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Background: After the initial RECIST 1.0 were published in 2000, the criteria were widely

implemented in the scientific oncology community. Since then, the RECIST working group

has identified several issues to examine further. Two key issues that required careful, data-

based assessment were the maximum number of lesions that should be assessed at each

evaluation and the added value of requiring confirmation of response.

Methods: To address these questions, data were obtained from 16 clinical trials in meta-

static cancer, with patients enrolled between 1993 and 2005. A total of 6512 patients were

included in the primary analysis dataset, accounting for over 18,000 potential target

lesions. Nine percent of the included patients (n = 585) had six or more reported target

lesions. The response and progression outcomes in the database were calculated using

an adjusted RECIST methodology with a maximum of 5 (or 3) target lesions with/without

confirmation and this was compared to the original RECIST version 1.0 which required

up to 10 target lesions plus confirmation of response.

Results: Assessment of 5 lesions per patient led to a difference in best overall response

assignment for an estimated 209 (3.2%) patients as compared to RECIST version 1.0. How-

ever, these changes did not affect the overall response rate. Progression-free survival was

only minimally affected by measuring fewer lesions. In contrast, removing the requirement

for response confirmation led to a significant increase in the numbers of patients classified

as responders, resulting in a relative increase of approximately 19% in response rate. An

algorithm using a maximum of three target lesions shows high concordance with the 10

lesions requirement in terms of response and TTP assignment. Concern that appropriate

assessment of disease within an organ requires two lesions to be followed per organ
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suggests the approach of following two target lesions per organ, up to a maximum of five

target lesions overall. Both strategies seem reasonable based on the data warehouse. The

requirement of response confirmation in trials where this is a primary end-point is recom-

mended to be maintained as its removal would substantially increase reported response

rates.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction and occurrence of new lesions, ignoring the original criteria
The initial RECIST were published in 2000,1 and the criteria

have been widely implemented in the scientific oncology

community. The RECIST working group has monitored the

implementation of the RECIST criteria since its establishment

to capture potential issues and to propose the adaptation of

the methodology wherever feasible and appropriate. To gain

confidence in recommending changes to RECIST, detailed

measurement data on individual patients from multiple com-

pleted trials have been pooled into a data warehouse. This

warehouse has allowed several analyses to explore possible

refinements to RECIST. These analyses have enabled the RE-

CIST working group to gain insights into the current use of

the criteria, and to adjust the recommendations by exploring

possible impact on clinical trial outcome based on alternative

criteria. Specifically, the following key issues were examined:

(1) What is the maximum number of lesions that should be

assessed at each evaluation? and (2) What is the impact of

requiring confirmation of response? This paper specifically

reports on the methodology that was used, the results of

the analyses, and discusses their limitations.

2. Material and methods

2.1. The data warehouse

We acquired individual patient tumour measurement data

from large published trials in metastatic solid tumours from

several sources (Table 2). The data were consolidated into a

Data Warehouse at the EORTC Data Centre. Most, but not all

of the trials in the warehouse had undergone independent

radiology review. Data collected included general patient

information (e.g. the start of treatment, death or last known

alive date) and detailed tumour measurement data over time:

measurement/evaluation date, organ of the lesion, method of

measurement, longest diameter for measured lesions, infor-

mation on non-target lesions and occurrence of new lesions.

For analysis, a primary dataset was identified using the fol-

lowing criteria: at least one lesion measured at baseline, at

least one disease assessment after the start of treatment,

and if recorded, best response was not ‘early death’ or ‘not

assessable’. Data checks ensured that potential target lesions

were followed by the same method as used at baseline, and

verified that patients had a sufficient duration of (measured)

follow-up.

To ensure a uniform application of standard criteria, for

each patient, the best response using the established RECIST

for target lesion selection, measurement and confirmation of

response was calculated on the basis of the available tumour

size measurements, assessments of non-measurable lesions
used by each study protocol. To classify as a stable disease,

a minimum six-week period was required between the base-

line measurement and the (first) follow-up measurement. A

sensitivity analysis was performed using a minimum stable

disease duration of 3 months.

For all the analyses, additional adjustments were incorpo-

rated in RECIST version 1.1, which were not present in the ori-

ginal RECIST version 1.0, for lymph node assessment,

progressive disease classification and for the requirement of

response confirmation. The changes applied in RECIST ver-

sion 1.1 are briefly summarised in Table 1.

2.2. Lymph node assessment

For malignant lymph nodes only the short axes of the lymph

nodes were used in all the analyses, if available. For a few tri-

als, only the long axis was available. In addition, only lymph

nodes with a baseline short axis of at least 15 mm were con-

sidered potential target lesions, and if all lymph node short

axes dropped below 10 mm (indicating that the nodes are

no longer pathologic by size criteria), and all other target le-

sions had 0 mm measurements, the patient was classified

as CR (for target lesions). To assess progressive disease and

partial response, the actual short axis measurements were

maintained in the sum of diameters.

2.3. Progressive disease classification

We assessed progressive disease by the growth of target le-

sions, using a minimum absolute increase of 5 mm from the

nadir size in the sum of longest diameters in addition to the

20% relative increase in the sum of LD compared to the nadir.

2.4. Confirmation of response

To evaluate the impact of removing the requirement for re-

sponse confirmation, the above analyses were conducted

both with and without this requirement. Importantly, not all

trials included in the warehouse had required response con-

firmation. Therefore, a further analysis was performed re-

stricted to those patients obtaining a PR or CR at one time

point, and for whom a further complete evaluation or a pro-

gression classification was available within 8 weeks from that

time point. The latter analysis was intended to provide a less

biased estimate of the percentage of additional responses

that would be declared where the requirement of response

confirmation to be removed.

For the evaluation of methods where a reduced number of

target lesions are required to be followed, it is assumed that

the lesions that were no longer used as target lesions in the



Table 1 – Overview of RECIST 1.0 and RECIST 1.1 variations analysed.

