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Several drugs gained market authorization based on the demonstration of improved progression-free survival (PFS), adopted as a primary endpoint in Phase 3 clinical trials. In addition, an increasing number of drugs have been granted accelerated approval, and sometimes regular approval, by the main regulatory agencies based on the evaluation of the overall response rate in Phase 1 and 2 clinical trials. However, while the overall survival is an unbiased measure of drug efficacy, these outcomes rely on the assessment of radiological images and patients’ categorization using standardized response criteria. The evaluation of these outcomes may be influenced by subjective factors, particularly when the analysis is performed locally. In fact, blinding of treatment is not always possible in modern oncology trials. Therefore, a blinded independent central review is often adopted to overcome the problem of expectation bias associated with local investigator assessments. In this regard, we have recently observed that local investigators tend to overestimate the overall response rate in comparison to central reviewers in Phase 2 clinical trials, whereas we did not find any significant evaluation bias between local investigators and central reviews when considering progression-free survival in both Phase 2 and 3 trials. In the present article, we have tried to understand the reasons behind this discrepancy by reviewing the available evidence in the literature. In addition, a further analysis of Phase 2 and 3 clinical trials that included the evaluation of both endpoints showed that local investigators significantly overestimate overall response rates compared to blinded independent central reviews in uncontrolled oncology trials.
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INTRODUCTION
Cancer is one of the major causes of death across the world, leading to a significant reduction of life expectancy in several countries. The burden of cancer is steadily increasing worldwide (Sung et al., 2021); in 2020, there were 19.29 million new cancer cases, 9.96 million cancer deaths, and a total of 50.55 million people living with cancer within 5 years of diagnosis (Global Cancer Observatory, 2020). The COVID-19 pandemic has negatively impacted on several clinical procedures in oncology, such as reduced access to screening programs, delayed diagnosis, and disruption in treatment schedules, possibly contributing to such increase. The rising incidence of cancer coupled with the high mortality rates highlights the need for new and more effective treatments in oncology. However, the outcome of anticancer treatments significantly depends on the extent of tumor disease at treatment initiation, which further highlights the relevance of preventive strategies as well as diagnostic procedures or other clinical interventions to allow early diagnosis of cancer and timely treatment initiation (Kwong et al., 2021; Okoli et al., 2021). With respect to the development of novel anticancer drugs, there is a continuous effort to define the most accurate methods as well as the relevant endpoints to assess the clinical benefit of new compounds in the context of different tumors (Daniele et al., 2020).
In this regard, the overall survival (OS) is an unbiased measure of drug efficacy, and thus it is considered the gold standard endpoint for most types of tumors (Delgado and Guddati, 2021). However, it is not always possible—or convenient—to take the OS as the primary endpoint of drug efficacy in clinical trials (Lebwohl et al., 2009). In fact, several drugs gained market authorization based on the demonstration of improved progression-free survival (PFS), which was adopted as a primary endpoint in Phase 3 clinical trials (Robinson et al., 2014). This is particularly frequent in the context of metastatic disease, although the PFS is not always predictive of beneficial effects in terms of OS (Haslam et al., 2019; Pasalic et al., 2020). Moreover, an increasing number of drugs have been granted accelerated approval, and sometimes regular approval, by the FDA based on the evaluation of the overall response rate (ORR) in Phase 1–2 clinical trials (Chen et al., 2019), although a large meta-analysis showed poor correlation between ORR and OS or PFS (Cooper et al., 2020). In addition, it has become progressively clear, especially with the development of targeted therapies, that not all new drugs cause shrinking of tumors, with disease stabilization observed in several cases. Therefore, it is also often necessary to perform evaluations of time-to-event endpoints during the early phases of clinical development (Gravanis et al., 2014).
Notably, both the ORR and the PFS rely on the assessment of radiological images and patients’ categorization based on standardized response criteria (Delgado and Guddati, 2021). The most frequently adopted criteria are the response evaluation criteria in solid tumors (RECIST) (Therasse et al., 2000; Eisenhauer et al., 2009), which have been adequately modified over time to better assess responses in specific clinical settings, for a specific tumor, or in relation to specific drugs, that is, immune check point inhibitors (Aykan and Özatlı, 2020). A major drawback is that the evaluation of these endpoints may be influenced by subjective factors, such as differences in tumor measurement, differences in the selection of target lesions, failure to diagnose new lesions, and differences in the analysis of non-target lesions (Amit et al., 2010; Iannessi et al., 2021). This may be particularly relevant when the evaluations are performed locally, considering that blinding of treatment is not always possible in modern oncology trials. Therefore, a