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Predicting colorectal cancer survival by
combined c-reactive protein and tumor
immune score
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Sophie C. Anker4, Ben Schöttker1,5, Michael Hoffmeister1,7 & Hermann Brenner1,5,6,7

Weevaluated the joint relationship of post-operativeC-reactive protein (poCRP) and a tumor immune-
cell-score (IS)with overall survival (OS) andCRC-specific survival (CSS) in 680colorectal cancer (CRC)
patients recruited in Germany. CRP was assessed post-surgery while IS was derived from CD3+ /
CD8+ cell densities in tumor tissue. Patients were categorized into four C-Reactive protein-Immune
cellScore (CRIS) groups: CRIS-1 (CRP-low/IS-high), CRIS-2 (CRP-low/IS-low), CRIS-3 (CRP-high/IS-
high), and CRIS-4 (CRP-high/IS-low). Associations of CRIS with survival were assessed using Cox
regression, and quantified by hazard ratios with 95% confidence intervals (HR, 95%CI). Subgroup
analysis by presence of non-metastatic disease and time of blood draw in relation to adjuvant
chemotherapy were conducted. After a median follow-up of 9.6 (IQR, 4.6–14.6) years, 214 (31.5%)
patients died, 140 (20.6%) from CRC. Patients in CRIS-4 category had worse prognosis compared to
CRIS-1 category [HR(95%CI): 2.01 (1.32–3.08) and 2.60 (1.57–4.32) for OS and CSS, respectively].
These associations were stronger for non-metastatic disease (OSHR = 2.45, CSSHR = 4.49), as well as
for patients with blood collected after adjuvant chemotherapy (OSHR = 4.17, CSSHR = 6.62).
Integrating post-operative systemic inflammation and tumor immune characteristics may improve
prognostic stratification of patients receiving adjuvant chemotherapy for non-metastatic CRC.

Colorectal cancer (CRC) is one of the leading causes of cancer-related
morbidity andmortality globally1. Despite the pivotal role of cancer stage at
diagnosis in determining long-term clinical outcomes, significant variability
in survival outcomes amongpatients remains unexplained2,3. Consequently,
there is a growing recognition of the need to identify additional prognostic
markers that either complement or go beyond traditional staging. In this
context, the systemic inflammatory response and local immune dynamics
within the tumormicroenvironment (TME) are emerging as critical factors
in predicting survival and treatment response4–6, with potential to enhance
clinical care.

The complex relationship between the immune system and CRC
development is crucial but not fully understood, particularly with regard to

how systemic and TME immune responses interact with CRC progression.
Systemic inflammation, as measured by indicators such as C-reactive pro-
tein (CRP), is not only associated with tumor growth and highermalignant
grades7,8, but also long-term survival of CRC patients9. In addition, the
Immunoscore®, a metric that quantifies immune cell infiltration (particu-
larly CD3+ and CD8+ cells) within tumors10–12, provides a more com-
prehensive characterization of the TME and highlights the significant
prognostic value of tumor-infiltrating lymphocytes (TILs), regardless of
cancer stage at diagnosis13,14.

Previous research which has linked systemic inflammation to CRC
prognosis primarily relied on white blood cell counts to quantify systemic
inflammation5,6. However, CRP is a highly sensitive marker of systemic
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inflammation, and a cost-effective alternative for assessing post-operative
systemic inflammation in routine clinical practice15. CRP levels are highly
elevated shortly after CRC surgery, mostly returning to “normal values”
within two weeks to one month after surgery, after which they are strong
predictors of long-termoutcomes16. To date, the combinedprognostic value
of postoperative CRP (poCRP) and the Immunoscore® has not been
investigated. In this study, we aimed to describe the independent and joint
prognostic value of poCRP and a tumor immune cell score (IS), which is
closely related to the Immunoscore®, for long-term survival outcomes in a
large cohort of CRC patients.

Results
Patient characteristics
After a median follow-up of 9.6 years among the 680 CRC patients, 31.5%
had died, with 20.6% dying from CRC; relapse occurred in 30.1%. The
median age at diagnosis was 70 years, with a male predominance (61.3%),

reflective of higher prevalence of CRC among males than females in the
general population (Table 1). Most were diagnosed at stage II (39.6%) or
stage III (32.4%), and 12.7% had stage IV disease. Over 80% had blood
samples collected within a year post-surgery (median 5.3 months). Median
poCRP was slightly higher in samples collected within 2 weeks—3months,
but IS remained consistent across time points (Supp. Fig. 2). poCRP and IS
were neither correlated in the overall patient population nor in the sub-
groups by time of blood sampling or by stage at diagnosis (Supp. Fig. 3–5
and Supp. Table 1). CRIS subtyping showed that CRIS-1 to 3 was largely
dominated by non-metastatic patients (stage I—III), while CRIS-4 pre-
dominated in stage IV patients (Supp. Fig. 6).

