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What are RECIST 1.1 progressions made of? g
Variability in double-read oncology trials
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Abstract

Objective Blinded Independent Central Review (BICR) with double reads and adjudication is crucial in imaging-based
clinical trials to ensure quality data. However, discrepancies in double reading can affect trial outcomes, particularly in
assessing disease progression in phase 3 oncology studies using RECIST 1.1 criteria. This study examined discordance
in the date of progressive disease (DoPD) across RECIST components: target lesion (TL), non-target lesion (nTL), new
lesion (NL), exploring its impact on survival curves and whether discrepancies stem from timing differences or true/
false PD detection.

Materials and methods We retrospectively analyzed data from five clinical trials using BICR with double reads plus
adjudication, involving 1932 lung cancer patients on immunotherapy or targeted therapy. RECIST components were
examined to assess DoPD concordance, discrepancies, adjudicator acceptance, detection timing, and impact on
survival curves.

Results Readers showed a 39.3% discordance rate in DoPD assessments, with agreement on 17.3% of DoPD cases
and 43.4% of non-PD cases. In 54.2% of concordant cases, multiple RECIST components contributed to PD.
Discordance was primarily caused by NL (41.4%), sum of TL diameter increase (33.3%), nTL (11.8%), or multiple
components (13.4%). In 49.2% of discrepant cases, PD was reported late, usually within one treatment cycle (79.8%).
62.5% of disputed PD cases were accepted by adjudication.

Conclusion Different RECIST components vary in their likelihood of causing discordance and being accepted or
refuted by adjudicators. NL detection is key for identifying progression but also the main source of disagreement.
Using multiple RECIST components enhances the reliability of PD assessment.

Key Points

Question How does discordance across RECIST components—especially new lesion detection—influence progression
assessment timing and potentially alter survival outcomes in oncology clinical trials?

Findings Reader disagreement on progression dates is common, driven mainly by new lesion detection; incorporating
multiple RECIST components increases alignment and strengthens PD determination reliability.

Clinical relevance Imaging endpoints guide cancer treatment decisions. RECIST 1.1 is the standard, inter-reader variability
can undermine PFS accuracy. By evaluating RECIST component reliability, this work aims to improve trial precision, enabling
faster, more confident decisions that ultimately benefit patients.

Keywords Clinical trial as topic, Observer variation, Solid tumors/diagnosis, Tomography, X-ray computed, Lung
neoplasms
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Graphical Abstract

double-read oncology trials

What are RECIST 1.1 progressions made of? Variability in

The FDA advises double reading in RECIST-based studies, but the reliability of RECIST components in
detecting disease progression and theirimpact on survival curves remain unknown.
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Introduction

In many fields of medicine [1], double-checking is com-
mon practice, bolstering patient safety by minimizing
diagnostic errors and offering a more comprehensive view
of patients’ conditions. For over two decades, the US Food
and Drug Administration (FDA) has promoted [2, 3]
Blinded Independent Central Review (BICR) with double
reads of images in clinical trials to ensure data blinding,
robustness and to reduce bias [4]. This double-checking
involves two independent readers evaluating the same set
of imaging and resolving any discrepancies through
independent adjudication. Currently, two-thirds of
cancer-related clinical trials rely on imaging-based end-
points [5], most of them implementing double reads in
late-phase studies.

In clinical trials, the evaluation of drug safety and efficacy
leans on dedicated endpoints. Even though overall survival
(OS) remains the ultimate clinical endpoint, several prac-
tical limitations have led to progression-free survival (PFS)
becoming an acceptable surrogate of primary clinical
endpoints in phase III trials [6]. This involves longitudinal
follow-up of patients on the allocated therapy till pro-
gressive disease (PD) or recurrence is documented and is
referred to as time to progression.

The Response Evaluation Criteria in Solid Tumor
(RECIST) 1.1 remains the standard criterion to evaluate
drugs in oncology phase III trials since its introduction in
2000 and its revision in 2009 [7]. To declare PD based
from baseline, RECIST analyzes three components: (1)
The increase of more than 20% of the sum of diameter
(SoD) of up to five target lesions (TL) and 5 mm compare
to nadir (target lesions being deemed the largest and most
reproducible lesions representing the whole spectrum of
disease); (2) The unequivocal subjective increase of non-
target lesions (nTL), (nTL being defined as all lesions not
falling in the TL category); and (3) the appearance of an
unequivocal new lesion (NL). The original purpose of
RECIST was to standardize readings across the radiology
community.

As time went by, several limitations became apparent
with the use of RECIST, such as imperfect sensitivity [8],
inability to manage lesion-to-lesion heterogeneity [9], and
unsuitability for handling specific response patterns with
immunotherapies [10].

Another limitation, specific to double-reading settings,
is the unavoidable inter-reader disagreements [11] that
have been extensively studied and primarily stem from
inherent subjectivity in interpreting RECIST images [12].
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Consequently, these disagreements need careful mon-
itoring due to their potential negative impact on the sta-
tistical power of trials [13]. At the same time, this
variability of opinion provides an opportunity to better
understand the causes of equivocality of PD per RECIST
as an imaging biomarker for oncology studies, together
with a more comprehensive view of the disease [14].
Ultimately, inter-reader variability affects the PFS value
and its reliability.

