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Background: The randomized METIMMOX trial evaluated short-course oxaliplatin-based chemotherapy alternating with the 
immune checkpoint inhibitor nivolumab in patients with previously untreated, unresectable abdominal metastases from microsatellite- 
stable/mismatch repair-proficient colorectal cancer. A subgroup receiving this experimental treatment showed remarkably improved 
outcome compared to control arm patients who received chemotherapy alone and had median progression-free survival (PFS) of 9.3 
months. We examined whether the kinetics of serum carcinoembryonic antigen (CEA) could provide insights into responsiveness to 
the METIMMOX regimen.
Methods: Patients were randomly assigned to the control arm (oxaliplatin with bolus 5-fluorouracil/folinic acid, Q2W) or the 
experimental arm (alternating two cycles of chemotherapy Q2W and nivolumab Q2W). In this post hoc biomarker analysis, CEA 
levels were measured at baseline, at each treatment administration, and every two months during prespecified treatment breaks. 
Patients were categorized according to CEA kinetics—Flare (transient ≥20% increase above baseline), Non-responding (gradual 
increase), and Stable/Responding (values around baseline or gradually decreasing).
Results: Flare comprised 16 out of 71 patients. According to Log rank test, experimental-arm Flare (n = 6) had significantly improved 
PFS (median 34.9 months) compared to Stable/Responding (n = 21; median PFS 9.9 months; p = 0.005) and Non-responding (n = 9; 
median PFS 2.1 months; p = 0.007). Flare was not associated with improved PFS for control-arm subjects. Adjusted Cox regression 
analysis indicated that experimental-arm Flare exhibited a lower progression risk than Non-responding for up to 6.2 months, creating 
an observation period for a potential decrease following the initial increase.
Conclusion: CEA-Flare may indicate immune checkpoint inhibitor responsiveness following short-course oxaliplatin-based che
motherapy in this patient population; however, this is an exploratory finding that requires prospective validation.

Plain Language Summary: This study examined whether changes in the blood marker CEA can help identify patients who benefit 
from a new treatment approach for large bowel cancer. The METIMMOX study tested alternating standard chemotherapy and 
immunotherapy in patients whose cancer had spread to abdominal organs and could not be surgically removed. All patients had 
a common type of bowel cancer that usually does not respond well to immunotherapy. Some patients who received the combined 
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treatment performed much better than expected, with their cancer staying under control longer than those who received chemotherapy 
alone. 

The researchers studied changes in CEA levels over time during treatment. Based on these changes, patients were grouped into the 
following three patterns: 

● CEA flare: a temporary increase (at least 20%) followed by a decrease
● Non-responding: a steady increase in CEA
● Stable/responding: stable or gradually decreasing CEA levels

Among patients who received alternating chemotherapy and immunotherapy, those who showed a CEA flare had much better 
outcomes. Their cancer remained under control for a median time of almost 3 years, compared with approximately 10 months for 
patients with stable/responding CEA levels and only 2 months for those which non-responding CEA levels. This benefit was not seen 
in the patients who received chemotherapy alone, meaning that a CEA flare may signal a positive immune response after 
chemotherapy. 

In summary, a short-term increase in CEA (CEA flare) may be a helpful sign that patients with large bowel cancer spread to other 
organs respond well to a combination of chemotherapy and immunotherapy. 

Keywords: colorectal cancer, immune checkpoint inhibition, carcinoembryonic antigen, biomarker

