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ABSTRACT

Background: A surveillance program was performed in colorectal cancer (CRC) patients
after surgery, to diagnose asymptomatic recurrence.

Aims: To assess whether 18-FDG positron emission tomography/CT (PET/CT) improved the
detection of recurrence during a 3-year follow-up.

Methods: A multicentre, two-arm randomised prospective trial comparing different 36-
month follow-up strategies. Complete colonoscopy was performed at baseline and after
3 years and clinical exams with imaging every 3 months. The conventional treatment arm (A)
received carcinoembryonic antigen, liver echography, and alternated between lung
radiography and computed tomography (CT) scans. The experimental treatment arm (B)
received PET/CT.

Results: A total of 365 patients with colon (79.4%) or rectal cancer (20.6%), stages 11 (48.2%)
or III (50.8%), were enrolled in this study. At 36 months, intention-to-treat analysis revealed
recurrence in 31 (17.2%) patients in arm A and 47 (25.4%) in arm B (p = 0.063). At 3 years,
7 of 31 relapses (22.5%) in arm A were surgically treated with curative intent, compared to
17 of 47 (36.2%) in arm B (p = 0.25). The rates of recurrence and new cancers were higher in
arm B than arm A (p = 0.038).

Conclusions: PET/CT follow-up every 6 months did not increase the rate of recurrence at 3

years or the rate of surgically treated recurrence compared with conventional follow-up.

KEYWORDS: colorectal cancer; 18FDG-PET/CT, follow-up study.



INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer in the Western world. One-third of
the CRC patients experience recurrence with a poor prognosis. Postoperative surveillance
after curative surgery for CRC can detect asymptomatic recurrence and identify new
metachronous neoplasms that are eligible for curative resection, thereby improving overall

survival (OS).

Despite treatment with surgery and chemotherapy, disease recurrence is observed in 30-50%
of patients with approximately 90% of recurrence being diagnosed within the first 3 years
after curative surgery.! The clinical benefit of postoperative surveillance is contradictory. In
2016, two meta-analyses concluded that intensive surveillance of patients with CRC did not
improve survival.* °> Using data from recent trials,*® a meta-analysis by Zhao et al.’ that
included data from 17 trials and 8039 patients concluded that intensive follow-up was
associated with improved OS. Positron emission tomography/computed tomography
(PET/CT) imaging is widely used in CRC imaging and may be useful for postoperative
surveillance due to its high sensitivity and specificity. For detecting the recurrence of
colorectal disease, a meta-analysis using data from 487 patients showed that PET/CT
provided sensitivity and specificity of 91% and 91%, respectively.'® However, PET/CT is not
used in clinical practice for routine follow-up of cancer patients.!! !! This study aimed to
assess the clinical relevance (rate of cancer recurrence at 3 years) of 18-FDG PET/CT in

CRC follow-up compared to conventional surveillance.

MATERIALS AND METHODS
Patient population and study settings
We included patients in 15 French clinical centres and eight nuclear medicine departments

from 2004 to 2009. All patients provided written informed consent. The study was approved



by the Ethics Committee of Limoges Hospital (no.03-024) (France) and registered in

ClinicalTrials.gouv.fr NCT00199654).

The study included patients who had undergone curative surgery for stage II or III colorectal
cancer with or without adjuvant chemotherapy. Patients who did not provide informed

consent, patients with palliative resection (R1 or R2 resection), stage IV cancer, WHO

Performance status > 2, cancer other than CRC, or poorly controlled diabetes, were excluded

from the study. Data regarding patient demographics, initial tumour characteristics,
treatments, dates, and results of surveillance investigations were collected. Recurrence
demographics and management for up to 36 months, as well as survival outcomes for up to
60 months, were also recorded. Disease recurrence was identified by histological samples
(obtained via biopsy or surgery) except in patients with disseminated recurrence or clinically
evident pathology. Recurrence was defined as local, locoregional (including lymph node
involvement), or colorectal metastasis (including distant lymph nodes, the liver, the

peritoneum, and the lungs).

Study design

The study was an open-label, multicentre, two-arm, randomised, controlled trial. After
baseline assessments performed post-surgery, patients were randomly allocated to one of the
two experimental groups. Randomisation to one of the two groups at a 1:1 ratio was
performed centrally, with a balance based on the cancer staging and location (colon or
rectum). All outcome data were entered in a central database, located in the CEBIMER
Limoges Hospital, and analysed by research assistants and a biostatistician blinded to
participant randomisation. There was no significant amendment to the original protocol

during the trial.