Individual associations of post-operative CRP and immune cell
score with survival outcomes
Dose-response analyses revealed consistent associations of both poCRP and
IS with survival across the three outcomes (Supp. Fig. 7). Higher poCRP
levels were strongly linked to worse survival, while higher IS correlated with
better survival outcomes. Multivariable Cox regression confirmed these
associations after adjusting for key prognostic variables (Table 2). However,
for the association between individual poCRP and survival stratified by time
of blood collection, poCRPmeasured 3–6months after surgery consistently
showed no significant associations with survival outcomes (Supp. Table 2).

Associations of the CRIS profile with survival outcomes
Patients classified asCRIS-4 had the poorestOS compared to those in all the
other CRIS categories (Fig. 1), with similar trends observed for CSS andRFS
(Supp. Fig. 8). Multivariable Cox regression confirmed significantly worse
outcomes for CRIS-4 patients versus CRIS-1 [HR, 95%CI: 2.01 (1.32–3.08),
2.60 (1.57–4.32), and 2.08 (1.35–3.19) for OS, CSS, and RFS, respectively]
(Table 3). Moreover, adding the CRIS profile to prognostic models that
included age and TNM stage significantly improved 10 year overall model
discrimination and calibration, as shown by increased C-indices and lower
Integrated Brier Scores (Supp. Table 3). Subgroup analyses showed even
stronger associations in non-metastatic (stage I–III) compared to late-stage
patients (Supp. Table 4). Sensitivity analyses limited to patients with blood
samples collected 2 weeks—3months post-surgery showed significant
exposure-outcome associations only for RFS (Supp. Table 5).

Secondary analysis
Supp Figure 8 illustrates the distribution of patients by post-operative blood
sampling time relative to receipt of adjuvant chemotherapy. Most che-
motherapy recipients had stage III CRC. Patients sampled before che-
motherapy showed elevated poCRP levels, likely due to proximity to
surgery. The distribution of IS was similar for all patients regardless of the
time of blood sampling relative to receipt of chemotherapy. Among those
sampled after completing chemotherapy, the CRIS-4 category was sig-
nificantly associatedwithworse prognosis compared toCRIS-1,withhazard
ratios of 4.17, 6.62, and 3.82 for OS, CSS, and RFS, respectively (Table 4).
These associations were absent for patients with blood sampled before or
during chemotherapy.

Discussion
We developed and evaluated a novel prognostic CRIS profile, combining
post-operative systemic inflammation with local immune response in a
large population-based cohort of CRC patients undergoing surgery. The
CRIS profile was strongly predictive of OS, CSS and RFS outcomes com-
pared to either poCRP or IS alone. The combination of poCRP-high/IS-low
was independently associated with significantly worse survival outcomes.
These associations were more pronounced in patients with non-metastatic
CRC, as well as in patients for which the CRIS profile was assessed after the
completion of adjuvant chemotherapy.

Systemic inflammation is a critical factor consistently associated with
CRC progression, advanced stage, higher tumor grade, and adverse CRC
outcomes7,8. Our previous work showed that poCRP, is a strong indepen-
dent prognosticmarker for long-termsurvival outcomes inCRCpatients9,16.

Table 1 | Patient characteristics at baseline

Characteristic No. (%)

Age (Median, IQR), years 70 (63–77)

<70 years 344 (50.6%)

≥70 years 336 (49.4%)

Sex

Female 263 (36.7%)

Male 417 (61.3%)

TNM Stage

I 105 (15.4%)

II 269 (39.6%)

III 220 (32.4%)

IV 86 (12.7%)

Cancer Site

Colon 489 (71.9%)

Rectum 191 (28.1%)

CRC Sidednessa

Left 401 (58.9%)

Right 279 (41.1%)

C-reactive Protein (Median, IQR), mg/L 3.8 (1.4–10.8)

Immune Cell Score (Median, IQR), mean percentile 50.0 (28.0–72.4)

Blood Collection Time (Median, IQR),months 5.3 (1.4–9.6)

2 weeks–3months 244 (35.9%)

3–6months 126 (18.5%)

6–12months 201 (29.6%)

>12months 109 (16.0%)

Body Mass Index (Median, IQR), kg/m2 26.0 (23.3–28.7)

Underweight (<18.5) 12 (1.8%)

Normal (18.5–24.9) 272 (40.0%)

Overweight (25.0–29.9) 274 (40.3%)

Obese (≥30.0) 122 (17.9%)

Adjuvant Chemotherapya

Yes 296 (43.5%)

Death Events 214 (31.5%)

CRC Deaths 140 (20.6%)

CRC Relapse Events 205 (30.1%)

Follow-up (Median, IQR), years 9.6 (4.6–14.6)
aMissingness in variables: CRC sidedness (3.24%, n = 22); Adjuvant chemotherapy (0.29%, n = 2).
CRC colorectal cancer, IQR interquartile range, TNM tumor-node-metastasis.
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On the other hand, high TILs, particularly CD3+ and CD8+ T cells, are
associated with improved response to therapy and survival, independent of
cancer stage12. Our research group has also validated and summarized the
individual and joint prognostic value of TILs in previous studies14,17.

