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Abstract 

Aim 

Colorectal cancer outcomes are heterogeneous, so greater prognostic discrimination 

is needed. In this retrospective real-world analysis, we assessed the prognostic effect 

of markers of systemic inflammation in a cohort of patients with RAS/BRAF wild-type 

metastatic colorectal cancer (mCRC) who received anti-EGFR therapy during routine 

care. We further examined the association between these markers and the known 

predictive biomarkers of anti-EGFR efficacy, amphiregulin (AREG) and epiregulin 

(EREG).  

Method 

The prognostic effect of the neutrophil-to-lymphocyte ratio (NLR), platelet-to-

lymphocyte ratio (PLR), and systemic immune-inflammation index (SII) were tested. 

The cohort was randomly partitioned into training and validation sets (1:1). Cutoff 

values were defined in the training set, with analyses repeated in the validation set. 

The primary endpoint was overall survival (OS). Secondary endpoints were 

progression free survival (PFS), objective response rate and disease control rate. 

Results 

374 patients with RAS and BRAF wild-type mCRC who received treatment with 

cetuximab or panitumumab across eight UK centres were included. NLR (4 vs >4) 

and PLR (200 vs >200) were independently prognostic for both OS and PFS. SII 

(900 vs >900) gave the strongest prognostic signal (OS: adjusted HR 1.63 [1.26-

2.11], P=0.0002 and PFS: adjusted HR 1.62 [1.26-2.08], P=0.0001). There were no 

associations between NLR or PLR with AREG or EREG, suggesting anti-EGFR benefit 

in AREG/EREG-high tumours is not related to systemic inflammation.  

Conclusion 

Routinely assessed markers of systemic inflammation are independently prognostic in 

patients with mCRC receiving anti-EGFR therapy and may serve as useful adjuncts in 

informing discussions with patients about prognosis. 
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What does this paper add to the literature? 

Outcomes from anti-EGFR therapy in RAS/BRAF wild-type mCRC are heterogenous. 

NLR and PLR are cheap, simple prognostic indicators. NLR and PLR had strong and 

independent prognostic effects, but do not explain the predictive effects of EGFR 

ligands, AREG and EREG. SII combines information from NLR and PLR, enhancing 

prognostic precision. 
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Introduction 

Colorectal cancer (CRC) is a biologically heterogeneous disease with different 

biomarkers, treatments and outcomes 1. Markers of systemic inflammation have 

shown broad utility across a variety of tumour types 2–4, and non-cancer related 

conditions such as cardiovascular diseases 5. Whether and how these additional 

biomarkers can be used to improve patient selection for systemic anti-cancer therapy 

(SACT) in more specific clinical scenarios is not yet defined.  

 

An extended panel of RAS mutations (KRAS/NRAS codons 12, 13, 59, 61, 117 and 

146) predict insensitivity to anti-EGFR agents (cetuximab and panitumumab), whilst 

BRAF codon 600 mutations are probable negative predictive biomarkers 6–9. This 

explains why their status is routinely reported in clinical practice, with anti-EGFR 

treatment restricted to patients with RAS/BRAF wild-type disease in the first-line 

setting 10. RAS/BRAF wild-type disease has a favourable prognosis in comparison 

with RAS/BRAF mutant disease in localised CRC that is proficient mismatch 

repair/microsatellite stable 11, as well as metastatic colorectal cancer (mCRC) 12. 

However, prognosis still varies considerably amongst the wild-type subset, 

emphasising the need for additional biomarkers to enhance prognostic discrimination.  

 

Inflammation is an established hallmark of cancer that can promote tumorigenesis 13. 

Neutrophil, lymphocyte and platelet counts can be abnormal through different 

mechanisms in patients with advanced cancer. Neutrophilia occurs because of tumoral 

production of cytokines that stimulate granulopoiesis 14. It also occurs because of 

elevated numbers of myeloid-derived suppressor cells. These immature cells produce 

immunosuppression that impacts the adaptive immune response and facilitates 

metastasis 15. Neutrophilia is often accompanied by a relative lymphocytopenia 16. 

Thrombocytosis is secondary to increased interleukin-6, which stimulates hepatic 

thrombopoietin 17. Not only are platelets proangiogenic 18, but they contribute to 

metastasis by shielding circulating tumour cells protecting them from shear stress 19. 

 

To clinically capture these biochemical changes, two prognostic measures have been 

proposed: the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio 

(PLR) 20,21. While these measures have shown broad utility across a variety of tumour 
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types 2–4, the strength of their prognostic effect in RAS/BRAF wild-type mCRC has not 

been specifically assessed – a factor that has limited their uptake in routine clinical 

practice. Moreover, while a variety of cutoff values have been proposed to usefully 

dichotomise patients into superior and inferior prognostic groups, these have never 

been tested in this setting specifically.  

 

As described, different mechanisms are proposed by which elevated NLR or PLR 

might confer an inferior prognosis. Therefore, combining information from neutrophils, 

lymphocytes and platelets might provide greater prognostic precision. One proposed 

method for this is the systemic immune-inflammation index (SII) that has been shown 

to have a prognostic effect in hepatocellular carcinoma 22.  

 

High tumour expression of the EGFR ligands, amphiregulin (AREG) and epiregulin 

(EREG), indicates EGFR pathway dependence and anti-EGFR sensitivity in CRC 
6,23,24. Whether there is any association between AREG/EREG expression and 

systemic inflammation – that could in part explain the favourable prognosis of patients 

with AREG/EREG-high disease undergoing anti-EGFR therapy 25 – has also not been 

previously explored. 