blinded independent central review (BICR) is often adopted to overcome the problem of expectation bias associated with local investigator (LI) assessments (Dodd et al., 2008; Amit et al., 2010). When BICR is implemented, all the radiological images and selected clinical data acquired in the clinical trials are reviewed by independent radiologists who are blinded to treatment assignment and to any kind of clinical data that can influence the independent review process (Ford et al., 2009). In this regard, we have recently observed that LIs tend to overestimate the ORR in comparison to BICR in Phase 2 clinical trials, whereas we did not find any significant evaluation bias between LIs and BICR when considering PFS in both Phase 2 and 3 trials (Dello Russo et al., 2021; 2020). In the present article, we have tried to understand the reasons behind this discrepancy by reviewing the available evidence in the literature. In addition, we performed a further analysis of Phase 2 and 3 clinical trials that included the evaluation of both endpoints, ORR and PFS.
LOCAL INVESTIGATOR EVALUATION VERSUS BLINDED INDEPENDENT CENTRAL REVIEW IN THE ASSESSMENT OF RELEVANT PRIMARY OUTCOMES
Overall Response Rate
The ORR measures the response to a pharmacological treatment through the evaluation of changes in the overall tumor burden in comparison to baseline values (Aykan and Özatlı, 2020). In solid tumors, this is calculated using RECIST criteria (Therasse et al., 2000), updated in 2009 as RECIST v1.1 (Eisenhauer et al., 2009). These criteria allow to classify patients into different groups considering the effects of the investigational drug on the tumor lesions. In brief, patients are categorized as having a complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD). The ORR is then calculated as the percentage of patients with CR and PR over the total number of eligible patients, that is, all subjects included in the trial (Eisenhauer et al., 2009). Response evaluation is usually based on arbitrary cutoff values at a specific time point, usually at 4 or 8 weeks after treatment initiation (Eisenhauer et al., 2009; Aykan and Özatlı, 2020).
In the first analysis of 18 Phase 3 clinical trials, a significant variability was reported between the LI assessments, and the BICR results in the evaluation of the tumor response rate (RR) (Tang et al., 2010). Despite using a general abbreviation, in the majority of the analyzed trials, the RR is indeed equal to the ORR, as per the abovementioned definition. However, in two trials, CR was observed only in one enrolled patient, which leaves the comparison among LI and BICR to the evaluation of the rate of PRs (Escudier et al., 2007; Motzer et al., 2007). In 14 out of 18 trials, the RR values measured by LIs were consistently greater than those by BICR for both the experimental and the control arms of the studies. For the remaining four trials, in one study, the evaluation of the RR was higher in the experimental group by LIs than that by BICR and lower for the control arm; in two trials, the RR was reported to be inferior by LIs in comparison to BICR in the experimental group and superior in the Control arm; and in one trial, the RR was consistently lower in both arms of the study by the LI in comparison to BICR. The analysis was performed by comparing the absolute values reported for the RR. Therefore, the RR reported by LIs was greater in 31 out of 36 evaluations, with an estimated mean difference of +4.57% (95% confidence interval, CI, 2.95–6.19%), thus suggesting that overall the LIs were more “optimistic” than the independent reviewers in the evaluation of tumor RR. These results are consistent with a more recent analysis carried out by our research group on data from 20 Phase 2 clinical trials having the ORR as primary or secondary endpoint, assessed by both LIs and through BICR (Dello Russo et al., 2021). In some trials, more than one treatment group was included for a total of 33 ORR values. In most cases (26/33, 78.8%), the LI assessment was more “optimistic” in the evaluation of ORR, with an average of + 17.5% positive responses than the central independent reviewer. Most trials had an open-label design, and 12 out of 20 trials (60%) had a single group assignment. When parallel groups were included, these referred, for example, to different doses of the same drugs (NCT02094573, brigatinib 90 mg, and brigatinib 90–180 mg) (Kim et al., 2017) or to the evaluation of the same drug in different cohorts of patients (NCT02336451, ceritinib in different cohorts of patients with brain metastases, no evidence of leptomeningeal carcinomatosis, and exposed to different previous therapies) (Chow et al., 2019). Therefore, most trials lacked a comparator arm. Our data are however consistent with previous evidence from the evaluation of 28 Phase 3 clinical trials, six of which were carried out according to a blinded design (Zhang et al., 2017). In this study, with respect to the analysis of ORR on both the experimental and control arms of the studies, the authors found a lower response frequency in the central review compared with LI assessment. The discrepancy was larger in the open-label trials, for a positive primary outcome, and central assessed primary endpoint. However, this phenomenon impacted both the experimental and the comparator arm; therefore, it did not cause any significant evaluation bias between the two reviews. The ratio of odd ratios (ORs) was 1.02, with a 95% CI of 0.97–1.07 (p = 0.42), thereby including the value of 1 and suggesting a high degree of concordance between the two assessments. Interestingly, 16 trials reported data on the disease control rate (DCR) with similar results to those observed for the ORR (Zhang et al., 2017). Consistently, in