RECIST 1.0 RECIST 1.1 Variations studied

Up to 10 target lesions: longest

diameter followed

Up to ‘x’ target lesions, longest diameter

followed; lymph nodes measured short axis in

nodes (P15 mm eligible for inclusion as target)

‘x’ was 1, 2, 3, 5 in a series of iterations

Largest lesions selected with

maximum representation of organs

2 lesions per organ, when total

allowed

Variation: random choice of x lesions

Complete response sum = 0 Same except if lymph nodes included, CR

possible when nodes < 10 mm each

Partial response 30% decrease

in LD, confirmed

Same except short axis LN summed with

longest diameters other target lesions

Variation: unconfirmed

PD 20% increase in sum over

lowest on study; or new lesions

PD same but in addition requires minimum

5 mm absolute increase from lowest on study
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calculation would not have had measurements performed. Of

note, to classify as CR, such lesions also must have decreased

to 0 mm diameter measurement (except for lymph nodes, see

above). Similarly, for the purpose of these analyses, the calcu-

lations did not allow such ‘deselected’ lesions to result in pro-

gression because of unequivocal progression. A sensitivity

analysis was performed whereby a ‘deselected’ lesion of at

least 2 cm (as measured in the original data) would cause

‘unequivocal progression’ in the reduced method (being con-

sidered as a non-target) if it doubled in LD.

2.5. Number of target lesions to be followed to assess
response

The first analysis considered the requirement to follow all

measurable lesions up to a maximum of 10 lesions, and

whether it may be possible to relax this requirement. For this

analysis, the calculated RECIST outcome with up to 10 targets

was contrasted with the outcomes that would have been ob-

tained using only up to 1, 2, 3 or 5 targets.

The presented tables focus on two of the many options

that were explored, using a maximum of either 3 or 5 target

lesions per patient. Both methods were selected by lesion

size, but maximised the number of represented organs with

a maximum of 2 target lesions per organ. The other details

as described in the main article on RECIST version 1.1, and

as described above regarding lymph node assessment and

progression definition were applied as well. These additional

criteria were applied only to the investigation of a maximum

selection of 1, 2, 3 or 5 target lesions, as opposed to the 10,

which utilised RECIST version 1.0 as originally published. In

other words, the outcome of the ‘original’ RECIST (with up

to 10 lesions) was compared to the performance of several

alternative models that varied in the number of lesions se-

lected, and also employed new methods for lymph node mea-

surement and PD definition requirements. The greater the

number of lesions reported at baseline per patient, the larger

the potential outcome differences could be comparing the

assessment of 1, 2, 3 or 5 lesions versus 10 lesions. For this

reason, tabulations are provided both for the complete data-

set and for the subset of patients in whom 6 or more potential

target lesions were reported.

In order to further evaluate the importance of the choice of

particular lesions within organs, sensitivity analyses were
conducted where the rule of choosing the largest (up to two)

lesions within an organ was relaxed. In these analyses, first

organs to be considered were selected at random, and once

an organ has been selected, the lesions within that organ

were also selected at random.

2.6. Short-term progression free survival (PFS)

In addition to examining the response rate, we sought to

investigate the time to event outcome of progression-free sur-

vival with RECIST version 1.0 compared with the proposed re-

vised criteria. Progression-free survival was analysed

considering events which are either progression of disease

(on the basis of the program for RECIST(n)), or death within

60 days of the last obtained measurements. Patients without

such an event were censored at last measurement date. This

approach was used in order to provide an estimate of the

early part of a PFS Kaplan–Meier curve, and effectively dealt

with the scenario of relatively long periods of follow-up with-

out the measurement data, followed by a later death. The

censoring of such cases (for the purpose of this analysis) at

last documented measurement provided a possibility to eval-

uate ‘RECIST(n) PFS’, restricting the follow-up to the period

with available measurements. The reason for progression in

this analysis was split into the following categories (which-

ever occurred first):

• New lesion, with or without other qualifying events within

3 weeks.

• Progression of non-target lesions, with or without the pro-

gression of target lesions within 3 weeks.

• Progression of target lesions (in the absence of new lesions

or progression in non-target lesions within 3 weeks).

• Death within 2 months of the last measurements, in the

absence of any of the above.

The reasoning for this categorisation is to identify those

cases that – using a different method – would have a differ-

ent outcome (progression versus non-progression), or a dif-

ferent timing of progression. Indeed, only progressions that

are declared based on the changes in lesion measurements,

in the absence of other potential causes, would alter the

patient’s progression date if the RECIST criteria were

modified.
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3. Results

Data were collected from 16 clinical trials in metastatic can-

cer, with patients enrolled between 1993 and 2005 (Table 2,2–15).

In some trials patients with locally advanced disease were

also eligible, but they represented a small minority. Of a total

of 9147 patients for whom data were collected, 6512 could be

included in the primary dataset. Reasons for exclusions were

lack of recorded measurable lesions (1491, 16%), lack of valid

measurement data post baseline (613, 7%), lack of any valid

outcome when applying RECIST version 1.0 (mostly because

not all target lesions were consistently followed, 326 cases,

4%) and a recorded best response of ‘unevaluable’ 205 (2%).
Table 2 – Clinical trials included in the data warehouse.

