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Post-operative ctDNA
monitoring in stage | colon
cancer: A case report
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Circulating tumor DNA (ctDNA) level monitoring after surgery for colon cancer has
been studied in stage Il and Il colon cancer to risk-stratify patients for adjuvant
therapy. However, there is less data regarding the role of this diagnostic tool in the
management of stage | disease, where current recommended surveillance is
limited to screening colonoscopy at one year. In this report, we describe the
case of a 57-year-old man with stage | colon cancer who underwent complete
resection with adequate lymph node surgical sampling, normal preoperative CEA
and no evidence of metastatic disease on initial imaging. The patient elected to
undergo serial ctDNA monitoring after surgery. Rising ctDNA levels, five months
after resection, prompted cross-sectional imaging which demonstrated metastatic
disease to the liver. The patient subsequently received five cycles of leucovorin, 5-
fluorouracil, oxaliplatin, and irinotecan with bevacizumab (FOLFOXIRI-Bev) and
definitive microwave ablation to the liver metastases, with resulting undetectable
ctDNA levels. The patient’s imaging and colonoscopy one-year post-operatively
showed no evidence of disease, with ctDNA levels remaining undetectable. This
report highlights the value of ctDNA monitoring in patients with early-stage colon
cancer and suggests that further, large-scale studies may be warranted to
determine its appropriate clinical use.

KEYWORDS

circulating tumor (ctDNA), molecular residual disease, stage |, recurrence, case report,
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Introduction

While initial therapy for non-metastatic, resectable colon cancer is well-established,
adjuvant chemotherapy is not recommended for those with stage I and low-risk stage II
disease. Instead, surveillance of stage I disease after curative-intent resection solely involves
colonoscopy one year after surgery (1). In stage II colon cancer, high risk factors such as
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degree of differentiation, pathological stage, lymphovascular
invasion, obstruction or perforation, and/or inadequate lymph
node sampling have guided clinicians to offer adjuvant
chemotherapy, however, recent studies suggest that these criteria
may not optimally select for patients who benefit from treatment,
which may account for the approximately 3-8% and 12-24%
three-year recurrence rate seen in patients with stage I and II
colorectal cancer, respectively (2-5). Current staging guidelines
that dictate surveillance strategies for early-stage disease use
tumor size and depth of invasion (T), lymph node involvement
(N), and metastatic disease (M) (6). This current staging system
does not incorporate genomic markers of risk, although they play
a major role in characterizing underlying disease biology, as seen
in many other malignancies, such as breast cancer and renal cell
carcinoma (6-9).

More recent data suggest that circulating tumor DNA
(ctDNA) level is a useful biomarker in colorectal cancer to
identify patients at high risk of recurrence, as well as which
patients may benefit from adjuvant therapy (10, 11). Studies
have demonstrated that patients with stage I disease have lower
pre-operative ctDNA levels as compared to patients with stage II
and III disease, consistent with a lesser overall disease burden
(12). While patients with stage I colon cancer are less likely to
recur than those with stage II or stage III disease, those who do
recur post-operatively have detectable ctDNA levels before
recurrence is detected via imaging (12, 13). However, most
studies of ctDNA in assessing recurrence risk are limited to
patients with stage II and stage IIT colon cancer, with stage I
patients only accounting for 4-16% of study populations (12-14).
Currently no randomized clinical trials have explored the use of
ctDNA for disease monitoring and treatment stratification in
stage I disease (15, 16).

In this clinical vignette, we present a patient with stage I
colon cancer whose clinical course changed dramatically as a
result of incorporating post-operative ctDNA testing into
recommended surveillance, leading to earlier detection of
metastasis, modification in treatment plan, and an overall
more favorable outcome. Thus, this case highlights the
potential impact of this diagnostic tool’s use in disease
monitoring and perioperative management for early-stage
colon cancer.