The primary outcome was the recurrence rate after 3 years of follow-up (considered early
recurrence). The secondary outcomes were the rates of surgically treated recurrence and

overall survival.

The two arms were defined as follows:
Arm A involved a 3-year conventional follow-up, including clinical exams,
carcinoembryonic antigen (CEA) measurements every 3 months, liver echography every 6

months, and lung radiography or thoracoabdominal CT alternately every 12 months.

Arm B involved a 3-year experimental follow-up, including a clinical exam every 3 months
and PET/CT every 6 months over 3 years. In both arms, complete colonoscopies were
performed at baseline or after surgery (if not complete before surgery) and after 3 years. For
patients who presented symptoms, specialists initiated additional imaging procedures at their

convenience, in addition to scheduled visits.

18FDG-PET/CT imaging
Integrated PET/CT was performed in eight different nuclear departments. In one department,
patients underwent 20 examinations with PET alone until September 2005. All departments

followed the recommendations of the PET/CT guidelines.'?

After the interpretation of a routine local PET/CT examination, proofreading was performed
for all examinations. A multidisciplinary group consisting of four practitioners (two nuclear
physicians, one radiologist, and one clinician) validated the interpretation criteria and read the
first 525 PET/CT scans. The next 328 scans were re-read by one nuclear physician blinded to
the results of the first assessment. In the case of discordance between the two readings, a third

one was performed.



Follow-up and outcome events
Locoregional relapse, metastases, and metachronous cancers were confirmed by histology or
repeated imaging when possible. The recurrence date was considered to be the date of the

first abnormal exam.

Statistical analysis

The quantitative values were expressed as medians and range, while qualitative values were
presented as percentages. The primary analysis was an intention-to-treat comparison of the
recurrence rate at 3 years in the patients of the two arms. When feasible, crude data were
provided. Comparisons were performed between randomised groups; statistical significance
was assessed using the y? test for binary or categorical data, Student’s f-test or analysis of
variance for the comparison of group means, and the Kruskal-Wallis test for the comparison
of medians. Disease-free survival (DFS) at 3 years was defined as the interval between the
beginning of the study and the time of recurrence or last follow-up. Disease-free cancer
survival (DFCS) at 3 years was defined as the interval between the beginning of the study and
the time of distant recurrence or a second cancer diagnosis or last follow-up. Time to
recurrence was analysed by the Kaplan—-Meier method to consider both time censoring and
the difference in the number of recurrences detected in each group. OS at 5 years was defined
as the interval between the beginning of the study and the time of death or last follow-up. The
plots of time to recurrence were compared by a log-rank Mantel-Cox statistic. Analyses were

performed using SAS V9.3 software (SAS Institute, Cary, NC, USA).

The number of patients to be included in each group was calculated based on the known
recurrence rate of mixed patients with colon and rectal cancers at stages Il and III at the 3-
year follow up. The hypothesis was that PET would increase the diagnostic recurrence rate at
3 years. Sample size calculation was based on a difference in the recurrence detection rate

between arm A (37.5%) and arm B (50%) of 12.5%. The o error was set at 5% (one-sided



analysis), while the power was set at 80%. Based on this analysis, 188 patients per group

were required.



RESULTS

Population

In total, 376 patients with CRC were prospectively enrolled in this study; however, 11
withdrew (Figure 1). In arm A, 180 patients were subjected to intention-to-treat (ITT)
analysis, while 158 to per-protocol (PP) analysis. In arm B, 185 and 172 patients were
analysed by ITT and PP analysis, respectively. The characteristics of the 365 patients are
summarised in Table 1; no significant differences existed between the two arms. The median
follow-up of the patients overall was 5.3 years (range, 0-10.1), with 5.2 years (range, 0—10.1)

and 5.4 years (range, 0.6-9.0) in arms A and B, respectively.

Recurrence

By 36 months, 78 participants experienced recurrence: 31 (17.2%) in arm A and 47 (25.4%)
in arm B. However, no significant difference was found between the diagnostic performance
of PET/CT and conventional follow-up (p = 0.063). In PP evaluation at 36 months, 76 of 330
patients had relapsed (23.0%); 30 of 158 (19.0%) in arm A and 46 of 172 (26.7%) in arm B,
with no statistically significant difference (p = 0.073). The types of recurrence are presented

in Table 2. The majority of recurrence cases were metastatic disease.