a subsequent large analysis of 76 Phase 3 clinical trials, including over 45,000 patients, the authors found eight trials with discrepancy in the evaluation of ORR among LIs and BICR. In seven of these trials, ORR was included as a secondary endpoint, further indicating that the ORR is rarely used as primary endpoint in Phase 3 clinical trials. Interestingly, in five out of eight trials, the BICR appeared to be more positive than the LI assessments (please refer to Table 2 in the original paper, Zhang et al. (2018)). The ORR was included as a primary endpoint in a clinical trial investigating the potential beneficial effect of peptide vaccine therapy as add-on treatment to aldesleukin (IL-2) in patients with locally advanced or metastatic melanoma (NCT00019682, Schwartzentruber et al., 2011). Interestingly, in this study, the BICR was more optimistic in the evaluation of the ORR in comparison to LI, although both evaluations found the addition of the vaccine more effective than the treatment with aldesleukin alone. Interestingly, the vaccine significantly increased the PFS and OS (although the study was not powered to assess these outcomes), indicating in this case a correlation between ORR and the other outcomes. However, the pooled analysis carried out on 29 trials that included the evaluation of ORR showed no significant differences among the two reviews (Zhang et al., 2018). Taken together, these data, therefore, suggest that there is an overall trend to overestimate the ORR by LIs. However, in controlled studies no significant differences can be found in the analysis of the beneficial effects of the investigational drug versus the comparator treatments among the two reviews, thus highlighting the reliability of the LIs in the evaluation of this endpoint in Phase 3 clinical trials.
Progression-Free Survival
The PFS is defined as the time from randomization or treatment initiation until first evidence of objective tumor progression or death from any cause (Lebwohl et al., 2009; Amit et al., 2011; Delgado and Guddati, 2021). It is a time-to-event endpoint based on the assessment of disease progression at different time points defined in each clinical trial. It depends on tumor growth. This evaluation usually requires shorter time and a smaller population than OS, and it is not affected by subsequent therapies. Thus, it is often used as a primary endpoint in Phase 3 clinical trials, especially in the context of advanced/metastatic disease (Lebwohl et al., 2009). However, the data obtained may be subject to measurement error and bias since progression is defined based on standard criteria and is not objective as the time of death (Amit et al., 2010). That is why BICR is often recommended to minimize possible investigator bias, except when the trial is truly double-blinded (Amit et al., 2010). However, also in these cases, the occurrence of adverse drug effects can be valuable information for the investigator to reveal the treatment arm in which the patient is possibly allocated (Dodd et al., 2008).
In an initial analysis of concordance among LIs and BICR, data from 7 Phase 3 trials showed that there were not significant differences in the assessment of PFS and treatment efficacy among the two reviews (Dodd et al., 2008). However, in a subsequent study, a certain degree of variability between the LI assessments and the BICR results with respect to the evaluation of PFS was found in eight Phase 3 clinical trials (Tang et al., 2010). This analysis focused mainly on differences in the median times, showing that the estimated mean difference in PFS was ≥0.19 (95% CI, −0.68 to +0.29) months. The concordance of treatment effect, as measured by the hazard ratio (HR) for LIs and BICR, could be analyzed only in four trials, two of which reported differences among the LIs and BICR (Tang et al., 2010). In contrast, a large meta-analysis, promoted by several pharmaceutical companies, namely, GlaxoSmithKline, AstraZeneca, Eli Lilly, and Hoffman LaRoche, and carried out on 27 Phase 3 trials with PFS, showed strong correlation (r = 0.947) between the LI assessments and BICR. The estimated ratio of HRs between LIs and BICR was 1.03 (95% CI, 0.98–1.08), implying approximately 3% difference between the two evaluations (Amit et al., 2011). However, in a subsequent analysis of 76 Phase 3 clinical trials, 10 trials were identified with inconsistencies between the two reviews with respect to the assessment of PFS (Zhang et al., 2018). These studies mostly included PFS as the primary endpoint. In seven out of 10 trials, the LIs reported lower HR values in comparison to BICR, which means a larger beneficial effect of the investigational drug estimated locally. Consistent with data on the ORR discussed above, the pooled analysis carried out on 72 trials that included the evaluation of PFS showed no significant differences among the two reviews (please refer to Table 3 in the original paper, Zhang et al. (2018)). In a recent analysis performed by our group on 28 Phase 3 clinical trials, we compared the HRs for PFS between LIs and BICR calculating a discrepancy index through the ratio of the HRs among the two reviews, and we did not find any significant evaluation bias among the two assessments (Dello Russo et al., 2020). The estimated mean discrepancy index was 0.98 (95% CI, 0.927–1.032). We also performed subsequent analyses, dividing the trials by year, by tumor type, by drug type, and by study design. Interestingly, the discrepancy index did not include the value 1 only in the subgroup of trials started in the period 2003–2006, with the blinded assessment showing increased benefit than the LI assessment. We can hypothesize that the improvement in the diagnostic skills in clinical