Introduction
The introduction of immune checkpoint inhibitors (ICIs) has significantly improved survival outcomes in many solid 
cancers, including local, locally advanced, and metastatic disease for the subgroup of colorectal cancer (CRC) patients 
with microsatellite-instable/mismatch-repair (MMR)-deficient tumors.1–5 However, the large majority of CRC patients 
bear microsatellite-stable (MSS)/MMR-proficient disease with low tumor antigenicity and therefore low or absent ICI 
responsiveness. To overcome the inherent ICI resistance of MSS/MMR-proficient CRC, various approaches have been 
explored. These include combining ICI with radiation therapy6 or chemotherapy and an antiangiogenic agent,7–9 or dual- 
checkpoint ICI combinations.10 In the first-line METIMMOX trial, patients with metastatic MSS/MMR-proficient CRC 
were randomly assigned to oxaliplatin-based chemotherapy (the Nordic FLOX regimen11) alone or short-course FLOX 
alternating with the ICI nivolumab. The primary endpoint of improved progression-free survival (PFS) was not met for 
the intention-to-treat population of 38 subjects receiving the experimental regimen. However, we noted that 16% of 
experimental-arm patients achieved a radiologic complete response (CR) with eradication of all tumor manifestations, as 
opposed to none of control-arm patients.12

Efforts are ongoing to identify biomarkers that predict ICI responsiveness. Some are well-established for certain 
tumor types and used clinically, such as programmed-death ligand-1 expression and tumor mutational burden.13 

However, no universal utility of these biomarkers has been proven as yet.14 Pragmatic biomarkers for response prediction 
are needed to select more precisely the patients who will benefit but also to avoid treating patients who are prone to ICI 
failure. Dynamic on-treatment biological changes could represent an alternative to the static baseline biomarkers. 
Changes in the circulating C-reactive protein level early during ICI treatment have been associated with response in 
metastatic disease from several malignancies.15–18 When administrating immunomodulating chemotherapy before ICI, as 
done in the METIMMOX trial, the initial adaptation reflected systemically might serve as a unique setting for dynamic 
biomarker discovery.

Carcinoembryonic antigen (CEA) belongs to a family of cell adhesion molecules.19 Circulating CEA is commonly 
elevated in advanced CRC. Although its predictive value is limited,20 serial measurements are used for surveiling 
recurrence risk after curative-intent treatment21 as well as in evaluation of therapy response in the metastatic setting.22 

A transient increase, or flare, in CEA in patients with metastatic CRC responding to chemotherapy was first reported in 
two small studies in 2004 and 2006.23,24 In multivariable analysis, compared with steadily increasing CEA, flare was 
found to be an independent favorable predictive and prognostic factor for tumor response and survival in patients 
undergoing first-line chemotherapy.25 However, it remains unclear whether CEA flare also occurs when chemotherapy is 
combined with ICI, and whether such a flare may be predictive of ICI benefit in this experimental treatment setting.
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In this post hoc analysis of METIMMOX data, we hypothesized that CEA flare may be a surrogate marker of 
immunogenicity incited by oxaliplatin-based chemotherapy, leading to ICI responsiveness in patients with previously 
untreated, unresectable metastatic MSS/MMR-proficient CRC, and that it may provide a pragmatic tool for early 
monitoring of treatment activity or failure.

Material and Methods
Ethics Approvals and Consent to Participate
Approvals were given by the Regional Committee for Medical and Health Research Ethics of South-East Norway (2017/ 
1850), the Norwegian Medicines Agency (17/12,752), and the institutional review boards. The trial was conducted in 
accordance with the Helsinki Declaration. All patients provided written informed consent. The trial was registered with 
ClinicalTrials.gov, NCT03388190, by 2 January 2018.