One challenge is to enhance the reliability of RECIST by
minimizing subjectivity while preserving the benefits of
having two independent readers. Our approach consists of
analyzing the reliability and role of the respective RECIST
components leading to PD [15] to purposely suggest
improvement. For example, improvements could target
specific RECIST components (as was done previously
with lymphadenopathy assessments from V1.0 to V1.1
[16]) or the data flow (such as requiring double-checks for
certain RECIST components).

Indeed, we can assume that part of the discrepancies is
due to a delay in DoPD detection, because the two readers
have different perceptions of the disease or have close
perception but different sensitivity. The question is: did
either errors or justifiable medical differences have dif-
ferent short/long-term consequences on PFS?

The aim of our study, applying to lung cancer patients
only, is to identify which RECIST components are more
reliable for detecting disease progression. We conducted
separate analyses for major disease locations, distin-
guishing variability caused by temporal delays in detection
from differences driven purely by sensitivity and specifi-
city. Additionally, using simulations and reader variability
indices, we assessed the impact of these factors on survival
curves.

Materials and methods

Data

Our retrospective analysis included annotations from five
clinical trials that evaluated immunotherapy or targeted
therapy in Non-Small Cell Lung Cancer (NSCLC). The
selected trials were conducted between 2017 and 2021
using double reads plus adjudication based on RECIST 1.1
guidelines. All data were fully blinded regarding study
sponsor, study protocol number, therapeutic agent, sub-
ject demographics, and randomization. Across the five
trials, 1932 patients were included, of whom 1728
underwent at least one post-baseline visit, all involving
CT scans. In these studies, the interval between visits
varied—starting at 6—-8 weeks and later extending to
9-12 weeks. The central reads were all performed using
the same radiological reading platform (iSee; Median
Technologies).
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Read paradigm
Seventeen experienced and trained independent radi-
ologists and 6 adjudicators were involved in these trials.

All radiologists have substantial experience with the
RECIST criteria, both on-site and centrally, as well as
significant expertise in NSCLC pathology, with at least 10
years of professional experience. The reader pool is
selected to be homogeneous.

Two radiologists performed double reviews of each set
of images and determined the Radiologic Time Point
Response in accordance with the RECIST 1.1 criterion.
The same radiologist interpreted all images from each
time point for the same patient. In case of discordance, an
adjudicator reviewed the response assessments from the
two primary readers and accepted one of the reader
outcomes (the most correct assessment regarding the
progression event). The adjudicator provided a rationale
to support his/her decision. Throughout our study, we
treated the adjudicator’s decision as the ‘truth,’” while
acknowledging that the actual truth may remain
unknown.

Dataflow

The iSee platform allows the reader to record their
annotations at each time point: The number, size and
location of each TL (not their anatomical location), the
number and location of nTL (not their anatomical loca-
tion) and the detection and location (not their anatomical
location) of NL. From the raw annotations, RECIST
components are computed, including the change in SoD,
the unequivocal progression of nTLs and the unequivocal
detection of NL.

In case of discrepancy, the process required the adju-
dicator to endorse one of the primary readers with justi-
fication for the decision, including a semi-standardized
text elaborating on the reasons for endorsing a primary
reader. Therefore, with the help of the software and the
adjudicators’ comments, it is possible to retrospectively
assess at which time point the discrepancy occurred and
to determine the cause of discordance by comparing
readers’ records.

Our analysis method consisted of an automated com-
putation of the RECIST component discrepancies/agree-
ment and, when possible, searching for specific keywords
in the comments from the adjudicator. We aimed at
detecting discrepancies due to:

TL assessment: An
measuring TLs.

nTL assessments: An unequivocal nTL progression
was reported by one reader and not the other.

NL detection: An NL was detected by one reader and
not the other.

obvious difference in
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Mixed detection: When one reader detected the
simultaneous progression of several of the above-
mentioned RECIST components, while the other reader
did not detect any sign of progression.

Evaluated aspects
We analyzed the RECIST components according to the
declaration of the DoPD:

1) Concordant DoPD: We documented the
proportion of progression simultaneously reported
by the two readers.

2) Discordant DoPD—adjudicator acceptance:
After being analyzed by adjudicators, we
documented the proportion of accepted/refuted
progression.

3) Reliability of RECIST component triggering
DoPD: For each RECIST component, we
computed the positive predictive value (PPV) as
the ratio of the number of times a RECIST
component led to an accepted PD out of the
number of times this component was involved. As
we hypothesized that reliability can be organ
dependent, we further investigated the detection of
NL at the main disease locations.

4) Discordant DoPD—offset: The analysis evaluates
the distribution of offset values (measured in cycles)
when two readers declare a DoPD, with one reader
identifying it later than the other. Our aim was to
determine which RECIST component is most
frequently responsible for the initial detection
of DoPD.

We assessed two key metrics of the offset distribution:

* The proportion of discrepancies is due to a one-cycle

offset.

* Large delay in detection by the second reader,

expressed as the 95th percentile of the offset value
(in cycles).

We will also assess the potential impact of discrepancies
categorized as “reader errors” or “medical justifiable dif-
ferences” (whether PD is confirmed or unconfirmed).

5) Single-reader detection (PD versus Non-PD):
We analyzed the distributions of RECIST
components when only one reader detected PD,
while the other did not at any time point. For this
analysis, we aimed to avoid bias from withdrawal or
End of Treatment (EoT). Therefore, we included
only patients whose disease progression detection
and last visit were sufficiently spaced apart. This
minimum time gap was defined as a number of
cycles greater than or equal to the 95th percentile
measured from the offset distribution.