 

Here, we examine the prognostic effect of NLR, PLR and SII in patients with 

RAS/BRAF wild-type mCRC who received either cetuximab or panitumumab during 

routine care at one of eight UK cancer centres. It was hypothesised that high NLR and 

PLR would be associated with an inferior prognosis and that a combined approach 

like SII would yield a stronger association. In a descriptive analysis, we also assess 

the relationship between markers of systemic inflammation and AREG/EREG 

immunohistochemistry (IHC). 

 

Method 

Patient recruitment 

Eligibility criteria for recruitment to this patient cohort (NCT03986541) have been 

previously described 25. Briefly, participants were aged 18 years or older with RAS 

wild-type, histologically proven advanced colorectal adenocarcinoma (either 
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inoperable metastatic disease at diagnosis or inoperable recurrent disease) who had 

received or were receiving cetuximab or panitumumab as part of routine care at one 

of eight UK cancer centres.  

A total of 541 patients were recruited, and 449 patients were included following central 

extended RAS testing (codons 12, 13, 59, 61, 117 and 146 for both KRAS and NRAS) 

by next-generation sequencing 25.  

Ethical approval was granted as previously reported 25 and was appropriate for the 

purpose of conducting further exploratory analyses. The study was performed in 

accordance with the Declaration of Helsinki. 

Outcome measures 

The primary endpoint in this prospectively planned, retrospective analysis was overall 

survival (OS; time from commencement of anti-EGFR treatment to death from any 

cause). Secondary endpoints were progression-free survival (PFS; time from 

commencement of anti-EGFR therapy until radiological or clinical evidence of disease 

progression, as determined using local radiologist’s interpretation of response, or 

death from any cause, whichever was sooner), locally assessed objective response 

rate (ORR; complete or partial response on first follow-up imaging) and disease control 

rate (DCR; stable disease, complete or partial response on first follow-up imaging).  

Measurement of biomarkers 

Blood neutrophil count (109/L), lymphocyte count (109/L) and platelet count (109/L) 

were recorded where these had been measured as part of routine care a maximum of 

one week prior to commencing anti-EGFR treatment.   

NLR was calculated using absolute neutrophil count/absolute lymphocyte count. PLR 

was calculated using absolute platelet count/absolute lymphocyte count. SII was 

calculated using (absolute neutrophil count x absolute platelet count)/absolute 

lymphocyte count.  
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Archival formalin-fixed, paraffin-embedded tumour tissue was analysed for AREG and 

EREG expression by IHC using previously developed artificial intelligence (AI) 

technologies 25.  

Statistical analysis 

Baseline patient demographics and disease characteristics were recorded using 

descriptive statistics.  

Participants were randomly partitioned into two equally sized training and validation 

sets using statistical software. A power calculation was performed to demonstrate 

sufficient power to perform this split. At a 5% significance level, using 50% of the 

population there would be more than 80% power to detect a hazard ratio (HR) of 1.6 

based on a 40% risk factor prevalence. With 100% of the population, there would be 

more than 80% power to detect a HR of 1.4 based on a 30% risk factor prevalence 

(Supplementary Table 1). Training and validation sets were compared using 

Pearson’s chi-squared test.  

Optimal cutoff values for NLR, PLR and SII were derived using receiver operating 

characteristic (ROC) curves and by calculating the Youden Index 26. This method of 

determining biomarker cutoffs is useful as it obtains clinically usable dichotomous 

measures that maximise sensitivity and specificity, with equal weighting placed on 

each. As OS was the primary endpoint, the cutoff values calculated here were used 

after rounding up to a clinically interpretable value. Cutoff values identified in the 

training set were then tested in the validation set. Survival curves were generated 

using the Kaplan-Meier method. Categorical variables were evaluated in univariable 

Cox proportional hazards models and HRs and 95% confidence intervals (CIs) were 

estimated. The Proportional Hazards assumption was tested using Schoenfeld 

residuals. Odds ratios (ORs) and 95% CIs were estimated from logistic regression for 

ORR and DCR.  

It was decided a priori that should the prognostic value of the dichotomised measures 

be similar in both the training and validation sets, the two cohorts would be combined 

to investigate whether any associations between the superior and inferior prognostic 

groups and other patient or tumour characteristics might partly or wholly explain the 
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association. In this situation, it was planned that multivariable Cox proportional 

hazards models would then be performed in the complete dataset for NLR, PLR and 

SII adjusting for baseline characteristics that were prognostic in the univariable 

analysis. 

Spearman’s rank correlation coefficients were performed to assess correlations 

between NLR and PLR with AREG and EREG. Continuous AREG, continuous EREG 

and the combined ligand dichotomous measure (AREG or EREG >20% vs AREG and 

EREG ≤20%) were then assessed in multivariable models.  

A P-value less than 0.05 was considered statistically significant. Statistical analyses 

were performed using STATA, version 18 (StataCorp, Texas, USA).  

Results 

Patient characteristics 

449 (83%) patients in the original patient cohort were RAS wild-type following central 

extended RAS testing. 60 patients were excluded from the analysis presented here 

based on their BRAF mutation status at codon 600. A further 15 patients were 

excluded due to incomplete pre-treatment blood results being available for the study, 

leaving 374 eligible patients (Figure 1).  

