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ORIGINAL ARTICLE
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Background: [18F]2-fluoro-2-deoxy-D-glucose positron emission tomography/computed tomography (18FDG-PET/CT) has
high sensitivity for detecting recurrences of colorectal cancer (CRC). Our objective was to determine whether adding routine
6-monthly 18FDG-PET/CT to our usual monitoring strategy improved patient outcomes and to assess the effect on costs.

Patients and methods: In this open-label multicentre trial, patients in remission of CRC (stage II perforated, stage III, or stage
IV) after curative surgery were randomly assigned (1 : 1) to usual monitoring alone (3-monthly physical and tumour marker
assays, 6-monthly liver ultrasound and chest radiograph, and 6-monthly whole-body computed tomography) or with 6-monthly
18FDG-PET/CT, for 3 years. A multidisciplinary committee reviewed each patient’s data every 3 months and classified the
recurrence status as yes/no/doubtful. Recurrences were treated with curative surgery alone if feasible and with chemotherapy
otherwise. The primary end point was treatment failure defined as unresectable recurrence or death. Relative risks were
estimated, and survival was analysed using the Kaplan–Meier method, log-rank test, and Cox models. Direct costs were
compared.

Results: Of the 239 enrolled patients, 120 were in the intervention arm and 119 in the control arm. The failure rate was 29.2%
(31 unresectable recurrences and 4 deaths) in the intervention group and 23.7% (27 unresectable recurrences and 1 death) in
the control group (relative risk¼ 1.23; 95% confidence interval, 0.80–1.88; P¼ 0.34). The multivariate analysis also showed no
significant difference (hazards ratio, 1.33; 95% confidence interval, 0.8–2.19; P¼ 0.27). Median time to diagnosis of unresectable
recurrence (months) was significantly shorter in the intervention group [7 (3–20) versus 14.3 (7.3–27), P¼ 0.016]. Mean cost/
patient was higher in the intervention group (18 192 6 27 679 e versus 11 131 6 13 e, P< 0.033).

Conclusion: 18FDG-PET/CT, when added every 6 months, increased costs without decreasing treatment failure rates in patients
in remission of CRC. The control group had very close follow-up, and any additional improvement (if present) would be small
and hard to detect.
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Introduction

Colorectal cancer (CRC) is the second most common cause of

cancer-related mortality. The mainstay of treatment is surgery

with curative intent, which is feasible in nearly all patients with

stages I–III disease and in 15% of those with stage IV disease.

However, recurrences are diagnosed after surgery in half the pa-

tients, usually within the first 2 years [1–3]. When feasible,

the preferred treatment of recurrent disease is surgical resection

[4–7].

Early detection of recurrences has been reported to improve

patient outcomes [4, 8]. Post-operative monitoring to detect re-

currences is therefore mandatory [5–9]. However, intensive

follow-up to ensure the early detection of recurrences signifi-

cantly diminished mortality in some studies [3, 8, 9] but not in

others [1, 2, 6]. Thus, the optimal monitoring strategy remains in

doubt.

French and international guidelines [10–13] for early recur-

rence detection after surgery for CRC recommend intensive

monitoring with 3-monthly visits for a medical interview, phys-

ical examination, laboratory tests, chest X-ray, and liver ultra-

sound combined. The same guidelines also recognise that highly

sensitive imaging procedures such as whole-body computed

tomography (wbCT), [18F]2-fluoro-2-deoxy-D-glucose positron

emission tomography (18FDG-PET), and/or abdominal magnetic

resonance imaging (MRI) may be advisable after potentially cura-

tive resection of liver and/or lung metastases [12, 14, 15].

Previous studies have used a variety of intensive monitoring

strategies [1–4, 14–17]. A Cochrane review suggests that using

highly sensitive investigations may decrease the time to recur-

rence detection, thereby increasing the proportion of recurrences

amenable to potentially curative surgery and expected improving

overall survival (OS) [15]. In a previous randomised trial, we

showed that adding routine 118FDG-PET to the standard moni-

toring strategy ensured the earlier detection of recurrences [4].