6) Impact on survival curves. We simulated survival
curves using the key features derived from the
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primary reads and adjudications analyzed in this
study: Discordance Rate (DR), distribution of offsets,
and single-reader detection rates. The simulation
was based on a public dataset from a typical clinical
trial. To evaluate the impact, we varied the DR,
adjusted the distribution of offsets, and modified the
proportion of single-reader detections to reflect
different scenarios.

Statistics

Statistical analysis was performed using R freeware and
considering 5% type I error. Proportions were presented
with 95% confidence intervals (CI) estimated using the
Clopper—Pearson model.

We computed the discordance rate, defined as the
number of discrepant cases divided by the number of
cases.

We used unpaired two-sample Wilcoxon test for two
group comparisons, and Marascuilo test for the compar-
ison of multiple proportions.

The publicly available “lung” dataset from the “Survival”
R package served as the basis for computing our reference
survival curve. Using this reference, we simulated survival
curves corresponding to a range of conservative readings,
each characterized by varying Discordance Rate (DR)
values, single-detection proportions, and offset distribu-
tions. We define conservative reading as a reader’s ten-
dency to declare PD if and only if they are strongly
convinced, with high probability, that PD is indeed
occurring. This bias may lead the conservative reader to
wait for an additional confirmation cycle or not to declare
progress at all.

Results

Figure 1 provides an overview of the dataset, split into
four patient groups: those for whom both readers agreed
on PD or non-PD, and those classified as progressive or
non-PD only after adjudication.

Readers agreed on PD in 17.3% (297/1718) of patients
and on non-PD in 43.4% (746/1718). In discordant cases,
adjudication classified 24.6% (422/1718) as PD and 14.7%
(253/1718) as non-PD.

RECIST components in concordant PD declarations
Figure 2 breaks down concordant PD declarations by the
RECIST components used by both readers. Agreements
stemmed from multiple causes in 70.3% (95% CI:
64.6-75.5), from NL only in 14.3% (95% CI: 10.5-18.9),
from SoD increase only in 10.5% (95% CI: 7.2-14.6), and
from progressive nTL only in 4.9% (95% CI: 2.7-8.1).
Among concordances attributed to multiple causes
(70.3%), 54.2% occurred when at least one reader identi-
fied PD based on several RECIST components, while
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Fig. 1 Concordant/discordant DoPD declaration and progressive/non-progressive patients. Pooling all trials, 1922 patients were included, of whom 1718
underwent at least one visit after baseline. The discordance rate of DoPD was 39.3% (675 patients), and at the end of the trials, 41.8% of the patients were
deemed progressive (N =719). A total of 43.4% of patients were reported as non-progressive, and 17.3% as progressive, with full agreement among

readers

Mixed causes
New lesions
Measurements
M Non-target

Fig. 2 RECIST components involved in concordant reviews. Readers
largely agreed on DoPD due to mixed causes. When considering a single
RECIST component, the new lesion or target lesion categories were the
most influential. DoPD, date of progressive disease

16.1% occurred when both readers agreed on PD but
relied on different single components.

RECIST components in discordant DoPD declarations

Discordance in DoPD declaration occurred in 39.1%
(675/1718) of evaluations. Figure 3a shows the
RECIST components involved in these discrepancies,
Fig. 3b the proportions accepted by adjudicators, and

Fig. 3c the proportions refuted. Overall, adjudicators
accepted 62.5% (95% CI: 58.9-66.2) of discordant DoPD
calls.

The largest share of refuted diagnoses involved pro-
gressive SoD, often due to measurement errors. Accord-
ing to adjudicators’ notes, 15% of these refutations were
linked to atelectasis being mistakenly included in tumor
measurements.

Confidence in RECIST components—focus on NL detection
Figure 4 summarizes the PPV associated with each
RECIST component.

Focusing on progressions based solely on NL: at trial
end, 53.8% (95% CI: 50.1-57.5) of adjudicator-accepted
PD were attributed to NLs. Acceptance rates for NL
detection differed significantly across main disease sites
(Table 1, Marascuilo test, q < 0.05).

When both readers reported a single NL, they agreed on
the same organ in 83.4% (95% CIL: 70.7-92.1) of cases,
most often in the brain, lung, or lymph nodes.

Timing of progressions: delay versus false detection or
omission?

When discrepancies arose at a given time point, 49.2%
(95% CI: 45.3-53.0) were due to one reader reporting PD
later. Figure 5 shows the distribution of these delays.
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Fig. 3 RECIST components involved in discordant reviews. a Discordances were attributed to NL, SoD measurements and non-target evaluations only in
respectively 41.4% (95% Cl: 37.6, 45.3), 33.3% (95% Cl: 29.7,37.1), and 11.8% (95% Cl: 94, 14.6) of the cases. Multiple RECIST components were involved in
13.4% (95% Cl: 10.8, 16.3) of the cases. Aimost two-thirds of discrepant PD were accepted by the adjudicators (62.5%). b As confirmed by adjudicators,
44.8% (95% Cl: 39.9, 49.8) of PD were confirmed to result from NL occurrence, 28.3% (95% Cl: 24.0, 33.0) from a significant increase of SoD, and 12.6%
(95% Cl: 9.5, 16.2) from unequivocal non-target progression only. Accepted PD due to multiple causes represented 14.3% (95% Cl: 11.0, 18.1) of the cases.
¢ When adjudicators refuted PD, the RECIST component involved was SoD in 41.9% (95% Cl: 35.6, 48.5), NL occurrence in 35.6% (95% Cl: 29.5, 42.1), and
unequivocal non-target progression in 10.6% (95% Cl: 6.9, 15.2). Refuted PD due to multiple components represented 11.9% (95% Cl: 8.0, 16.7) of the

cases. NL, New Lesion; PD, Progressive disease; SoD, Sum of tumor diameter

Initial PD calls were triggered by NL in 46.4% (95% CI:
40.9-51.9) and by SoD increase in 32.5% (95% CI:
27.5-37.8). Differences in TL selection at baseline
accounted for 18.7% (95% CI: 14.6-23.3) of delayed
detections.