Of the colon cancer patients, 60 of 290 (20.7%) relapsed; 25 in arm A and 35 in arm B with
12 local or locoregional (20.0%) (3 in arm A and 9 in arm B) and 48 metastatic cases of
recurrence (80.0%) (22 in arm A and 26 in arm B). Of the rectal cancer patients, 18 of 75
(24.0%) relapsed; 6 in arm A and 12 in arm B with two locoregional relapses (1 in each arm)

and 16 metastatic cases of recurrence (5 in arm A and 11 in arm B).

Regarding cancer stages, there were no significant differences between the two arms. In stage
IT CRC, 25/176 (14.2%) relapses were identified (10 in arm A and 15 in arm B) and in stage

IIT CRC, 51/185 (27.5%) relapses were identified (20 in arm A and 31 in arm B). Among



these 78 recurrences, 81% in arm A and 87% in arm B were detected by a scheduled follow-

up investigation.

As shown in Table 3, recurrence detection in arm A was mainly due to an elevation of
markers and in arm B to an abnormality in the PET/CT results. In arm A, the follow-up had a
sensitivity of 80% (95% CI, 61.4-92.3%) and specificity of 95.9% (CI, 94.7-96.9%). The
positive predictive value (PPV) was 30%, the negative predictive value (NPV) was 89.6%,
and the accuracy was 95.6%. In arm B, the follow-up had a sensitivity of 88.6% (CI,
75.4-96.2%) and a specificity of 92.1% (CI, 90-93.8%), with a PPV of 37.9%, NPV of

99.3% and an accuracy of 91.9%.

The proofreading of PET/CT scans revealed a change in the recurrence date in 13 patients (12
with a shorter time to recurrence and one with a longer time) and showed discrepancies in
peritoneal (3) colon anastomose (2) liver (2) lung (5) abdominal lymph nodes (2) mediastinal

(2) and muscle (1) recurrence.

Time to recurrence
The median time to recurrence in the 78 patients who relapsed within 36 months was 14.6 +
8.9 months globally: 15.5 + 8.4 months in arm A and 14.1 £ 9.3 months in arm B with no

statistically significant difference. (p = 0.22).

DFS in ITT analysis

The DFS in the ITT analysis at 36 months was estimated to be 78% (95% CI, 73.3-82%)
globally, 82% (CI, 75.4-87.0%) in arm A and 74.2% (CI, 67.2-80.0%) in arm B (p = 0.063;
Figure 2A). The DFS of colon cancers was estimated to be 78.6% (CI, 73.3-83.0%) for colon
cancers and 75.9% (CI, 64.4-84.0%) for rectal cancers with no significant difference (p =

0.14 and 0.27 for colon and rectal cancers, respectively).
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DFS in PP analysis

The DFS in the PP analysis at 36 months was 76.9% (95% CI, 71.9 81.1%) globally, 81%
(CI, 74-86.3%) in arm A, and 73% (CI, 65.7-79.1%) in arm B (Figure 2B). The Kaplan
Meier plots in Figure 2A show that PET/CT tended to detect recurrence earlier in arm B than

in arm A, yet the difference did not reach statistical significance.

Other cancers diagnosed by imaging

Thirteen additional cancers were detected in the 36-month follow-up; 10 in arm B and 3 in
arm A. The locations were lung primary cancer (2), liver lymphoma (1), breast cancer (1),
kidney cancer (2), melanoma (1), VADS cancer (1), embryonal cancer (1), prostate cancer
(3), and GIST (1). Over the 36-month follow-up, four deaths were attributed to second

cancers: one in arm A and three in arm B.

DFCS in ITT analysis at 36 months
The DFCS in ITT analysis at 36 months was 75.2% overall (95% CI, 70.4-79.4%), with
79.6% (CI, 72.3—84.9%) in arm A and 71.0% (CI, 63.9-77.0%) in arm B; this difference

reached statistical significance (p = 0.038) (Figure 2C).