Elevated poCRP levels beyond two weeks after surgery may reflect
persistent systemic inflammation, possibly due to residual tumor burden,
micro-metastatic disease, or complications from surgery18. Consequently,
elevated systemic inflammation (as measured by poCRP) is associated with

worse health outcomes, including worse long-term survival9. The observed
non-significant associations between poCRP levels assessed 3–6months
and survival outcomes may suggest the role of adjuvant chemotherapy
(typically given within 6months) in altering inflammatory markers, tem-
porarilymasking a true association. IS reflects the local immune response to
the tumor, which is a reliable and reproducible indicator of the host’s
immune response against tumor cells, thus influencing tumor recurrence19.
Numerous large studies also confirm that a high IS, indicating extensive

Table 2 | Cox regression for the individual and mutually adjusted associations of post-operative C-reactive protein and the
Immune cell score with survival outcomes

Prognostic Outcome C-reactive protein (HR, 95% CI) Immune cell score (HR, 95% CI)

Category (event rate) Model 1 Model 2 Category (event rate) Model 1 Model 2

Overall Survival Low (22.2%) 1.00 (Ref) 1.00 (Ref) High (26.1%) 1.00 (Ref) 1.00 (Ref)

High (40.8%) 2.09 (1.51–2.90) 2.00 (1.44–2.79) Low (41.1%) 1.30 (0.89–1.89) 1.27 (0.88–1.84)

per SD increase 1.14 (1.04–1.26) 1.13 (1.03–1.25) per SD decrease 1.17 (1.01–1.35) 1.16 (1.00–1.34)

Pinteraction = 0.318

CRC Specific Survivala Low (12.8%) 1.00 (Ref) 1.00 (Ref) High (15.6%) 1.00 (Ref) 1.00 (Ref)

High (28.9%) 2.52 (1.67–3.81) 2.36 (1.55–3.58) Low (31.8%) 1.41 (0.90–2.20) 1.35 (0.87–2.11)

per SD increase 1.17 (1.06–1.30) 1.16 (1.05–1.28) per SD decrease 1.27 (1.05–1.53) 1.25 (1.04–1.51)

Pinteraction = 0.455

Relapse-free Survivala Low (22.7%) 1.00 (Ref) 1.00 (Ref) High (24.1%) 1.00 (Ref) 1.00 (Ref)

High (35.3%) 1.65 (1.18–2.31) 1.59 (1.13–2.22) Low (41.5%) 1.38 (0.95–2.00) 1.37 (0.94–1.99)

per SD increase 1.14 (1.02–1.27) 1.14 (1.02–1.26) per SD decrease 1.27 (1.08–1.49) 1.26 (1.08–1.47)

Pinteraction = 0.394
aCompeting risk models were applied accounting for non-CRC deaths as a competing risk using the Fine-Gray model.
Model 1 is adjusted for age+ sex+ TNM stage+ body mass index+ tumor site+ tumor sidedness+ adjuvant chemotherapy+ time of blood sampling.
Model 2 is adjusted for Model 1 covariates+ C-reactive protein/Immune cell score mutual adjustment.
Pinteraction was obtained by modeling a continuous-by-continuous interaction model (CRP × IS).
Bold numbers show statistically significant associations.
HR hazard ratio, Ref reference, SD standard deviation, TNM tumor-node-metastasis.

Fig. 1 | Kaplan-Meier plots for the overall survival of patients by the CRIS profile.
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lymphoid infiltration, is significantly associated with improved prognosis
and survival in all stages of colon cancer20–22. The progressive worsening of
outcomes from CRIS-1 through CRIS-4 in our findings likely reflects an
interplay between systemic and local immune responses—patients with
both low systemic inflammation and high intratumoral T-cell infiltration
(CRIS-1) mount a coordinated antitumor defense, whereas those with
systemic inflammation and suppressed local immunity (CRIS-4) exhibit an
immune-evasive, tumor-promoting environment. Intermediate profiles
(CRIS-2 and CRIS-3) represent partial activation or suppression of these
axes, going along with proportionate survival gradients, largely driven by
systemic inflammation.

Adding the CRIS profile to the prognostic model with age and TNM
stage improved the overall prognostic performance for predicting OS, CSS
and RFS. A recent study showed longer disease-free survival of stage II and
III colon cancer patients with low pre-operative blood cell count based
systemic inflammation (as quantified by lymphocytes and neutrophils)
combined with high CD8+ 6. Similarly, stage II colon cancer patients with

high pre-operative white blood cell count and low intratumoral chronic
inflammatory cell density (as measured by lymphocytes andmacrophages)
had worse OS and RFS rates4. However, these studies had more limited
sample sizes and relied on pre-operative white blood cell counts for the
quantification of systemic inflammation. Our results expand preliminary
evidence by demonstrating the value of monitoring the post-operative
systemic inflammatory response in combination with IS for long-term
prognostication, particularly in non-metastatic CRC patients. Imple-
mentation in clinical routine would be straightforward, as CRP is a highly
sensitive marker of systemic inflammation, cost-effective, and routinely
available in many clinical settings15.