 

Median follow up was 13.2 months. The mean age at starting treatment was 60.3 

years. Males were predominant (67.1%). 90.9% of patients received anti-EGFR 

therapy in combination with chemotherapy (67.7% received FOLFIRI, 19.5% received 

FOLFOX, 3.7% received other). Of the two licensed anti-EGFR agents, almost two-

thirds of patients received cetuximab (65.2%) and one-third received panitumumab 

(34.8%). 78.6% had a left-primary tumour location (including rectum). 

(Supplementary Table 2). 

 

Optimal cut points 

Baseline characteristics were balanced between training and validation sets 

(Supplementary Table 3).  
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The median NLR was 4 (IQR 2, 6). The internally derived cutoff value for NLR was 4 

and so this was selected. The median PLR was 201 (IQR 150, 305). The internally 

derived cutoff value for PLR was 193 and so a pragmatic cutoff value of 200 was 

selected. NLR and PLR were strongly correlated (Spearman’s rho=0.75, P<0.0001). 

We therefore proceeded to examine the utility of combining information from each 

measure using SII ([absolute neutrophil count x absolute platelet count]/absolute 

lymphocyte count) to refine the prognostic effect. The median SII was 1093 (IQR 624, 

1867). The internally derived cutoff value for SII was 874 and so a pragmatic cutoff 

value of 900 was selected (Supplementary Figure 1).  

 

Survival outcomes  

In the training set, high NLR, PLR and SII were all associated with a significantly 

inferior OS (Supplementary Figure 2). 

 

These results were validated in univariable analyses; high NLR, PLR and SII were all 

associated with a significantly inferior OS (NLR: median 16.1 vs 11.7 months, 

unadjusted HR 1.49 [1.10-2.03], P=0.01; PLR: median 16.8 vs 11.4 months, 

unadjusted HR 1.67 [1.23-2.28], P=0.001; SII: median 17.0 vs 11.4 months, 

unadjusted HR 1.87 [1.35-2.58], P=0.0001). Furthermore, high NLR, PLR and SII were 

all associated with a significantly inferior PFS (NLR: median 9.1 vs 7.0 months, 

unadjusted HR 1.42 [1.05-1.92], P=0.02; PLR: median 9.9 vs 7.2 months, unadjusted 

HR 1.46 [1.08-1.09], P=0.01; SII: median 9.6 vs 7.3 months, unadjusted HR 1.59 

[1.16-2.18], P=0.004) (Figure 2). 

 

Univariable analysis demonstrated that six baseline characteristics – performance 

status (1/2/3 vs 0), chemotherapy backbone (none vs FOLFIRI), primary tumour 

location (right colon vs left colon/rectum), primary tumour removal (In situ vs excised), 

line of treatment (second line or later vs first line), and tumour differentiation grade 

(moderate/well vs poor) – were significantly associated with OS (Supplementary 
Table 4).  
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High NLR, PLR and SII all remained associated with a significantly inferior OS and 

PFS in multivariable analyses (Table 1).  

Efficacy outcomes 

The optimal cut points identified for the ORR outcome were similar to those for the 

survival outcomes (data not shown). In univariable analyses, while effect sizes were 

similar, there was a significant improvement in ORR only for NLR (unadjusted OR 0.52 

[0.28-0.97], P=0.04), but not for PLR (unadjusted OR 0.74 [0.40-1.38], P=0.35) or SII 

(unadjusted OR 0.57 [0.30-1.08], P=0.08). No improvements were seen in DCR (NLR: 

unadjusted OR 0.75 [0.34-1.62], P=0.46; PLR: unadjusted OR 0.53 [0.24-1.19], 

P=0.12; SII: unadjusted OR 0.85 [0.38-1.88], P=0.69). The improvement in ORR for 

NLR persisted in multivariable analyses (Table 1). To see if the improvement in ORR 

for NLR was driven by neutrophils or lymphocytes we looked at individual counts and 

found that the improvement was mainly mediated by a lymphocyte effect rather than 

a neutrophil effect (continuous log2 neutrophils: unadjusted OR 0.82 [0.48-1.38], 

P=0.45 and continuous log2 lymphocytes: unadjusted OR 2.16 [0.85-5.46], P=0.11).  

 

Association with amphiregulin and epiregulin 

It has previously been shown that high tumour AREG/EREG expression is associated 

with a significantly longer OS and PFS within this dataset 25, and the predictive effect 

of these ligands on anti-EGFR efficacy has been confirmed in randomised datasets 27. 

Here, there were no significant correlations between NLR and AREG or EREG (AREG: 

Spearman’s rho=0.08, P=0.14; EREG: Spearman’s rho=0.05, P=0.32) nor between 

PLR and AREG or EREG (AREG: Spearman’s rho=0.03, P=0.53; EREG: Spearman’s 

rho=0.06, P=0.25). When AREG and EREG were added to the multivariable survival 

models, as either continuous measures or as a combined dichotomised measure 

(AREG or EREG >20% vs AREG and EREG ≤20%), NLR and PLR remained 

independently prognostic for OS and PFS (Table 2). 

 

Discussion  

We have shown that a higher NLR and PLR is associated with an inferior prognosis in 

patients with RAS/BRAF wild-type mCRC receiving anti-EGFR therapy. Moreover, 
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combining information from both measures in the SII resulted in improved prognostic 

discrimination. 