Case description

A 57-year-old male patient presented with new onset rectal
bleeding. Evaluation with colonoscopy showed a mass in the
hepatic flexure, with biopsy demonstrating moderately
differentiated adenocarcinoma. Initial fluorodeoxyglucose
(FDG)-positron emission tomography (PET)/computed
tomography (CT) demonstrated a small focus of FDG activity
in the proximal transverse colon correlating with nodular soft

Frontiers in Oncology

02

10.3389/fonc.2022.1074786

tissue thickening on CT. No evidence of metastatic disease was
present radiographically. An initial right hepatic lobe lesion noted
on CT (Figure 1) and PET-scan was later confirmed to represent a
benign hemangioma based on follow up magnetic resonance
imaging (MRI). At the time of diagnosis, the patient had
undetectable carcinoembryonic antigen (CEA) levels (Figure 2A).

The patient underwent a right hemicolectomy within one
month of diagnosis. Histology showed a 2.1 cm lesion consistent
with moderately differentiated adenocarcinoma with mucinous
features invading the muscularis propria, with negative margins.
Adequate lymph node sampling was performed, with 16 lymph
nodes returning negative for adenocarcinoma. Final TNM
staging was pT2NOMO, consistent with stage I colon cancer.
Immunohistochemistry for mismatch repair (MMR) proteins
demonstrated MMR-proficient tumor, with retained nuclear
expression of MLH1, PMS2, MSH2, and MSH6. There was no
lymphovascular invasion, perineural invasion, or macroscopic
tumor perforation. Genomic analysis (Altera Tumor Genomic
Profile, Natera, Inc.) showed that the tumor had low tumor
mutational burden (TMB, 2 mutations/megabase), was
microsatellite stable (MSS), and had genomic alterations
including APC (D170 loss of function mutation), APC
(E1397 stop gain mutation), KRAS (G12D), and PIK3Rl
(K447_Y452 deletion).

Initially, the patient was offered surveillance with
colonoscopy at one year after surgery, per National
Comprehensive Cancer Network (NCCN) guidelines (1).
However, after further discussion and shared decision-making,
the patient pursued ctDNA testing using a personalized, tumor-
informed platform (SignateraTM Molecular Residual Disease
Test, Natera, Inc.). ctDNA was detected and quantified using a
personalized, tumor-informed, multiplex PCR (mPCR) next-
generation sequencing (NGS)-based assay (SignateraTM, Natera,
Inc.) as previously described (14). Briefly, a set of 16 high-
ranked, patient-specific, somatic, clonal single nucleotide
variants (SNVs) were selected for mPCR testing by whole-
exome sequencing (WES) performed on formalin-fixed and
paraffin-embedded (FFPE) tumor tissue and matched normal
blood sample. The mPCR primers targeting the selected
personalized SNVs were designed, synthesized, and used to
track ctDNA in the patient’s longitudinal plasma sample.
Plasma samples with at least two out of 16 SNVs detected
were considered ctDNA-positive. ctDNA concentration was
reported as mean tumor molecules (MTM) per mL of plasma.

The patient’s ctDNA level, measured using the assay
described above, 25 days after surgery was 0.42 MTM/mL,
with repeat ctDNA analysis six weeks after surgery indicating
persistently low-level positive ctDNA at 0.55 MTM/mL
(Figure 2A). Longitudinal c¢tDNA monitoring revealed an
ongoing increase to 10.96 MTM/mL five months after surgery
(Figures 2A, B). This rapid rise in ctDNA level prompted a CT
scan of the chest, abdomen, and pelvis with contrast that
detected a 2.4 x 1.8 cm ill-defined hypoattenuating lesion in
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Right hepatic lobe

Pre-surgery
(20 days before surgery)

Before chemotherapy
(155 days after surgery)

After 2 cycles of
chemotherapy
(237 days after surgery)

FIGURE 1

Left hepatic lobe, lesion 1
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Left hepatic lobe, lesion 2