We observed stronger predictor-outcome associations in non-
metastatic (stage I–III) compared to late-stage patients (stage IV). In early
disease, outcomes are driven by tumor–immune balance and peri-operative
biology, both ofwhich are captured by poCRP (systemic inflammation) and
immune responsewithin the TME23. In contrast, survival inmetastatic CRC
is dominated by tumor burden, lines of systemic therapy, and treatment

Table 3 | Cox regression analysis for the associations of CRIS profile with survival outcomes

Prognostic Outcome CRIS category e/n (event rate) Model 1 (HR, 95% CI) Model 2 (HR, 95% CI) P-trend

Overall Survival 1 70/310 (22.6%) 1.00 (ref) 1.00 (ref) <0.001

2 22/73 (30.1%) 1.37 (0.85–2.21) 1.18 (0.72–1.94)

3 83/229 (36.2%) 1.85 (1.35–2.54) 1.92 (1.39–2.66)

4 37/68 (54.4%) 3.23 (2.17–4.79) 2.01 (1.32–3.08)

CRC Specific Survivala 1 39/310 (12.6%) 1.00 (ref) 1.00 (ref) <0.001

2 16/73 (21.9%) 1.79 (1.00–3.20) 1.50 (0.81–2.76)

3 54/229 (23.6%) 2.11 (1.40–3.19) 2.47 (1.61–3.77)

4 31/68 (45.6%) 4.56 (2.84–7.31) 2.60 (1.57–4.32)

Relapse-Free Survivala 1 68/310 (21.9%) 1.00 (ref) 1.00 (ref) <0.001

2 25/73 (34.2%) 1.64 (1.04–2.60) 1.48 (0.92–2.38)

3 70/229 (30.6%) 1.65 (1.17–2.28) 1.77 (1.26–2.48)

4 36/68 (52.9%) 3.61 (2.41–5.39) 2.08 (1.35–3.19)
aModels for CSS and RFS predictions accounted for non-CRC death as a competing risk using the Fine-Gray model
Multivariable model was adjusted for sex+ age+ TNM stage+BMI+ cancer site+ cancer sidedness+ adjuvant chemotherapy+ time of blood sampling; Bold numbers show statistically significant
associations. P-trend was based on modeling CRIS as a numeric variable.
CI confidence interval, CRC colorectal cancer, e/n events/total participants, HR hazard ratio, ref reference.

Table 4 | Analysis by time of blood draw in relation to receipt of adjuvant chemotherapy

Outcome CRIS category Before Chemotherapy (n = 184)1 During Chemotherapy (n = 103)2 After Chemotherapy (n = 118)3

HR (95%CI) HR (95%CI) HR (95%CI)

Overall Survival 1 1.00 (ref) 1.00 (ref) 1.00 (ref)

2 1.05 (0.24–4.51) 1.15 (0.31–4.35) 2.13 (0.76–5.99)

3 1.45 (0.58–3.67) 1.42 (0.64–3.17) 3.27 (1.27–8.41)

4 1.88 (0.70–5.01) 2.02 (0.63–6.49) 4.17 (1.39–12.50)

CRC-Specific Survivala 1 1.00 (ref) 1.00 (ref) 1.00 (ref)

2 1.19 (0.26–5.01) 3.05 (0.72–12.98) 2.40 (0.67–8.54)

3 1.49 (0.53–4.21) 1.85 (0.72–4.79) 5.25 (1.68–16.38)

4 1.65 (0.54–5.08) 2.27 (0.64–8.04) 6.62 (1.84–23.79)

Relapse-Free Survivala 1 1.00 (ref) 1.00 (ref) 1.00 (ref)

2 0.76 (0.20–2.90) 2.21 (0.66–7.34) 2.67 (1.06–6.73)

3 0.93 (0.45–1.90) 1.80 (0.81–3.99) 3.42 (1.48–7.93)

4 1.50 (0.69–3.28) 1.82 (0.64–5.16) 3.82 (1.37–10.72)
aModels accounted for non-CRC death as a competing risk using the Fine-Gray model.
1Events were 75, 60 and 85 for all-cause deaths, CRC-specific deaths, and disease relapse, respectively.
2Events were 35, 28 and 39 for all-cause deaths, CRC-specific deaths, and disease relapse, respectively.
3Events were 32, 25 and 39 for all-cause deaths, CRC-specific deaths, and disease relapse, respectively.
Multivariable model was adjusted for age+ sex+ TNM stage+BMI.
CI confidence interval, CRC colorectal cancer, HR hazard ratio, ref reference.
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heterogeneity, which can dilute biomarker influence on prognosis. Among
patients with blood samples collected 2 weeks–3months post-surgery, sig-
nificant exposure-outcome associations were only seen for RFS. Peri-
operative inflammation and transient immunosuppression can promote
seeding and early recurrence, possibly making CRIS more predictive for
RFS, amore proximal endpoint, than for downstream endpoints such asOS
or CSS22.