 

Cutoff values obtained here using the ROC curve/Youden index method were similar 

to the median values. The NLR cutoff value of 4 and PLR cutoff value of 200 identified 

here are robust and supported across people with different cancers receiving different 

treatments – NLR of 4 being the optimal value from over 40,000 patients and PLR of 

150 to 300 from nearly 13,000 patients 20,21. Two earlier small studies have examined 

the prognostic effect of NLR, PLR and SII in RAS wild-type mCRC patients receiving 

cetuximab. These have shown NLR to be prognostic for both OS and PFS, but not 

PLR or SII 28,29. Crucially, they did not account for BRAF mutation status, yet we now 

know that BRAF mutations have a stronger negative prognostic effect than RAS 

mutations in the metastatic setting where deficient mismatch repair/microsatellite 

instability cancers are infrequently observed 30. In this study, PLR appeared to have a 

stronger prognostic effect than NLR – an observation that was consistent across the 

training and validation sets. One explanation for this could be that PLR shows a T-

stage dependent increase 31, so a higher PLR is seen with deeper, more invasive 

tumours.  

 

Earlier we described the different mechanisms underpinning the role of neutrophils, 

lymphocytes and platelets in cancer biology. These differences suggest how NLR and 

PLR might be prognostic for different reasons and justifies looking at a combined score 

that might explain the enhanced effect. A recent meta-analysis assessed the 

prognostic significance of SII in CRC. However, the obtained cutoff value of 550 was 

lower than our 900 emphasising the need for prognostic biomarkers to be examined 

in specific patient populations to gain wider traction in clinical practice. Again, BRAF 

mutation status was not described and so this could account for the wide difference in 

cutoff values. Nevertheless, high SII was associated with a poorer OS (HR 1.78 [1.40-

2.26], P<0.001) 32. The strength of the prognostic effect seen within the specific 

population described here, compared to that seen in a broader, less specific population 

therefore gives greater confidence to clinicians about the implications of higher 

markers of systemic inflammation for their patients. 
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Only NLR was significantly associated with ORR. As ORR reflects treatment response 

rather than intrinsic prognosis, this suggests NLR might also have a predictive role. 

However, as there was no comparator group in this study, we can only directly infer a 

prognostic effect and cannot directly determine any predictive effect, which would 

need to be tested in a randomised clinical trial. PLR was not significantly associated 

with DCR in univariable analysis, though reached significance in multivariable 

analysis, likely due to the smaller sample size in the univariable analyses. The effect 

of NLR on ORR appeared to be driven primarily by lymphocytes. Anti-EGFR 

monoclonal antibodies, particularly cetuximab, are thought to mediate antibody-

dependent cellular cytotoxicity by tumour infiltrating CD8+ T cells 33. Low lymphocytes 

may therefore impair these immune responses. This is supported by evidence that a 

pronounced lymphocytic response at the tumour invasive margin, is associated with a 

lower NLR and improved prognosis in CRC 34.  

 

Earlier work on the PICCOLO trial cohort (second-line irinotecan with or without 

panitumumab in advanced CRC) 27 showed that AREG and EREG are predictive 

biomarkers of anti-EGFR efficacy 23,24. Here we have observed that AREG/EREG 

expression do not correlate with markers of systemic inflammation. Although AREG 

has been shown to enhance intratumoural regulatory T cell function and promote 

immunosuppression 35, the biological mechanisms underlying neutrophilia, 

lymphocytopenia, and thrombocytosis in CRC are likely separate.  

 

Utilising routine clinical parameter data provides a quick, inexpensive test using readily 

available data. We have demonstrated in this cohort that the average age of patients 

who receive SACT is lower than the average age of patients diagnosed with CRC. 

These markers might therefore be helpful in identifying older adults with a favourable 

prognosis who might still benefit from SACT, although these should not be used as a 

sole determinant of a patient’s suitability for treatment. Information from prognostic 

biomarkers can also identify patients who are likely to have poorer survival outcomes, 

which can support patient discussions pertaining to how they wish to prioritise their 

time and with what quality. Markers of systemic inflammation have also shown promise 

in helping select appropriate patients for rechallenge therapy 36, as well as liver 

resection for CRC metastasis 37. 
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The main strength of this study is that it uses real-world data and is generalisable 

given the multi-centre approach. Splitting a single retrospective cohort into training 

and validation sets is a recognised method to improve validity of findings and there is 

precedent for this 38,39. However, this approach can also reduce power. Here we were 

able to demonstrate that we could still maintain sufficient power and our findings 

remained statistically significant, emphasising the strength of the prognostic effect. 

The main limitation of this study is that it requires external validation. Finally, response 

assessments were investigator-defined and were not reported according to RECIST 

criteria – although the reproducibility of the findings in the training and validation sets 

suggests this could in fact be viewed as enhancing the generalisability of the study 

findings to routine clinical practice. 

 

Conclusion 

In conclusion, this study demonstrates that NLR, PLR and SII are useful prognostic 

indicators for patients with RAS/BRAF wild-type mCRC where treatment using anti-

EGFR agents is proposed. NLR and PLR are independently prognostic, and 

combining information from both in SII enhances prognostic discrimination. The 

prognostic effect of these markers was independent of AREG/EREG – two 

mechanistic predictive biomarkers for anti-EGFR efficacy – suggesting there are 

differing underlying biological mechanisms. 
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Figures and Tables 

 

 

 

Figure 1: Consort flow diagram. 
 