However, although a meta-analysis of randomised trials sug-

gested that intensive monitoring improved OS, whether this ef-

fect was related to earlier treatment of recurrences remained

controversial [4–6]. Finally, no studies have evaluated whether

adding highly sensitive imaging studies to the CRC monitoring

strategy is cost-effective.

We hypothesised that adding routine 6-monthly 18FDG-PET/

computed tomography (CT) to the monitoring strategy used

routinely increased the frequency of potentially curative surgery

for recurrences, thereby decreasing the treatment failure rate and

the overall cost of management.

Methods

The study protocol was approved by the appropriate ethics committee
and patients provided written informed consent before study inclusion.

We prospectively enrolled patients aged at least 18 years with histologi-
cally proven CRC at risk for recurrence after surgery and/or chemother-
apy in an open-label multicentre randomised trial. All centres applied the
above-mentioned recommendations for the standard monitoring of
CRC [10–13].

High risk was defined as stage II CRC with tumour perforation or stage
III or IV CRC with complete resection of all synchronous and metachro-
nous metastases. To be eligible for the present study, patients had to be in

remission at entry (supplementary Figure S1, available at Annals of
Oncology online).

After inclusion, patients were randomly allocated in a 1 : 1 ratio to
standard monitoring alone (control arm) or with 18FDG-PET/CT (inter-
vention arm).

For each patient, all study data except costs were entered into an elec-
tronic case-report form.

The evaluation done to confirm the remission was performed
4–5 months after curative-intent surgery and was based on a physical
examination and blood tests (blood cell counts, liver function tests, and
tumour markers), as well as wbCT routinely and liver MRI as appropriate
and performed less than 1 month before the evaluation date. The first
study follow-up visit was planned 6 months after the curative-intent sur-
gery. At this first visit, all patients underwent wbCT and those in the
intervention arm also underwent 18FDG-PET/CT.

In both groups, patients were evaluated every 3 months with a physical
examination and laboratory tests. Every 6 months, they had wbCT, and
intervention-arm patients also had 18FDG-PET/CT. Follow-up duration
for the trial was 3 years. Liver ultrasound and chest radiography were
performed in all patients in both arms at the visits without wbCT (with
or without 18FDG-PET/CT). Follow-up colonoscopy was performed
routinely 1 and 3 years following primary CRC resection, as recom-
mended [10].

Imaging studies

The standardised wbCT protocol involved scanning from the neck to the
pelvic cavity, after the injection of 1.5 ml/kg of Xenetix 350 or Iomeron
350. All acquisitions were carried out using a multi-slice CT machine
(Toshiba or Philips) to obtain slices 2.5 mm in thickness for image
analysis.

Whole-body 18FDG-PET/CT was performed after an at least 6-hour
fast, as checked by a blood glucose test showing a level no higher than
2 g/l. Scanning was started 60 min after an intravenous injection of
4–5 MBq/kg of 18FDG. PET from the neck to the pelvis was carried out in
9–11 steps. Reformations were obtained with and without attenuation
correction using iterative algorithms to compute standardised uptake
values.

A senior nuclear medicine specialist and a senior radiologist classified
the recurrence status of each 18FDG-PET/CT and wbCT, respectively, as
yes, no, or doubtful. The images were reviewed without blinding during
the multidisciplinary meetings described in the following.

Follow-up

Patients were examined between 3-monthly follow-up scheduled visits if
their usual physicians felt the symptoms suggested recurrent disease.
After each visit, all information regarding patients were reviewed during
a multidisciplinary meeting attended by a gastro-enterologist, an oncolo-
gist, oncology surgeons, a radiologist, a pathologist, a nuclear medicine
specialist, and a geriatric oncology specialist, as well as by additional
specialists as dictated by the patient’s comorbidity profile. During the re-
view, all findings (physical examination, tumour marker assays, and
imaging studies) were assessed. The recurrence status was classified as
yes, no, or doubtful. When discrepancies were found among (physical
examination, tumour marker, and imaging) findings regarding the pres-
ence of a recurrence, additional imaging studies such as liver MRI, bone
scintigraphy, and/or 18FDG-PET/CT were considered and additional
multidisciplinary review performed.