CT scan results. CT scan 20 days prior to right hemicolectomy did not show any evidence of metastatic disease (top panel). Rising ctDNA levels
prompted a CT scan on post-operative day 155, which revealed a 2.4 x 1.8 cm ill-defined hypoattenuating lesion in the right hepatic lobe, as
well as 0.8 cm and 0.4 cm nodules in the left hepatic lobe (red arrows, middle panel). An interval CT scan after two cycles of chemotherapy

showed response of all hepatic lesions (red arrows, bottom panel)

the right hepatic lobe, as well as 0.8 cm and 0.4 cm nodules in the
left hepatic lobe, concerning for oligometastatic disease
(Figure 1). Given the patient’s baseline molecular and
histopathologic profile, standard multi-drug chemotherapy
regimens were discussed for management of his now
oligometastatic disease (1). Taking into account the patient’s
robust Eastern Cooperative Oncology Group (ECOG)
performance status of 0, along with the goal of maximizing
objective response to systemic therapy, a shared decision was
made to initiate front-line fluorouracil, oxaliplatin, and
irinotecan plus bevacizumab (FOLFOXIRI-Bev) to manage his
oligometastatic colon cancer approximately five months after
definitive surgery (1, 17).

Prolonged afebrile neutropenia requiring growth factor
support complicated the patient’s initial chemotherapy course
and led to a delay in cycle two. A ctDNA level after the first cycle
of FOLFOXIRI-Bev decreased to 0.04 MTM/mL (Figure 2A).
Interval imaging after two cycles of chemotherapy showed a
response of all hepatic lesions, with ctDNA level cleared to
undetectable (0.00 MTM/mL) (Figure 1; Figure 2A). After
completing three cycles of chemotherapy, in consultation with
surgical oncology, the patient elected to have definitive microwave
ablation of the three hepatic metastases. The patient’s
bevacizumab was held during the third cycle of chemotherapy,
pre-operatively, but was resumed during his fourth cycle, post-
ablation. The patient’s ctDNA level remained undetectable (0.00
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MTM/mL) (Figures 2A, B) throughout the remainder of his
adjuvant treatment course. Considering the lack of detectable
ctDNA and persistent side effects from chemotherapy experienced
by the patient, a shared decision was made to defer the sixth cycle
of chemotherapy and, overall, the patient completed five cycles of
adjuvant chemotherapy. Colonoscopy one year after surgery was
unremarkable, and no new metastatic lesions were noted on
repeat CT scan after chemotherapy completion. Of note, the
patient’s CEA levels remained within normal limits (<3.0 ng/mL
per institutional assay) throughout his disease course, from
diagnosis to recurrence to post-treatment monitoring (Figure 2A).

Discussion

Current surveillance for early-stage colon cancer after definitive
resection entails measuring CEA levels, routine blood work, CT
imaging, and colonoscopy (1). However, these diagnostic methods
frequently fail to capture patients with micrometastatic disease who
will recur without additional intervention. This notion is
particularly true for patients with stage I disease, where current
guidance forgoes radiographic monitoring, and little data exists
regarding the risk for recurrence (1-5). In the clinical case
presented above, serial ctDNA measurement prompted additional
imaging, leading to earlier intervention, with aggressive systemic
therapy as a bridge to definitive treatment.
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FIGURE 2

ctDNA dynamics throughout the clinical course. (A) Overview plot depicting composite ctDNA changes as measured in MTM/mL, along with
radiographic imaging and therapeutic interventions. (B) Changes in levels of patient-specific variants identified and tracked using Sigr\ateraTM
Molecular Residual Disease Test. ctDNA, circulating tumor DNA; MTM/mL, mean tumor molecules per milliliter of plasma.

Our patient’s ctDNA levels after chemotherapy correlated
with radiographic response after the first two cycles of
chemotherapy. This combination of laboratory and radiologic
improvement led the treatment team to pursue more definitive
disease control with microwave ablation of his hepatic lesions.
Consistent with findings in other studies, our patient’s CEA level
was negative despite radiologic evidence of recurrence and
positive ctDNA (Figure 1; Figure 2A), suggesting that the use
of multiple biomarkers to monitor for recurrence may enable
earlier disease detection (12, 14-16, 18, 19).

ctDNA monitoring after definitive treatment of stage II and
stage ITI colon cancer has shown promise in assessing recurrence
risk, with the major focus being the use of ctDNA level to guide
escalation and de-escalation of therapy in the adjuvant setting
(10, 11, 15, 16). These encouraging findings have raised
enthusiasm over the potential role ctDNA may ultimately play
in personalizing peri-operative treatment strategies based on
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dynamics of molecular response (15, 16). As a result, almost a
dozen clinical trials have been completed or are underway to
determine if post-operative and post-adjuvant chemotherapy
ctDNA monitoring can be used to tailor treatment based on
detection of post-operative ctDNA levels (15, 16, 20). Such
efforts may help better select patients in need of more
aggressive treatment approaches, while simultaneously sparing
those with undetectable ctDNA levels who may not benefit from
further chemotherapy (10, 15, 16).