Trial Organisation/
Company

Tumour
type

Study of the Erasmus

University Medical

Centre, Rotterdam,

The Netherlands

Erasmus University

Medical Centre,

Rotterdam,

Netherlands

Breast

Intact 1 AstraZeneca NSCLC

Intact 2 AstraZeneca NSCLC

BMS 139278 Bristol-Myers Squibb Breast

Aventis study 303 Sanofi Aventis Breast

BCIRG study BCIRG/Sanofi Aventis Breast

Aventis study 307 Sanofi Aventis Breast

Pfizer Pfizer/RadPharm GIST

Pfizer Pfizer/RadPharm Renal Cell

Pfizer Pfizer/RadPharm Renal Cell

Genentech study 2107 Genentech Colorectal

Tribute Genentech NSCLC

EORTC 10923 EORTC Breast

EORTC 10961 EORTC Breast

Roche BO16411 Roche Lung

EORTC 40986 EORTC Colorectal
In the primary dataset, over 18,000 potential target lesions

were available. Nine percent of patients (n = 585, Table 3) had

six or more reported target lesions at baseline. 73.8% of patients

had 1, 2 or 3 target lesions reported. The longest diameter at

baseline was 2 cm or less in 30% of lesions, 25% were 2.1–

3 cm, 25% were 3.1–5 cm and 20% were more than 5 cm in lon-

gest diameter. A large majority (88%) of potential target lesions

were assessed by CT scan (Table 4). In the primary dataset, only

4% of patients had (some) lesions where the method of mea-

surement varied over the course of follow-up. Median follow-

up (including all target lesions and information on non-target

lesions as applicable) was 8.0 months. The median number of

visits with follow-up measurements post baseline was 4.
Short description N

Phase II to III study comparing doxorubicin and

docetaxel with fluorouracil, doxorubicin, and

cyclophosphamide as first-line chemotherapy in

patients with metastatic breast cancer

216

Gefitinib in Combination With Gemcitabine and

Cisplatin in advanced non-small-cell lung cancer: a

phase III trial

1093

Gefitinib in combination with paclitaxel and carboplatin

in advanced non–small-cell lung cancer: a phase III trial

1037

Doxorubicin and paclitaxel versus fluorouracil,

doxorubicin and cyclophosphamide as first-line therapy

for women with metastatic breast cancer

267

Prospective randomised trial of docetaxel versus

doxorubicin in patients with metastatic breast cancer

326

Docetaxel and doxorubicin compared with doxorubicin

and cyclophosphamide as first-line chemotherapy for

metastatic breast cancer

429

Phase III randomised trial comparing docetaxel (T),

doxorubicin (A) and cyclophosphamide (C) to FAC as first

line chemotherapy (CT) for patients with metastatic

breast cancer

484

A phase III, randomised, double blind, placebo-

controlled study of SU011248 in the treatment of

patients with Imatinib mesylate (Gleevec, Glivec)-

resistant or intolerant malignant gastrointestinal

stromal tumour

284

A pivotal study of SU011248 in the treatment of patients

with cytokine-refractory metastatic renal cell carcinoma

106

A phase III, randomised study of SU011248 versus

interferon (IFN)-a as first-line systemic therapy for

patients with metastatic renal call carcinoma

695

Bevacizumab in combination with fluorouracil and

leucovorin for first-line metastatic colorectal cancer

923

A phase III trial of Erlotinib hydrochloride (OSI-774)

combined with carboplatin and paclitaxel chemotherapy

in advanced non-small-cell lung cancer

1079

Paclitaxel versus doxorubicin as first-line single-agent

chemotherapy for metastatic breast cancer

331

Doxorubicin and paclitaxel versus doxorubicin and

cyclophosphamide as first-line chemotherapy in

metastatic breast cancer

275

Phase III study of erlotinib in combination with cisplatin

and gemcitabine in advanced non-small-cell lung cancer

1172

Phase III study of weekly high-dose infusional

fluorouracil plus folinic acid with or without irinotecan

in patients with metastatic colorectal cancer

430



Table 4 – Method of measurement and site of target
lesions.

Potential target lesions (N = 18324)
N (%)

Method

Clinical examination 1552 (8.5)

X-ray 445 (2.4)

Conventional CT-scan 10263 (56.0)

Spiral CT-scan 5930 (32.4)

MRI 122 (0.7)

Other 11 (0.1)

Missing 1 (0.0)

Organ site

Lymph node 3974 (21.7)

Lung 5687 (31.0)

Lliver 4430 (24.2)

Bone 156 (0.9)

Brain 6 (0.0)

Skin 235 (1.3)

Other soft tissue 583 (3.2)

Other site 3252 (17.7)

Missing 1 (0.0)

Table 3 – Number of target lesions per patient, primary
dataset.

Number of target lesions All patients (N = 6512)
N (%)

1 1800 (27.6)

2 1784 (27.4)

3 1227 (18.8)

4 662 (10.2)

5 454 (7.0)

6 209 (3.2)

7 136 (2.1)

8 94 (1.4)

9 61 (0.9)

10 85 (1.3)
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3.1. Impact on response outcome

Tables 5 and 6 show the differences in response outcome in

the primary dataset using a maximum of 10 target lesions,

as compared to a maximum of either 3 or 5 reported lesions.

When the requirement for response confirmation is retained,

in comparison to RECIST version 1.0 (original), RECIST version

1.116 using 5 lesions identified a different best overall response

assignment in 209 (3.2%) patients and version 1.1 using 3 le-

sions identified a different best overall response assignment

in 230 (3.5%) patients. In the subset of patients with more

than 5 potential target lesions, there are 33 such cases using

5 lesions (5.6%) and 42 such cases using 3 lesions (7.5%). Com-

pared to RECIST 1.0, a small increase in the number of cases

assigned a complete response was found, related to the ability

to achieve complete response in the presence of small mea-

sured lymph nodes that are considered normal size using

the modifications in RECIST 1.1 (21 cases). Furthermore, the

total number of responders decreased by 10 cases. Despite

these changes in individual patient assignment, there was

no effect on the overall (partial and complete summed) response
rate (presumably because there was a balance in patients

shifting from stable disease to partial response categories

and vice versa for the most part) when looking at RECIST 1.1

with 5 lesions or RECIST 1.1 with 3 lesions both in comparison

to RECIST 1.0.

When calculating the response rate at the trial level, the

difference in the 16 trial overall response rates compared to

RECIST version 1.0 ranged from )1.3% to +1.8% with a median

of )0.2% using a maximum of five target lesions, and from

)1.4% to +1.3% with a median of 0.0% using three target

lesions.