trials and the continuous refinement of diagnostic criteria per different tumors has progressively contributed to the reduction of evaluation bias. Consistently, we found a relatively higher variability (large CI) in trials testing biological agents, which was mainly due to the high discrepancy recorded in trial KEYNOTE-61 testing the effects of the immune check point inhibitor pembrolizumab (Shitara et al., 2018). In this regard, it is now well established that standard RECIST criteria cannot be applied to the assessment of immunotherapy efficacy in solid tumors and needed to be modified for these drugs, so-called immune-related response evaluation criteria in solid tumors (iRECIST) (Seymour et al., 2017). No other relevant differences were found in the subgroup analysis based on tumor type (trials in onco-hematology and solid tumors) and drug type (trials testing small-molecules and those testing biologicals). We also found a trend toward more optimistic assessments by the independent review in double-blinded trials. Taken together, these data suggest that the two approaches, local and central review, with respect to PFS, lead to substantially similar results. These results further support the notion that the BICR is not necessary for all clinical trials, but it can be considered based on specific cases or carried out as an audit on a subset of enrolled patients (Amit et al., 2010).
ADDITIONAL EVIDENCE ON THE COMPARISON BETWEEN LOCAL INVESTIGATORS AND INDEPENDENT REVIEWERS
In our previous analysis, we found that the LIs tend to overestimate the ORR in comparison to BICR, whereas high concordance was observed for the evaluation of PFS. This result was unexpected, considering that both endpoints rely on the same criteria to assess the radiological images as well as to establish response to therapy and/or disease progression. In an attempt to clarify the reasons behind the differences between LIs and BICR in relation to the evaluation of these two outcomes, we accessed the clinicaltrials.gov database and the clinicaltrialsregister.eu (EudraCT) database on 30 October 2021 and searched for clinical trials that included both the ORR and the PFS as endpoints and evaluations by both LIs and blinded assessors. We have already analyzed a subgroup of Phase 2 clinical trials that included both the ORR and the PFS, showing no differences between local and central reviewers with respect to PFS (Dello Russo et al., 2021). We aimed to update and extend this initial analysis by including also the Phase 3 clinical trials.
Research Strategy
The research strategy was based on the methodological approach previously described (Dello Russo et al., 2020). In brief, in the clinicaltrials.gov database, we searched for clinical trials selected by the search string ((investigator-assessed) OR and (investigator-assessment) AND (Cancer) and posted in the database within the data-lock date of 30 October 2021. We found a total of 1389 interventional clinical trials, of which 301 Phase 2 studies with results and 171 Phase 3 studies with results. Among these, we then selected for the analysis clinical trials that included both the ORR and the PFS evaluated both locally and by BICR. According to these inclusion criteria, we selected 17 Phase 2 and 18 Phase 3 clinical trials. However, two Phase 2 clinical trials were subsequently excluded, namely, the NCT01258608 trial, because the result section only included ORR evaluated by BICR (64.4 months, 95% CI, 48.80–78.10) and the NCT02108964 clinical trial for which no results were posted in the database at the data-lock date.
A further search was carried out in the EudraCT database using the same search string as above, retrieving additional 614 clinical trials, 203 of with results including 116 Phase 2 and 88 Phase 3 clinical trials. Among these, we then selected for the analysis studies including both ORR and PFS evaluated both locally and by BICR. A total of nine Phase 2 and eight Phase 3 clinical trials met the inclusion criteria. Among the newly found Phase 2 clinical trials, only four did not overlap with the search in the clinicaltrials.gov database, although only two could be included for the analysis (Table 1, trials number 16 and 17). In this regard, the EudraCT 2013-000311-25 (NCT01915589, with no results) and the EudraCT 2013-000241-39 evaluating the efficacy of refametinib in the hepatocellular carcinoma were excluded since it was not possible to calculate a discrepancy index for the ORR. In addition, the Phase 2 clinical trial number 16 (Table 1), EudraCT 2013-005486-39, was linked to two different trials in the US database, namely, the NCT02108652 and NCT02951767 clinical trials, including results from two different cohorts of patients. Both trials are reported in Table 1 as number 16. For the newly found Phase 3 clinical trials, only three did not overlap with those found in the clinicaltrials.gov database. The total number of Phase 3 trials considered for the analysis is therefore 21.
TABLE 1 | Main characteristics of Phase 2 clinical trials selected for the analysis.
[image: Table 1]Results From Phase 2 Clinical Studies