A per-component summary is shown in Table 2. Using
the 95th percentile threshold, we defined a single-reader
detection as PD identified by only one reader at least
four cycles before withdrawal or EoT. Such detections

were considered either false positives or missed true
PDs.

Adjudicators refuted 55.6% (95% CI: 41.4-69.1) of
single-reader detections based on a single component,
most often false NL (40.0%, 95% CI: 22.6—59.4) or false
SoD increase (23.4%, 95% CI: 9.9-42.3). When adjudica-
tors upheld single-reader detections, 70.8% (95% CI:
48.9-87.4) were true NL and 8.4% (95% CI: 1.0-27.0) true
SoD increase.
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Fig. 4 Positive predictive value associated with the RECIST components.
Increase in SoD is less likely to trigger a PD (0.59 (95% Cl: 0.53, 0.66)), while
reporting several progressive RECIST components is more likely to report a
definitive progressive patient (0.89 (95% Cl: 0.84, 0.92)). SoD, sum of
diameters of target lesions. PD, Progressive disease

Impact of RECIST reliability on survival curve

We evaluated the impact of inter-reader variability on
survival curves, considering detection rate (DR), delays,
and differences in sensitivity/specificity. With a baseline
DR of ~40%, a single-reader DR of 50%, and an offset
distribution (Fig. 5) showing ~80% at one cycle, Fig. 6
illustrates simulated survival curves for conservative
readers (delayed detection).

Figure 6C shows that reducing single-reader detections
(i.e., improving PD reliability) narrowed the gap between
survival curves. Specifically, PFS from Fig. 6D, F were
nearly identical at 362 (95% CI: 313-393) and 366 days
(95% CI: 350—426). By contrast, increasing DR (Fig. 6B) or
applying a uniform offset distribution (Fig. 6E) widened
the survival curve gap shortly after baseline.

Discussion

Summary of key findings

The discordance rate for DoPD was 39.3%. About 60% of
these discrepancies were ultimately confirmed as PD by
adjudicators. Among confirmed cases, nearly half (44.8%)
involved new lesions (NLs), whereas the main reason for
refuting PD was inaccurate increases in SoD (41.9%).

For individual readers, progression calls based on mul-
tiple RECIST components provided the most reliable
signal (PPV =0.89, 95% CI: 0.84-0.92). In contrast,
detections based solely on SoD increase were least reliable
(PPV =0.59, 95% CI: 0.53-0.66).

At trial completion, most PD diagnoses were driven by
the detection of NLs (53.8%). Confirmation rates varied by
site: lung NLs had the lowest confirmation rate (40.6%),
while nodal NLs had the highest (88.4%).

Reader disagreement often reflected timing differences.
In about half the cases, the second reader reported PD
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Fig. 5 Distribution of offset values in declaring PD. Histogram of offset
values (blue), showing 79.8% of offsets occurring at one cycle and 2.1% at
four cycles. The density curve is superimposed in green for comparison.
PD, Progressive disease

after a delay, 80% of these delays being one cycle. Offset
distributions varied across RECIST components: NL
detections were associated with the longest delays, while
nTL or mixed-component progressions showed minimal
offsets.

Adjudicators rejected 55.6% of single-reader PD detec-
tions, with 40% of rejections due to disputed NLs. Con-
versely, when single-reader calls were upheld, 70.8%
involved confirmed NLs.

Finally, simulations demonstrated that DR, detection
offsets, and the frequency of single-reader detections
significantly affect survival curves and thereby impact
clinical trial endpoints.

Comparison with previous studies
The discordance rate of 39.3% was in the range of the 38%
(37%, 40%) provided by Ford et al [11] for lung cancer.

The proportion of patients with NLs involved in the
radiologic progression can be assumed disease-depen-
dent, as for clear cell renal cell carcinoma (26.6%) [15] or
colorectal cancer (50.6%) [17]. For NSCLC, we found
that NLs were the main cause of progression (53.8%).
This is not surprising, particularly in lung cancer trial
datasets, where inflammatory changes in the lung par-
enchyma are common. Experienced readers may there-
fore wait for an additional time point before confirming
PD. Inflammatory or infectious lesions that mimic new
malignancies are also more frequent under certain
treatments, such as radiotherapy and immunotherapy.
The interpretation of new lesions is further complicated
in the case of sclerotic bone metastases, which may
represent treatment response rather than true progres-
sion on CT scans.

