series of large, multinational studies of ipilimum-
ab in the treatment of advanced (unresectable stage III or 
stage IV) melanoma[19].

IrCR, irPR, irSD include all patients who met the WHO cri-
teria for CR, PR, SD as well as those who shift from WHO 
PD. Of 57 patients treated with ipilimumab and classified 
as PD with WHO criteria, 22 achieved objective response 
according to irRC: 5 had irPR and 17 had irSD[19].

Wolchok et al 2009[19] presents also an analysis of overall 
survival of three patient groups: (1) patients who achieve 
CR, PR and SD according the WHO criteria, (2) patients 
who achieve irRP or irSD and (3) patients with PD and 
patients with an unknown disease status. The analysis re-
vealed comparable survival among patients from first two 
group, thus suggesting that by using irRC it is possible to 
identify the subpopulation of patients with favorable sur-
vival among patients classified as PD in accordance with 
WHO criteria. These findings emphasize the need to use 
the irRC evaluation criteria in order to identify the popu-
lation of patients who benefit most from continuation of 
immunotherapy.

Review of clinical trials 
analysing immunotherapy 
for cancer patients
Detailed description of aim, the methodology of review 
and the summary of endpoints evaluated in the clinical 
trials assessing immunotherapeutic agents in compari-
son to standard chemotherapy/placebo and between two 
immunotherapeutic agents in the treatment of cancer pa-
tients are presented in Table 4.

Table 4 
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Aim
The aim of this targeted review was to present the results of pivotal clinical trials analysing the effi-
cacy of immunotherapeutic agents for the treatment of cancer patients and to identify the endpoints 

evaluated in included clinical trials.

Methodology

The trials which assess the efficacy of immunotherapeutic agents – ipilimumab, nivolumab, pem-
brolizumab and sipuleucel-T – were searched.The population, according to the indications of 

the analysed agents were: melanoma, non-small cell lung cancer and prostate cancer.The pivotal, 
randomized clinical trials were identified. The comparison between the immunotherapeutic agents 
versus standard chemotherapy/placebo or comparison between two immunotherapeutic agents were 

considered.The studies which assessed the response with the different response criteria (RECIST 
v1.1. and irRC) were also included.The targeted, non-systematic search for pivotal randomized clini-

cal trials was performed in November 2015 in PubMed.

Conclusions

The most commonly evaluated endpoints were: overall survival (median or 1,2,3-year survival), as 
well as response rate (assessed with mWHO, RECIST or irRC criteria); time to progression, time to 
response and duration of response. The immunotherapeutic agents significantly prolong the sur-
vival in comparison to standard chemotherapy and resulted in higher response rate. The response 

obtained with immunotherapy was durable and often exceeded the trials’ follow-up period.Progres-
sion-free survival was comparable for immunotherapy and chemotherapy/placebo in majority of 

reviewed trials – according to the investigators the reason for lack of difference is using the mWHO 
or RECIST criteria which do not take into account possible response after initial increase in burden 
disease, which results in false-positive disease progression. There were proven disease regression/

response achieved beyond the disease progression according the RECIST criteria. These results 
confirmed the need for applying immune related response criteria for evaluation of the efficacy of 
immunotherapeutic agents. For vaccine trials was also proven beneficial effect on survival while 
no effect on progression-free survival was reported.Disappointing is the lack of patients-oriented 

endpoints, e.g. assessing quality of life in analysed trials.

 
Overall 
surviv-

al

Progression free 
survival /Time 
to progression

Response 
rate

Time 
to re-

sponse

Dura-
tion of 

re-
sponse

COMMENT ON EVALUATED ENDPOINTS

Indication: ADVANCED MELANOMA

ipilimumab vs gp100 
(Hodi 2010 [36]) + + + + +

The original primary endpoint was the best overall re-
sponse rate (the proportion of patients with a partial or 

complete response), but on the basis of phase 2 data and in 
alignment with another ongoing phase 3 trial of ipilim-
umab involving patients with metastatic melanoma the 

primary end point was amended to overall survival in the 
ongoing blinded study.