Curative surgery of recurrence cases

The number of participants with recurrence who were surgically treated with curative intent
at 3 years was 24/78 overall (30.7% of recurrences), with 7/31 (22.5%) in arm A and 17/47
(36.2%) in arm B (p = 0.25). The other recurrence cases were not surgically treated due to

disease diffusion. All cases were discussed in a local multidisciplinary meeting.
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Overall survival (ITT)

OS at 5 years was calculated. Fifty-six patients died: 26 (14%) in arm A and 30 (16%) in arm
B, without a statistically significant difference between the two arms (p = 0.73). OS was
estimated to be 84.6% (95% CI, 80.2—-88.0%), with 85.4% (CI, 79.0-90.0%) in arm A, and

83.7% (CI, 77.3-88.5%) in arm B (Figure 2D).

Of those patients who did not reach the median OS, one patient died of pulmonary embolism.
For patients surgically treated with curative intent, OS was 52.4 months, with 47.7 months in

arm A and 52.4 months in arm B; this difference was not statistically significant (p = 0.48).

Adherence to the protocol

In arm A, clinical examination and CEA testing were performed in all patients. The majority
of patients received the thorax and abdomen CT scans instead of liver echography. Non-
scheduled PET/CT was performed in 29 patients. In arm B, all patients underwent PET/CT
scans. Additional CEA testing, CT, and liver echography were required in 93, 75, and 55
patients, respectively, to confirm doubtful PET/CT results. Moreover, one to three additional
colonoscopies were performed in 198 patients in the two arms, as shown in Table 4. The
planned study of the costs could not be performed so we calculated total cost a posteriori by
summing the actual costs of exams performed in the two arms. We calculated the per-patient

cost of the examinations as 652 € and 2,610 € in arms A and B, respectively.

DISCUSSION

In the present study, using PET/CT in colorectal follow-up did not significantly increase the
recurrence detection rate compared to conventional follow-up (and therefore did not provide
earlier detection). Data on the follow-up of CRC patients are important for the medical
community but take a long time to achieve and require the active participation of many

centres. Published trials in CRC are heterogeneous regarding procedures and test frequencies.
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Recently, a meta-analysis of Zhao et al. ° showed that intensive follow-up was associated
with improved OS, depending on the frequency of the tests. In our study, conventional
follow-up methods (arm A) underwent clinical examination, CEA, liver echography, or CT
scan, as recommended by the current surveillance guidelines of the European Society of
Medical Oncology.'® In this arm, recurrence could be detected by CEA or CT, confirming the
ability of CEA to detect asymptomatic recurrence, as reported previously;'* however, no
impact on survival was observed. Moreover, CT could potentially detect resectable
asymptomatic distant recurrence.'> ' In fact, in this indication of curative tumour resection,
PET/CT has provided better results than CT." In most studies, PET or PET/CT were used to
confirm recurrence suspected by clinical, CEA, or CT imaging. The majority of randomised
controlled trials did not have sufficient statistical power to confirm PET/CT performance in
this follow-up strategy.'®>* We hypothesised that scheduled PET/CT could identify more
patients for curative surgery in CRC recurrence compared to conventional follow-up. In our
trial, disease recurrence at 3 years occurred in only 20% of patients (18% in arm A and
25.8% in arm B). This low rate of recurrence could be partly explained by the selection of
patients with no residual tumour post-surgery. Moreover, the 36-month duration of the study
may also have been too short to detect recurrence; however, most cases of recurrence were

diagnosed at a median time of 15 months.

In our study, the detection of recurrence by PET/CT tended to be earlier compared to the
conventional strategy, yet no statistical significance was observed. However, these results had
no impact on OS. Indeed, these results are partly in agreement with those of Sobhani et al.?
This trial randomised patients to conventional follow-up, with or without additional PET/CT
imaging at 9 and 15 months after primary CRC surgery. Cases of recurrence were detected
significantly earlier in the PET group and were surgically treated more frequently, yet

without improvement of survival. The difference in results between the two protocols could

13



be attributable to the inclusion of stage IV CRC (12% of patients) and the addition of PET to

the routine follow-up tests in the study of Sobhani et al.

Our study highlighted that most cases of recurrence were diagnosed by surveillance in
asymptomatic patients, with a metastatic pattern in the majority of cases. Recurrence
occurred more often in stage III than in stage II, but with no difference between the two arms.
In our study, curative recurrence surgery was performed in 25% of patients in arm A and
36% in arm B. However, we found no statistically significant differences between the two
arms in terms of OS at 5 years. The median OS was not reached for the duration of the study.
Unexpectedly, detection of a second cancer (10 in arm B and 3 in arm A) permitted a DFCS

significantly different from conventional follow-up but did not significantly impact OS.