The prognostic value of the CRIS profile was most pronounced when
blood samples were collected after chemotherapy completion, suggesting a
potential interaction between immune-inflammatory response and treat-
ment timing. This temporal pattern suggests that CRP assessment in the
period after adjuvant chemotherapy may more accurately reflect the long-
term systemic inflammatory response or residual disease burden, as
opposed to treatment-induced inflammation during chemotherapy24,25.
Moreover, immune cell infiltration, being a stable histological marker,
retains its prognostic significance regardless of sampling time, reinforcing
the robustness of the CRIS profile for patient risk-stratification. The null
associations seen in patients assessed during adjuvant chemotherapy may
reflect the transient immuno-inflammatory side-effects induced by che-
motherapy, which can both suppress immune responses and cause tissue
inflammation, thus masking prognostic signals26. The lack of association in
the “pre-chemotherapy” group may suggest that CRP in the immediate
post-operative period is less informative due to its sensitivity to surgical
stress and acute phase responses9,16,27.

While CRP and immune infiltration have each been studied inde-
pendently, their integration into the CRIS profile offers a pragmatic and
biologically meaningful tool for post-operative risk stratification. Patients
classified as CRIS-4may benefit from closer surveillance, extended adjuvant
therapy, or enrollment into trials investigating anti-inflammatory or
immunomodulatory strategies.

However, several limitationsmust be acknowledged, including the fact
that some subgroup analyseswere limited by small case numbers despite the
large size of our patient cohort. Our study utilized single time point CRP
measurements, with the timing of CRPmeasurements after surgery varying
considerably, often occurring weeks to months after surgery. Finally, our
analysis did not account for post-operative complications. However,
emerging evidence shows that poCRP is a robust predictor of long-term
survival outcomes regardless of its potential origins28.

Future studies should validate our findings, as well as establish the
optimal time and cut-off for poCRP assessment in non-metastatic CRC
patients receiving adjuvant therapy. In addition, the prognostic value should
be evaluated in comparison and in combination with other established
liquid biopsy-based prognostic biomarkers such as circulating tumor DNA
and cell-free DNA.

In conclusion, the CRIS profile represents a novel and clinically rele-
vant prognostic classifier in CRC, with the potential to guide personalized
management strategies. Our findings reinforce the importance of both local
immune responses and systemic inflammation in shaping CRC outcomes,
particularly in the post-treatment setting. Future prospective validation and
integration into clinical workflows could facilitate the implementation of
CRIS in routine oncology practice.

Methods
Study design and study participants
Our analysis uses data from the DACHS study, a large-scale prospective
population-based case-control study from Germany with additional com-
prehensive follow-up of CRC cases. Full details of the study design, parti-
cipant recruitment, data collection, and follow-up methods have been
previously reported elsewhere29. Briefly, patients aged 30 years and older
whowere newly diagnosedwithCRCwere recruited inmore than 20 clinics
in the Rhine-Neckar region of Germany between 2003 and 2021. Com-
prehensive sociodemographic, lifestyle, and medical data were obtained in
face-to-face interviews using standardized questionnaires either during first
hospitalization for CRC surgery or in the following weeks to months after
discharge. Following the interviews, whole blood samples were collected,

centrifuged at 1700 g for 10minutes, and serum was stored at -80 °C for
subsequent analyses. Medical details regarding tumor stage, location, and
treatment were obtained from hospital records. Mortality data were ascer-
tained by linkage to population registries, and causes of death were verified
by death certificates according to International Statistical Classification of
Diseases, 10th Revision (ICD-10) codes C18–C20 for CRC-specific mor-
tality. The study adheres to the tenets of theDeclaration ofHelsinki andwas
approved by the state medical boards of Baden-Württemberg and Rhine-
land-Palatinate, and the ethics committee of the medical faculty of Hei-
delberg University (ethical code: 310/2001 approved on 6 December 2001).
Written informed consent was obtained from each participant.

Supplementary Figure 1 shows the patient selection criteria for our
current analysis, which focused on 1143 CRC patients recruited between
2003 and 2010 for whom post-operative blood samples, tumor tissue
immune cell characterization and survival follow-up data through
December 2021were available. Patients who experiencedCRC relapse prior
to blood draw, as well as those who had incomplete resection status (R1/R2,
stage I–III) were excluded. Moreover, to avoid the confounding effects of
treatment on tumor characteristics, all patients who received neoadjuvant
therapy were excluded. In the primary analysis, we excluded patients with
blood samples takenwithin two weeks post-surgery, as it is well-established
that systemic inflammation is extremely variable and strongly influenced by
the direct effects of surgery, acute care interventions, or potential compli-
cations in the immediate post-surgical period9,16,27. For the secondary
exploratory analysis, we included only those patients who had receive
adjuvant chemotherapy.

