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a b s t r a c t
Purpose/objective: Chemoradiation (CRT) has been shown to lead to downsizing of an important portion
of rectal cancers. In order to tailor treatment at an earlier stage during treatment, predictive models are
being developed. Adding blood biomarkers may be attractive for prediction, as they can be collected very
easily and determined with excellent reproducibility in clinical practice. The hypothesis of this study was
that blood biomarkers related to tumor load, hypoxia and inﬂammation can help to predict response to
CRT in rectal cancer.
Material/methods: 295 patients with locally advanced rectal cancer who were planned to undergo CRT
were prospectively entered into a biobank protocol (NCT01067872). Blood samples were drawn before
start of CRT. Nine biomarkers were selected, based on a previously deﬁned hypothesis, and measured
in a standardized way by a certiﬁed lab: CEA, CA19-9, LDH, CRP, IL-6, IL-8, CA IX, osteopontin and 25OH-vitamin D. Outcome was analyzed in two ways: pCR vs. non-pCR and responders (deﬁned as ypT02N0) vs. non-responders (all other ypTN stages).
Results: 276 patients could be analyzed. 20.7% developed a pCR and 47.1% were classiﬁed as responders.
In univariate analysis CEA (p = 0.001) and osteopontin (p = 0.012) were signiﬁcant predictors for pCR.
Taking response as outcome CEA (p < 0.001), IL-8 (p < 0.001) and osteopontin (p = 0.004) were signiﬁcant
predictors. In multivariate analysis CEA was the strongest predictor for pCR (OR 0.92, p = 0.019) and CEA
and IL-8 predicted for response (OR 0.97, p = 0.029 and OR 0.94, p = 0.036). The model based on biomarkers only had an AUC of 0.65 for pCR and 0.68 for response; the strongest model included clinical data,
PET-data and biomarkers and had an AUC of 0.81 for pCR and 0.78 for response.
Conclusion: CEA and IL-8 were identiﬁed as predictive biomarkers for tumor response and PCR after CRT
in rectal cancer. Incorporation of these blood biomarkers leads to an additional accuracy of earlier developed prediction models using clinical variables and PET-information. The new model could help to an
early adaptation of treatment in rectal cancer patients.
Ó 2014 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 111 (2014) 237–242