The main limitation of this study was the low rate of recurrence compared with the projected
results. The 3-year recurrence rate in our study was only 18% (37.5% anticipated) in arm A
and 25.8% (50% projected) in arm B. With such rates, it would be necessary to enrol 886
patients to obtain a power of 80%, with a prohibitive cost. In our study (376 patients), the
examinations in arm B were four times as expensive as those in arm A. Another limitation
was the impact of additional non-protocolary imaging (including PET) performed by
specialists in all centres, reflecting real life of follow-up habits. Furthermore, biological
prognostic factors of colon cancer recurrence, as proposed recently by Yamano,?® were not
available. We hypothesise that PET/CT follow-up would be more appropriate in selected

patients with a poor prognosis for CRC.

The main strength of this trial was the early, post-initial surgery, inclusion of patients. In our
study, all PET/CT were reviewed by the nuclear medicine team and showed high sensitivity
and specificity of 88.6% and 92.1%, respectively, for the detection of recurrent disease.

PET/CT has been previously reported to provide a sensitivity of 89-98% and a specificity of

14



83-96% for detection of recurrence in patients with CRC.?7° A meta-analysis including 487
patients showed a pooled sensitivity of 91% and specificity of 91% for PET/CT.!® For
detection of locoregional recurrence and lymph node metastases, PET/CT was superior to

other imaging modalities.?! 32

CONCLUSION

In conclusion, disease recurrence at the 3-year follow-up occurred in less than 30% of
patients after curative surgery. Compared to conventional follow-up, PET/CT detected more
cases of recurrence, but the difference was not statistically significant. Furthermore, more
indolent second cancers were detected by PET/CT compared to conventional follow-up;
however, this did not impact OS. At this time, there is not enough evidence to support the

routine use of PET/CT every 6 months as an alternative strategy.

ADDITIONAL INFORMATION

ACKNOWLEDGEMENTS

The authors thank the investigators for their participation in this study: Xavier Adhoute
(Marseille), Cécile Agostini (Chambery), Stéphane Bardet (Caen), Olivier Berthelet
(Chambery), Muriel Duluc (Marseille), Philippe Gandilhon (Béziers), Mohamed Gasmi
(Marseille), Dominique Genet (Limoges), Jean-Emmanuel Kurtz (Strasbourg), Thierry Petit
(Strasbourg), Laetitia Teissonier (Marseille), and Frédéric Thuillier (Saint-Junien).

We thank Lynda Pervieux for her technical assistance and Textcheck for their assistance with
editing the language of this manuscript. The English in this document has been checked by at
least two professional editors, both native English speakers. For a certificate, please see:

http://www.textcheck.com/certificate/FK10gH

Ethics approval and consent to participate
Clinical data were collected in accordance with French bioethics laws regarding patient

information and consent. The study was performed in accordance with the Declaration of

15



Helsinki. Data collection and use were approved by the Limoges Hospital Ethics Committee

(approval number 03-024).

Consent for publication

Not applicable.

Data availability
The datasets used or analysed during the current study are available from the corresponding

author upon reasonable request.

Authors' contributions

NTM, IM, JES, DS, SLD, and OM participated in the conception and design. All authors
participated in the data acquisition. AL performed the statistical analysis. NTM, SLD, ED,
and JM analysed the data. NTM and JM supervised the work. NTM, JM, SLD, AL, and ED
were the major contributors to writing the manuscript. All authors contributed to the

manuscript, critically revised it, and approved its final version.

16



REFERENCES

1. Bohm B, Schwenk W, Hucke HP, Stock W. Does methodic long-term follow-up
affect survival after curative resection of colorectal carcinoma? Dis Colon Rectum
1993;36:280-6.

2. Figueredo A, Rumble RB, Maroun J, Earle CC, Cummings B, McLeod R, Zuraw L,
Zwaal C, Gastrointestinal Cancer Disease Site Group of Cancer Care Ontario's Program in
Evidence-based C. Follow-up of patients with curatively resected colorectal cancer: a practice
guideline. BMC Cancer 2003;3:26.

3. Kjeldsen BJ, Kronborg O, Fenger C, Jorgensen OD. The pattern of recurrent
colorectal cancer in a prospective randomised study and the characteristics of diagnostic tests.
Int J Colorectal Dis 1997;12:329-34.