As summarized in Table 1, a total of 17 clinical Phase 2 clinical trials were selected for the current analysis, including nine studies, highlighted in gray, considered in our previous analysis (Dello Russo et al., 2021). All the trials reported in Table 1 had an open-label design and mostly (10/17, 58.8%) a single group assignment. Among the remaining studies with parallel group assignment, only two included an active comparator group, that is, the NCT00875667 (n. 1) clinical trial (Trněný et al., 2016), studying the efficacy of lenalidomide versus chemotherapy as per investigator’s choice in patients with mantle cell lymphoma after previous treatment failure, and the NCT01984242 (n. 5) clinical trial (McDermott et al., 2018), testing the efficacy of atezolizumab alone or in combination with bevacizumab versus sunitinib in patients affected by advanced renal carcinoma. All the other trials with parallel group assignment tested the same treatment in different subgroups or different schedule of administration of the same drug or drug combination. Therefore, all these studies substantially lacked a comparator arm. Interestingly, both the NCT00875667 and the NCT01984242 clinical trials, with the active comparator arm, included the PFS per BICR as primary endpoint. The latter was also found as the primary outcome in the NCT00117637 (n. 9) clinical trial (Escudier et al., 2009), testing the efficacy of sorafenib in combination with interferon-α (IFN-α) in two different schedules of administration, that is, Cohort 1 (Sorafenib First) and Cohort 2 (IFN-α First). With respect to the primary endpoint, the majority of the selected trials (7/17, 41%) included the evaluation of ORR per BICR, whereas only four (23.5%) trials reported the ORR per LI as the primary outcome. Interestingly, all these four trials were set to assess the efficacy of ALK1 inhibitors (three trials focused on ceritinib and one on crizotinib) in the context of non-small-cell lung cancer. In these trials, tumor assessment was performed every 8 weeks with a median time to first drug response of approximately of 2.0 months by BICR versus 2.3 months per LIs, which indicates a rapid pattern of tumor response to these inhibitors.
To evaluate the concordance between the two evaluations in this set of Phase 2 clinical trials, a discrepancy index (DI) was calculated for both the ORR (expressed as % of patients with CR and PR over the total number of the enrolled patients) and the PFS (considering the median PFS time for each treatment group) (Table 1). The DI was used in our previous analyses in order to assess differences between the two evaluations (Dello Russo et al., 2020; 2021). It is calculated as the ratio between the LI evaluation over the corresponding independently assessed endpoint, with a DI >1 indicating that the investigator was “more optimistic” and a DI <1 indicating the opposite, that the “blinded reviewer was more optimistic.” Among all these studies, the average DI for the ORR was 1.24 (95% CI, 1.005–1.478, n = 31) and the average DI for PFS was 1.05 (95% CI, 0.958–1.141). These data suggest that the LIs tend to overestimate the ORR, with a +24% of discrepancy which is little over what observed in our previous analysis (average + 17.5% of positive responses, Dello Russo et al., 2021). In line with previous data, we found a substantial agreement between the two evaluations for the PFS in these Phase 2 clinical trials. Interestingly, in the abovementioned four clinical trials on ALK inhibitors having the ORR per LI as the primary outcome, we found an average DI of 1.19 for both the ORR and the PFS which suggest a +19% overestimation of positive effects by LIs in comparison to BICR on both endpoints.
In Table 2, we summarized the results for eight different trials data on the time to first treatment response (TTFR), the time to progression (TTP) and the median PFS. From the comparison of these different endpoints, it emerges that the average time to observe a tumor response to treatment is relatively shorter that the time to reach progression. This is an expected finding, which implies that a reduced number of scans are indeed necessary to observe the response to treatment, therefore explaining in part the higher variability observed in the assessment of ORR locally and centrally. With time and the evaluation of multiple scans, the variability among the two evaluations tends to be reduced. Moreover, we can also hypothesize that it is more difficult to detect a response to treatment particularly in term of distinction between PR and stable disease in comparison to disease progression, which may further contribute to the higher discrepancy observed for the ORR among the two evaluations.
TABLE 2 | Comparison between time to first response (TTFR), time to disease progression (TTP), and median PFS time in Phase 2 clinical trials.
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A total of 21 Phase 3 clinical trials, including both ORR and PFS evaluated locally and centrally were found (Table 3). These included one trial, the NCT00075270 (n. 3) (Di Leo et al., 2008), in which the time to disease progression (TTP) per LI and BRIC was included as primary endpoint and considered in place of the PFS for the present evaluation. The trial NCT01287741 (n. 15) only included the HR for the evaluation of PFS by LI and BICR (Vitolo et al., 2017). Both trials were also included in our previous analysis (Dello Russo et al., 2020), therefore kept in the present analysis. The majority of these studies (17/21, 81%) had an open-label design and (10/21, 47.6%) included the evaluation of PFS per BICR as primary endpoint. In this regard, only six studies out of 21 (28.6%) included the evaluation of PFS per LI as the primary outcome, whereas three studies (14.2%) had both evaluations as the primary endpoint.
TABLE 3 | Main characteristics of Phase 3 clinical trials selected for the analysis.
[image: Table 3]To assess the concordance between the two evaluations in this set of Phase 3 clinical trials, a discrepancy index (DI) was calculated for both the ORR (expressed as % of patients with CR and PR over the total of the enrolled patients) and the PFS (considering the median PFS time for each treatment group). Among all these studies, the average DI for the ORR was 1.20 (95% CI, 1.075–1.328, n = 42) and for PFS was 1.014 (95% CI, 0.963–1.065, n = 42). These data suggest that the LIs tend to overestimate the ORR, by a factor of +20% in the selected Phase 3 clinical trials, whereas there is a substantial agreement between the two evaluations for the PFS when considering the PFS median time.