Combined treatment is the cornerstone of rectal cancer treatment. In case of locally advanced rectal cancer, deﬁned as a tumor
with a predicted positive circumferential resection margin (CRM)
or four or more positive lymph nodes, chemoradiotherapy (CRT)
has become the standard of care [1]. Pathological complete response (pCR) rates typically lie between 15% and 20% after CRT
[2,3] depending on the radiotherapy dose given and the interval
between CRT and surgery. The group of patients that develop a
pCR is of particular interest, because they have a better prognosis
⇑ Corresponding author. Address: MAASTRO Clinic, PO Box 1345, 6201 BH
Maastricht, The Netherlands.
E-mail address: jeroen.buijsen@maastro.nl (J. Buijsen).
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[2] and may be offered less invasive surgery [4] or surgery may
be completely omitted [5,6]. Therefore it would be an advantage
if the pCR rate could be increased. There are several possible strategies, of which early response prediction during CRT, leading to
treatment adaptation, is very attractive.
In the past, clinical parameters as well as information from PETscans before and during treatment have been found to be predictive for treatment outcome [7–9]. A prediction model based on tumor length, cT- and cN-stage had a predictive performance of 0.61
as expressed by the area under the curve (AUC) of the receiver
operating characteristic (ROC) curve. A second model including
maximal standardized uptake value (SUV) of the tumor derived
from a PET-scan before the start of treatment, maximal tumor
diameter as measured on PET-scan, tumor location and cN-stage,
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resulted in an AUC of 0.68 [9]. PET-scan after 2 weeks of CRT has
been shown to be very predictive for response (tumor regression
grade (TRG) 1–2 vs. TRG 3–5 according to Mandard) [8].
It is attractive to consider the addition of blood biomarkers to
these predictors, since samples can be collected easily, are relatively cheap to measure, and they contain information about different aspects of tumor biology. Furthermore, they can be measured
accurately and precisely using standardized methods. Reports on
the predictive value of blood biomarkers are limited to studies
mainly evaluating 1 or 2 biomarkers [7,10–13]. The most studied
biomarker for response to CRT in rectal cancer is carcinoembryonic
antigen (CEA) and one study analyzed the predictive value of osteopontin and interleukin-6. Based on these data combined with
data of prognostic studies in colorectal cancer and our experience
with a blood biomarker model in lung cancer [14], we decided to
include 9 biomarkers. CEA and CA19-9 are related to tumor load,
interleukin-6 and -8 (IL-6 and IL-8) and C-reactive protein (CRP)
are markers of inﬂammation, lactate dehydrogenase (LDH) is a
marker of cell death, carbonic anhydrase IX (CA IX) and osteopontin are hypoxia markers and 25-OH-vitamin D may induce growth
arrest and apoptosis of tumor cells.
In this prospective study we tested the hypothesis that these
biomarkers are helpful in the prediction of response to CRT in rectal cancer.
Methods and materials
Patient population
All patients who were treated according to the protocol ‘‘chemoradiation, rectal cancer, 50.4 Gy’’ between January 2005 and
December 2009 and who gave written informed consent for inclusion in the biobank protocol (NCT01067872) and from whom blood
samples were collected were included in this study. This query resulted in 295 patients. Nineteen patients were ineligible for different reasons (1 patient was treated with short course radiotherapy
5  5 Gy, 5 patients were not operated on and entered in a wait
and see study so no ypTN stage could be determined, 2 patients
underwent a TEM resection so no ypN stage was available, 6 patients had metastases and were treated with palliative intent, 1 patient died during treatment, in 1 patient all biobank material was
hemolytic and in 3 patients the pathology report could not be retrieved), resulting in 276 patients for analysis. In 9 patients there
were technical problems with the biomarker measurements, so
that 267 patients were available for the biomarker analysis. Locally
advanced disease was deﬁned as a distal T3 tumor and/or N2 status
and/or a mid- or upper-rectal tumor with a predicted circumferential resection margin <2 mm, or any T4 tumor. Locoregional staging
for clinical tumor and nodal stage was based on MRI. In 198 patients for whom biomarkers were available a PET–CT was made
for radiotherapy planning. Treatment consisted of 28 fractions of
1.8 Gy on the primary tumor, mesorectum, presacral area and
external iliac lymph nodes in combination with capecitabine
825 mg/m2 BID. Fourteen patients did not receive a dose of
50.4 Gy. In 12 patients treatment had to be discontinued because
of toxicity and in 2 patients a lower total dose was prescribed
because of radiotherapy in the past. Patients were operated on
8–10 weeks after the end of CRT. Pathology reports were collected
from the referring hospitals.
Blood samples
Blood samples were collected before the start of treatment.
Samples were processed and stored using a standard protocol. All
biomarkers were measured in serum, except for osteopontin and
CA IX, which were measured in EDTA plasma. Biomarker measure-