Laboratory measurement of post-operative serum C-reactive
protein
We measured poCRP levels in patient sera using immunoturbidimetric
assays on a Siemens Healthineers ADVIA XPT system (Siemens Healthi-
neers AG, Germany) with a lower sensitivity threshold of 2.0 mg/L. Values
below the limit of detection were replaced by the lower sensitivity threshold
value (n = 40). The interassay coefficient of variation (CV) of the system, as
provided by themanufacturer, remained below 10%. For statistical analysis,
poCRP levels were categorized into two groups derived from a validated
optimal cut-off value of 5mg/L based on our previous publication utilizing
the DACHS and UK Biobank studies as follows: CRP-low (<5.0mg/L) and
CRP-high (≥5.0mg/L)16. All laboratory assays, including CRP measure-
ments and immune cell quantification, were conducted by trained labora-
tory personnel who were blinded to patient clinical characteristics and
survival outcomes.

Determination of the immune cell score
The methodology for assessing the IS has been described in detail in a
previous publication14. Briefly, we processed two consecutive sections of
formalin-fixed, paraffin-embedded tumor samples and applied immuno-
histochemical techniques to identify CD3+ and CD8+T cells using spe-
cific rabbit monoclonal antibodies (2GV6 and SP57, respectively).
Automated staining was performed on the Ventana BenchMark Ultra
system, followed by visualization using the OptiView DAB kit (Roche
Diagnostics, Germany). The CD3+ andCD8+ stained slideswere digitized
using an Aperio AT2 scanner (Leica Biosystems, Germany) at 40x magni-
fication and exported in SVS format to the digital pathology software.

Using QuPath digital pathology software, the tumor invasive margin
(IM) and tumor center (TC) were manually annotated by a trained physi-
cian, with a subset of these annotations validated in consultation with an
immunopathology expert using open-source digital pathology software
(QuPath v1.0.2)30. The IM was defined as a 1mm wide perimeter at the
invasive front of the tumor, and the TC was defined as the tumor mass
consisting of adjacent CRC glands. The lymphocyte count per square mil-
limeter was determined using fixed parameters with the automated cell
detection function of the software. The ISwas calculated from the percentile
scores of CD3+ and CD8+ cell densities in both IM and TC areas, with the
average of these four metrics (CD3+ /IM, CD3+ /TC, CD8+ /IM, and
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CD8+ /TC) determining thefinal IS. For statistical analysis purposes, the IS
was categorized based on the validated optimal cut-off of 25th percentile as
follows: IS-low (<25th percentile) and IS-high (≥25th percentile)14.

Derivation of the combined C-reactive protein and immune cell
score profile
To develop a novel prognostic biomarker profile for CRC patients, we
combined the levels of poCRP and the IS into a unified classification termed
the C-Reactive protein and Immune cell Score (CRIS) profile. CRIS cate-
gorieswere definedby integrating the dichotomized poCRPand IS variables
into four categories as follows: CRIS-1 (poCRP-low+ IS-high), CRIS-2
(poCRP-low+ IS-low), CRIS-3 (poCRP-high+ IS-high), and CRIS-4
(poCRP-high+ IS-low).

Outcomes
Endpoints assessed includedoverall survival (OS) andCRC-specific survival
(CSS), defined as time to death from any cause or death due to CRC,
respectively. In addition, we assessed relapse-free survival (RFS), defined as
time to either recurrence ofCRCor death attributable toCRC. Survival time
was calculated in days from the date of blood collection to the occurrence of
each endpoint. Follow-up ended on December 31, 2021, with censoring at
the last recorded date on which patients were known to be alive.

Statistical analyses
Descriptive statisticswere used to summarize participant demographics and
clinical characteristics, with continuous variables presented asmedianswith
interquartile ranges (IQR) and categorical variables as counts and percen-
tages. All analyses were conducted in R (version 4.3.3) with a two-sided
significance threshold of p < 0.05. Missing data—excluding poCRP, IS sta-
tus, event times, and survival endpoints—were addressed using multiple
imputation via the “mice” package (version 3.17).

The correlation between continous poCRP and IS for the overall study
population, as well as stratified by time since surgery and cancer stage at
diagnosis, were assessed using the Pearson correlation analysis. The dis-
tribution of categories of poCRP and IS status by post-operative blood
collection time was visualized with box plots, and their categorical corre-
lation assessed via Cohen’s kappa. We assessed the dose-response associa-
tions between individual poCRP and IS with survival using restricted cubic
splines. Kaplan-Meier plots (package “survminer” version 0.5) were used to
visualize survival probabilities for the different CRIS profiles. Univariable
andmultivariable Cox regressionmodels (adjusted for age, sex, TNMstage,
tumor site/location, adjuvant chemotherapy, timing of blood sampling, and
BMI) quantified individual and joint associations of poCRP and IS status
with survival outcomes (package “survival” version 3.5−8). We also asses-
sed the interaction between poCRP and IS in predicting survival by
including a continuous-by-continuous interaction term (poCRP × IS) in the
Cox regression models. Prognostic performance was measured using
C-indices and Integrated Brier Scores to compare models with and without
the CRIS profile (package “compareC” version 2.2−12).