Close to our study (41.4%), Beaumont et al [18] found
that the majority of discrepancies were due to the detec-
tion of NLs (53.7%), nTL progressions comprised about
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Table 1 The rate of acceptance when NL detection is the only trigger for DoPD discrepancies

Lymph nodes Lung Liver Bone Brain
Acceptance rate (%) 884 (774, 95.2) 406 (289, 53.1) 500 (11.8, 88.2) 86.7 (59.5, 98.3) 714 (290, 96.3)

DoPD date of progressive disease

Table 2 Distribution of offset in declaring PD per RECIST
components

% of detection with one-  95th perc. offsets

cycle offset (cycles)
Mix of components  79.8 (95% Cl: 75.1, 84.0) <3
New lesion 54.5 (95% Cl: 46.3, 62.6) <4
SOD 54.6 (95% Cl: 44.8, 64.2) <4
Non-target 74.5 (95% Cl: 604, 85.7) <3

In the subset of discrepant PD evaluations, the left column shows the proportion
of PD detected with a one-cycle delay, while the rightmost column indicates the
number of cycles by which the two readers differed in detecting 95% of PD
cases. When not distinguishing between RECIST components (Undifferentiated),
79.8% of PD detections occurred with a one-cycle delay. Per RECIST
components, offset is minimal when one reader detects unequivocal progres-
sion of the non-target lesion

PD progressive disease, SoD sum of tumor diameter

10% of all disagreements; however, Beaumont et al con-
sidered local-central variability.

In their simulation study, Bucho et al [19] identified TL
selection as a major source of variability. However, a key
limitation of their work was the exclusion of the NL impact.
Our findings did not support their conclusion, as only 12.6%
of disagreements in our dataset were attributable to baseline
tumor selection. Moreover, another study [20] showed that,
even though tumor selection was a significant risk factor,
the effect was not strong enough to be a predictor, therefore
not having a strong impact on PD detection.

We found that 13.4% of discrepancies were due to the
simultaneous increase of different RECIST components
by one of the readers; a comparable proportion of 16.6%
was found in a previous study [18]. However, we also
found that when both reviewers agreed on PD, 54.2% of
evaluations were triggered by at least one reader using a
combination of RECIST components. This is expected, as
multiple concurrent indicators increase the likelihood of
true PD. The relatively large share of refuted PD calls
(37.5%) based on multiple components can be explained
statistically by the non-zero probability of several inde-
pendent events occurring simultaneously. Overall, our
analysis shows that evaluations based on a mix of RECIST
components are the most reliable, with the highest PPV
(0.89).

We established that nearly half of the discordances are
due to delays (49.2%), with 46.4% of these delays involving
NL detections and 54.5% of these delays being one cycle

in length. This one-cycle delay could represent the time
required to confirm an ‘equivocal new lesion’ according to
the RECIST guidelines [7]: “For equivocal findings of
progression ... until the next scheduled assessment”. This
reasoning applies to all RECIST components and under-
scores the role of confirmation in reducing variability
across evaluations. It is especially relevant in the context
of emerging progression patterns, such as pseudopro-
gression with immunotherapy [21]. However, we found
that 80% of offsets lasted only one cycle. This is reassur-
ing, as it limits the impact of reader variability at the study
level and reflects the overall quality of the reads. Since PFS
and Duration of Response are closely tied to PD, larger
discrepancies could have posed significant issues.
Importantly, the high proportion of one-cycle offsets may
also serve as a useful metric for monitoring trial quality.

When not due to delayed detection, single-reader
detections can be interpreted as an issue of reader sen-
sitivity or specificity. lannessi et al [22] documented rea-
sons to call falsely for PD due to intercurrent diseases,
artefacts or findings incorrectly considered as new. This
topic is also indirectly addressed in the literature by Gong
et al [23] who propose Al-derived solution for detecting
new liver tumors and by Iannessi et al [24] and Bucho et al
[19] who documented the impact of lesion selection at
baseline upon sensitivity or by Beaumont et al [18] who
concluded that the assessment of new nodal lesions was
the major sensitivity/specificity issue in trials whereas our
study showed a confirmation rate of 88.4%.

The repercussion of the variability of evaluations upon
survival curves has been reported in local-BICR settings
[25]. Consistent with this, our simulations confirmed the
significant influence of the factors we analyzed. Notably,
we found that the effect on PFS was similar when
increasing DR from 40 to 60% or when reducing the
proportion of single-reader detections from 70 to 50%.
These findings highlight that, in the context of clinical
trials, understanding the composition of DR is more
informative for trial monitoring than focusing solely on its
overall value.

Limitations

First, our analysis of the prognostic power associated with
RECIST 1.1 was based on classifying disagreements
between adjudicator-accepted PD and non-accepted PD.
However, we recognize that the adjudicator’s opinion can
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Fig. 6 Sway of variabilities upon survival curves. From top left to bottom right: A DR: 40%, Single detection: 50%, One-cycle offset: 80%; B DR: 70%, Single
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be significantly biased and therefore is not an indisputable
reference, and our analysis would have been more relevant
if it had been based on a clinical index such as OS. The
conclusions might have been different in that case.

Second, the distribution of offset in the detection of PD
did not consider the difference in the visit schedule across
trials. Our purpose was to investigate the difference in
reader sensitivity at detecting during sequential visits;
therefore, we believed that the difference in visit sche-
duling was not detrimental to our analysis.

Lastly, the trials we included in our study were blinded;
therefore, we were unable to check the possible impact of
the treatment of interest against the standard of care.
Even if we included trials that were as similar as possible,
we cannot rule out the possibility of different variabilities
between the two arms in each trial.