ipilimumab vs DTIC 
(Robert 2011 [37]) + + + + +

Initial progression-free survival was to be the primary 
end point. Emerging data from other ipilimumab trials 
suggested that conventional definitions of disease pro-

gression and response incompletely ref lect overall survival 
among patients who appear to have a long-term benefit 

the primary endpoint was changed from progression-free 
survival to overall survival before the treatment assign-

ments were revealed.Secondary end points included:  
progression-free survival, the rate of best overall response 
(the proportion of patients who had a complete or partial 

response),the rate of disease control (defined as a complete 
response, a partial response, or stable disease), the time to 

a response,the duration of the response safety.

nivolumab vs dacar-
bazine (Robert 2015 

[41])
+ + + + +

The primary end point was overall survival.Secondary end 
points included:  investigator-assessed progression-free 

survival, objective response rate, PD-L1 expression
 in the tumor.
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pembrolizumab - two 
doses (Robert 2014) - + + + +

The primary study endpoint was the overall response rate 
(ORR) according to RECIST (version 1.1)as assessed by 

independent central review.ORR was also assessed accord-
ing to immune-related response criteria by the investiga-
tor. The definition of ORR was the percentage of patients 

who achieved a best overall response of confirmed 
complete or partial response.Key secondary endpoints 

included: 
response duration (ie, time from best overall response of 
partial or complete response to time of first documented 

disease progression),
PFS (ie, time from treatment initiation to time of first doc-

umented disease progression or death due to any cause),
overall survival (ie, time from treatment initiation to 

death due to any cause).
Indication: NON-SMALL CELL LUNG CANCER

nivolumab vs 
docetaxel (Brahmer 

2015 [43])
+ + + + +

The primary end point was overall survival. Initially, 
confirmed objective response rate was also a primary end-
point, but on the basis of mature data regarding the objec-
tive response rate in an expanded cohort of patients with 

NSCLC, the current trial was amended before the planned 
interim analysis to make overall survival the sole primary 

end point. The rate of investigator-assessed confirmed 
objective response was modified to be the first secondary 

end point.Additional end points included: 
progression-free survival,

patient-reported outcomes,
tumor PD-L1 expression,

safety.
Indication: PROSTATE CANCER

sipuleucel-T vs place-
bo (Kantoff 2010 [51]) + + + - -

Overall survival was the primary study endpoint. The 
time to objective disease progression and the time to 

disease-related painwere the original co-primary end-
points, but after a review of survival results from two 

previous phase 3 trials with a similar design and before 
the unblinding of group assignments in this study, overall 
survival was made the primary endpoint.Secondary end-

points were: 
the time to objective disease progression;

the time to disease-related pain.
sipuleucel-T vs place-
bo (Small 2006 [52]) + + - - - Time to progression was chosen as a primary endpoint.

sipuleucel-T vs place-
bo (Higano 2009 [50]) + + - - - The primary objective was the time to disease progression.

Table 4. Methodology and the summary of endpoints evaluated in clinical trials analysing immunotherapy in comparison to conventional therapies for 
cancer patients included in review
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survival and overall survival as co-primary endpoints, 
with positive trials in case of a statistically significant 
benefit in either of them[17].

Based on the all analysed trials it could be concluded that 
immunotherapy (ipilimumab, nivolumab, pembrolizum-
ab) is associated with long-term responses in contrast to 
targeted therapies, such as BRAF inhibitors (vemurafenib, 
dabrafenib), are associated with high response rates and a 
rapid effect, but the responses are often short-lived[41,46,47].

The results of the performed review are similar to the 
results of published systematic review, which aimed to 
identify the endpoints evaluated in clinical trials assess-
ing therapies for malignant melanoma, non-small cell 
lung cancer and renal cell carcinoma[35]. The review cov-
ered a period between 2007 and 2012 and included sys-
tematic reviews and HTA reports. The most commonly 
used endpoints in the identified sources were: response 
rate or objective response rate, disease-free survival, pro-
gression-free survival, time to progression, median OS, 
recurrence rate and quality of life[35].

Median OS is calculated as a point in time when 50% of 
patients are still alive. The authors of the review underline 
that median OS could not serve as an adequate measure to 
evaluate the effect of therapies with potential long-term 
benefit in contrast to cytotoxic drugs or targeted thera-
pies which causes rapid initial reduction in tumor volume 
but provides no or low prolonged benefit. This measure-
ment do not provide information on duration of survival, 
especially the small proportion of patients who occupy 
the tail of the survival curve. To provide the most ap-
propriate measure, the reviewed publications used, apart 
from  median OS, also: robust HR (equal or less than 0.8), 
mean OS or cure fraction (the proportion of patients who 
survive and no longer experience excess mortality rate of 
the disease)[35].