In addition, for the ORR, we calculated the DI for the odd ratios (ORs), when reported (four trials), and for the PFS, the DI based on the ratio of HRs was calculated per type of evaluation for most of the trials. The DI calculated on the ORs for the ORR was 1.04, 95% CI 0.912–1.168, indicating a potential agreement when it comes to the evaluation of treatment effect among the two evaluations. With respect of the DI calculated on the HRs for PFS, out of 21 trials included in the present analysis, 13 were already considered in our previous study (Dello Russo et al., 2020), whereas six trials brought additional new data. On average, the DI calculated on the HRs from these six trials was lower than that from the previous observations (0.84, 95% CI 0.756–0.923, n = 6). However, by pooling these data with those of previous analysis, the average DI value was only slightly reduced, and 95% CI included the value 1 (0.958, 95% CI 0.91–1.01, n = 38).
As shown in Table 4, for three Phase 3 trials, it was possible to evaluate the TTFR together with the PFS. In line with data from Phase 2 clinical trials, the TTFR was shorter than the median PFS, with minimal differences observed in NCT02603432 (n. 17) trial evaluating the efficacy of avelumab in combination with best supportive care as maintenance therapy in patients with locally advanced or metastatic urothelial cancer with stable disease after completion of first-line platinum-containing chemotherapy (Powles et al., 2020). However, in this study only 34 responses out of 350 treated patients were observed in the experimental group in comparison to five responses out of 350 patients in the comparator arm by BICR. The LI reported a higher number of tumor responses in comparison to BICR. The fact that the ORR is often calculated based on a reduced number of responses may also contribute to the higher variability observed for the assessment of this endpoint by LIs and BICR.
TABLE 4 | Comparison between time to first response (TTFR), time to disease progression (TTP), and median PFS in Phase 3 clinical trials.
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Considering the review of available evidence carried out in this study, along with additional new evidence shown here for the first time, we can attempt to draw some overall conclusions:
✓ The additional analysis presented in this work confirmed that 1) LIs tend to overestimate the ORR in comparison to BICR, whereas 2) no significant differences are observed between LI and BICR concerning the assessment of PFS.
✓ The assessment of ORR is endowed with higher variability than that of PFS. Such larger variability is associated with various factors, including 1) a limited number of measurements, compared to repeated measures with PFS; 2) the time-to-response, which is a variable in ORR assessment, whereas PFS is always measured once a response is established; 3) the time-to-response is in turn influenced by the type of treatment, with small molecules in general inducing faster responses than immunotherapies; 4) some protocols may assess ORR at fixed times, while other may consider the best response to calculate ORR. Thus, a higher variability seems to be associated to a significant expectation bias.
✓ The analysis of ORR assessment in Phase 3 trials showed that, luckily, LIs tend to overestimate ORR compared to BICR both in experimental and control groups. Thus, by analyzing the data as ORs, the overestimations of control ORRs tend to counterbalance those of experimental ORRs, thereby reducing the gap between LI and BICR.
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(11Nov2015)  assignment/ avelumab plus A 350 12monthsand  41monthsat  A): 1.27 A:15
none (open best supportive  Am B: 350 then every the time of final Am™ B:2.43  Am B:
label) care (BSC) 12 weeks analysis
Am B: best
supportive care
(BSC) alone
18 EudwCT Parallel Untreatedadvanced  AC: suritinid : PFSperLiin  AC:4weekson, Atweek 12, then  Upto m m
2014-004684  assignment/  renal cell carcinoma E: atezolzumab  AC: 461 POLT 2 weeks off every 6weeks up  approximately  AC: 1084 AC: 1.
20 none (open +bevacizumab  E: 454 sdected  E:3weeks toweek 78,and 24 months E:1.009 E 1,16
NCT02420821  labe) population then every
(20 Apr 2015) 12 weeks
19 Eud@aCT2010-  paajel Non-Hodgkin's E: obinutuzumab  Follcular PFSperLiin  21or28days  After three cycles  Upto ~4years  E: 0.957 E: 1.15
024132-41 assignment/ Iymphoma + chemotherapy  lymphoma the follicular (bendamustine and 7 months  AC: 0970 AC: 14
(16 Mar 2017) none fopen AC: rituximab +  population ymphoma treated) or four
e o) chemotherapy  E: 601 popuiation cycles (CHOP or
Uiltpell) AC: 601 GVP) and on the
‘completion of
induction therapy;
every 2 months,
for 2 years; then,
every
3-6 months, with
T performedt
every
6-12 months,
untl progression
or withdrawal
from the trial
20 EudaCT Parallel Advanced € cobimetinb +  E: 222 PFSper  EveryBweeks  3weeks For £ 1.07 E: 1.0z
2016-004367-  assgnment  BRAFVEOO wid-  atezolzumab  AC: 224 BCR through 80 approximately  AC: 116 AG: 1.
18° (01 May none (open type melanoma AC: ‘weeks; then, 16 months.
2020) label) pembroizumab every 12 weeks
NCT08273153 until progression
(6:Sep 2017)
21 NOTOO789378  paralel Nonsmall-celllung  E: pemetrexed  E:316/350  PFSperll  Every other cyde 21 days, Upto E1 E: 1.0
(First posted: 11 assignment/  cancer (maintenance) AC: 156/180 (6 weeks [£1) 193montns)  AG: 1 AC: 1.
Nov 2008) quadruple AC: placebo
(participant,
care provider,
investigator,
and outcomes
‘assessor)