ments were done in one single, certiﬁed laboratory, using commercially available kits. All samples were analyzed simultaneously.
Measurements were performed using the following kits: CEA was
measured using a solid-phase, two-site sequential chemoluminescent immunometric assay (Siemens Medical Solutions Diagnostics,
LA, USA), IL-6 and IL-8 were determined with a solid phase,
enzyme labeled, chemoluminescence sequential immunometric
assay (Siemens Medical Solutions Diagnostics, LA, USA). LDH
(Beckman Coulter, Fullerton, CA), CRP (Beckman, Coulter Fullerton,
CA) and CA 19-9 have been determined on Brahms Kryptor
(Brahms, ThermoFisher, Hennigsdorf, Germany) with a sandwich
immuno-ﬂuorescent assay. 25-OH-vitamin-D was measured with
a commercially available radioimmunoassay (IDS, Frankfurt am
Main, Germany). CA IX was measured by an enzyme-linked immunosorbent assay (Wilex (OncogenScience), Cambridge, MA, USA),
and OPN was measured by an enzyme-linked immunosorbent assay (Quantikine Human Osteopontin Immuno assay; R&D Systems,
Minneapolis, MN, USA). OPN, 25-OH-vitamin-D and CA IX were
measured using manual methods in duplicate. All other biomarkers were measured in singletons.
Statistical analysis
Primary endpoint in this study was pCR deﬁned as the absence
of any tumor cells in the operative pathologic specimen, at the primary site, or in lymph node regions. It was hypothesized that the
addition of biomarkers would lead to an increase of the AUC from
0.7 to 0.8. Assuming a correlation between the models of 0.6 a
sample of 57 patients with pCR and 219 without pCR achieves a
power of 0.74 to detect a difference of 0.1 between the model with
and without biomarkers. An alternative endpoint was good
responders, deﬁned as ypT0-2N0, versus poor responders, deﬁned
as ypT3 and/or ypN1-2. Missing values were completed using
expectation-maximation imputation. Correlations between biomarkers were analyzed by calculating Spearman’s rho. Because
the biomarkers showed a skewed distribution, the Mann–Whitney
U test was used to determine signiﬁcant univariate predictors of
response. Logistic regression analysis was used to identify the signiﬁcant multivariate predictors of response. The next step was to
combine blood biomarkers with clinical data and PET parameters.
For this analysis clinical and PET-variables were selected manually,
based on an earlier predictive model for pCR [9]. The included clinical variables were tumor length, clinical T and N stage, all based
on MRI. Included PET-features were maximum SUV, pretreatment
metabolic volume and maximum diameter. The two latter variables were measured using a source-to-background ratio method
as has been described earlier [15]. ROC curves were constructed
and the AUC was calculated. In order to approximate the true
AUC and calculate conﬁdence intervals bootstrapping (n = 1000)
was used. A perfect prediction model results in an AUC of 1.0, while
an AUC of 0.5 indicates that response is predicted correctly in 50%
of cases (i.e. as good as chance). Statistical analyses were performed using Matlab, release 2010b (The MathWorks, Natick, MA).
Ethics
The biobank study was conducted according to the Dutch law
and approved by the local medical ethics committee. All patients
gave written informed consent before collection of the blood
samples.
Results
The patient characteristics are shown in Table 1. The majority of
patients had a tumor penetrating through the bowel wall and predicted positive lymph nodes on MR. In the total database 20.7% of
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Table 1
Patient characteristics (N = 276).
Characteristic
Age [years]
Median
Range
Gender
Male
Female
Clinical tumor stage (cT)
2
3
4
Clinical nodal stage (cN)
0
1
2
WHO performance index
0
1
2
Tumor length [cm]
Median
Range
pCR (ypT0N0)
No
Yes
Good response (ypT012N0)
No
Yes

N

[%]

length (p = 0.02) and clinical T-stage (p = 0.004) for response only.
The pre-treatment metabolic volume and maximum diameter based
on PET were predictive for both outcome measures (p = 0.016 and
0.009 for pCR and p = 0.006 and 0.005 for response respectively).

65.8
23.0–92.2

Multivariate biomarker model
179
97

[64.9]
[35.1]

26
207
43

[9.4]
[75.0]
[15.6]

47
114
115

[17.0]
[41.3]
[41.7]

218
53
5

[79.0]
[19.2]
[1.8]

5.0
2.0–13.0
219
57

[79.3]
[20.7]

146
130

[52.9]
[47.1]

patients developed a pCR and 47.1% of patients were classiﬁed as
responder. Table 2 shows the results of the biomarker measurements for the different outcome groups, as well as the PET-parameters that were included in the model. In general lower serum
levels for blood biomarkers were seen in the poor responding
groups (except for 25-OH-vitamin-D). Additional analysis (not
shown in the table) revealed signiﬁcant positive correlations between IL-6, IL-8, CRP and osteopontin and between CEA and
CA19-9.
Univariate analysis
Univariate analysis indicated that CEA and osteopontin were signiﬁcant predictors for pCR (p = 0.001, p = 0.012 respectively) and
that CEA, IL-8 and osteopontin were signiﬁcant predictors for
response (p < 0.001, p < 0.001, p = 0.004, respectively) as shown in
Table 3 (Supplementary data). Lower serum levels of these markers
correlated with a higher chance of response to chemoradiation. Of
the clinical parameters clinical N-stage was predictive for pCR
(p = 0.026) and response (p = 0.001) in univariate analysis and tumor