While studies evaluating the use of ctDNA to guide
treatment have focused on the potential to refine patient selection
for adjuvant chemotherapy in stage IT colon cancer and potentially de-
escalate therapy in patients with stage III colon cancer, few studies have
focused on the use of ctDNA to determine when to escalate therapy
in stage I colon cancer (10, 11, 15, 16, 20). Our case suggests that
ctDNA could be a useful tool to select patients who should undergo
closer monitoring to detect early recurrence, with the result being
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curative treatment options. In those with stage I disease who do
recur, ctDNA could also help guide duration and escalation of
chemotherapy in the setting of recurrence. Anecdotally, in an
interim analysis of the GALAXY trial, part of CIRCULATE
Japan, the only patient with stage I colon cancer who was ctDNA
positive after surgical resection eventually developed disease
recurrence (21).

Given the anecdotal nature of a single report, findings and
conclusions from this case may not be applicable to other
clinical scenarios. Indeed, additional investigation into the
accuracy and utility of ctDNA monitoring for early-stage
disease is an ongoing area of research, albeit with
significant clinical potential (22). The cost effectiveness of
this intervention must also be taken into account, particularly
given that patients with stage I disease are less likely to recur
than those with stage IT and III disease (16). Certainly, not all
patients with lower risk stage I or II colon cancer require
more intensive surveillance, however, non-invasive tools such
as ctDNA monitoring may help further stratify patients to
determine those who may benefit from additional monitoring
and treatment. Looking forward, multi-modal approaches
beyond the standard TNM staging classifications, with
integration of genomic data, may better capture the risk of
recurrence, as has been seen in other malignancies, such as
lung adenocarcinoma (23). While still under investigation,
such approaches may more accurately risk-stratify patients
with early-stage disease.

Conclusion

Our clinical case highlights the potential benefits of ctDNA
monitoring in stage I colon cancer. This diagnostic tool can help
identify patients at increased risk for recurrence. In our case,
early detection of low-volume metastatic disease after ctDNA
monitoring prompted early and aggressive treatment strategies,
ultimately leading to a favorable clinical outcome.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

References

1. Benson AB, Venook AP, Al-Hawary MM, Azad N, Chen Y], Ciombor KK, et al.
NCCN dlinical practice guidelines in oncology (NCCN guidelines®) for colon cancer V.2.2022
[Internet]. National Comprehensive Cancer Network, Inc. J Natl Compr Canc Netw
(2022). Available at: https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf.

2. Bockelman C, Engelmann BE, Kaprio T, Hansen TF, Glimelius B. Risk of
recurrence in patients with colon cancer stage II and III: A systematic review and

Frontiers in Oncology

05

10.3389/fonc.2022.1074786

Ethics statement

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. The patients/participants
provided their written informed consent to participate in this
study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.

Author contributions

All authors contributed to the article and approved the
submitted version.

Conflict of interest

SA-No disclaimers to report. HD - Past employee of Natera,
Inc., with stocks or option to own stocks. CP - Employee of
Natera, Inc. with stocks or option to own stocks. SK - Employee
of Natera, Inc. with stocks or option to own stocks. AJ -
Employee of Natera, Inc. with stocks or option to own stocks.
EC - Research Funding: Pfizer; Research Collaborations:
Haystack Oncology, Natera; Consulting: Seres Therapeutics.
IB - No disclaimers to report. SR- No disclaimers to report.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be constructed as a potential conflict
of interest.