Future directions

Building on our work, several potential improvements can
be identified. Automatic detection and characterization of
new lesions (NLs) are particularly important in challen-
ging areas such as the lungs and liver, where reader per-
formance tends to be suboptimal. Computer-aided
diagnosis (CAD) systems could help reduce discrepancies
by mitigating delays from one-cycle confirmations and
decreasing reliance on single-reader detections. Current

data indicate that 50.8% of discrepancies arise from
single-reader detections, 55.6% of which are refuted, with
40% involving NLs. An ideal CAD system could poten-
tially prevent 10% of these discrepancies, including 4.4%
false positives and 6.3% false negatives.

Specifically for lung lesions, advanced Lung CAD sys-
tems might reduce the overall discordance rate by 4%.
However, although Lung CAD technologies perform well
in screening settings [26], their effectiveness in clinical
trial data remains uncertain due to differences between
datasets. CAD performance in other areas, such as the
liver, also remains inadequate [27], leaving 44.8% of NL
discrepancies unresolved.

In the short term, improving reader training offers a
practical solution [28]. Prioritizing analysis of false NLs,
such as misidentified atelectasis, and refining methods for
confirming equivocal progression are key steps. Readers
should also be encouraged to consider multiple RECIST
components when triggering a PD to enhance detection
accuracy.

Because PD detection based solely on SoD increase has
a low PPV, accurate assessment is critical. This evaluation
can be influenced by several factors, including subjective
baseline labeling of TL versus nTL [19], as well as varia-
bility in measurements [29]. Increasing concern has been
raised regarding the summation of tumor diameters,
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which often stems from variable selections of diseases at
baseline [9, 30].

Beyond the issue of variability, this raises the question:
what truly defines PD? Consider the following examples
of debatable stable responses: (1) a single TL enlarges
significantly (>50%) but is summed with multiple indo-
lent TLs; (2) multiple TLs each grow by less than 20%; (3)
one TL enlarges (>20%) while another shrinks (<20%),
both summed with other indolent TLs.

Our simulations qualitatively highlighted how various
aspects of variability can affect survival curves. However,
it is now necessary to quantify these effects more pre-
cisely, particularly in relation to study endpoints such as
PFS. Such quantification will help guide improvements
aimed at enhancing the reliability of these endpoints.

Immunotherapy trials differ fundamentally from the
cytotoxic-therapy era in which RECIST was developed.
Immune infiltration can make tumors appear larger or
produce NL, creating apparent progression. Mixed
responses are also common, with some lesions shrinking
while others grow, and true tumor shrinkage may not
appear until weeks or months later. NTL lesions may offer
early signals of benefit or failure. As a result, every com-
ponent of RECIST comes under pressure when applied to
immunotherapy, underscoring the need to develop new
response criteria tailored for double readings [8].

Conclusions

The individual RECIST components show differing pro-
pensities for reader discordance and for confirmation or
refutation at adjudication. Among these, the identification
of new lesions is pivotal for determining progressive dis-
ease (PD) but also constitutes the main source of dis-
agreement between readers. When PD is defined solely by
the appearance of a new lesion, the detection of an
extrapulmonary lesion serves as a more reliable indicator
of progression. To improve the robustness and reprodu-
cibility of tumor response assessment, reporting PD
supported by more than one RECIST component is
strongly encouraged.

Abbreviations

BICR Blinded Independent Central Review
CAD Computer-aided diagnosis

DoPD Date of progressive disease

DR Discordance rate

EoT End of treatment

FDA Food and Drug Administration

NL New lesion

NSCLC Non-small cell lung cancer

nTL Non-target lesions

oS Overall survival

PD Progressive disease

PFS Progression-free survival

PPV Positive predictive value

RECIST Response Evaluation Criteria in Solid Tumor

Page 10 of 11

SoD Sum of tumor diameter
TL Target lesion
Funding

The authors state that this work has not received any funding.
Compliance with ethical standards

Guarantor
The scientific guarantor of this publication is Hubert Beaumont.

Conflict of interest

The authors of this manuscript, Hubert Beaumont, Nathalie Faye, Ritu Gill and
Antoine lannessi, declare relationships with the following companies: Median
Technologies. Luca Cantini is an employee of Fortrea Inc. and has stock and/or
other ownership interests in Fortrea Inc. Kamal S. Saini reports on consulting
fees from the European Commission and stock and/or other ownership
interests in Fortrea Inc. and Quantum Health Analytics (UK) Ltd, outside the
submitted work.

Statistics and biometry
One of the authors, Hubert Beaumont, has significant statistical expertise.

Informed consent
Written informed consent was not required for this study because of its
retrospective nature.

Ethical approval
Institutional Review Board approval was obtained.

Study subjects or cohorts overlap
Some study subjects or cohorts have been previously reported in: lannessi and
Beaumont [12] and Beaumont and lannessi [20].

Methodology

« Retrospective
« Observational
» Multicenter study

Author details

'Median Technologies, Valbonne, France. “Fortrea Inc, Durham, NC, USA.
3Addenbrooke’s Hospital, Cambridge University Hospitals NHS Foundation
Trust, Cambridge, UK. “Columbia University Vagelos College of Physicians and
Surgeons University Medical Center, New York, NY, USA.