In contrast, also shown in Table 5, when restricting the

number of target lesions to be followed to 2 or 1, the discrep-

ancies increase (for example, when only 2 targets are se-

lected, 335 cases of the 6512 (5.1%) have a differing best

response assignment).

If the requirement of response confirmation is removed,

the changes in outcome compared to version RECIST 1.0 are

more striking (Table 6): 1113 (17.1%) patients would have a dif-

ferent best overall response. In the dataset of patients with

more than 5 target lesions reported at baseline, there were

75 such cases (12.8%). There would also be an increase in

the number of complete responses (by 151 CR cases, almost

a doubling). In addition, the overall number of responding pa-

tients would increase from 2493 to 3386, representing an in-

crease of 13.8% in the overall response rate. When only 3

target lesions are used, the impact of eliminating response

confirmation on the overall response rate is similar.

The considerable increase in the number of responses

(complete responses and overall response rates) that result

from dropping the requirement for response confirmation is

biased due to the fact that for many such cases no further

measurement was available, thereby eliminating the possibil-

ity of confirmation. To obtain a less biased estimate, we re-

stricted analysis to initial responding patients who had a

follow-up evaluation or a progression within 8 weeks. In this

dataset, 1858 of 2207 initial responders (84.2%) were con-

firmed. Conversely, relaxing the requirement to confirm re-

sponse, an extra 349 patients with response would be

added, representing an increase of 19% in the overall re-

sponse rate.

3.2. Impact on progression free survival (PFS)

In the primary dataset, the effect of restricting the number of

lesions is minimal on PFS, irrespective of the requirement for

response confirmation, as can be seen from Table 7. In the pri-

mary dataset, the median and the PFS point estimates at 6

months were the same regardless of whether 10, 5 or 3 lesions

were considered. The difference in number of events was 29

(0.4 %) cases: 78 (1.2 %) additional progressions in version

1.1, versus 49 (0.8 %) cases that would no longer be classified

as having progression.

In the 585 patients with more than 5 target lesions at base-

line, the median PFS remained identical regardless of whether

10, 5 or 3 lesions were considered, and the point estimate at 6

months changed by only 0.78%. There was no overall differ-

ence in the number of events: 9 additional progressions would

be classified in version 1.1, while 9 cases would no longer be

classified as having progression.



Table 5 – Calculated best response: RECIST version 1.0 versus RECIST version 1.1, both with the condition of response
confirmation.

RECIST version 1.0a

Restricted to patients with >5 reported target lesions at baseline

RECIST version 1.1b CR (N = 4) (0.68%) PR (N = 134) (22.9%) SD (N = 272) (46.5%) PD (N = 175) (29.9%) Total (N = 585)
N (%) N (%) N (%) N (%) N (%)

With a maximum of 5 target lesions

CR 4 (100.0) 1 (0.7) 0 (0.0) 0 (0.0) 5 (0.9)

PR 0 (0.0) 117 (87.3) 14 (5.1) 0 (0.0) 131 (22.4)

SD 0 (0.0) 16 (11.9) 257 (94.5) 1 (0.6) 274 (46.8)

PD 0 (0.0) 0 (0.0) 1 (0.4) 174 (99.4) 175 (29.9)

With a maximum of 3 target lesions

CR 4 (100.0) 1 (0.7) 0 (0.0) 0 (0.0) 5 (0.9)

PR 0 (0.0) 113 (84.3) 18 (6.6) 0 (0.0) 131 (22.4)

SD 0 (0.0) 20 (14.9) 252 (92.6) 1 (0.6) 273 (46.7)

PD 0 (0.0) 0 (0.0) 2 (0.7) 174 (99.4) 176 (30.1)

With a maximum of 2 target lesions

CR 4 (100.0) 1 (0.7) 0 (0.0) 0 (0.0) 5 (0.9)

PR 0 (0.0) 107 (79.9) 25 (9.2) 0 (0.0) 132 (22.6)

SD 0 (0.0) 26 (19.4) 244 (89.7) 2 (1.1) 272 (46.5)

PD 0 (0.0) 0 (0.0) 3 (1.1) 173 (98.9) 176 (30.1)

With 1 target lesion

CR 4 (100.0) 1 (0.7) 0 (0.0) 0 (0.0) 5 (0.9)

PR 0 (0.0) 98 (73.1) 37 (13.6) 0 (0.0) 135 (23.1)

SD 0 (0.0) 31 (23.1) 224 (82.4) 2 (1.1) 257 (43.9)

PD 0 (0.0) 4 (3.0) 11 (4.0) 173 (98.9) 188 (32.1)

All patients

CR (N = 174) (2.6%) PR (N = 2319) (35.1%) SD (N = 2809) (43.1%) PD (N = 1210) (18.6%) Total (N = 6512)

N (%) N (%) N (%) N (%) N (%)

With a maximum of 5 target lesions

CR 174 (100.0) 21 (0.9) 0 (0.0) 0 (0.0) 195 (3.0)

PR 0 (0.0) 2214 (95.5) 72 (2.6) 2 (0.2) 2288 (35.1)

SD 0 (0.0) 83 (3.6) 2723 (96.9) 10 (0.8) 2816 (43.2)

PD 0 (0.0) 1 (0.0) 14 (0.5) 1192 (98.5) 1207 (18.5)

No result 0 (0.0) 0 (0.0) 0 (0.0) 6 (0.5) 6 (0.1)

With a maximum of 3 target lesions

CR 174 (100.0) 21 (0.9) 0 (0.0) 0 (0.0) 195 (3.0)

PR 0 (0.0) 2202 (95.0) 78 (2.8) 2 (0.2) 2282 (35.0)

SD 0 (0.0) 93 (4.0) 2716 (96.7) 11 (0.9) 2820 (43.3)

PD 0 (0.0) 3 (0.1) 15 (0.5) 1190 (98.3) 1208 (18.6)