If the patient had no recurrence, the next 3-monthly visit was sched-
uled. Patients with one or a few foci of recurrent disease underwent po-
tentially curative surgery. Patients with metastatic dissemination
received chemotherapy and/or palliative care. Patients with unresectable
disease did not undergo further 18FDG-PET/CT but received standard
monitoring until the end of the trial or death. Finally, when the recur-
rence status was doubtful, a biopsy of the suspected lesion was

Original article Annals of Oncology

932 | Sobhani et al. Volume 29 | Issue 4 | 2018

https://academic.oup.com/annonc/article-lookup/doi/10.1093/annonc/mdy031#supplementary-data


considered; the alternative was re-evaluation of the recurrence status at
the next 3-monthly visit.

Study end points

The primary end point was treatment failure defined as either unresect-
able recurrence or death from any cause.

The secondary end points were the mortality rate, incidence of recur-
rence, incidence of unresectable recurrence, times to resectable and unre-
sectable recurrences, total number of recurrences, OS, and disease-free
survival (DFS).

Cost assessment

Costs were assessed in accordance with the Consolidated Health Economic
Evaluation Reporting Standards statement for single-trial-based studies.
The prospective analysis determined the cost per life-year gained with
18FDG-PET/CT versus the standard of care over the 3-year trial period.
Hospital inpatient costs were estimated and average cost for each study
group determined with adjustment for the actual length of stay and re-
sources used during the admission including the cost of imaging studies.
All outpatient imaging studies were counted separately and both were
included in our cost analysis. Discounting was not performed. Total cost
was computed both with and without the cost of 18FDG-PET/CT.

A cost-effectiveness analysis was conducted to estimate the incremen-
tal costs per additional year of survival. A joint comparison of costs and
effects was carried out by non-parametric bootstrapping with 1000
resamples.

Statistical analysis

The required sample size was estimated based on the assumption that
35% of controls would experience an unresectable recurrence during the
3-year follow-up period and that adding 18FDG-PET/CT would decrease
this proportion by 15% [1–4]. With alpha set at 0.05, to detect this de-
crease with 80% power, 240 patients were required in all.

Data analyses were carried out using the intention-to-treat approach.
To analyse the primary end point, we first built a multi-level logistic re-
gression model with centre as a random effect, to account for potential
clustering [18]. The results showed no centre effect (P¼ 1), indicating
that any clustering was negligible. The relative risk (RR) of the primary
end point and the absolute risk reduction (ARR) were calculated.
Survival was analysed by the Kaplan–Meier method with comparison of
the curves using the log-rank test. Multivariate Cox models were fitted to
compare the primary end point between the two groups while taking

potential confounders into account. Variables associated with P values
below 0.20 were entered into a multivariate model, which was used to
compute the hazard ratios.

The prevalence of the primary end point and secondary end points was
compared between the two groups using the v2 test or Fisher’s exact test
and the Mann–Whitney test when appropriate. Costs were compared be-
tween groups using the Wilcoxon test. All statistical tests were two-sided,
and P values below 0.05 were considered significant.

The cost analysis was carried out using SAS software, version 9.3 (SAS
Institute, Cary, NC) and all other analyses using Stata software version
13.0 (StataCorp, College Station, TX).

Results

From March 2008 to November 2012, 257 potentially eligible pa-

tients who underwent curative surgery for CRC were identified

(supplementary Figure S1, available at Annals of Oncology on-

line). Among them, 239 fulfilled all inclusion and exclusion crite-

ria and were randomly allocated to the control arm (n¼ 119) or

intervention arm (n¼ 120). There were no errors in treatment al-

location and one patient was lost to follow-up (Figure 1).

The groups appeared well balanced for the main characteristics

(supplementary Table S1A–C, available at Annals of Oncology on-

line), although the intervention arm had slightly higher propor-

tions of patients with rectal cancer (28.3% versus 16.0%) and

neoadjuvant treatment (30.8% versus 23.5%).