Subgroup analyses were conducted based on blood sampling times
(0.5–3, 3–6, 6–12, and >12months post-surgery), and a sensitivity analysis
was performed for patients with non-metastatic CRC. A secondary
exploratory analysis in 405 patients who received adjuvant chemotherapy
was conducted by stratifying them by timing of blood collection (before,
during, and after chemotherapy) and assessing theCRIS profile’s prognostic
value using multivariable Cox regression models. For CSS and RFS, Fine-
Gray models accounted for competing risks (package “cmprsk” version
2.2−12), and for all time-to-event analyses, proportional hazards assump-
tions were checked by visualizing Schoenfeld residual plots.

Data availability
Informationonhow to access thedata canbe foundathttp://dachs.dkfz.org/
dachs/R codes used for the analyses can be can be found onGitHub (https://
github.com/taffy-giff/CRIS-and-CRC-Prognosis) or requested from the
corresponding author.

Code availability
Rcodes used for the analyses canbe canbe foundonGitHub (https://github.
com/taffy-giff/CRIS-and-CRC-Prognosis) or requested from the corre-
sponding author.

Received: 4 July 2025; Accepted: 11 November 2025;

References
1. Bray, F. et al. Global cancer statistics 2022: GLOBOCAN estimates of

incidence andmortalityworldwide for 36 cancers in 185 countries.CA
Cancer J. Clin. 74, 229–263 (2024).

2. van den Berg, I., Coebergh van den Braak, R. R. J., van Vugt, J. L. A.,
Ijzermans, J. N. M. & Buettner, S. Actual survival after resection of
primary colorectal cancer: results from a prospective multicenter
study.World J. Surg. Oncol. 19, 96 (2021).

3. Siegel, R. L., Wagle, N. S., Cercek, A., Smith, R. A. & Jemal, A.
Colorectal cancer statistics, 2023. CA Cancer J. Clin. 73, 233–254
(2023).

4. Turner, N. et al. Analysis of local chronic inflammatory cell infiltrate
combined with systemic inflammation improves prognostication in
stage II colon cancer independent of standard clinicopathologic
criteria. Int J. Cancer 138, 671–678 (2016).

5. Park, J. H. et al. Mismatch repair status in patients with primary
operable colorectal cancer: associations with the local and systemic
tumour environment. Br. J. Cancer 114, 562–570 (2016).

6. Efil, S. C. et al. Prognostic and predictive value of tumor infiltrating
lymphocytes in combination with systemic inflammatory markers in
colon cancer. Clin. Res. Hepatol. Gastroenterol. 47, 102171 (2023).

7. Bugada, D., Allegri, M., Lavand’homme, P., De Kock, M. & Fanelli, G.
Inflammation-based scores: a new method for patient-targeted
strategies and improved perioperative outcome in cancer patients.
Biomed. Res. Int. 2014, 142425 (2014).

8. Marques, P. et al. Serum Inflammation-based Scores in Endocrine
Tumors. J. Clin. Endocrinol. Metab. 106, e3796–e3819 (2021).

9. Gwenzi, T. et al. Prognostic value of post-operative C-reactive
protein-based inflammatory biomarkers in colorectal cancer patients:
systematic review and meta-analysis. Clin. Epidemiol. 15, 795–809
(2023).

10. Galon, J. et al. Type, density, and location of immune cells within
human colorectal tumors predict clinical outcome. Science 313,
1960–1964 (2006).

11. Galon, J. et al. Towards the introduction of the ‘immunoscore’ in the
classification of malignant tumours. J. Pathol. 232, 199–209 (2014).

12. Pagès,F. et al. International validationof theconsensus Immunoscore
for the classification of colon cancer: a prognostic and accuracy
study. Lancet 391, 2128–2139 (2018).

13. Mlecnik, B. et al. Integrative analyses of colorectal cancer show
immunoscore is a stronger predictor of patient survival than
microsatellite instability. Immunity 44, 698–711 (2016).

14. Alwers, E. et al. Validation of the prognostic value of CD3 andCD8 cell
densities analogous to the Immunoscore® by stage and location of
colorectal cancer: an independent patient cohort study. J. Pathol.
Clin. Res. 9, 129–136 (2023).

15. Hart, P. C., Rajab, I. M., Alebraheem, M. & Potempa, L. A. C-Reactive
Protein and Cancer-Diagnostic and Therapeutic Insights. Front
Immunol. 11, 595835 (2020).

16. Gwenzi, T. et al. Post-operative C-reactive protein as a strong
independent predictor of long-term colorectal cancer outcomes:
consistent findings from two large patient cohorts. ESMO Open 9,
102982 (2024).