No result 0 (0.0) 0 (0.0) 0 (0.0) 7 (0.6) 7 (0.1)

With a maximum of 2 target lesions

CR 174 (100.0) 22 (0.9) 0 (0.0) 0 (0.0) 196 (3.0)

PR 0 (0.0) 2152 (92.8) 121 (4.3) 2 (0.2) 2275 (34.9)

SD 0 (0.0) 141 (6.1) 2668 (95.0) 16 (1.3) 2825 (43.4)

PD 0 (0.0) 4 (0.2) 20 (0.7) 1183 (97.8) 1207 (18.5)

No result 0 (0.0) 0 (0.0) 0 (0.0) 9 (0.7) 9 (0.1)

With 1 target lesion

CR 172 (98.9) 27 (1.2) 0 (0.0) 0 (0.0) 199 (3.1)

PR 0 (0.0) 2013 (86.8) 253 (9.0) 2 (0.2) 2268 (34.8)

SD 2 (1.1) 262 (11.3) 2501 (89.0) 33 (2.7) 2798 (43.0)

PD 0 (0.0) 17 (0.7) 55 (2.0) 1159 (95.8) 1231 (18.9)

No result 0 (0.0) 0 (0.0) 0 (0.0) 16 (1.3) 16 (0.2)

a Percentages on the top bar are row percentages, showing rates per RECIST version 1.0.

b RECIST version 1.1 includes all other changes described, such as the changes for lymph nodes and a minimum increase of 5 mm for PD.
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Table 8 presents the distribution of events in short-term

PFS by reason: the majority of progressions occur due to

new lesions being detected, either with or without growth
in target lesions that qualified as progression. Some patients,

while having the same reason for progression, had this pro-

gression at a different time point (being somewhat later or



Table 6 – Calculated best response: RECIST version 1.0 (including condition of response confirmation) versus RECIST
version 1.1 without the condition of response confirmation.

RECIST version 1.0a

Restricted to patients with > 5 reported target lesions at baseline

RECIST version 1.1b CR (N = 4) (0.68%) PR (N = 134) (22.9%) SD (N = 272) (46.5%) PD (N = 175) (29.9%) Total (N = 585)
N (%) N (%) N (%) N (%) N (%)

Using a maximum of 5 target lesions

CR 4 (100.0) 5 (3.7) 0 (0.0) 0 (0.0) 9 (1.5)

PR 0 (0.0) 123 (91.8) 53 (19.5) 9 (5.1) 185 (31.6)

SD 0 (0.0) 6 (4.5) 218 (80.1) 1 (0.6) 225 (38.5)

PD 0 (0.0) 0 (0.0) 1 (0.4) 165 (94.3) 166 (28.4)

Using a maximum of 3 target lesions

CR 4 (100.0) 5 (3.7) 0 (0.0) 0 (0.0) 9 (1.5)

PR 0 (0.0) 120 (89.6) 57 (21.0) 8 (4.6) 185 (31.6)

SD 0 (0.0) 9 (6.7) 213 (78.3) 1 (0.6) 223 (38.1)

PD 0 (0.0) 0 (0.0) 2 (0.7) 166 (94.9) 168 (28.7)

All patients

CR (N = 174) (2.6%) PR (N = 2319) (35.6%) SD (N = 2809) (43.1%) PD (N = 1210) (18.6%) Total (N = 6512)

N (%) N (%) N (%) N (%) N (%)

With a maximum of 5 target lesions

CR 174 (100.0) 120 (5.2) 21 (0.7) 10 (0.8) 325 (5.0)

PR 0 (0.0) 2161 (93.2) 784 (27.9) 116 (9.6) 3061 (47.0)

SD 0 (0.0) 38 (1.6) 1993 (71.0) 8 (0.7) 2039 (31.3)

PD 0 (0.0) 0 (0.0) 11 (0.4) 1071 (88.5) 1082 (16.6)

No result 0 (0.0) 0 (0.0) 0 (0.0) 5 (0.4) 5 (0.1)

With a maximum of 3 target lesions

CR 174 (100.0) 120 (5.2) 21 (0.7) 10 (0.8) 325 (5.0)

PR 0 (0.0) 2157 (93.0) 788 (28.1) 113 (9.3) 3058 (47.0)

SD 0 (0.0) 42 (1.8) 1988 (70.8) 9 (0.7) 2039 (31.3)

PD 0 (0.0) 0 (0.0) 12 (0.4) 1072 (88.6) 1084 (16.6)

No result 0 (0.0) 0 (0.0) 0 (0.0) 6 (0.5) 6 (0.1)

a Percentages on the top bar are row percentages, showing rates per RECIST version 1.0.

b RECIST version 1.1 includes all other changes described, such as the changes for lymph nodes and a minimum increase of 5 mm for PD.

Table 7 – PFS outcome using the three methods.

PFS short term

RECIST version Patients (N) Observed
events (O)

Median (95% CI)
(Months)

% at 6 months
(95% CI)

Patients with more than 5 target lesions at baseline

Version 1.1 with a maximum of 3 targets version 585 409 5.22 (4.34, 5.55) 42.89 (38.46, 47.24)

Version 1.1 with a maximum of 5 target lesions 585 409 5.22 (4.47, 5.68) 43.67 (39.24, 48.01)

Version 1.0 585 409 5.26 (4.70, 5.65) 43.02 (38.59, 47.38)

All patients

Version 1.1 with a maximum of 3 targets version 6512 4501 6.31 (6.21, 6.44) 53.75 (52.44, 55.04)

Version 1.1 with a maximum of 5 target lesions 6512 4502 6.31 (6.21, 6.44) 53.78 (52.47, 55.07)

Version 1.0 6512 4531 6.31 (6.21, 6.44) 53.62 (52.31, 54.91)
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earlier, depending on the method) but this number is small.