Primary end point

The frequency of treatment failure did not differ between arms:

29.2% (35/120, 31 unresectable recurrences and 4 deaths) in the

intervention arm and 23.7% (28/118, 27 unresectable recurrences

and 1 death) in the control arm [RR, 1.23; 95% confidence inter-

val (95% CI), 0.80–1.88; P¼ 0.34) (Table 1 and Figure 1). Of the

63 patients with unresectable recurrences, 27 (43%) had stage IV

disease at baseline. The results were similar when multiple imput-

ation was performed (RR, 1.23; 95% CI, 0.80–1.88, P¼ 0.35).

The frequency of treatment failure was significantly associated

with TNM stage (Table 2) and showed a trend towards an associ-

ation with tumour differentiation (P¼ 0.14). The multivariate

Table 1. Primary and secondary end points

Intervention (n 5 120) Control(n 5 119) P value RR [95% CI] ARR (%) [95% CI]

Primary end point (120/118)
Death or unresectable recurrence 35 (29.2) 28 (23.7) 0.34 1.23 [0.80–1.88] 5.4 [–5.7 to 16.6]

Delay, months, median [Q1–Q3]a 7.0 [3.4–19.5] 13.8 [6.4–27.2] 0.026
Secondary end points
Death 13 (10.8) 7 (5.9) 0.17 1.83 [0.76–4.42] 4.9 [–2.1 to 11.9]
Unresectable recurrence 31 (25.8) 27 (22.9) 0.60 1.13 [0.72–1.77] 3.0 [–7.9 to 13.9]

Delay (31/27), months, median [Q1–Q3]a 7.0 [3.1–19.7] 14.3 [7.3–27.3] 0.016
D CEA level (27/24), ng/mL 2.4 [0.2–6.0] 7.4 [–0.1 to 25.2] 0.29
D CA 19-9 level (21/19), IU/l 0 [–5.4 to 25.2] 13.1 [0–69] 0.036

Data are n (%) unless specified otherwise.
aFrom randomisation to the first unresectable recurrence.
RR, relative risk; CI, confidence interval; ARR, absolute risk reduction; D, absolute difference between values at end point occurrence and baseline; Q1–Q3,
interquartile range (25th–75th percentiles); CEA, carcinoembryonic antigen.
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Figure 1. Patient flow diagram. LoFU, lost to follow-up.

Table 2. Factors affecting the primary end point of treatment failure defined as death or unresectable recurrence

Failure Univariate analysis Multivariate analysisa

Yes (n 5 63) No (n 5 176) HR [95% CI] P value HR [95% CI] P value

Intervention group 35 (55.6) 85 (48.3) 1.34 [0.81–2.20] 0.25 1.33 [0.80–2.19] 0.27
Age, years, median [Q1–Q3] 63.7 (56.4–67.7) 61.9 (52.7–70.8) 1.01 [0.99–1.03] 0.54 –
Male gender 39 (61.9) 93 (52.8) 1.32 [0.79–2.19] 0.29 –
Site of tumour

Colonic 46 (73.0) 140 (79.6) 1
Rectal 17 (27.0) 36 (20.4) 1.44 [0.82–2.49] 0.21 –

TNM stageb <0.001
Stage II 6 (9.5) 20 (11.4) 1 1
Stage III 28 (44.5) 124 (70.4) 0.75 [0.31–1.81] 0.52
Stage IV 29 (46.0) 32 (18.2) 2.31 [0.96–5.57] 0.06 3.01 [1.83–4.97] <0.001

Data are n (%) unless specified otherwise.
aThe multivariate analysis was adjusted for study arm, TNM [TNM, T (tumour size), N (degree of spread to regional lymph nodes) and M (presence or
absence of distant metastasis) as defined by the Union for International Cancer Control (UICC)] stage, and tumour differentiation.
bSee also supplementary Tables S1 and S2, available at Annals of Oncology online for details.
HR, hazard ratio; 95% CI, 95% confidence interval; Q1–Q3, interquartile range (25th–75th percentiles).
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Cox regression analysis adjusted for these variables showed no

significant between-group difference in the treatment failure rate.

The only baseline variable independently associated with treat-

ment failure was stage IV disease (supplementary Tables S2 and

S3, available at Annals of Oncology online).

Secondary end points

Neither OS nor DFS differed significantly between groups

(Figure 2 and supplementary Table S3C, available at Annals of

Oncology online).