 

449 patients  
RAS wild-type  

389 patients 
RAS/BRAF wild-type 

374 patients with 
complete pre-treatment 

blood results 

• 26 patients with BRAF mutations 
• 34 patients with unknown BRAF 

status  

• 15 patients with incomplete pre-
treatments blood results 

541 patients recruited 

494 patients with 
evaluable tumour tissue 

• 45 patients excluded after central 
extended RAS testing 
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Figure 2: Kaplan-Meier (K-M) curves for overall survival (OS) and progression free survival (PFS) by a-b) neutrophil-to-lymphocyte ratio (NLR), 

c-d) platelet-to-lymphocyte ratio (PLR) and e-f) systemic immune-inflammation index (SII) in the validation set (N=187).   
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Compl

ete Set (N=374)       

    OS   PFS   ORR   DCR   

Variabl
e 

Catego
ry 

Adjusted HR 
(95% CI) 

P 
value 

Adjusted HR 
(95% CI) P value  

Adjusted OR 
(95% CI) 

P 
value 

Adjusted OR 
(95% CI) 

P 
value 

NLR ≤4 1.0   1.0   1.0   1.0   
(model 
1) >4 1.29 (1.02-1.64) 0.03 1.44 (1.14-1.82) 0.002 0.49 (0.29-0.82) 0.007 0.70 (0.37-1.33) 0.28 

PLR ≤200 1.0   1.0   1.0   1.0   
(model 
2) >200 1.48 (1.18-1.86) 

0.000
8 1.69 (1.35-2.13) 

<0.000
1 0.65 (0.39-1.08) 0.10 0.33 (0.16-0.66) 0.002 

SII ≤900 1.0   1.0   1.0   1.0   
(model 
3) >900 1.63 (1.26-2.11) 

0.000
2 1.62 (1.26-2.08) 0.0001 0.63 (0.37-1.08) 0.09 0.66 (0.33-1.32) 0.24 

          

Table 1: Multivariable analyses for overall survival (OS), progression free survival (PFS), objective response rate (ORR) and 
disease control rate (DCR) by neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and 

systemic immune-inflammation index (SII).   

Each model adjusted for performance status, chemotherapy, primary tumour location, primary tumour removal, line of treatment 
and tumour differentiation grade. 
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      Complete Set (N=374)   

    OS   PFS   

Variable Category 
Adjusted HR (95% 
CI) P value 

Adjusted HR (95% 
CI) P value 

Continuous AREG           

NLR ≤4 1.0   1.0   

(model 1) >4 1.31 (1.03-1.66) 0.03 1.44 (1.14-1.81) 0.002 

PLR ≤200 1.0   1.0   

(model 2) >200 1.49 (1.18-1.87) 0.0007 1.68 (1.34-2.11) <0.0001 

Continuous EREG           

NLR ≤4 1.0   1.0   

(model 1) >4 1.31 (1.03-1.66) 0.03 1.45 (1.15-1.83) 0.002 

PLR ≤200 1.0   1.0   

(model 2) >200 1.56 (1.23-1.97) 0.0002 1.75 (1.39-2.21) <0.0001 

Ligand dichotomous 
measure           

NLR ≤4 1.0   1.0   

(model 1) >4 1.30 (1.03-1.65) 0.03   0.003 

PLR ≤200 1.0   1.0   

(model 2) >200 1.50 (1.19-1.88) 0.0006 1.68 (1.34-2.11) <0.0001 

      

Table 2: Multivariable analyses for overall survival (OS) and progression free survival (PFS) by  
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR).   

Each model additionally adjusted for amphiregulin (AREG) and epiregulin (EREG).   



 22 



 23 

References 

1. Guinney J, Dienstmann R, Wang X, de Reyniès A, Schlicker A, Soneson C, Marisa L, 
Roepman P, Nyamundanda G, Angelino P, Bot BM, Morris JS, Simon IM, Gerster S, 
Fessler E, De Sousa E Melo F, Missiaglia E, Ramay H, Barras D, Homicsko K, Maru D, 
Manyam GC, Broom B, Boige V, Perez-Villamil B, Laderas T, Salazar R, Gray JW, 
Hanahan D, Tabernero J, Bernards R, Friend SH, Laurent-Puig P, Medema JP, 
Sadanandam A, Wessels L, Delorenzi M, Kopetz S, Vermeulen L, Tejpar S. The 
consensus molecular subtypes of colorectal cancer. Nat Med. 2015;21(11):1350-1356. 
doi:10.1038/nm.3967 

2. Koh CH, Bhoo-Pathy N, Ng KL, Jabir RS, Tan GH, See MH, Jamaris S, Taib NA. Utility of 
pre-treatment neutrophil–lymphocyte ratio and platelet–lymphocyte ratio as 
prognostic factors in breast cancer. Br J Cancer. 2015;113(1):150-158. 
doi:10.1038/bjc.2015.183 

3. Diem S, Schmid S, Krapf M, Flatz L, Born D, Jochum W, Templeton AJ, Früh M. 
Neutrophil-to-Lymphocyte ratio (NLR) and Platelet-to-Lymphocyte ratio (PLR) as 
prognostic markers in patients with non-small cell lung cancer (NSCLC) treated with 
nivolumab. Lung Cancer. 2017;111:176-181. doi:10.1016/j.lungcan.2017.07.024 