Again, when restricting the number of targets being mea-

sured to 2 or 1, discrepancies increase, but less so than for re-

sponse. The majority of patients progressing due to new

lesions explain this.

3.3. Sensitivity analyses

As shown in Tables 5 and 8, analyses were also conducted

using a maximum of 1 or 2 target lesions per patient. For
these analyses, the differences in outcome between 10 and

1 or 2 lesions were larger (more than 5% discrepancy) and this

level of discordance was considered unacceptable by the RE-

CISTworking group to recommend using such small numbers

of reported lesions in patients where more lesions are

present.

If the duration of no change in anatomical size from base-

line to qualify a patient as having a stable disease were in-

creased from 6 weeks to 3 months, then for all methods

(RECIST version 1.0 as well as 3 or 5 maximum targets)



Table 8 – Reason for progression.

Calculated reason for progression

RECIST version 1.0

Restricted to patients with more than 5 target lesions at baseline

RECIST version 1.1 No progression
(N = 176)

New lesion +/)
other (N = 229)

Progression of
target lesions

(N = 54)

Progression of non-
target lesions

(N = 116)

Death without
progression (N = 10)

Total (N = 585)

N (%) N (%) N (%) N (%) N (%) N (%)

With a maximum of 5 target lesions

No progression 170 (96.6) 0 (0.0) 6 (11.1) 0 (0.0) 0 (0.0) 176 (30.1)

New lesion +/) other 0 (0.0) 225 (98.3) 4 (7.4) 0 (0.0) 0 (0.0) 229 (39.1)

Progression of target lesions 6 (3.4) 4 (1.7) 44 (81.5) 5 (4.3) 1 (10.0) 60 (10.3)

Progression of non-target lesions 0 (0.0) 0 (0.0) 0 (0.0) 111 (95.7) 0 (0.0) 111 (19.0)

Death without progression 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 9 (90.0) 9 (1.5)

With a maximum of 3 target lesions

No progression 167 (94.9) 0 (0.0) 9 (16.7) 0 (0.0) 0 (0.0) 176 (30.1)

New lesion +/) other 0 (0.0) 224 (97.8) 4 (7.4) 0 (0.0) 0 (0.0) 228 (39.0)

Progression of target lesions 9 (5.1) 5 (2.2) 40 (74.1) 5 (4.3) 1 (10.0) 60 (10.3)

Progression of non-target lesions 0 (0.0) 0 (0.0) 0 (0.0) 111 (95.7) 0 (0.0) 111 (19.0)

Death without progression 0 (0.0) 0 (0.0) 1 (1.9) 0 (0.0) 9 (90.0) 10 (1.7)

With a maximum of 2 target lesions

No progression 164 (93.2) 0 (0.0) 9 (16.7) 0 (0.0) 0 (0.0) 173 (29.6)

New lesion +/) other 0 (0.0) 221 (96.5) 3 (5.6) 0 (0.0) 0 (0.0) 224 (38.3)

Progression of target lesions 12 (6.8) 8 (3.5) 41 (75.9) 6 (5.2) 1 (10.0) 68 (11.6)

Progression of non-target lesions 0 (0.0) 0 (0.0) 0 (0.0) 110 (94.8) 0 (0.0) 110 (18.8)

Death without progression 0 (0.0) 0 (0.0) 1 (1.9) 0 (0.0) 9 (90.0) 10 (1.7)

With 1 target lesion

No progression 156 (88.6) 0 (0.0) 10 (18.5) 0 (0.0) 0 (0.0) 166 (28.4)

New lesion +/) other 0 (0.0) 214 (93.4) 7 (13.0) 0 (0.0) 0 (0.0) 221 (37.8)

Progression of target lesions 20 (11.4) 15 (6.6) 35 (64.8) 13 (11.2) 1 (10.0) 84 (14.4)

Progression of non-target lesions 0 (0.0) 0 (0.0) 1 (1.9) 103 (88.8) 0 (0.0) 104 (17.8)

Death without progression 0 (0.0) 0 (0.0) 1 (1.9) 0 (0.0) 9 (90.0) 10 (1.7)

(continued on next page)
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Table 8 – continued

Calculated reason for progression

RECIST version 1.0

All patients

RECIST version 1.1 No progression

(N = 1981)

New lesion +/)
other (N = 2220)

Progression of

target lesions

(N = 1145)

Progression of

non-target lesions

(N = 946)

Death without

progression (N = 220)

Total (N = 6512)

N (%) N (%) N (%) N (%) N (%) N (%)

With a maximum of 5 target lesions

No progression 1932 (97.5) 0 (0.0) 78 (6.8) 0 (0.0) 0 (0.0) 2010 (30.9)

New lesion +/) other 0 (0.0) 2203 (99.2) 18 (1.6) 0 (0.0) 0 (0.0) 2221 (34.1)

Progression of target lesions 49 (2.5) 17 (0.8) 1037 (90.6) 11 (1.2) 3 (1.4) 1117 (17.2)

Progression of non-target lesions 0 (0.0) 0 (0.0) 9 (0.8) 935 (98.8) 0 (0.0) 944 (14.5)

Death without progression 0 (0.0) 0 (0.0) 3 (0.3) 0 (0.0) 217 (98.6) 220 (3.4)

With a maximum of 3 targets lesions

No progression 1925 (97.2) 0 (0.0) 86 (7.5) 0 (0.0) 0 (0.0) 2011 (30.9)

New lesion +/) other 0 (0.0) 2200 (99.1) 19 (1.7) 0 (0.0) 0 (0.0) 2219 (34.1)

Progression of target lesions 56 (2.8) 20 (0.9) 1027 (89.7) 11 (1.2) 4 (1.8) 1118 (17.2)

Progression of non-target lesions 0 (0.0) 0 (0.0) 9 (0.8) 935 (98.8) 0 (0.0) 944 (14.5)

Death without progression 0 (0.0) 0 (0.0) 4 (0.3) 0 (0.0) 216 (98.2) 220 (3.4)