17. Wankhede, D. et al. Clinical significance of combined tumour-
infiltrating lymphocytes and microsatellite instability status in
colorectal cancer: a systematic review and network meta-analysis.
Lancet Gastroenterol. Hepatol. 9, 609–619 (2024).

https://doi.org/10.1038/s41698-025-01192-1 Article

npj Precision Oncology |           (2025) 9:386 6

http://dachs.dkfz.org/dachs/R
http://dachs.dkfz.org/dachs/R
https://github.com/taffy-giff/CRIS-and-CRC-Prognosis
https://github.com/taffy-giff/CRIS-and-CRC-Prognosis
https://github.com/taffy-giff/CRIS-and-CRC-Prognosis
https://github.com/taffy-giff/CRIS-and-CRC-Prognosis
www.nature.com/npjprecisiononcology


18. Gerdin, A. et al. Anastomotic leakage after resection for rectal cancer
and recurrence-free survival in relation to postoperative C-reactive
protein levels. Int J. Colorectal Dis. 39, 193 (2024).

19. Kong, J. et al. Information about immune cell proportions and tumor
stage improves the prediction of recurrence in patientswith colorectal
cancer. Patterns 4, 100736 (2023).

20. Angell, H. K., Bruni, D., Barrett, J. C., Herbst, R. & Galon, J. The
Immunoscore: Colon Cancer and Beyond. Clin. Cancer Res. 26,
332–339 (2020).

21. Marliot, F. et al. Analytical validation of the immunoscore and its
associated prognostic value in patients with colon cancer. J.
Immunother Cancer. 8, e000272 (2020).

22. Mlecnik, B. et al. Multicenter international study of the consensus
immunoscore for the prediction of relapse and survival in early-stage
colon cancer. Cancers (Basel). 15, 418 (2023).

23. Cheng, X., Zhang, H., Hamad, A., Huang, H. & Tsung, A. Surgery-
mediated tumor-promoting effects on the immunemicroenvironment.
Semin Cancer Biol. 86, 408–419 (2022).

24. Bower, J. E. et al. Acute and chronic effects of adjuvant therapy on
inflammatory markers in breast cancer patients. JNCI Cancer Spectr
6, pkac052 (2022)

25. Walker, A. K., Chan, R. J., Vardy, J. L. Sustained mild inflammation in
cancer survivors: where to from here? JNCI Cancer Spectr. 6,
pkac054 (2022).

26. Galluzzi, L., Buqué, A., Kepp, O., Zitvogel, L. & Kroemer, G.
Immunological effects of conventional chemotherapy and targeted
anticancer agents. Cancer Cell 28, 690–714 (2015).

27. Watt, D. G., McSorley, S. T., Park, J. H., Horgan, P. G. & McMillan, D.
C. A Postoperative systemic inflammation score predicts short- and
long-term outcomes in patients undergoing surgery for colorectal
cancer. Ann. Surg. Oncol. 24, 1100–1109 (2017).

28. Shibutani,M. et al. A high postoperative serumc-reactive protein level
has a negative impact on long-term survival, regardless of
postoperative infectious complications, in patients who undergo
laparoscopic surgery for colorectal cancer. Anticancer Res. 41,
1593–1598 (2021).

29. Maalmi, H. et al. Relationship of very low serum 25-hydroxyvitamin
D(3) levelswith long-termsurvival in a largecohort of colorectal cancer
patients from Germany. Eur. J. Epidemiol. 32, 961–971 (2017).

30. Bankhead, P. et al. QuPath: Open source software for digital
pathology image analysis. Sci. Rep. 7, 16878 (2017).

Author contributions
T.G.—Conceptualization; Data curation; Formal analysis; Investigation;
Methodology; Roles/Writing—original draft; and Writing—review and

editing. H.B.—Conceptualization; Data curation; Funding acquisition;
Investigation; Methodology; Project administration; Resources; Software;
Supervision; Validation; and Writing—review and editing. M.H.—Data
curation; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Validation; and Writing—review and editing.
D.W.—Data curation; Methodology; and Writing—review and editing. T.Y.,
M.B.,P.S.-K.,S.C.A.,andB.S.—Writing—reviewandediting.All authorshad
full access to all the data in the study and had final responsibility for the
decision to submit for publication. T.G., M.H., and H.B. accessed and
verified the data.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s41698-025-01192-1.

Correspondence and requests for materials should be addressed to
Tafirenyika Gwenzi.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in anymedium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article’sCreativeCommons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

https://doi.org/10.1038/s41698-025-01192-1 Article

npj Precision Oncology |           (2025) 9:386 7

https://doi.org/10.1038/s41698-025-01192-1
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
www.nature.com/npjprecisiononcology

	Predicting colorectal cancer survival by combined c-reactive protein and tumor immune score
	Results
	Patient characteristics
	Individual associations of post-operative CRP and immune cell score with survival outcomes
	Associations of the CRIS profile with survival outcomes
	Secondary analysis

	Discussion
	Methods
	Study design and study participants
	Laboratory measurement of post-operative serum C-reactive protein
	Determination of the immune cell score
	Derivation of the combined C-reactive protein and immune cell score profile
	Outcomes
	Statistical analyses

	Data availability
	Code availability
	References
	Author contributions
	Funding
	Competing interests
	Additional information