Trials that were includled in our nitial analysis (Dello Russo et al, 2021) are highiightedin gray. ITT, intention to treat population; ORR, objective response rate; PFS, progression-free suvival; PD-L1, programmed cell
protocol; TTP, time (o progression.
"Not included in the analysis because the subgroup of the whole population or the specific arm/group was missing the DI for one of the outcomes (either ORR or PFS).
“Time to progression was used for comparative analyss.

“Trial NCT01287741 is included n the table because HR values for PFS per LI and BICR were avaiable for comparison. Dl was calculated and included in a pooled analysis (see text.

Ao these bins. £¥ Based of the 1 vikies for PFS wei rict evalabis.
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+low-dose
DEX (untl
disease
progression)
Arm 2
lenalidomide
+low-dose
DEX (18
cycles)

Arm B/AC:
melphalan +
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thalidomide

13 NCT03052608 E: lortatinib
AC: crizotinib

17 NCT02603432  E (Arm A):
avelumab plus
best
supportive
care (BSC)
Arm B: best
supportive
care (BSC)
alone

Timing of
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After each
treatment
cyde and
every 28
days during
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and then
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Number of
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Am 1
402

Am 2
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E: 113
AC: 85

u
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BICR

E (Am A):
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Am1: 18
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Am 3/AC:
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E18

17-19)
AC: 18
(1.7-19)

E (Am A):
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(1.7-16.4)
Am B: 20

(1.8-7.0)

Number of
patients

Am 1

535

Arm 2
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Arm 3/AC:

547

E: 149
AC: 147

E (Am
A): 360
Arm B: 350

Time to
progression
(TTP) per LI

(months,

95% CI)

NA

NA

NA

Time to
progression
(TTP) per
BICR
(months,
95% CI)

NA

NA

NA

Median
PFS per LI
(months,
95% CI)

Am 1: 26.0
(20.7-29.7)
Am 2: 21.0
(19.7-22.4)
Am B/AC:
219
(19.8-23.9)

E:NR (NR
to NR)
AC: 91
(7.4-109)

E (Am A)
55
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Am B: 2.1
(1.9-3.0)
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Am 2: 207
(19.4-22.0)
Arm 3/AC:
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E: NR (NR
to NR)
AC: 93
7.6-11.1)

E (Am A):
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(3.5-65)
Am B: 2.0
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Trials that were includied in our initial anlysis (Dello Russo et al, 2021) are highlighted in gray. ITT, intention to treat population; ORR, objective response rate; PFS, progression-free
survival: BICR, blind independent central review: NA, not available: NR, not reached.
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@0Uan2014)  assgrment  cancer

none (open
label)

B NCT02336451 Paraliel ALK-positive Non- ~ Ceritinib™ Am 1: 42 ORRperl  28days Atweek 8 every 43 months Am 1 Am 1
(1802015 ossgmeny  smalcsllng  (LDK37E) 8 weoks 150 144
EucraCT2014-  none (open  cancer Am 2: 40 thereatter Ao 2 Am 2
000578:20(22  labe)) 200 102
Feb 2020) Am3: 12 Am3; Am 3

1.50° N>
Am a: 44 Ama: Am

096 108
AmS: 18 Ams: Am S:

150 144

9 NCTOO117637 (8 Pasalel Renal cel € fist sorafenib - 97 PFSper  NA EveyBweeks  ~ISmonths  E 419 E098

duly 2009) assgment/  carcinoma (BAYA3-0008)  AC: 92 BCR ACI175 AC125
none (open 400 mg then
tabel) 600mg
AC: st interferon
then sorafenib
400mg

10 NCTO1940864  Snglegroup  Advanced o Trametiio 20 Others NA EvoryBweeks  Uptoweekd7 NA°(ORRper 1°
(September 17, assignment/  metastatic bilary U0
2013 none (open  tract cancers in

Iabel) Japanese
11 NCTO0679211  Shglegroup  Metastatic breast  Trastuzumab 110 ORRper  Bwesks Every othercyce  ~9months 1 0797
(16 May2008)  assignmeny  cancer emtansine BCR by Ui and
none (Open (Kadcyla) retrospectively by
Label) double-reader
BICR as necded
12 NCTO2674061 (4  Parallel Advanced Pembrolzumab  Cohort A ORRper  Bwesks Every 9weeks for  Up to CohotA:  Cohort A
Feb 2016) assgment/  recurent ovarian  (MK-3475) 285 BICR (n al thefrst 54 weeks;  ~43months 0864 1
none (open  cancer CohotA-2  Cohort B: conorts A every 12 weeks CohottB:  Cohort B:
Iael) prior fines of o and Band thereatter 0889 1
reatment) subgroup
Cohort B (35 cohorts
prior nes of PDRL1+)
treatment)

13 NCTOS525678  Paralll Muliple myeloma  Belantamab Am 1 ORRper  3wesks Every3weks  Upto Am1: Am 1
(16 May 2018)  assignment/ mafodotin o BCR (radiography for 48 weeks 0968 0759
EudraCT 2017- oo (open GscEsTig A2 skeletal o s ol
0048102526 label) Am 1 (2.5 mghg lesions, but t is
Apr 2020) frozen iquid, FLy A% ot specifed in Am 3 Am 3

amogamy B e timing) 1,083 NAS
kg L)

A3 (3.4 mgkg

yophiizet

powder, LP)