With a maximum of 2 target lesions

No progression 1905 (96.2) 0 (0.0) 109 (9.5) 0 (0.0) 0 (0.0) 2014 (30.9)

New lesion +/) other 0 (0.0) 2185 (98.4) 19 (1.7) 0 (0.0) 0 (0.0) 2204 (33.8)

Progression of target lesions 76 (3.8) 35 (1.6) 1002 (87.5) 17 (1.8) 7 (3.2) 1137 (17.5)

Progression of non-target lesions 0 (0.0) 0 (0.0) 9 (0.8) 929 (98.2) 0 (0.0) 938 (14.4)

Death without progression 0 (0.0) 0 (0.0) 6 (0.5) 0 (0.0) 213 (96.8) 219 (3.4)

With 1 target lesion

No progression 1857 (93.7) 0 (0.0) 218 (19.0) 0 (0.0) 0 (0.0) 2075 (31.9)

New lesion +/) other 0 (0.0) 2145 (96.6) 51 (4.5) 0 (0.0) 0 (0.0) 2196 (33.7)

Progression of target lesions 124 (6.3) 75 (3.4) 848 (74.1) 30 (3.2) 7 (3.2) 1084 (16.6)

Progression of non-target lesions 0 (0.0) 0 (0.0) 13 (1.1) 916 (96.8) 0 (0.0) 929 (14.3)

Death without progression 0 (0.0) 0 (0.0) 15 (1.3) 0 (0.0) 213 (96.8) 228 (3.5)
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approximately 1200 (of approximately 2800) fewer cases of SD

would be identified. Of these, 700 would be assigned PD, while

500 would not have an outcome for the RECIST version 1.0

calculation (their last observation is a stable disease, but

within 3 months of baseline). However, the level of consis-

tency between the measurements of lesions (10, 5 or 3) is very

similar to that shown in Tables 5–8.

If a doubling of the longest diameter of lesions that were at

least 2 cm at baseline and that were not selected as target le-

sions would be considered as an ad-hoc interpretation of

unequivocal progression, an additional 5 patients would have

a best response of PD when selecting a maximum of 5 targets.

For the PFS end-point this would result in 18 additional events

in 6512 patients, with no impact on median and point

estimates.

In analyses where the selection of target lesions within or-

gans were random, i.e. representativity of organs was pre-

served, but apart from that target lesions were selected at

random, the overall response rates and progression-free sur-

vival did not differ from the method where the largest lesions

were selected.

4. Discussion

This database served to quantitatively assess the impact of

proposed modifications to RECIST version 1.0 through an

evaluation using a large available set of the actual data that

were prospectively collected in 16 clinical trials. It must be

emphasised that the algorithmic approach used in this exer-

cise is not equivalent to the actual conduct of performing a

prospective study using these new guidelines. Previous inves-

tigations of this kind either concentrated on modelling and

estimating the amount of measurement error17,18 or followed

an approach that is close to the one we have used.19 This dis-

tinction may explain the difference in the resulting recom-

mendations. The first class, which tries to ensure

concordance with some (partially unknown) gold standard

of true response status, comes to a more conservative recom-

mendation of following six target lesions. Our analysis (and

the one by Hillman et al.) observes little difference between

RECIST version 1.0 and modified RECIST version 1.116 when

maximising the number of reported targets to two or three.

In a warehouse such as this, which relies on the reported

measurements rather than on the detail of any individual

measurement, it is impossible to determine the overall level

of measurement accuracy with a hypothetical gold standard.

When determining the appropriate number of target le-

sions to measure one must balance collecting the data neces-

sary to assess the true state of the tumour burden for patient

management purposes and the practical limitations of con-

ducting clinical trials. This factor leads us to prefer, all other

factors being equal, to measure fewer lesions.

Our analyses suggest that it is possible to restrict the num-

ber of target lesions to report to a maximum of five, or poten-

tially three measurable lesions, without causing meaningful

changes in the reported trial outcomes.

Most of the trials in the warehouse underwent centralised

review,20 and can be assumed to have been cleaned accord-

ingly. They thus reflect the status and quality of Phase III can-

cer clinical trials, as they exist today.
When compared against the best response calculated

using all the lesions up to 10 per patient, inconsistencies be-

tween the calculations of RECIST version 1.0 and methods

with 3 or 5 targets as proposed here, go both ways: in some

cases the conclusion of version 1.0 is confirmed by the origi-

nal assessment, in others the new method is closer to the ori-

ginal assessment.

We observed that the newer, more biologically appropriate

consideration of lymph node lesions21 as adapted in RECIST

1.1 had no major impact on the overall rates of response or

progression. It does allow a small number of additional com-

plete responses to be demonstrated. In an actual independent

radiology review, these may already have been assigned as

complete responses. Removing the requirement of response

confirmation increases the percentage of responders by an

estimated relative 19% (i.e. approximately multiplying the re-

sponse rate by 1.19, e.g. an estimated response rate of 30%

would increase to .30 · 1.19 = 36%).

Progression-free survival22,23 was almost completely unaf-

fected by any of the considered RECIST modifications. This is

due in part to the fact that progressions documented solely by

increases in target lesions (and not by the occurrence of new

lesions or unequivocal progression of non-target lesions) con-

stitute only 25% (1145/4531) of all PFS events in the ware-

house. At the individual patient level, only 127 patients had

a difference in progression status between the two versions

of RECIST.

Importantly, when investigating the potential impact of

individual studies on these results, no individual study stood

out from the rest (thereby possibly skewing the outcome) at

either the individual patient or trial level. Perhaps most

importantly, measuring fewer lesions did not impact the trial

level summary data of response rate and PFS.

When interpreting these results, the following (potential)

sources of bias must be considered. First, the warehouse is re-

stricted to the target lesions reported in the original trials.