Patients, Procedures, and Outcomes
Details have been published previously.12 To summarize for the current context, MSS/MMR-proficient CRC patients 
with unresectable infradiaphragmatic (liver, peritoneal, nodal) metastases were randomly assigned to first-line treatment 
with FLOX (oxaliplatin with bolus 5-fluorouracil/folinic acid) Q2W (control arm) or alternating two cycles of FLOX 
Q2W and nivolumab Q2W (experimental arm), for both trial arms with a break period after four months (eight cycles in 
a treatment sequence). During active treatment and breaks, radiologic response assessment was performed every eight 
weeks. If disease progression occurred during a break, a new treatment sequence was initiated. This go-and-stop schedule 
is depicted in Supplementary Figure S1. The primary endpoint PFS was defined as the time from study inclusion to the 
first disease progression on active therapy (progressive disease (PD)) by blinded independent central review according to 
Response Evaluation Criteria in Solid Tumors or iRECIST.26 For patients not experiencing PD, the time from study 
inclusion to an intolerable adverse event, death from causes other than cancer progression, consent withdrawal, or 
censoring was calculated. The best overall response (BOR) was defined as the best achieved radiologic response during 
study participation. A total of 80 patients were enrolled between 29 May 2018 and 22 October 2021. Data cut-off was set 
to 15 March 2024 when the last patient reached two years of disease-free (CR) follow-up, three years after starting 
METIMMOX treatment. Median follow-up time was 20.2 months (95% confidence interval (CI), 14.6–23.2).

Specimen Characteristics
The patients were monitored with standard blood tests, including CEA, by the laboratory facilities of the respective study 
hospitals. Serum samples were stored at 2–8 °C and analyzed within three days of venipuncture. CEA (in μg/L) was 
measured at baseline, with each treatment administration (every two weeks), and during the treatment breaks (every eight 
weeks) until censoring. All five study hospitals used the Cobas 8000 e801 analyzer (Roche Diagnostics, Mannheim, 
Germany) to quantify CEA using electrochemiluminescence technology. None of the patients received high doses of 
biotin (vitamin B7; >5 mg/day), which might have interfered with the assay.27,28

CEA Kinetics
For this post hoc analysis, patients were categorized based on the CEA kinetics during the first sequence of active 
therapy, requiring at least four measurements. In cases of missing values (n = 3), the categorization was based on the 
available measurements. Delay of treatment administration owing to an adverse event was not considered when 
evaluating the kinetics. The reference limit was below 5.0 μg/L for both men and women, as used by all participating 
hospitals. The evaluation did not account for smoking status or comorbidities, which are known to slightly elevate CEA 
levels.29–31 Flare was defined as at least 20% increase from baseline, consistent with previous studies.23,24,32 The three 
kinetics groups were 1—Flare: 20% increase above baseline followed by decrease at, at least, two subsequent measure
ments to 20% below baseline (for patients with baseline CEA within the reference limit, Flare was defined as 20% rise 
followed by decline to baseline); 2—Non-responding: Gradual increase at, at least, two subsequent measurements to 20% 
above baseline; 3—Stable/Responding: Levels fluctuating around baseline with occasional increases followed by 
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normalization without clear flare (Stable) or gradual decrease below baseline (Responding). Stable and Responding were 
grouped together because of similar PFS to chemotherapy in the metastatic setting.25 Time until flare occurred was 
calculated from the start of treatment to the peak CEA value in the first treatment sequence.

Statistical Methods
Analyses were performed using STATA SE version 17 and SPSS version 29.0. Figures were generated using GraphPad 
Prism version 9.5.1. Continuous variables were presented as median with minimum (min)–maximum (max) values, while 
categorical variables were presented as frequency and percentage. Differences in PFS stratified by the kinetics groups 
were visualized using Kaplan-Meier curves with number-at-risk table and assessed with the Log rank test. Cox regression 
model was estimated to determine association between PFS and kinetics groups adjusted for age, sex, and treatment arm. 
An interaction between the kinetics group and treatment arm was included to assess differences between the two arms 
regarding association between PFS and the kinetics groups. The proportional hazards assumption was assessed by 
a global test and inspecting Schoenfeld residuals. It was found to be violated for the kinetics groups, which was thus 
entered into the model as a time-dependent variable. For variables with time-dependent effects, and for interaction terms 
involving such variables, a single hazard ratio (HR) is not directly interpretable; these effects were therefore presented as 
regression coefficients with standard errors. For covariables with proportional hazards, and for pairwise group compar
isons that did not exhibit time-dependent behavior, HRs with 95% CIs were derived from the model. To aid interpretation 
of time-dependent associations, HRs over time within each trial arm were illustrated graphically. As a sensitivity 
analysis, we applied a flexible parametric survival model to assess the robustness of the Cox model results. 
Differences among CEA kinetics groups were assessed by Fisher’s exact test. A nominal significance level of 0.05 
was used, but p-values in the Cox model should be interpreted with caution due to the limited sample size of some 
groups. Whenever possible, interpretation focuses on effect sizes expressed as HRs with 95% CIs, which more 
appropriately convey the magnitude and uncertainty of associations.