Publication fees provided by Natera, Inc.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

meta-analysis of recent literature. Acta Oncologica (2015) 54(1):5-16. doi: 10.3109/
0284186X.2014.975839

3. Verhoeff SR, van Erning FN, Lemmens VEPP, de Wilt JHW, Pruijt JEM.
Adjuvant chemotherapy is not associated with improved survival for all high-risk
factors in stage IT colon cancer: Adjuvant chemotherapy and stage II colon cancer.
Int ] Cancer (2016) 139(1):187-93. doi: 10.1002/ijc.30053

frontiersin.org


https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf
https://doi.org/10.3109/0284186X.2014.975839
https://doi.org/10.3109/0284186X.2014.975839
https://doi.org/10.1002/ijc.30053
https://doi.org/10.3389/fonc.2022.1074786
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Alden et al.

4. Qaderi SM, Galjart B, Verhoef C, Slooter GD, Koopman M, Verhoeven RHA,
et al. Disease recurrence after colorectal cancer surgery in the modern era: A
population-based study. Int ] Colorectal Dis (2021) 36(11):2399-410. doi: 10.1007/
s00384-021-03914-w

5. Sawayama H, Miyamoto Y, Hiyoshi Y, Ogawa K, Kato R, Akiyama T, et al.
Overall survival after recurrence in stage I-III colorectal cancer patients in
accordance with the recurrence organ site and pattern. Ann Gastroenterol Surg
(2021) 5(6):813-22. doi: 10.1002/ags3.12483

6. Weiser MR. AJCC 8th edition: Colorectal cancer. Ann Surg Oncol (2018) 25
(6):1454-5. doi: 10.1245/s10434-018-6462-1

7. Voss MH, Reising A, Cheng Y, Patel P, Marker M, Kuo F, et al. Genomically
annotated risk model for advanced renal-cell carcinoma: A retrospective cohort
study. Lancet Oncol (2018) 19(12):1688-98. doi: 10.1016/S1470-2045(18)30648-X

8. Sparano JA, Gray RJ, Ravdin PM, Makower DF, Pritchard KI, Albain KS,
et al. Clinical and genomic risk to guide the use of adjuvant therapy for breast
cancer. N Engl ] Med (2019) 380(25):2395-405. doi: 10.1056/NEJMo0al904819

9. Kannarkatt J, Joseph J, Kurniali PC, Al-Janadi A, Hrinczenko B. Adjuvant
chemotherapy for stage II colon cancer: A clinical dilemma. JOP (2017) 13(4):233—
41. doi: 10.1200/JOP.2016.017210

10. Tie J, Cohen JD, Lahouel K, Lo SN, Wang Y, Kosmider S, et al. Circulating
tumor DNA analysis guiding adjuvant therapy in stage II colon cancer. N Engl |
Med (2022) 386(24):2261-72. doi: 10.1056/NEJM0a2200075

11. Kotaka M, Shirasu H, Watanabe J, Yamazaki K, Hirata K, Akazawa N, et al.
Association of circulating tumor DNA dynamics with clinical outcomes in the
adjuvant setting for patients with colorectal cancer from an observational GALAXY
study in CIRCULATE-Japan. JCO (2022) 40(4_suppl):9-9. doi: 10.1200/
JC0.2022.40.4_suppl.009

12. Tarazona N, Gimeno-Valiente F, Gambardella V, Zuiiga S, Rentero-
Garrido P, Huerta M, et al. Targeted next-generation sequencing of circulating-
tumor DNA for tracking minimal residual disease in localized colon cancer. Ann
Oncol (2019) 30(11):1804-12. doi: 10.1093/annonc/mdz390

13. Wang Y, Li L, Cohen JD, Kinde I, Ptak J, Popoli M, et al. Prognostic
potential of circulating tumor DNA measurement in postoperative surveillance of
nonmetastatic colorectal cancer. JAMA Oncol (2019) 5(8):1118. doi: 10.1001/
jamaoncol.2019.0512

Frontiers in Oncology

06

10.3389/fonc.2022.1074786

14. Reinert T, Henriksen TV, Christensen E, Sharma S, Salari R, Sethi H, et al.
Analysis of plasma cell-free DNA by ultradeep sequencing in patients with stages I
to III colorectal cancer. JAMA Oncol (2019) 5(8):1124. doi: 10.1001/
jamaoncol.2019.0528

15. Chakrabarti S, Xie H, Urrutia R, Mahipal A, Circulating Tumor DNA.
(ctDNA) in the management of early-stage colon cancer: A critical review. Cancers
(2020) 12(10):2808. doi: 10.3390/cancers12102808