Received: 12 February 2025 Revised: 20 November 2025 Accepted: 1
December 2025

Published online: 09 February 2026

References

1. Matsumoto T, Furukawa A, Machida K et al (2004) Methods of evaluating
the effectiveness of double-checking in interpreting mass screening
images. Proc SPIE. Medical Imaging 2004, San Diego, California, United
States. p 496

2. FDA, US. Department of Health and Human Services, Center for Drug
Evaluation and Research, Center for Biologics Evaluations and Research
(2004) Guidance for industry developing medical imaging drug and
biologic products. Part 3: Design, analysis, and interpretation of clinical
studies. https://downloads.regulations.gov/FDA-1998-D-0035-0013/
attachment_1.pdf

3. FDA, US Department of Health and Human Services, Center for Drug
Evaluation and Research, Center for Biologics Evaluations and Research
(2015) Clinical trial imaging endpoints process standards guidance for


https://downloads.regulations.gov/FDA-1998-D-0035-0013/attachment_1.pdf
https://downloads.regulations.gov/FDA-1998-D-0035-0013/attachment_1.pdf

Beaumont et al. European Radiology

industry  draft.  https//downloads.regulations.gov/FDA-2011-D-0586-
0026/attachment_1.pdf

US Food and Drug Administration (2018) Clinical trial imaging endpoint
process standards: guidance for industry. https//www.fda.gov/files/
drugs/published/Clinical-Trial-lmaging-Endpoint-Process-Standards-
Guidance-for-Industry.pdf

Schmid AM, Raunig DL, Miller CG et al (2021) Radiologists and clinical
trials: Part 1 The truth about reader disagreements. Ther Innov Regul Sci.
https://doi.org/10.1007/543441-021-00316-6

Belin L, Tan A, De Rycke Y, Dechartres A (2020) Progression-free survival as a
surrogate for overall survival in oncology trials: a methodological systematic
review. Br J Cancer 122:1707-1714. https.//doi.org/10.1038/541416-020-0805-y
Eisenhauer EA, Therasse P, Bogaerts J et al (2009) New response eva-
luation criteria in solid tumours: revised RECIST guideline (version 1.1). Eur
J Cancer 45:228-247. https://doi.org/10.1016/j.ejca.2008.10.026

Fournier L, de Geus-Oei LF, Regge D et al (2022) Twenty years on: RECIST
as a biomarker of response in solid tumours an EORTC Imaging
Group—-ESOI Joint Paper. Front Oncol 11:1-17. https.//doi.org/10.3389/
fonc.2021.800547

Kumar R, Qi T, Cao Y, Topp B (2023) Incorporating lesion-to-lesion het-
erogeneity into early oncology decision making. Front Immunol 14:1-9.
https://doi.org/10.3389/fimmu.2023.1173546

Garralda E, Laurie SA, Seymour L, de Vries EGE (2023) Towards evidence-
based response criteria for cancer immunotherapy. Nat Commun 14:1-4.
https://doi.org/10.1038/541467-023-38837-3

Ford RR, O" Neal M, Moskowitz SC, Fraunberger J (2016) Adjudication rates
between readers in blinded independent central review of oncology
studies. J Clin Trials. https://doi.org/104172/2167-0870.1000289

lannessi A, Beaumont H (2023) Breaking down the RECIST 1.1 double read
variability in lung trials: what do baseline assessments tell us? Front Oncol
13:1-14. https://doi.org/10.3389/fonc.2023.988784

Sridhara R, Mandrekar SJ, Dodd LE (2013) Missing data and measurement
variability in assessing progression-free survival endpoint in randomized
clinical trials. Clin Cancer Res 19:2613-2620. https://doi.org/10.1158/1078-
0432.CCR-12-2938

Busby LP, Courtier JL, Glastonbury CM (2018) Bias in radiology: the how
and why of misses and misinterpretations. Radiographics 38:236-247.
https://doi.org/10.1148/rg.2018170107

Coy HJ, Douek ML, Ruchalski K et al (2019) Components of radiologic
progressive disease defined by RECIST 1.1 in patients with metastatic
clear cell renal cell carcinoma. Radiology 292:103-109. https://doi.org/10.
1148/radiol.2019182922

Chalian H, Toére HG, Horowitz JM, Salem R, Miller FH, Yaghmai V (2011) Radi-
ologic assessment of response to therapy: comparison of recist versions 1.1 and
1.0. Radiographics 31:2093-2106. https//doiorg/10.1148/rg.317115050
Shibutani M, Maeda K, Nagahara H et al (2019) Impact of the occurrence
of new lesions on the survival of patients who undergo chemotherapy
for metastatic colorectal cancer. Mol Clin Oncol 10:285-292

Beaumont H, Evans TL, Klifa C et al (2018) Discrepancies of assessments in
a RECIST 1.1 phase Il clinical trial—association between adjudication rate

Page 11 of 11

and variability in images and tumors selection. Cancer Imaging 18:50.
https://doi.org/10.1186/540644-018-0186-0

19.  Tareco Bucho TM, Tissier RLM, Groot Lipman KBW et al (2024) How does
target lesion selection affect RECIST? A computer simulation study. Invest
Radiol 59:465-471. https://doi.org/10.1097/RLI1.0000000000001045

20. Beaumont H, lannessi A (2023) Can we predict discordant RECIST 1.1
evaluations in double read clinical trials? Front Oncol 13:1-14. https://doi.
0rg/10.3389/fonc.2023.1239570

21. Borcoman E, Kanjanapan Y, Champiat S et al (2019) Novel patterns of
response under immunotherapy. Ann Oncol 30:385-396. https://doi.org/
10.1093/annonc/mdz003