Table 3 (Supplementary data) shows the results of the multivariate analysis for the total set of parameters as well as a selection of
biomarkers and clinical and PET-parameters. In the complete set of
parameters IL-8 was the only signiﬁcant predictor for response
(p = 0.05), while osteopontin was borderline signiﬁcant for pCR
prediction (p = 0.056). As a next step a manual selection of the
most promising predictors was made. Blood biomarkers that had
a signiﬁcant predictive value in either univariate or multivariate
analysis were included and IL-6, although not signiﬁcant, was included because it had a predictive value in a prognostic model
for lung cancer [14]. In this selection of biomarkers consisting of
CEA, IL-6, IL-8 and osteopontin, CEA was the only signiﬁcant
predictor of pCR in multivariate analysis (p = 0.019) and CEA and
IL-8 signiﬁcantly predicted response (p = 0.029, p = 0.021 respectively). Including all biomarkers resulted in an AUC of 0.65 (95%
CI 0.57–0.73) for pCR prediction and 0.68 (95% 0.61–0.75) for
response prediction. Table 3 (Supplementary data) shows the odds
ratios for all tested biomarkers as well as the clinical and
PET-based parameters.

Combination of blood biomarkers with clinical and PET data
The biomarker selection was then added to the parameters that
were predictive for response in an externally validated prediction
model based on clinical and PET-scan data [9]. The ﬁnal model consisted of eight variables: tumor length, clinical T stage, clinical N
stage, CEA, IL-6, IL-8, osteopontin, and maximal SUV on PET before
start of treatment. In the current dataset tumor length was not a signiﬁcant predictor for response to chemoradiation, but cT and cN
were. Maximal SUV was only predictive for response, not for pCR.
In Fig. 1 the ROC curves for the combined models based on biomarkers and clinical data (Fig. 1A and a) and biomarkers, clinical
data and PET information (Fig. 1B and b) are depicted, as well as
the resulting AUCs (Fig. 1C and c). The model based on biomarkers
only resulted in an AUC that was more or less comparable to the clinical model. The AUC of the clinical model was 0.64 (95% CI 0.56–0.71)
for pCR and 0.66 (95% CI 0.60–0.72) for response. Combining clinical
parameters and biomarkers (AUC 0.69 (95% CI 0.62–0.77) for pCR
and 0.73 (95% CI 0.65–0.79) for response) made the model stronger
than the model based on biomarkers only or clinical data only. This

Table 2
Biomarker levels and PET parameters (average ± standard deviation) compared for the subpopulations of pCR vs. no pCR and good response vs. no good response.
pCR (ypT0N0)

Biomarkers
(N = 267)

CEA
IL-6
IL-8
LDH
CRP
CA 19–9
vitD-25
CA-9
OPN

PET parameters
(N = 198)

SUVmax
SUVmean
MTV [cc]
Max diameter [cm]

Good response (ypT012N0)

No

Yes

No

Yes

14.7 ± 28.4
4.0 ± 8.4
15.8 ± 9
181.3 ± 43.8
11.5 ± 24.5
26.9 ± 29.1
53.2 ± 20.9
282.5 ± 275
79.2 ± 28.9

8.7 ± 22.9
2.9 ± 2.7
14.0 ± 7.4
176.2 ± 33.9
7.8 ± 8
25.1 ± 31.9
55.5 ± 18.8
274.4 ± 302.9
68.2 ± 16

18.1 ± 33
4.8 ± 10.1
17.3 ± 10
181.9 ± 46.7
13.8 ± 29.1
28.3 ± 28.8
52.6 ± 22.4
282.0 ± 238.4
81.6 ± 30.9