4. Kamposioras K, Papaxoinis G, Dawood M, Appleyard J, Collinson F, Lamarca A, Ahmad 
U, Hubner RA, Wright F, Pihlak R, Damyanova I, Razzaq B, Valle JW, McNamara MG, 
Anthoney A. Markers of tumor inflammation as prognostic factors for overall survival 
in patients with advanced pancreatic cancer receiving first-line FOLFIRINOX 
chemotherapy. Acta Oncol (Madr). 2022;61(5):583-590. 
doi:10.1080/0284186X.2022.2053198 

5. Afari ME, Bhat T. Neutrophil to lymphocyte ratio (NLR) and cardiovascular diseases: an 
update. Expert Rev Cardiovasc Ther. 2016;14(5):573-577. 
doi:10.1586/14779072.2016.1154788 

6. Appleyard JW, Williams CJM, Manca P, Pietrantonio F, Seligmann JF. Targeting the MAP 
Kinase Pathway in Colorectal Cancer: A Journey in Personalized Medicine. Clinical 
Cancer Research. Published online May 15, 2025:OF1-OF8. doi:10.1158/1078-
0432.CCR-25-0107 

7. Douillard JY, Oliner KS, Siena S, Tabernero J, Burkes R, Barugel M, Humblet Y, Bodoky 
G, Cunningham D, Jassem J, Rivera F, Kocákova I, Ruff P, Błasińska-Morawiec M, 
Šmakal M, Canon JL, Rother M, Williams R, Rong A, Wiezorek J, Sidhu R, Patterson SD. 
Panitumumab–FOLFOX4 Treatment and RAS Mutations in Colorectal Cancer. New 
England Journal of Medicine. 2013;369(11):1023-1034. doi:10.1056/NEJMoa1305275 

8. Sorich MJ, Wiese MD, Rowland A, Kichenadasse G, McKinnon RA, Karapetis CS. 
Extended RAS mutations and anti-EGFR monoclonal antibody survival benefit in 
metastatic colorectal cancer: a meta-analysis of randomized, controlled trials. Annals 
of Oncology. 2015;26(1):13-21. doi:10.1093/annonc/mdu378 

9. Stintzing S, Heinrich K, Tougeron D, Modest DP, Schwaner I, Eucker J, Pihusch R, 
Stauch M, Kaiser F, Kahl C, Karthaus M, Müller C, Burkart C, Reinacher-Schick A, 
Kasper-Virchow S, Fischer von Weikersthal L, Krammer-Steiner B, Prager GW, Taieb J, 
Heinemann V. FOLFOXIRI Plus Cetuximab or Bevacizumab as First-Line Treatment of 
BRAF V600E -Mutant Metastatic Colorectal Cancer: The Randomized Phase II FIRE-4.5 



 24 

(AIO KRK0116) Study. Journal of Clinical Oncology. 2023;41(25):4143-4153. 
doi:10.1200/JCO.22.01420 

10. Cervantes A, Adam R, Roselló S, Arnold D, Normanno N, Taïeb J, Seligmann J, De Baere 
T, Osterlund P, Yoshino T, Martinelli E. Metastatic colorectal cancer: ESMO Clinical 
Practice Guideline for diagnosis, treatment and follow-up. Annals of Oncology. 
2023;34(1):10-32. doi:10.1016/j.annonc.2022.10.003 

11. Taieb J, Le Malicot K, Shi Q, Penault Lorca F, Bouché O, Tabernero J, Mini E, Goldberg 
RM, Folprecht G, Luc Van Laethem J, Sargent DJ, Alberts SR, Francois Emile J, Laurent 
Puig P, Sinicrope FA. Prognostic Value of BRAF  and  KRAS  Mutations in MSI and MSS 
Stage III Colon Cancer. J Natl Cancer Inst. 2017;109(5):djw272. 
doi:10.1093/jnci/djw272 

12. Tang W, Liu Y, Ji M, Liu T, Chen Y, Zhuang A, Mao Y, Chang W, Wei Y, Ren L, Xu J. 
Association of RAS/BRAF Status and Prognosis of Metastatic Colorectal Cancer: 
Analysis of 1002 Consecutive Cases. Ann Surg Oncol. 2022;29(6):3593-3603. 
doi:10.1245/s10434-021-11302-5 

13. Hanahan D, Weinberg RA. Hallmarks of Cancer: The Next Generation. Cell. 
2011;144(5):646-674. doi:10.1016/j.cell.2011.02.013 

14. McGary CT, Miele ME, Welch DR. Highly metastatic 13762NF rat mammary 
adenocarcinoma cell clones stimulate bone marrow by secretion of granulocyte-
macrophage colony-stimulating factor/interleukin-3 activity. Am J Pathol. 
1995;147(6):1668-1681. 

15. Lechner MG, Liebertz DJ, Epstein AL. Characterization of Cytokine-Induced Myeloid-
Derived Suppressor Cells from Normal Human Peripheral Blood Mononuclear Cells. 
The Journal of Immunology. 2010;185(4):2273-2284. doi:10.4049/jimmunol.1000901 

16. Zahorec R. Ratio of neutrophil to lymphocyte counts--rapid and simple parameter of 
systemic inflammation and stress in critically ill. Bratisl Lek Listy. 2001;102(1):5-14. 