Time to the first unresectable recurrence was significantly

shorter in the intervention than in the control arm: 7.0 versus

14.3 months (Table 1). Overall, 13 and 7 patients died in the

intervention and control arms, respectively (P¼ 0.17).

The CA 19-9 (but not carcinoembryonic antigen) increase ver-

sus baseline at the time of the unresectable recurrence was signifi-

cantly larger in the control arm than in the intervention arm

(P¼ 0.036) (Table 1; see also supplementary Table S2 and Figure

S2A, available at Annals of Oncology online).

The number of patients with at least one recurrence was similar

in the intervention [43/120 (35.8%)] and in the control arm

[42/119 (35.3%)] (P¼ 0.19) (Figure 1). Neither was any differ-

ence found for the proportion of resectable recurrences [17/43

(39.5%) and 25/42 (59.5%), respectively; P¼ 0.86]. A second re-

currence was detected in 7/17 intervention-arm patients and

13/25 controls and a third recurrence in three controls.

Cost assessment

Cost data were available for 188 of the 239 patients (92 in the

intervention arm and 96 in the control arm; supplementary Table

S4, available at Annals of Oncology online). Overall cost of man-

agement, not counting the imaging studies, was non-significantly

higher in the intervention arm (14 573 6 27 531e/patient) than

in the control arm (11 131 6 13 254e/patient; P¼ 0.23) (supple-

mentary Figure S3, available at Annals of Oncology online).

Adding the imaging costs to the other management costs

increased the total 3-year cost to 18 192 6 27 679e in the inter-

vention arm, which was significantly higher than in the control

arm (P< 0.0033) (Table 3).

The probabilistic sensitivity analysis suggested that the inter-

vention strategy increased costs without improving patient out-

comes, with a likelihood of 87% for the survival end point

(Figure 3).

Discussion

This study was designed under the hypothesis that adding
18FDG-PET/CT to a standard intensive monitoring strategy for

patients at high risk for CRC recurrence would diminish the

treatment failure rate, defined as death or unresectable recur-

rence, by detecting recurrences earlier. Although, recurrences

were indeed detected earlier in the 18FDG-PET/CT arm, this
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Figure 2. Probability of survival. (A) Probability of overall survival. (B) Probability of unresectable recurrence-free survival. Included patients in
remission over follow-up period as well as patients with resectable recurrences.

Table 3. Mean resource use and costs (2016 Euros) including those of
18FDG-PET/CT over the 3-year follow-up in the two study arms

Mean (SD) unless
otherwise specified

Intervention
(n 5 92)

Controls
(n 5 96)

P value
(t-test)

Resource use
Outpatient admissions 6 7
Inpatient admissions 2 2
Total daysa 12 (23) 13 (14)
Costs
Outpatient 2291 (3501) 3102 (2941) 0.33
Inpatient 6444 (12 145) 4535 (6201) 0.14
Chemotherapy 5838 (27 073) 3494 (8755) 0.36
PET 3610 (1900) –
Total costs 18 192 (27 679) 11 131 (13 254) 0.033

aProvided by the coding system used to obtain reimbursement by the
statutory health insurance system.
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earlier detection did not translate into a lower treatment failure

rate. Also, neither OS nor DFS was better in the intervention arm.

While the study was powered to detect a 15% ARR in the inter-

vention group, a non-significant 5.5% absolute risk increase was

found. Therefore, our negative result cannot be ascribed to

underpowering. The intervention resulted in higher costs com-

pared with the control strategy. Thus, our findings argue against

adding 18FDG-PET/CT to our standard monitoring strategy.

Whether intensifying monitoring strategies improves the out-

comes of patients with CRC is controversial [3–5, 10, 14, 16].

Considerable heterogeneity across studies may explain the dis-

crepancies in results. An intensive monitoring strategy was com-

pared with less intensive investigations in some studies and to no

follow-up at all in others [1, 10, 12]. The investigations used in

the intensive and control arms varied widely [1, 2, 15–17]. The

absence of benefits from intensified monitoring in older studies

may be ascribable to the poorer performance of CT at the time,

compared with current performance. Seven studies found earlier

detection of recurrences with intensified follow-up but no effect

on survival [1, 2, 11, 12, 17], a finding contradicted by a meta-

analysis of randomised trials [15]. The four systematic reviews

and/or meta-analyses published before our study was designed

[3–9, 14] found better survival with intensified follow-up.