The most commonly accepted progression-related end-
points were surrogates for the OS benefit, namely: PFS 
and DFS. When considering these endpoints, it should 
be kept in mind that a correlation between PFS and DFS 
and overall survival has been proven only for some can-
cer types. FDA allows for approval of agents on the basis 
of DFS, PFS or TTP and since 2012, EMA accepts PFS 
and DFS as primary endpoints in oncology trials. The im-
portant issue is to choose adequate endpoints for the an-
alyzed intervention – DFS and PFS might underestimate 
the efficacy of immunotherapies which is associated with 
prolonged disease stabilization or unconventional re-
sponses, but subsequently could lead to a partial or even 
complete response and may translate into a prolonged 
survival benefit[35].

Conclusion
Overall survival remains the gold standard for efficacy 
assessment. However, to properly assess immunothera-
py, clinical trial should implement the statistical meth-
ods which take into account delayed separation in the 
Kaplan-Meier curves of the control versus experimen-
tal groups (which is the consequence of specific mecha-
nism of action of immunotherapeutic agents) and allow 
to avoid loss of statistical power and to compute the re-
quired number of events for final analysis. There is no 
simple correlation between PFS and OS for immunother-
apy, especially if the progression is assessed with conven-
tional criteria (WHO or RECIST) designed to assess the 
effect of cytotoxic drugs on the basis of tumor shrinkage. 
Immune related response criteria should be adopted in 
clinical trials to adequately cover the patterns of response 
(including the disease regression after initial increase in 
tumor burden) observed among cancer patients treated 
by immunotherapeutic agents. 
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Comparison of anti-PD-1 antibodies (nivolumab) and chemotherapy based on RCTs
6-month PFS, % (95% CI) - - 48 (38-56) 34 (18-51)

Treatment related AEs of 3 or 4 
grade, n (%) 24 (11.7) 36 (17.6) (9) (31)

Treatment related SAEs of 3 or 
4 grade, % of patients - - (5) (9)

Nivolumab in the treatment of non-small cell lung cancer

Outcome
Brahmer 2015 [43]

Nivolumab - 3 mg/kg every 2 weeks 
N=135

Docetaxel - 75 mg/m2 every 3 weeks 
N=137

OS in months, median (95% CI) 9.2 (7.3-13.3) 6.0 (5.1-7.3)
HR for death (95% CI), p value 0.59 (0.44-0.79), p<0.001 -
1-year survival rate, % (95% CI) 42 (34-50) 24 (17-31)

Objective response, n [% (95% CI)] 27 [20 (14-28)] OR=2.6 (1.-5.5), p= 
0.008 12 [ 9 (5-15)] -

PFS in months, median (95% CI) 3.5 (2.1-4.9) 2.8 (2.1-3.5)
HR (95% CI) for death or disease 

progression, p-value 0.62 (0.47-0.81), p<0.001

1-year PFS rate, % (95% CI) 21 (14-28) 6 (3-12)
Time to response in months, median 

(range) 2.2 (1.6-11.8) 2.1 (1.8-9.5)

Duration of response in months, 
median (range) NR (2.9-20.5) 8.4 (1.4-15.2)

Comparison of anti-PD-1 antibodies (pembrolizumb) and chemotherapy based on RCTs

Outcomes

Ribas 2015 [44] REGISTRATIONAL TRIAL Robert 2015 [45] REGISTRATION TRIAL
Pembrolizumab

Chemotherapy N=179

Pembrolizumab
ipilimumab 3 mg/

kg N=2782 mg/kg 
N=180

10 mg/kg 
N=181

10 mg/kg every 
2 wks N=279

10 mg/kg 
every 3 wks 

N=277
1-year surviv-

al, % - - - 74.1 68.4 58.2

HR (95% CI) for 
death, vs ipilim-

umab group
- - - 0.63 (0.47-0.83) 

p<0.0005

0.69 (0.52-
0.90) 

p=0.0036
-

Median OS -^ -^ -^ NR NR NR
PFS in months, 

median (95% 
CI)RECIST 

v1.1mRECIST 
v1.1

2.9 (2.8-
3.8)4.2 (3.1-

6.2)