17. Kaser A, Brandacher G, Steurer W, Kaser S, Offner FA, Zoller H, Theurl I, Widder W, 
Molnar C, Ludwiczek O, Atkins MB, Mier JW, Tilg H. Interleukin-6 stimulates 
thrombopoiesis through thrombopoietin: role in inflammatory thrombocytosis. Blood. 
2001;98(9):2720-2725. doi:10.1182/blood.V98.9.2720 

18. Lakka Klement G, Yip TT, Cassiola F, Kikuchi L, Cervi D, Podust V, Italiano JE, Wheatley 
E, Abou-Slaybi A, Bender E, Almog N, Kieran MW, Folkman J. Platelets actively 
sequester angiogenesis regulators. Blood. 2009;113(12):2835-2842. 
doi:10.1182/blood-2008-06-159541 

19. Egan K, Cooke N, Kenny D. Living in shear: platelets protect cancer cells from shear 
induced damage. Clin Exp Metastasis. 2014;31(6):697-704. doi:10.1007/s10585-014-
9660-7 

20. Templeton AJ, McNamara MG, Šeruga B, Vera-Badillo FE, Aneja P, Ocaña A, Leibowitz-
Amit R, Sonpavde G, Knox JJ, Tran B, Tannock IF, Amir E. Prognostic Role of Neutrophil-
to-Lymphocyte Ratio in Solid Tumors: A Systematic Review and Meta-Analysis. JNCI: 
Journal of the National Cancer Institute. 2014;106(6). doi:10.1093/jnci/dju124 

21. Templeton AJ, Ace O, McNamara MG, Al-Mubarak M, Vera-Badillo FE, Hermanns T, 
Šeruga B, Ocaña A, Tannock IF, Amir E. Prognostic Role of Platelet to Lymphocyte Ratio 
in Solid Tumors: A Systematic Review and Meta-Analysis. Cancer Epidemiology, 
Biomarkers & Prevention. 2014;23(7):1204-1212. doi:10.1158/1055-9965.EPI-14-0146 

22. Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, Zhang X, Wang WM, Qiu SJ, Zhou J, Fan J. 
Systemic Immune-Inflammation Index Predicts Prognosis of Patients after Curative 



 25 

Resection for Hepatocellular Carcinoma. Clinical Cancer Research. 2014;20(23):6212-
6222. doi:10.1158/1078-0432.CCR-14-0442 

23. Seligmann JF, Elliott F, Richman SD, Jacobs B, Hemmings G, Brown S, Barrett JH, Tejpar 
S, Quirke P, Seymour MT. Combined Epiregulin and Amphiregulin Expression Levels as 
a Predictive Biomarker for Panitumumab Therapy Benefit or Lack of Benefit in 
Patients With RAS Wild-Type Advanced Colorectal Cancer. JAMA Oncol. 2016;2(5):633. 
doi:10.1001/jamaoncol.2015.6065 

24. Williams CJM, Seligmann JF, Elliott F, Shires M, Richman SD, Brown S, Zhang L, Singh S, 
Pugh J, Xu XM, Muranyi A, Guetter C, Lorsakul A, Kurkure U, Zhao Z, Martin J, Wang X, 
Nguyen K, Liu WW, Yan D, West NP, Barrett JH, Barnes M, Bai I, Seymour MT, Quirke P, 
Shanmugam K. Artificial Intelligence–Assisted Amphiregulin and Epiregulin IHC 
Predicts Panitumumab Benefit in RAS Wild-Type Metastatic Colorectal Cancer. Clinical 
Cancer Research. 2021;27(12):3422-3431. doi:10.1158/1078-0432.CCR-21-0120 

25. Williams CJM, Elliott F, Sapanara N, Aghaei F, Zhang L, Muranyi A, Yan D, Bai I, Zhao Z, 
Shires M, Wood HM, Richman SD, Hemmings G, Hale M, Bottomley D, Galvin L, 
Cartlidge C, Dance S, Bacon CM, Mansfield L, Young-Zvandasara K, Sudan A, Lambert 
K, Bibby I, Coupland SE, Montazeri A, Kipling N, Hughes K, Cross SS, Dewdney A, 
Pheasey L, Leng C, Gochera T, Mangham DC, Saunders M, Pritchard M, Stott H, 
Mukherjee A, Ilyas M, Silverman R, Hyland G, Sculthorpe D, Thornton K, Gould I, 
O’Callaghan A, Brown N, Turnbull S, Shaw L, Seymour MT, West NP, Seligmann JF, 
Singh S, Shanmugam K, Quirke P. Associations between AI-Assisted Tumor 
Amphiregulin and Epiregulin IHC and Outcomes from Anti-EGFR Therapy in the 
Routine Management of Metastatic Colorectal Cancer. Clinical Cancer Research. 
2023;29(20):4153-4165. doi:10.1158/1078-0432.CCR-23-0859 

26. Youden WJ. Index for rating diagnostic tests. Cancer. 1950;3(1):32-35. 
doi:10.1002/1097-0142(1950)3:1<32::AID-CNCR2820030106>3.0.CO;2-3 

27. Seymour MT, Brown SR, Middleton G, Maughan T, Richman S, Gwyther S, Lowe C, 
Seligmann JF, Wadsley J, Maisey N, Chau I, Hill M, Dawson L, Falk S, O’Callaghan A, 
Benstead K, Chambers P, Oliver A, Marshall H, Napp V, Quirke P. Panitumumab and 
irinotecan versus irinotecan alone for patients with KRAS wild-type, fluorouracil-
resistant advanced colorectal cancer (PICCOLO): a prospectively stratified randomised 
trial. Lancet Oncol. 2013;14(8):749-759. doi:10.1016/S1470-2045(13)70163-3 