However, the components of the monitoring strategies varied so

considerably that no conclusions could be drawn about which

test combination and schedule was optimal [19–26]. A Cochrane

review of 15 studies including 5403 participants with stage II or

III CRC [15]—despite variability in settings and, follow-up in-

tensity—shows more salvage surgery with curative intent in pa-

tients in the group undergoing intensified follow-up. However,

in a meta-analysis of 16 randomised controlled trials, including

11 with survival data [2], intensified monitoring was not associ-

ated with better survival.

We speculated that the combination of wbCT and 18FDG-

PET/CT used in the intervention arm was the most sensitive

strategy identified so far for monitoring all high-risk CRC pa-

tients. Within the 3-year follow-up period, 35% of patients

experienced recurrent disease in the current study. The recur-

rence was resectable in only half of them (17% of the overall

population), in keeping with earlier data [1, 5, 6]. The recurrence

rate was not significantly different between the two groups.

Neither were there any differences in OS or DFS. Time from ran-

domisation to detection of the first unresectable recurrence was

shorter in the intervention group (7 months versus 14 months in

the control group). As these recurrences were unresectable, how-

ever, detecting them earlier failed to improve survival.

Costs were higher in the intervention arm, in contradiction to

our working hypothesis that earlier recurrence detection would

offset the cost of additional 18FDG-PET/CT by diminishing treat-

ment costs. Inpatient admissions for conventional chemotherapy

or targeted therapy were the main source of costs; they were

required chiefly for patients with unresectable recurrences and

were similar in the two groups.

Our study has several limitations. We chose a composite pri-

mary end point of treatment failure defined as unresectable re-

currence or death hindering comparisons of our work to earlier

studies, as most of these used only OS or DFS. A well-designed

randomisation procedure was followed and despite two groups

appeared well balanced at baseline, we cannot be entirely sure

that consecutive patients were considered for enrolment in all

centres. Blinding was not feasible and reading the imaging studies

was not standardised across centres. Follow-up was only 3 years;

however, most unresectable recurrences were in patients with

stage IV disease at baseline, in whom time to recurrence is usually

less than 3 years. Quality of life of the patients was not assessed.

Conceivably, the shorter time to detection of unresectable recur-

rences with no survival benefit in the intervention group might

have adversely affected quality of life by shortening the time dur-

ing which the patients believed they were free of disease.

Strengths of our study include the randomised controlled design,

careful statistical analysis, appropriate sample size, and complete

follow-up for all patients but one.

In summary, adding 6-monthly 18FDG-PET/CT to an intensive

3-year monitoring strategy in patients with CRC failed to
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Figure 3. Cost effectiveness. Cost effectiveness of adding 18FDG-PET/CT to standard monitoring, assessed based on overall survival (A) and
on death or unresectable metastasis (B). The scatterplots (from bootstrap replications of the initial sample) illustrate the uncertainty regarding
costs and outcomes.
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diminish the treatment failure rate and increased costs. 18FDG-

PET/CT is not advised routinely although in some selected pa-

tients such as those with tumour marker elevation but no other

evidence of disease it might be useful.

Acknowledgements

Investigators: Dr E. Assaf, Dr L. Albiges; Drs F. Brunbetti, Prof. A.

Laurent, Prof. D. Cherqui, Prof. Ph. Rougier; Dr O. Dubreuil, Dr

T.Boussaha, Dr P. Simon; Dr C. Lobry; Dr J. Philip; Prof. R.

Benamouzig; Dr. G. Des Guetz; Dr C. Lemarchand; Prof. R.

Adam; Prof.D. Castaing; Prof. D. Azoulay; Dr H. Hagege; Dr E.

Malaurie Dr R. Henault; Dr I. Ekoume; Dr M. Martin; Dr. P.

Afchain; Dr ML. Garcia; Dr L. Bengrine-Lefú̂vre; Dr P. Staub; Dr
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