4. Jeffery M, Hickey BE, Hider PN, See AM. Follow-up strategies for patients treated
for non-metastatic colorectal cancer. Cochrane Database Syst Rev 2016;11:CD002200.

5. Mokhles S, Macbeth F, Farewell V, Fiorentino F, Williams NR, Younes RN,
Takkenberg JJ, Treasure T. Meta-analysis of colorectal cancer follow-up after potentially
curative resection. Br J Surg 2016;103:1259-68.

6. Rosati G, Ambrosini G, Barni S, Andreoni B, Corradini G, Luchena G, Daniele B,
Gaion F, Oliverio G, Duro M, Martignoni G, Pinna N, Sozzi P, Pancera G, Solina G, Pavia G,
Pignata S, Johnson F, Labianca R, Apolone G, Zaniboni A, Monteforte M, Negri E, Torri V,
Mosconi P, Fossati R, Group GW. A randomized trial of intensive versus minimal
surveillance of patients with resected Dukes B2-C colorectal carcinoma. Ann Oncol
2016;27:274-80.

7. Wille-Jorgensen P, Syk I, Smedh K, Laurberg S, Nielsen DT, Petersen SH, Renehan
AG, Horvath-Puho E, Pahlman L, Sorensen HT, Group CS. Effect of More vs Less Frequent
Follow-up Testing on Overall and Colorectal Cancer-Specific Mortality in Patients With
Stage II or III Colorectal Cancer: The COLOFOL Randomized Clinical Trial. JAMA

2018;319:2095-103.

17



8. Mant D, Gray A, Pugh S, Campbell H, George S, Fuller A, Shinkins B, Corkhill A,
Mellor J, Dixon E, Little L, Perera-Salazar R, Primrose J. A randomised controlled trial to
assess the cost-effectiveness of intensive versus no scheduled follow-up in patients who have
undergone resection for colorectal cancer with curative intent. Health Technol Assess
2017;21:1-86.

9. Zhao Y, Yi C, Zhang Y, Fang F, Faramand A. Intensive follow-up strategies after
radical surgery for nonmetastatic colorectal cancer: A systematic review and meta-analysis of
randomized controlled trials. PLoS One 2019;14:¢0220533.

10. Brush J, Boyd K, Chappell F, Crawford F, Dozier M, Fenwick E, Glanville J,
McIntosh H, Renehan A, Weller D, Dunlop M. The value of FDG positron emission
tomography/computerised tomography (PET/CT) in pre-operative staging of colorectal
cancer: a systematic review and economic evaluation. Health Technol Assess 2011;15:1-192,
iii-iv.

11. Choi EK, Yoo Ie R, Park HL, Choi HS, Han EJ, Kim SH, Chung SK, O JH. Value of
Surveillance (18)F-FDG PET/CT in Colorectal Cancer: Comparison with Conventional
Imaging Studies. Nucl Med Mol Imaging 2012;46:189-95.

12. Bombardieri E, Aktolun C, Baum RP, Bishof-Delaloye A, Buscombe J, Chatal JF,
Maffioli L, Moncayo R, Mortelmans L, Reske SN. FDG-PET: procedure guidelines for
tumour imaging. Eur J Nucl Med Mol Imaging 2003;30:BP115-24.

13. Labianca R, Nordlinger B, Beretta GD, Mosconi S, Mandala M, Cervantes A,
Arnold D, Group EGW. Early colon cancer: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann Oncol 2013;24 Suppl 6:vi64-72.

14. Tjandra JJ, Chan MK. Follow-up after curative resection of colorectal cancer: a
meta-analysis. Dis Colon Rectum 2007;50:1783-99.

15. Chau I, Allen MJ, Cunningham D, Norman AR, Brown G, Ford HE, Tebbutt N, Tait

D, Hill M, Ross PJ, Oates J. The value of routine serum carcino-embryonic antigen

18



measurement and computed tomography in the surveillance of patients after adjuvant
chemotherapy for colorectal cancer. J Clin Oncol 2004;22:1420-9.

16. Mortazavi A, Shaukat A, Othman E, Kepner JL, Fakih MG, Kuvshinoff BW, Smith
JL, Javle MM. Postoperative computed tomography scan surveillance for patients with stage
IT and III colorectal cancer: worthy of further study? Am J Clin Oncol 2005;28:30-5.