The data warehouse cannot guarantee that patients did not

have more potential target lesions than those reported. Based

on the number of reported lesions in the trials considered

here, as reflected in Table 3, investigators may not be comply-

ing with the RECIST version 1.0 rule of measuring all lesions

up to a maximum of 10 targets, but instead are reporting few-

er lesions, likely due to the logistical constraints. While this in

theory may be undesirable (see discussion on measurement

error later in this paper) it does reflect the real world experi-

ence in 16 large phase III trials. Similarly, it is not straightfor-

ward to evaluate directly the importance of measurement

error in the data warehouse. This analysis does not take into

account reliability, reproducibility or accuracy of the actual

radiological measurement other than by requiring the usual

cutoffs for assigning partial response and progressive disease.

While the measurement issues may not necessarily introduce

significant bias in a randomised Phase III trial, clearly individ-

ual patient assignment of response or progression will be

impacted.

Theoretically, the evaluation of an individual patient’s

overall tumour burden will improve by monitoring a greater

number of target lesions. Consistent definitions of response/

progression categories for patient management and trial

end-point purposes is critical or trial data may be missing
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because patients have been removed from study based on pa-

tient management criteria prior to attaining the correspond-

ing trial end-point.

Measurement variability depends on tumour location.

Hopper et al. demonstrated wide variability in the selection

of target lesions across multiple radiologists, with a 15% inter-

observer variability in CT measurements even when radiolo-

gists were presented with a relatively small set of tumours

and types.24 It is further recognised that there are specific

metastatic sites where the lesions are more prone to mea-

surement error, and therefore, the measurement of multiple

lesions in these organs is a reasonable recommendation. By

doing so, a greater proportion of a patient’s tumour burden

is assessed, and any single lesion measurement error would

be minimised over time. Documented challenges in measur-

ing, for instance, hypopharyngeal, laryngeal, renal lesions

and peritoneal metastases are well known.25

As a specific example of these issues, the largest body of

contemporary literature evaluates lung lesion measure-

ments and change over time. Even with optimal computer-

ised segmentation of nodules, single nodule-interscan

variability range from )12% to 12.4% and in examples of

lung nodules where the manual delineation of the tumour

was necessary, this single lesion interscan variability in-

creased from )27% to +30%.26 In the worst-case scenario,

for individual tumour measurements, an assessment of

progression up to 27.5% tumours may be misclassified

based on the measurement differences at CT.27 The first

true CT reproducibility study was performed in lung cancer.

It demonstrated up to 12.5% change to be within the 95%

confidence interval in a single primary lung lesion sur-

rounded by aerated lung. Inter- and intra-observer variabil-

ity was even greater when considering the repeatability of a

radiologist’s measurements. Even under these ideal condi-

tions, therefore, it appears that measurement of a single le-

sion in an organ may not suffice to provide a reproducible

or reliable metric of change.

Increasing the number of target lesions measured in an or-

gan will reduce part of the error in the percent change of sum

of diameters to the extent that it is not a systematic error

(such as those due to the observer, the method, characteris-

tics of the patient). Technological advances to reduce mea-

surement error, as opposed to measuring more lesions, may

best address many of these issues.

In some primary tumours, differential responses may be

seen based upon the sites or predominant sites of metastases

or those included as target measurements. For instance,

inclusion of the renal primary in measurement of target dis-

ease in renal cell has been shown to impact response rate

and time to progression analyses.28 Therefore, theoretically,

optimal assessment of tumour burden should encompass as

many sites of target lesions with reproducible and repeatable

measurements of disease. In the warehouse assembled, these

theoretical concerns were not manifest, however, as the types

of therapies evolve and imaging modalities and technologies

change, the appropriate number of lesions to monitor for both

managing patient care and evaluating treatment efficacy will

be an important area of research.

Based on the analyses done on the warehouse, and based

on the review of numerous individual cases where the pro-
grammed algorithm resulted in a different outcome than that

documented in the originating trial database (either by the lo-

cal investigator or centrally) we believe the priority in clinical

practice should be to obtain consistency in the measurement

of a restricted number of selected lesions. In planning the

trial, imaging of selected target lesions at each intended visit

should take priority over shortening the interval between

assessments. In evaluating progression, in the light of these

results, the importance of an adequate monitoring for the

appearance of new lesions is emphasised, as the findings of

new lesions are not demonstrably correlated to the evolution

of the sum of lesion diameters. The last recommendation is to

define carefully – at least at the study protocol level –

unequivocal progression of non-target (or non-measurable)

lesions, and to ensure that appropriate documentation is re-

ported in the clinical database.

5. Conclusions

Based on our analysis of over 6000 patients from 16 completed

trials, there is little difference between the results obtained at

either the individual patient level or the trial level for the

assessment of response or progression when measuring 10,

5 or 3 lesions. In addition, imposing criteria for lymph nodes,

and a condition of a minimal 5 mm increase in sum of LD to

reach progressive disease do not substantially impact conclu-

sions, while these changes have a desirable effect of bringing

assessments closer to clinical reality.

Requiring response confirmation has no impact on pro-

gressive disease findings (with the exception of an increased

likelihood of finding progressive disease at the additional con-

firmation visit), but has a substantial impact on the response

rate. We therefore retained the requirement for response con-

firmation in RECIST version 1.1 in trials where the objective

response rate is the primary trial end-point. An analysis of

which criteria for response confirmation (required or not) re-

sults in a superior prediction of overall survival would be

instructive, but is beyond the scope of this exercise. Regarding

the final choice of the number of lesions to be assessed for RE-

CIST version 1.1, even though the algorithm using a maxi-

mum of three targets shows high concordance with the 10

lesion requirement in terms of response and TTP assignment,

one can be concerned that the appropriate assessment of dis-

ease within an organ requires two lesions to be followed per

organ. Hence, the approaches of following two target lesions

per organ, up to a maximum of either three or five target le-

sions in total both seem reasonable strategies based on the

data warehouse.
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