8.5 ± 18.5
2.7 ± 2.4
13.4 ± 6.4
178.5 ± 36.1
7.5 ± 9.2
24.6 ± 30.6
54.8 ± 18.2
279.6 ± 320.9
72 ± 21.3

15.3 ± 6.3
8.2 ± 3.1
33.8 ± 33.5
6.5 ± 1.9

13.6 ± 5.2
7.4 ± 2.7
25 ± 20.2
5.8 ± 1.6

14.3 ± 5.6
7.8 ± 2.7
37.6 ± 39.1
6.7 ± 2.1

15.6 ± 6.7
8.4 ± 3.3
25.7 ± 17.6
5.9 ± 1.4
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1
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0
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0.2

c
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1
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0.6
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a

0.4
0.6
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0.8

1

clinical only
clinical+biomarkers
clinical+PET0
clinical+PET0+biomarkers
biomarkers only

0.8
0.75
0.7

0.65

0.65

0.6

0.6

0.55

0.55

0.5

0.5

Fig. 1. ROC curves for prediction models for pCR and response including biomarkers and clinical variables (A and a) and biomarkers, clinical variables and PET-data (B and b)
and resulting AUC for the different prediction models (C and c).

effect was most pronounced for prediction of response. Addition of
information from a PET-scan acquired before the start of treatment
leads to the strongest models for the prediction of both pCR and
response, resulting in AUCs of 0.81 (95% CI 0.73–0.88) for pCR and
0.78 (95% CI 0.71–0.85) for response.
The data of the combined prediction model was used to build a
nomogram, which is depicted in Fig. 2. This nomogram can be used
online at www.predictcancer.org. Because this nomogram has not
yet been externally validated, it should be regarded as hypothesis
generating.

Discussion
To the best of our knowledge this is the ﬁrst prospective study
evaluating the predictive value of a broad range of blood biomarkers analyzed in a standardized way for response prediction to CRT
in rectal cancer. CEA turned out to be a signiﬁcant predictor for pCR
and CEA and IL-8 were predictive for response. Including these
blood biomarkers in models based on clinical parameters and
PET-based parameters resulted in an increased performance of
the prediction models.
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4
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0.8
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0.95

Fig. 2. Nomogram for response prediction. A score for each predictor can be read out at the top scale (score). All summed scores (sum of scores scale) can be converted
directly to the probability of response.

Osteopontin is a glycophosphoprotein secreted by different cell
types, that has been shown to be associated not only with malignancies but also with acute and chronic inﬂammatory processes.
It inﬂuences adhesion, migration, invasion, chemotaxis and cell
survival [16] and is a marker of tumor aggressiveness and early
progression [17]. Although the role of osteopontin as a prognostic
factor has been studied extensively in a broad range of solid tumors, only one study looked at the predictive value of osteopontin
levels and response to CRT in rectal cancer. Debucquoy et al. found
an association between lower osteopontin levels and better response in 30 rectal cancer patients, which is in line with our ﬁndings, but this did not reach statistical signiﬁcance [13]. In our
patient group it was a signiﬁcant predictor in univariate analysis,
but it lost signiﬁcance in multivariate analysis. This could be explained by the fact that osteopontin and IL-8 showed a positive
correlation.
CEA is an antigen produced by the normal fetus and only in very
low concentrations by normal cells of the adult body. In the tumor
environment it plays a role in intercellular recognition and attachment. It has been shown to be of prognostic value in colorectal cancer independent of clinical stage and differentiation grade [18].
Although preoperative CEA levels cannot be used to make treatment decisions in colorectal cancer, they consistently have a prognostic value. Patients having a CEA level >5 lg/l have a signiﬁcant
worse disease free and overall survival than patients with lower
CEA levels. Three studies looked at the predictive value of CEA levels for response to CRT in rectal cancer. Das et al. studied a group of
562 rectal cancer patients treated with CRT [7]. In their patient
group CEA was only predictive for pCR in univariate analysis. However, they chose to dichotomize CEA levels (below and above
2.5 lg/l), while in our model CEA was incorporated as a continuous
variable. Yoon et al. did an analysis in a group of 351 rectal cancer
patients [12]. In multivariate analysis CEA levels 65 lg/l were predictive for downstaging and complete regression. Park et al. did a
retrospective analysis in 352 rectal cancer patients [11]. CEA was
analyzed as a continuous variable and had a signiﬁcant predictive
value for responders vs. non-responders. A higher CEA was an
independent predictor of poor response to CRT and a worse disease
free survival.
IL-8 is a pro-inﬂammatory chemokine that plays a role in
attracting neutrophils. Through the activation of phosphatidyl-inositol-3-kinase (PI3-K) and phospholipase C it can activate the Akt/
mTOR and Raf/Mek/Erk pathways, leading to the promotion of
angiogenesis, proliferation and survival and the migration of