Results
CEA Features
Of the total of 80 randomized patients, 71 (n = 35, control arm; n = 36, experimental arm) had evaluable CEA kinetics in 
the first treatment sequence (CONSORT diagram; Supplementary Figure S2). The two arms were similar with regard to 
clinical characteristics (Supplementary Table S1). Of patients in the control and experimental arms, respectively, 8 (23%) 
and 9 (25%) were Non-responding, 17 (49%), 21 (58%) were Stable/Responding, and 10 (29%) and 6 (17%) had Flare, 
with no differences in distribution of baseline clinical characteristics among the three kinetics groups except slightly 
higher age of Flare patients (p = 0.042; Supplementary Table S2).

Among the total of 16 Flare, only one patient had baseline CEA within the reference limit (<5.0 μg/L). Baseline 
CEA in Flare (median, 49.1; min-max, 3.1–9173) was higher (p = 0.024) than in Non-responding (median, 41.1; min- 
max, 0.9–2056) and Stable/Responding (median, 8.0; min-max, 1.0–709). The peak CEA of Flare, reached at median 
24 days (min-max, 11–82; Supplementary Figure S3), was higher (p = 0.008) in the control arm (median, 465; min- 
max, 18.0–16466) than in the experimental arm (median, 21.0; min-max, 8.8–146). However, the exact time of the 
treatment course coinciding with the peak CEA was delayed for some experimental-arm patients (Supplementary 
Figure S3).

Four control-arm subjects did not reach the first radiologic reassessment, leaving 31 patients evaluable for objective 
response (CONSORT diagram; Supplementary Figure S2). As shown by Figure 1, among Non-responding, all of the 9 
experimental-arm patients had PD or stable disease (SD) as BOR, while 3 of the 7 (43%) evaluable control-arm patients 
had partial response (PR). Moreover, in the experimental arm, 3 of 6 (50%) Flare and 3 of 21 (14%) Stable/Responding 
had CR as BOR. By contrast, no better than PR, distributed among the three kinetics groups, was achieved as control-arm 
response. In summary, the CEA kinetics for experimental-arm patients, while more subdued, seemed more informative of 
tumor response.
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CEA Kinetics and Patient Outcome
Following the first treatment sequence and succeeding break, only 4 of the 10 control-arm Flare but 5 of the 6 
experimental-arm Flare proceeded to the second treatment sequence. Regarding the primary endpoint for the full cohort 
of 71 subjects (Figure 2), in the control arm, Stable/Responding showed better PFS (median, 12.2 months; 95% CI, 
7.9–16.5) than Non-responding (median, 3.6 months; 95% CI, 2.2–4.9; p = 0.009) but no statistical difference with Flare 
(median, 7.3 months; 95% CI, 3.8–10.7; p = 0.65). In the experimental arm, by contrast, Flare showed superior PFS 

Figure 1 Overall response rate of the carcinoembryonic antigen (CEA) kinetics groups. Complete response (CR), partial response (PR), stable disease (SD), or progressive 
disease (PD) among the 67 patients who reached at least the first radiologic reassessment and thus were evaluable for objective response in the three CEA kinetics groups. 
(A) Control arm (n = 31). (B) Experimental arm (n = 36).