22. lannessi A, Beaumont H, Ojango C, Bertrand AS, Liu Y (2024) RECIST 1.1
assessments variability: a systematic pictorial review of blinded double
reads. Insights Imaging 15:199. https://doi.org/10.1186/513244-024-
01774-w

23. Gong A, Daly M, Melendez-Corres G et al (2023) Toward automating
RECIST 1.1: improving Al new lesion detection with longitudinal image
data. J Clin Oncol 41:¢13545. https//doi.org/10.1200/jc0.2023.41.16_
suppl.e13545

24. lannessi A, Beaumont H, Liu Y, Bertrand AS (2021) RECIST 1.1 and lesion
selection: how to deal with ambiguity at baseline? Insights Imaging.
https://doi.org/10.1186/513244-021-00976-w

25. Stone A, Gebski V, Davidson R, Bloomfield R, Bartlett JW, Sabin A (2019)
Exaggeration of PFS by blinded, independent, central review (BICR). Ann
Oncol 30:332-338. https://doi.org/10.1093/annonc/mdy514

26. Cao W, Wu R, Cao G, He Z (2020) A comprehensive review of computer-
aided diagnosis of pulmonary nodules based on computed tomography
scans. IEEE Access 8:154007-154023. https:.//doi.org/10.1109/ACCESS.
2020.3018666

27. Zhou J, Wang W, Lei B et al (2021) Automatic detection and classification
of focal liver lesions based on deep convolutional neural networks: a
preliminary study. Front Oncol 10:1-11. https://doi.org/10.3389/fonc.2020.
581210

28. Herzog TJ, Wahab SA, Mirza MR et al (2023) Optimizing disease pro-
gression assessment using blinded central independent review and
comparing it with investigator assessment in the PRIMA/ENGOT-ov26/
GOG-3012 trial: challenges and solutions. Int J Gynecol Cancer
33:1733-1742. https://doi.org/10.1136/ijgc-2023-004605

29. Muenzel D, Engels HP, Bruegel M, Kehl V, Rummeny EJ, Metz S (2012)
Intra- and inter-observer variability in measurement of target lesions:
implication on response evaluation according to RECIST 1.1. Radiol Oncol
46:8-18. https://doi.org/10.2478/v10019-012-0009-z

30. Beaumont H, Faye N, lannessi A, Chamorey E, Klifa C, Hsieh CY (2023)
Differences in sensitivity to new therapies between primary and meta-
static breast cancer: a need to stratify the tumor response? Cancer Med
12:3112-3122. https://doi.org/10.1002/cam4.5236

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://downloads.regulations.gov/FDA-2011-D-0586-0026/attachment_1.pdf
https://downloads.regulations.gov/FDA-2011-D-0586-0026/attachment_1.pdf
https://www.fda.gov/files/drugs/published/Clinical-Trial-Imaging-Endpoint-Process-Standards-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Clinical-Trial-Imaging-Endpoint-Process-Standards-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Clinical-Trial-Imaging-Endpoint-Process-Standards-Guidance-for-Industry.pdf
https://doi.org/10.1007/s43441-021-00316-6
https://doi.org/10.1038/s41416-020-0805-y
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.3389/fonc.2021.800547
https://doi.org/10.3389/fonc.2021.800547
https://doi.org/10.3389/fimmu.2023.1173546
https://doi.org/10.1038/s41467-023-38837-3
https://doi.org/10.4172/2167-0870.1000289
https://doi.org/10.3389/fonc.2023.988784
https://doi.org/10.1158/1078-0432.CCR-12-2938
https://doi.org/10.1158/1078-0432.CCR-12-2938
https://doi.org/10.1148/rg.2018170107
https://doi.org/10.1148/radiol.2019182922
https://doi.org/10.1148/radiol.2019182922
https://doi.org/10.1148/rg.317115050
https://doi.org/10.1186/s40644-018-0186-0
https://doi.org/10.1097/RLI.0000000000001045
https://doi.org/10.3389/fonc.2023.1239570
https://doi.org/10.3389/fonc.2023.1239570
https://doi.org/10.1093/annonc/mdz003
https://doi.org/10.1093/annonc/mdz003
https://doi.org/10.1186/s13244-024-01774-w
https://doi.org/10.1186/s13244-024-01774-w
https://doi.org/10.1200/jco.2023.41.16_suppl.e13545
https://doi.org/10.1200/jco.2023.41.16_suppl.e13545
https://doi.org/10.1186/s13244-021-00976-w
https://doi.org/10.1093/annonc/mdy514
https://doi.org/10.1109/ACCESS.2020.3018666
https://doi.org/10.1109/ACCESS.2020.3018666
https://doi.org/10.3389/fonc.2020.581210
https://doi.org/10.3389/fonc.2020.581210
https://doi.org/10.1136/ijgc-2023-004605
https://doi.org/10.2478/v10019-012-0009-z
https://doi.org/10.1002/cam4.5236

	What are RECIST 1.1 progressions made of? Variability in double-read oncology trials
	Introduction
	Materials and methods
	Data
	Read paradigm
	Dataflow
	Evaluated aspects
	Statistics

	Results
	RECIST components in concordant PD declarations
	RECIST components in discordant DoPD declarations
	Confidence in RECIST components—focus on NL detection
	Timing of progressions: delay versus false detection or omission?
	Impact of RECIST reliability on survival curve

	Discussion
	Summary of key findings
	Comparison with previous studies
	Limitations
	Future directions

	Conclusions
	Acknowledgements