cancer cells [19]. Polymorphisms in IL-8 have been described to
be related to an increased risk of recurrence in rectal cancer [20]
and the risk of nodal involvement [21], indicating a possible relationship with tumor biology of IL-8 in rectal cancer. However, until
now there are no reports of a potential value of IL-8 in the prediction of response to CRT.
In this study response was measured in two ways: pCR and
ypT0-2N0. Of these 2 endpoints pCR is the most robust, although
the deﬁnition of pCR can be difﬁcult. In this cohort routine pathological examination was performed and reported in a standardized
way. A recent comparison between routine pathological examination and additional step sections in resection specimens showing
no viable tumor cells at initial examination, showed no differences
in outcome [22]. Furthermore, pooled analysis of a large series of
patients included in different studies, showed a clear prognostic
value of pCR after CRT for long-term outcome, even if pooled from
different studies, indicating that pCR as scored in routine pathology procedures is a valuable endpoint [2]. The most frequently
used method to distinguish responders from non-responders is
by means of a tumor regression grade (TRG). However, for this cohort TRG was not scored routinely and we chose to use ypT0-2N0
as deﬁnition of response. It makes sense to predict the group of
good responders, because they could be suitable for less invasive
surgery, like transanal resection or TEM-surgery.
Blood biomarkers give information about tumor biology in an
indirect way. A more direct insight can be gained from genetic
alterations within the tumor. An overview of these molecular biomarkers is given in the review of Kuremsky et al. [23]. A possible
problem related to molecular biomarkers is the heterogeneity in
tumors, making it necessary to collect a representative sampling
of tumor material and the invasive procedure needed to collect
material. Blood biomarkers have the advantage that they are easy
to collect and that they provide information about the ‘‘average’’
tumor. This makes blood biomarkers useful for daily practice.
However translation of the results of this study should be done
cautiously, because all biomarkers in this study were measured
in a standardized way in one single laboratory, using the same kits.
Less thorough and sensitive procedures might inﬂuence negatively
the added value of biomarkers.
Ideally response prediction takes place before the start of a
treatment, so that a patient can be offered the treatment with
the highest success rate. In the case of response prediction for rectal cancer, clinical factors and pre-treatment PET-scan have been
shown to have predictive value before the start of treatment [9],
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but the performance of predictive models based exclusively on
pre-treatment data typically lies between 0.65 and 0.70. The predictive value of biomarkers only is in the same range, but the combination of biomarkers and other pre-treatment data results in a
stronger prediction model.
The data presented here can be seen as a proof of principle that
biomarkers contain predictive information for rectal cancer, but
external validation of this prediction model is necessary for a better estimation of the performance and reproducibility of the model
[24]. For use in clinical practice a stronger performance is desirable. A possibility to strengthen the predictive model is to incorporate response data obtained early during CRT. If this time point lies
early in the treatment course, it is still possible to modify treatment. For PET–CT it has already been shown that changes in glucose metabolism after 2 weeks of CRT resulted in a stronger
prediction model [8]. An intriguing question is whether early
changes in blood biomarker levels during CRT can further enhance
the performance of this model. This question will be the subject of
future research.
In conclusion, pre-treatment CEA levels help to predict pCR
after CRT for rectal cancer and CEA and IL-8 levels are helpful in
the prediction of response to CRT. These blood biomarkers have
added value to earlier published prediction models based on pretreatment clinical- and PET-data and can be used in decision support systems for tailored therapy [24].
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