2.9 (2.8-
4.7)5.6 (4.2-

7.7)
2.7 (2.5-2.8)2.6 (2.5-2.8) 5.5 (3.4-6.9)- 4.1 (2.9-6.9)- 2.8 (2.8-2.9)-

HR for death or 
disease progres-

sionRECIST 
v1.1mRECIST 

v1.1

0.57 (0.45-
0.73), 

p<0.00010.45 
(0.35-0.57), 

p<0.0001

0.50 (0.9-
0.64) 

p<0.00010.39 
(0.30-0.51) 
p<0.0001

- 0.58 (0.46-0.72) 
p<0.001-

0.58 
(0.47- 0.72) 
p<0.0001-

 

PFS at 6 months, 
% (95% CI)RE-
CIST v1.1mRE-

CIST v1.1

34 (27-41)43 
(35-50)

38 (31-45)48 
(40-55) 16 (10-22)17 (12-23) 47.3- 46.4- 26.5-

PFS at 9 months, 
% (95% CI)RE-
CIST v1.1mRE-

CIST v1.1

24 (17-31)35 
(27-43)

29 (23-37)38 
(0-46) 8 (4-14)10 (6-16) N/A N/A N/A

CR, n (%) 4 (2) 5 (3) 0 14 (5.0) 17 (6.1) 4 (1.4)
PR, n (%) 34 (19) 41 (23) 8 (4) 80 (28.7) 74 (26.7) 29 (10.4)
SD, n (%) 32 (18) 31 (17) 33 (8) 37 (13.3) 39 (14.1) 46 (16.5)
PD, n (%) 84 (47) 86 (48) 111 (62) 106 (38.0) 114 (41.2) 136 (48.9)
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Anti-PD-1 antibody (pembrolizumab)

Outcomes

Hamid 2013 [46] pembrolizumab at a dose of 10 mg/kg every 2 or 3 weeks or 2 mg/kg every 3 weeks
RECIST v1.1 ir-RC

10 mg/kg every 
2 weeks

10 mg/kg every 
3 weeks

2 mg/kg every 2 
weeks

10 mg/kg every 
2 weeks

10 mg/kg ev-
ery 3 weeks 2 mg/kg every 2 weeks

Overall response (complete response + partial response), n/N (%)
No prior ipilimumab 19/39 (49) 5/19 (26) 5/20 (25) 23/41 (56) 8/24 (33) 3/22 (14)

Prior ipilimumab 8/13 (62) 7/26 (27) - 9/16 (56) 7/32 (22) -
Total 44/117 (38) 50/135 (37)

Duration of response in months, range
No prior ipilimumab 1.9-10.8 2.6-5.6 2.1-5.5 - - -

Prior ipilimumab 2.8-8.3 2.8-8.3 - - - -
Total 1.9-10.8 -

PFS, median >7 months (N=135)

Outcomes

Robert 2014, pembrolizumab [47]
RECIST ir-RC

2 mg/kg 
N=81

10 mg/kg 
N=76

2 mg/kg 
N=86

10 mg/kg 
N=84

CR, n (%) 1 (1) 1 (1) 3 (3) 0 (0)
PR, n (%) 20 (25) 19 (25) 21 (24) 27 (32)
SD, n (%) 20 (25) 18 (24) 31 (35) 27 (32)
PD, n (%) 27 (33) 31 (41) 24 (27) 19 (23)

ORR, % (95% CI) 26 (17; 37) 26 (17; 38) 27 (18; 37) 32 (22; 3)
Disease control rate, % 

(95% CI) 51 (39; 62) 50 (38; 62) 62 (51; 72) 64 (53; 74)

TTR in weeks, median 
(range) 12 (11; 3) 12 (7; 17) 12 (11; 24) 12 (7; 39)

Response duration in 
weeks, median (range) NR (6-37) NR (8-37) NR (12-42) NR (4-37)

Overall survival at 1 year, 
% (95%) 58% (47–68) 63% (51–72) - -

HR (95% CI) for death, 
pembrolizumab 2 mg/kg 

vs 10 mg/kg
1·09 (95% CI 0·68–1·75)    

PFS in weeks, median 
(95% CI) 22 (12; 36) 14 (12; 24) 14 (12; 24) 35 (24; NR)

PFS rate at 24 weeks, % 
(95% CI) 45 (34-55) 37 (27-48) 57 (46-67) 57 (45-67)
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