17. Yoon HJ, Lee JJ, Kim YK, Kim SE. FDG-PET/CT is superior to enhanced CT in
detecting recurrent subcentimeter lesions in the abdominopelvic cavity in colorectal cancer.
Nucl Med Mol Imaging 2011;45:132-8.

18. Kjeldsen BJ, Kronborg O, Fenger C, Jorgensen OD. A prospective randomized study
of follow-up after radical surgery for colorectal cancer. Br J Surg 1997;84:666-9.

19. Makela JT, Laitinen SO, Kairaluoma MI. Five-year follow-up after radical surgery
for colorectal cancer. Results of a prospective randomized trial. Arch Surg 1995;130:1062-7.
20. Ohlsson B, Breland U, Ekberg H, Graffner H, Tranberg KG. Follow-up after
curative surgery for colorectal carcinoma. Randomized comparison with no follow-up. Dis
Colon Rectum 1995;38:619-26.

21. Pietra N, Sarli L, Costi R, Ouchemi C, Grattarola M, Peracchia A. Role of follow-up
in management of local recurrences of colorectal cancer: a prospective, randomized study.
Dis Colon Rectum 1998:41:1127-33.

22. Rodriguez-Moranta F, Salo J, Arcusa A, Boadas J, Pinol V, Bessa X, Batiste-
Alentorn E, Lacy AM, Delgado S, Maurel J, Pique JM, Castells A. Postoperative surveillance
in patients with colorectal cancer who have undergone curative resection: a prospective,
multicenter, randomized, controlled trial. J Clin Oncol 2006;24:386-93.

23. Schoemaker D, Black R, Giles L, Toouli J. Yearly colonoscopy, liver CT, and chest
radiography do not influence 5-year survival of colorectal cancer patients. Gastroenterology

1998;114:7-14.

19



24. Secco GB, Fardelli R, Gianquinto D, Bonfante P, Baldi E, Ravera G, Derchi L,
Ferraris R. Efficacy and cost of risk-adapted follow-up in patients after colorectal cancer
surgery: a prospective, randomized and controlled trial. Eur J Surg Oncol 2002;28:418-23.

25. Sobhani I, Tiret E, Lebtahi R, Aparicio T, Itti E, Montravers F, Vaylet C, Rougier P,
Andre T, Gornet JM, Cherqui D, Delbaldo C, Panis Y, Talbot JN, Meignan M, Le Guludec
D. Early detection of recurrence by 18FDG-PET in the follow-up of patients with colorectal
cancer. Br J Cancer 2008;98:875-80.

26. Yamano T, Yamauchi S, Tsukamoto K, Noda M, Kobayashi M, Hamanaka M,
Babaya A, Kimura K, Son C, Imada A, Tanaka S, Ikeda M, Tomita N, Sugihara K, Japanese
Study Group for Postoperative Follow-up of Colorectal C. Evaluation of appropriate follow-
up after curative surgery for patients with colorectal cancer using time to recurrence and
survival after recurrence: a retrospective multicenter study. Oncotarget 2018;9:25474-90.

217. Even-Sapir E, Parag Y, Lerman H, Gutman M, Levine C, Rabau M, Figer A, Metser
U. Detection of recurrence in patients with rectal cancer: PET/CT after abdominoperineal or
anterior resection. Radiology 2004;232:815-22.

28. Kyoto Y, Momose M, Kondo C, Itabashi M, Kameoka S, Kusakabe K. Ability of
18F-FDG PET/CT to diagnose recurrent colorectal cancer in patients with elevated CEA
concentrations. Ann Nucl Med 2010;24:395-401.

29. Lee JH, Park SG, Jee KN, Park DG, Namgung H, Song IH. Performance of FDG
PET/CT in postoperative colorectal cancer patients with a suspected recurrence and a normal
CEA level. Nucl Med Commun 2010;31:576-82.

30. Shamim SA, Kumar R, Halanaik D, Shandal V, Reddy RM, Bal CS, Malhotra A.
Role of FDG-PET/CT in detection of recurrent disease in colorectal cancer. Nucl Med
Commun 2010;31:590-6.

31. Mittal BR, Senthil R, Kashyap R, Bhattacharya A, Singh B, Kapoor R, Gupta R.
18F-FDG PET-CT in evaluation of postoperative colorectal cancer patients with rising CEA

level. Nucl Med Commun 2011;32:789-93.