Figure 2 Kaplan-Meier curves of progression-free survival of the carcinoembryonic antigen (CEA) kinetics groups. Progression-free survival for the full cohort of 71 subjects 
in the three CEA kinetics groups. (A) Control arm (n = 35). (B) Experimental arm (n = 36).
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(median, 34.9 months; 95% CI, 5.0–64.9) compared to both Stable/Responding (median, 9.9 months; 95% CI, 6.9–12.8; 
p = 0.005) and Non-responding (median, 2.1 months; 95% CI, 1.7–2.6; p = 0.007).

In the adjusted Cox regression model (Table 1), neither age nor sex was associated with PFS. To ease interpretation, 
the time-dependent HR for the association between the CEA kinetics groups and risk of progression in each trial arm is 
presented graphically (Figure 3). In the control arm, Stable/Responding and Flare had a lower hazard for progression (p < 
0.05 over the time course) compared to Non-responding until 3.0 and 3.8 months had passed, respectively. A similar 
pattern was found in the experimental arm (p < 0.05 over the time course) but valid for 3.6 months for Stable/Responding 
versus Non-responding and as long as 6.2 months for Flare versus Non-responding.

Table 1 Cox Regression Models for Progression-Free Survival

Unadjusted Models Adjusted Model

HR (95% CI) or RC (SE) p HR (95% CI) or RC (SE) p

Age 0.99 (0.96–1.01) 0.32 0.98 (0.96–1.01) 0.29

Female sex (ref. male) 0.67 (0.37–1.19) 0.17 0.86 (0.46–1.61) 0.64

Treatment arm

Control (ref.) 0 0

Experimental 0.46 (0.57) 0.42 0.43 (0.58) 0.46

CEA kinetics group

Non-responding (ref.) 0 0
Stable/Responding –11.13 (3.98) 0.005 –10.96 (3.97) 0.006

Flare –10.01 (4.37) 0.022 –9.78 (4.39) 0.026

CEA kinetics group x treatment arm

Stable/Responding –0.55 (0.70) 0.43 –0.44 (0.72) 0.54

Flare –1.79 (0.92) 0.50 –1.70 (0.94) 0.069

CEA kinetics group,

time-varying
Non-responding (ref.) 0 0

Stable/Responding 2.06 (0.81) 0.011 2.01 (0.81) 0.014

Flare 1.88 (0.88) 0.032 1.83 (0.88) 0.037

HR 
(95% CI derived from the model)

p HR 
(95% CI derived from the model)

p

CEA kinetics group x treatment arm

Non-responding vs Stable/Responding 1.74 (0.44–6.89) 0.43 1.56 (0.38–6.38) 0.54
Flare vs Stable/Responding 0.29 (0.06–1.44) 0.13 0.28 (0.06–1.42) 0.13

Flare vs Non-responding 0.17 (0.03–1.00) 0.050 0.18 (0.03–1.14) 0.062

CEA Non-responding

Control arm (ref.) 1 1

Experimental arm 1.58 (0.51–4.89) 0.42 1.54 (0.49–4.83) 0.46

CEA Stable/Responding

Control arm (ref.) 1 1
Experimental arm 0.91 (0.41–2.02) 0.82 0.99 (0.44–2.21) 0.98

CEA Flare
Control arm (ref.) 1 1

Experimental arm 0.26 (0.06–1.07) 0.062 0.28 (0.07–1.15) 0.078

Notes: The upper table section includes the results of Cox regression performed using STATA SE version 17, while the lower section shows results derived from 
the model. 
Abbreviations: CEA, carcinoembryonic antigen; CI, confidence interval; HR, hazard ratio; RC, regression coefficient; ref., reference; SE, standard; vs, versus.
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When comparing risk of progression within the kinetics groups between the two trial arms (Table 1), the associations 
did not reach statistical difference. Risk of progression was lower (HR, 0.17; 95% CI, 0.03–1.00) for Flare versus Non- 
responding in the experimental arm compared to the control arm. This effect size was maintained in the adjusted model 
(HR, 0.18; 95% CI, 0.03–1.14), underlining the results of the Log rank test. The Cox regression models also allowed 
comparison of progression risk between the trial arms within each of the kinetics groups (Table 1). The experimental-arm 
Flare showed lower risk (HR, 0.26; 95% CI; 0.06–1.07) in the unadjusted model, maintained in the adjusted model (HR, 
0.28; 95% CI, 0.07–1.15) and supporting the flare response as informative in patients receiving the experimental regimen.