28. Yang J, Guo X, Wang M, Ma X, Ye X, Lin P. Pre-treatment inflammatory indexes as 
predictors of survival and cetuximab efficacy in metastatic colorectal cancer patients 
with wild-type RAS. Sci Rep. 2017;7(1):17166. doi:10.1038/s41598-017-17130-6 

29. Jiang J, Ma T, Xi W, Yang C, Wu J, Zhou C, Wang N, Zhu Z, Zhang J. Pre-treatment 
inflammatory biomarkers predict early treatment response and favorable survival in 
patients with metastatic colorectal cancer who underwent first line cetuximab plus 
chemotherapy. Cancer Manag Res. 2019;11:8657-8668. doi:10.2147/CMAR.S211089 

30. Taieb J, Sinicrope FA, Pederson L, Lonardi S, Alberts SR, George TJ, Yothers G, Van 
Cutsem E, Saltz L, Ogino S, Kerr R, Yoshino T, Goldberg RM, André T, Laurent-Puig P, Shi 
Q. Different prognostic values of KRAS exon 2 submutations and BRAF V600E 
mutation in microsatellite stable (MSS) and unstable (MSI) stage III colon cancer: an 
ACCENT/IDEA pooled analysis of seven trials. Annals of Oncology. 2023;34(11):1025-
1034. doi:10.1016/j.annonc.2023.08.006 

31. Jia J, Zheng X, Chen Y, Wang L, Lin L, Ye X, Chen Y, Chen D, Dettke M. Stage-dependent 
changes of preoperative neutrophil to lymphocyte ratio and platelet to lymphocyte 



 26 

ratio in colorectal cancer. Tumor Biology. 2015;36(12):9319-9325. 
doi:10.1007/s13277-015-3667-9 

32. Tan Y, Hu B, Li Q, Cao W. Prognostic value and clinicopathological significance of pre-
and post-treatment systemic immune-inflammation index in colorectal cancer 
patients: a meta-analysis. World J Surg Oncol. 2025;23(1):11. doi:10.1186/s12957-
025-03662-z 

33. Kubach J, Hubo M, Amendt C, Stroh C, Jonuleit H. IgG1 anti-epidermal growth factor 
receptor antibodies induce CD8-dependent antitumor activity. Int J Cancer. 
2015;136(4):821-830. doi:10.1002/ijc.29037 

34. Pine JK, Morris E, Hutchins GG, West NP, Jayne DG, Quirke P, Prasad KR. Systemic 
neutrophil-to-lymphocyte ratio in colorectal cancer: the relationship to patient 
survival, tumour biology and local lymphocytic response to tumour. Br J Cancer. 
2015;113(2):204-211. doi:10.1038/bjc.2015.87 

35. Zaiss DMW, van Loosdregt J, Gorlani A, Bekker CPJ, Gröne A, Sibilia M, van Bergen en 
Henegouwen PMP, Roovers RC, Coffer PJ, Sijts AJAM. Amphiregulin enhances 
regulatory T cell-suppressive function via the epidermal growth factor receptor. 
Immunity. 2013;38(2):275-284. doi:10.1016/j.immuni.2012.09.023 

36. Ciardiello D, Famiglietti V, Napolitano S, Esposito L, Pietrantonio F, Avallone A, Maiello 
E, Cremolini C, Troiani T, Martinelli E, Ciardiello F, Martini G. Final results of the CAVE 
trial in RAS wild type metastatic colorectal cancer patients treated with cetuximab 
plus avelumab as rechallenge therapy: Neutrophil to lymphocyte ratio predicts 
survival. Clin Colorectal Cancer. 2022;21(2):141-148. doi:10.1016/j.clcc.2022.01.005 

37. Reddy S, El Hajj J, Karagkounis G, Polanco PM, Porembka MR, Sanjeevaiah A, Jones AL, 
Al Mutar S, Kainthla R, Huang E, Kazmi SMA. Neutrophil-to-lymphocyte ratio and 
clinical outcomes in liver resection for metastatic colorectal cancer. Journal of Clinical 
Oncology. 2023;41(4_suppl):233-233. doi:10.1200/JCO.2023.41.4_suppl.233 

38. Taylor JMG, Ankerst DP, Andridge RR. Validation of Biomarker-Based Risk Prediction 
Models. Clinical Cancer Research. 2008;14(19):5977-5983. doi:10.1158/1078-
0432.CCR-07-4534 

39. Williams CJM, Gray R, Hills RK, Shires M, Zhang L, Zhao Z, Gardner T, Sapanara N, Xu 
XM, Bai I, Yan D, Muranyi A, Dance S, Aghaei F, Hemmings G, Hale M, Kurkure U, 
Guetter C, Richman SD, Hutchins G, Seligmann JF, West NP, Singh S, Shanmugam K, 
Quirke P. Evaluation of CD3 and CD8 T-Cell Immunohistochemistry for Prognostication 
and Prediction of Benefit From Adjuvant Chemotherapy in Early-Stage Colorectal 
Cancer Within the QUASAR Trial. Journal of Clinical Oncology. 2024;42(29):3430-3442. 
doi:10.1200/JCO.23.02030 

  