14 NCTO2576090  Snglegroup  Medastinallrge  Pembrolzumab  Amn 1: ORRper  Bwesks Atweek 12and Upto Am1: Am 1

(150c12015)  assignmeny  Becall hmphoma  (MK-3475) 53 BCR then every ~27months 0916 0782
none open  (mMLBCL) AM 1 (BCY  Am2: 12 weeks Am2: Am 2
lebel) Rchter syndrome A 2 (1RS) 23 0331 1125

(rRS)

15 NCTO1660451 (8 Parallel Non-Hodgkin's  Copanisib Pat A ORRper  28days Every wocyckes  Upto Part A PatA

Aug 2012) assigment/  ymphoma (NHU)  (BAYBO-6946) (ndolent: 33 BICR duingyear 1;  16weeksof (ndolenl;  (ndlent)
none (open Pat A (ndoent  Pat A every three oydles  treatment 1072 0952
(abel) NHL/CLL) (aggressive): 51 during year 2; Part A PartA
Part A every six cycles (aggressive):  (aggressive):
(aggressive NHL) during year 3 1154 1
PartB(ndolent 8- Part B: 142 PartB:0869  Part B 0.971
ol NHL)

16 EuoraCT2013-  Snglegoup  Urothelal bladder  Atezoizumab  Cohort 2 ORRperll  21days Every Sweeks for  Up to 108 1
0054863928 assignmeny  cancer Cohort 2: 310 and BCR the frst maximum
Juy 2016) none (open secondine or 12months; every  length of
NCT02108652 (9 label) beyond treatment 12 weeks folow-up of
Apr 2014) thereatter 245 months
NCT02951767 Cohort 1 Cohort 1: 119 111 155
(1 Nov 2016) drug naive

17 EuoraCT2013-  Shglegroup  Lung cancer Grizotin Perprotocol: 30 ORRperll  Continuous  Every 6weeks  NA Per protocol:  Per protocol:0
00273738 (28 assignment/  Adenocarcinoma T 34 daly dosing 0959
Apr 2021) none (open  NSCLG (ROST +) MT:0959" I NA®

NCTO2183670  labe)
(0o resuits) (8 Jul
2014)
Trals that were included!in our iniial analysis (Delo Russo et al, 2021) are highighted in gray. IOR, iterquartie range; ITT, intention o treat population; ORR, obective response rate; PFS, progression-free surviva; B
centralreview; L local investigator; mMLBCL, reapsed orreffactory primary mediastinal lrge B-cellymphoma; mRS, reiapsedor rffactory rchter syncrome; D, dscrapancy index; NHL, non-Hodgkin's hmphoma; CL
leukemia; mRECIST, modified response evaluation crtera in sofd tumors; PFI/TF, piatinum-ree intervalltreatment-free interval: PrALK;, previous ALK inhibitors' treatment; PriRad, previous brain radiations; RECIST
crteia in sofd tumors.
*The Primary outcome for this trial was PFS per BICR (up to data cutoffdate, 7 March 2014) and LI (at final analysis, up to study discontinuation of 09 October 2018, (meciian follow tp of 285 weeks). The data includedinc
primary analysis culoffdate for both Li and BICR (Tmény et al,, 2016). The same Dis are calculated by comparing the values obtained by LI at final analysis versus BICR primry analysis (Dello Russo et al, 2
“Not included in the present analysis sinoe the specific arm/group was missing the DI for one of the outcomes (either ORR or PFS).
“Treatment arms were the folowings: Amn 1 (PrALK = Yes; PréRad=Yes); Amn 2 (PrALKi=Yes; PrBRad=No); Arm 3 (PrALKI=No; PrBRad-=Yes): Arm 4 (PrALKi=No; PrBRadl=No); Arm 5 (eptomeningeal carcinom
vknce of Baloma okt cirshoniook.





OPS/images/fphar-13-858354-t002.jpg
Trial registration
number

1 NCT00875667

2 NCTO1685060 -
EudraCT 2012-
00843224,
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8 NCT02836451
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(EucraCT 2017-
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‘Treatment arm(s)

E lenaldomide
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TTFR per LI
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95% CI)
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AC:92

(69-NR)

30(sD, 354
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(1.6-129)
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(1.7-93)
Am 2:2.00
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Am 3: 1.82
(1.280.1)
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TTFR per BICR
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22(SD,1.44)
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Am2:1.76
(1.6-19)
Am 3: 182
(1.7-265)
Am 4:1.81
(1.3-220)
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(1819

E18
(1.7-37)
AC: 5.4
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0821
Am2: 1.4
0828
Am3:09
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Number of
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20
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‘Time to progression
(TTP) per LI
(months, 95% CI)

E:91(58-14.1)
AC:57 3.7 - 85)

NA

NA
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NA
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Am 1:2.3 08 - NR)
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A 1:30
©9-NR)
AmM2:58
©9-NA
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Trils that were included in our iniial analysis (Deflo Ausso et a., 2021) are highighted in gray. ITT, intention to treat population; NA, not avaiabe; NR, not reached; ORR, objective response rate; PFS, progression-fe

independent central review.

%Data included in the table refer to the analysis at data cutoff date, 7 March 2014 (Trény et al., 2016).
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