Results from sensitivity analysis were consistent with the primary Cox model, with no changes to the overall 
conclusions.

Discussion
In this post hoc analysis of METIMMOX data, we found associations between CEA flare during the initial short-course 
oxaliplatin-based chemotherapy and the clinical response to nivolumab in patients with previously untreated, unresect
able abdominal metastases from MSS/MMR-proficient CRC. To date, a small number of randomized studies on first-line 
use of ICI together with oxaliplatin-based chemotherapy in MSS/MMR-proficient CRC have proven the combination no 
better than the standard treatment without ICI.7,9,12 However, the METIMMOX trial revealed a subgroup of patients with 
extended response to alternating short-course FLOX and nivolumab.12 This treatment strategy may have leveraged an 
anti-tumor immunogenic effect invoked by oxaliplatin, as first observed in experimental CRC models33–35 and then in 
liver metastases of study patients.36–39 The observations also suggest that an on-treatment biomarker for potential ICI 
responsiveness might be more informative than a pre-treatment biomarker for capturing an evolving immunogenic 
process. The CEA response serves as a surrogate clinical endpoint with the advantage of being available and affordable 
in clinical practice.

Serum CEA levels were higher in Flare than for the two other groups already at baseline, with peak levels reached 
during the initial two FLOX cycles for most patients. Strikingly, the peak levels were significantly higher in the control 
arm, an observation which might relate to the delayed CEA response of some experimental-arm patients reaching their 
peak levels during the succeeding two nivolumab cycles or even later. Still, all patients regardless of trial arm had 
received identical treatment until the third therapy cycle from when the control-arm and experimental-arm patients 
proceeded with different regimens.

Regarding distribution of radiologic responses (BOR scores) among the three CEA kinetics groups, notable differ
ences were observed between the two trial arms. In the control arm, patients with PR, SD, or PD were fairly equally 

Figure 3 Time-varying hazard ratios (HRs) between carcinoembryonic antigen (CEA) kinetics groups; from the adjusted Cox regression model. Graphical presentation of 
the time-dependent HR for the association between each of the CEA kinetics groups and risk of progression. (A) Control arm (n = 35). (B) Experimental arm (n = 36). The 
figure illustrates numbers derived from the adjusted Cox regression model. The calculations are based on the model results (regression coefficients and standard errors) and 
covariances between parameter estimates (not shown), necessary for calculating uncertainties and p-values when exploring such numbers. Dashed lines: HRs of 1.
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distributed among the kinetics groups, suggesting that the CEA kinetics was less informative in prediction of overall 
chemotherapy response. Conversely, none of experimental-arm Non-responding cases demonstrated a radiologic 
response (significant tumor shrinkage), indicating that those with consistently rising CEA levels should not continue 
without chemotherapy. In contrast, most experimental-arm patients categorized as CEA-Flare and -Stable/Responding 
did achieve radiologic response, with some experiencing long-lasting CR. Therefore, in chemotherapy de-escalation 
regimens, such as that of METIMMOX, it is essential to have a safety period for monitoring CEA kinetics to distinguish 
between a transient flare and a continuous increase.

Regarding the trial’s primary endpoint, the similar occurrence of BOR scores in the CEA-Flare and -Stable 
/Responding groups of control-arm patients was mirrored by comparable PFS. By contrast, experimental-arm CEA- 
Flare patients experienced considerably improved PFS, but uncertain due to a small group size. It should also be noted 
that, in particular, the Stable/Responding category may be susceptible to some degree of subjective judgment, which 
could have influenced the results.