20



32. Lopez-Lopez V, Robles R, Brusadin R, Lopez Conesa A, Torres J, Perez Flores D,
Navarro JL, Gil PJ, Parrilla P. Role of (18)F-FDG PET/CT vs CT-scan in patients with
pulmonary metastases previously operated on for colorectal liver metastases. Br J Radiol

2018;91:20170216.

21



TABLE AND FIGURE LEGENDS

Figure 1. Flowchart

Figure 2. A Disease-free survival (intention-to-treat) at 36 months; B Disease-free
survival (per protocol) at 36 months; C Disease-free cancer survival (intention-to-treat)
at 36 months; D Overall survival (intention-to-treat) at 60 months

Table 1. Patient characteristics at baseline (N = 365)

Table 2. Diagnosis of recurrences by randomisation group (intention-to-treat)

Table 3. Screening method for recurrence detection (N = 78)

Table 4. Additional colonoscopies
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Table 1. Patient characteristics at baseline (N=365)

All patients (n=365)

Age, years, median (min-max)
Sex, n (%)
Male
Female
Stage, n (%)
|
1l
]|
v
Time between cancer diagnosis and
protocol inclusion (months),
median (min-max)
Tumour location, n (%)
colon
rectum
Treatment, n (%)
Adjuvant Chemotherapy
Radiotherapy pre-surgery
Surgery alone

65 (26 — 87)

200 (54.8)
165 (45.2)

2 (0.5)
176 (48.2)
185 (50.7)

2 (0.5)

2.8 (0.5-15.6)
290 (79.4)

75 (20.6)

276 (75.6)

51 (14.0)
38(10.4)

65 (30 —87)

93 (51.7)
87 (48.3)

2(1.1)
86 (47.8)
91 (50.6)

1(0.5)

2.8 (0.7 - 15.6)
147 (91.7)
33(18.3)

133 (73.9)

21(11.7)
26 (14.4)

64 (26 — 86)

107 (57.8)
78 (42.2)

0 (0.0)
90 (48.6)
94 (50.8)

1(0.6)

2.7(0.5-8.7)
143 (77.3)

42 (22.7)

143 (77.3)

30(16.2)
12 (6.5)



Table 2. Diagnosis of recurrences by randomization group (ITT analysis)

Recurrence type

(n=78)
Locoregional, n (%)
« Colon 3(9.6) 9(19.1)
* Rectum 1(3.2) 1(2.1)
Metastatic, n (%)
* Colon 22 (70.9) 26 (55.3)
« Rectum 5(16.1) 11 (23.4)




Table 3. Screening method for recurrences detection (N=78)

PROCEDURE All patients

(n=78)
Colonoscopy, n (%) 3 (3.8) 2 (6.4) 1(2.1)
Echography, n (%) 6(7.7) 6(19.3) 0(0.0)
Clinical exam, n (%) 1(1.3) 1(3.2) 0(0.0)
MRI, n (%) 1(1.3) 1(3.2) 0(0.0)
Markers, n (%) 12 (15.4) 11 (35.5) 1(2.1)
CT-Scan, n (%) 11 (14.1) 8 (25.8) 3(6.4)
8EDG-PET, n (%) 44 (56.4) 2 (6.4) 42 (89.4)




Table 4. Additional colonoscopies

ARM A ARM B

(n=180) (n=185)

1 additional colonoscopy, 82 (45.5) 80 (43.2)
For polyps 19 (10.6) 13 (7.0)
Suspicion Recurrence 13(7.2) 31 (16.8)
CT Toxicities or intercurrent pathology 0 (0.0) 6(3.2)
Specialist decision 50 (27.7) 30 (16.2)

2 additional colonoscopies 11 (6.1) 18 (9.7)
For polyps 3(1.6) 6(3.2)
Suspicion Recurrence 3(1.6) 8(4.3)
CT Toxicities or intercurrent pathology 0(0.0) 2(1.1)
Specialist decision 5(2.7) 2(1.1)

3 additional colonoscopies 1(0.5) 6(3.2)
For polyps 1(0.5) 1(0.5)
Suspicion Recurrence 0 (0.0) 2(1.1)

CT Toxicities or intercurrent pathology 0(0.0) 3(1.6)