16. Naidoo M, Gibbs P, Tie J. ctDNA and adjuvant therapy for colorectal
cancer: Time to re-invent our treatment paradigm. Cancers (2021) 13(2):346.
doi: 10.3390/cancers13020346

17. Cremolini C, Antoniotti C, Rossini D, Lonardi S, Loupakis F, Pietrantonio F,
et al. Upfront FOLFOXIRI plus bevacizumab and reintroduction after progression
versus mFOLFOX6 plus bevacizumab followed by FOLFIRI plus bevacizumab in
the treatment of patients with metastatic colorectal cancer (TRIBE2): A
multicentre, open-label, phase 3, randomised, controlled trial. Lancet Oncol
(2020) 21(4):497-507. doi: 10.1016/S1470-2045(19)30862-9

18. Allegretti M, Cottone G, Carboni F, Cotroneo E, Casini B, Giordani E, et al.
Cross-sectional analysis of circulating tumor DNA in primary colorectal cancer at
surgery and during post-surgery follow-up by liquid biopsy. J Exp Clin Cancer Res
(2020) 39(1):69. doi: 10.1186/s13046-020-01569-z

19. Tie J, Wang Y, Tomasetti C, Li L, Springer S, Kinde I, et al. Circulating
tumor DNA analysis detects minimal residual disease and predicts recurrence in
patients with stage II colon cancer. Sci Transl Med (2016) 8(346):346ra92-346ra92.
doi: 10.1126/scitranslmed.aaf6219

20. Morris VK, Yothers G, Kopetz S, Jacobs SA, Lucas PC, Igbal A, et al. NRG-
GI005 (COBRA): Phase II/III study of circulating tumor DNA as a predictive
biomarker in adjuvant chemotherapy in patients with stage II colon cancer. JCO
(2020) 38(4_suppl):TPS261-1. doi: 10.1200/JCO.2020.38.4_suppl. TPS261

21. Kotaka M. (2022). in: Oral presentation presented at: ASCO Gastrointestinal
Cancers Symposium (San Francisco, CA: Journal of Clinical Oncology).

22. Parikh AR, Shergill A. Investigating the use of circulating tumor DNA in
early-stage colon cancer. Oncology (2022) 3610):620-6. doi: 10.46883/2022.25920977

23. Jones GD, Brandt WS, Shen R, Sanchez-Vega F, Tan KS, Martin A, et al. A
genomic-pathologic annotated risk model to predict recurrence in early-stage lung
adenocarcinoma. JAMA Surg (2021) 156(2):¢205601. doi: 10.1001/jamasurg.2020.5601

frontiersin.org


https://doi.org/10.1007/s00384-021-03914-w
https://doi.org/10.1007/s00384-021-03914-w
https://doi.org/10.1002/ags3.12483
https://doi.org/10.1245/s10434-018-6462-1
https://doi.org/10.1016/S1470-2045(18)30648-X
https://doi.org/10.1056/NEJMoa1904819
https://doi.org/10.1200/JOP.2016.017210
https://doi.org/10.1056/NEJMoa2200075
https://doi.org/10.1200/JCO.2022.40.4_suppl.009
https://doi.org/10.1200/JCO.2022.40.4_suppl.009
https://doi.org/10.1093/annonc/mdz390
https://doi.org/10.1001/jamaoncol.2019.0512
https://doi.org/10.1001/jamaoncol.2019.0512
https://doi.org/10.1001/jamaoncol.2019.0528
https://doi.org/10.1001/jamaoncol.2019.0528
https://doi.org/10.3390/cancers12102808
https://doi.org/10.3390/cancers13020346
https://doi.org/10.1016/S1470-2045(19)30862-9
https://doi.org/10.1186/s13046-020-01569-z
https://doi.org/10.1126/scitranslmed.aaf6219
https://doi.org/10.1200/JCO.2020.38.4_suppl.TPS261
https://doi.org/10.1001/jamasurg.2020.5601
https://doi.org/10.3389/fonc.2022.1074786
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Post-operative ctDNA monitoring in stage I colon cancer: A case report
	Introduction
	Case description
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