To avoid time-varying confounding, the CEA kinetics groups were analyzed as time-dependent variable in the Cox 
regression model. Compared to Non-responding patients, both CEA-Flare and -Stable/Responding patients in both trial 
arms had significantly lower risk of disease progression during the initial treatment, as long as 6 months for Flare patients 
in the experimental arm, in principle providing an observation period to decide if a decrease would follow an initial CEA 
increase. In practice, however, the treating oncologist would not wait that long without investigating a potential treatment 
failure. Moreover, following the initial period in this study, the statistical power was very low because of few remaining 
patients. The lack of statistical power, typical for post hoc analyses, also applied to the comparisons of risk of progression 
within and between the CEA kinetics groups of the two trial arms but favored the experimental-arm Flare in all 
comparisons (without reaching statistical significance).

The incidence of CEA-Flare in the METIMMOX cohort was approximately 20%, which is higher than the reported 
incidence of 10–15% in patients with metastatic CRC given chemotherapy.23–25,32 Previous studies have defined flare as 
a transient 15–20% increase above baseline. To ensure robust categorization and account for analytical and intra- 
individual variability, we set the cut-off value at 20% change from baseline.40 The higher proportion of CEA-Flare 
patients in our study might be due to the oxaliplatin-based chemotherapy. Previous chemotherapy studies also included 
patient receiving regimens without oxaliplatin. Notably, oxaliplatin induces immunogenic cell death41 and elevates CEA 
expression in CRC cells.42 This mechanism may account for the observed CEA flare, where the release of CEA into the 
circulation reflects the tumor cell killing effects of oxaliplatin and signifies a positive response rather than disease 
progression. Furthermore, the association between CEA flare and enhanced treatment efficacy aligns with the emerging 
therapeutic approach involving engineered chimeric antigen receptor T-cells that target CEA-expressing gastrointestinal 
cancers.43–45 While previous discussions of CEA flare have largely focused on response to chemotherapy in advanced 
CRC, the current study, to the best of our knowledge, describes this phenomenon for the first time in the context of an 
investigational chemotherapy-ICI schedule. We have been unable to identify studies on the role of CEA flare in treatment 
of MMR-deficient CRC, early-onset CRC, or in conjunction with CRC metastasis surgery.

Our study has several limitations. The association signal presented here arise from post hoc exploratory analyses that 
were not prespecified in the METIMMOX study protocol and are limited by the small number of patients. Althought the 
Cox regression model suggested that experimental-arm CEA-Flare patients had considerably lowered risk of disease 
progression, statistical significance was not reached. Our data must be interpreted with caution.

In conclusion, an initial and transient increase in serum CEA under oxaliplatin-based chemotherapy may suggest ICI 
responsiveness in a subgroup of the large majority of patients with metastatic CRC who bear MSS/MMR-proficient 
disease, but the results are not definitive. Because ICI responsiveness in metastatic CRC may be deep and durable, and 
serum CEA measurement is a cost-effective analysis in routine clinical practice, our exploratory findings warrant 
confirmation in larger, prospective studies.
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Clinical Trial Information
The METIMMOX trial – Colorectal cancer metastasis – shaping anti-tumor immunity by oxaliplatin, is registered by 
clinicaltrials.gov (NCT03388190), and included patients between 29 May 2018 and 22 October 2021. Data cut-off was 
set to 15 March 2024.

Data Sharing Statement
Requests for data can be made to the corresponding author. The data generated in this study are subject to patient 
confidentiality in accordance with the General Data Protection Regulation of the European Union, and the transfer of data 
or materials will require approval from the Data Privacy Officer at Akershus University Hospital and on some occasions 
from the Regional Committee for Medical and Health Research Ethics of South-East Norway. Any shared data will be 
de-identified.

Ethics Approvals and Consent to Participate
Approvals were given by the Regional Committee for Medical and Health Research Ethics of South-East Norway (2017/ 
1850), the Norwegian Medicines Agency (17/12752), and the institutional review boards. The trial was conducted in 
accordance with the Helsinki Declaration. All patients provided written informed consent.
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