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Time course of serum C-reactive protein levels during induction
chemoradiotherapy and its correlation with treatment
response and survival in patients with advanced
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Abstract. Preoperative serum C-reactive protein (CRP) levels
have been shown to be of prognostic significance in patients
with advanced esophageal carcinoma. However, the clinical
significance of serum CRP levels in patients with unresectable
or marginally resectable tumors in the absence of induction
therapy has not been fully elucidated in relation to treatment
response and prognosis. Thirty-four patients with clinical
T3-T4 esophageal squamous cell carcinoma who underwent
induction chemoradiotherapy (CRT) followed by esophagec-
tomy were enrolled in this retrospective study. Serum CRP
levels were measured during the course of CRT, i.e., prior
to, during (1, 2, 3 and 4 weeks following initiation) and after
CRT (prior to surgery). The association between CRP levels,
CRT response and survival was analyzed. Elevated serum
CRP levels exhibited a favorable decrease 2-3 weeks following
CRT initiation in pathological responders and CRP <0.3 mg/dl
at 2 and 3 weeks following CRT initiation, as well as prior
to surgery, was significantly correlated with responders. In
patients with pretreatment CRP >0.3 mg/dl (67.6% of patients
in this study), CRP <0.3 mg/dl at 2 and 3 weeks following
CRT initiation predicted responders with accuracies of 8§7.0
and 73.9%, respectively. In the univariate survival analysis,
CRP levels 3 weeks following CRT initiation, as well as CRP
levels prior to surgery and pathological stage, were significant
prognostic factors, although CRP levels prior to surgery was
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the only independent prognostic factor in the multivariate
analysis. Serum CRP levels during the course of CRT may be
of prognostic and predictive significance for the CRT response
in patients with unresectable or marginally resectable esopha-
geal squamous cell carcinoma who undergo induction CRT.

Introduction

Esophageal carcinoma is highly malignant and the prognosis
of patients with locally advanced tumors is poor. Preoperative
chemoradiotherapy (CRT) has been shown to significantly
improve survival in patients with advanced esophageal carci-
noma. However, this survival benefit is limited to patients with
a major pathological response (complete or subtotal tumor
regression) (1). Prediction of the CRT response prior to or
early during the course of CRT may be beneficial in avoiding
or discontinuing this type of treatment in non-responders and
may also help responders avoid invasive surgery through the
initiation or continuation of CRT. Therefore, the identification
of biomarkers that predict the CRT response is critical in
multimodality treatment for advanced esophageal carcinoma.

Elevated serum C-reactive protein (CRP) levels have been
shown to be associated with disease progression and poor
prognosis in patients with esophageal carcinoma and preopera-
tive serum CRP levels have been shown to be an independent
prognostic factor in patients with resectable esophageal carci-
noma (2-5). However, the clinical significance of serum
CRP levels in patients with unresectable tumors in need of
chemotherapy or CRT as an initial treatment has not been fully
elucidated in relation to treatment response and prognosis.

In the present study, we investigated the association
between pathological response and survival and the time
course of serum CRP levels during induction CRT in patients
with clinical T3-T4 esophageal squamous cell carcinoma, all of
whom underwent subsequent esophagectomy. We also verified
the usefulness of serum CRP levels as a potential biomarker
in the prediction of the CRT response early in the course of
induction CRT.
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Patients and methods

Patients. Thirty-four patients with clinical T3-T4 esophageal
squamous cell carcinoma, who received induction CRT
followed by esophagectomy at the Kyoto Prefectural University
of Medicine Hospital between 2001 and 2008, were analyzed
in this retrospective study. Induction CRT was indicated for
unresectable or marginally resectable tumors, i.e., T4 or bulky
T3 tumors that were considered difficult to completely resect
in the absence of induction therapy. If a clinical response
was observed and complete resection was thus considered
possible, the patient was scheduled for surgery. Clinical and
pathological staging was performed according to the tumor-
node-metastasis (TNM) classification of the International
Union Against Cancer (UICC) (6). Esophagography, endos-
copy, computed tomography and/or bronchoscopy were
routinely performed to determine pretreatment clinical
staging and treatment response. Endoscopic ultrasonography
was occasionally performed. From 2004 onward, PET scans
were performed prior to and following CRT. Written informed
consent was obtained from all the patients.

Induction CRT. The induction CRT regimen consisted of radi-
ation and concurrent administration of 5-fluorouracil (5-FU)
and cisplatin, as previously described (7). Briefly, 5-FU was
administered intravenously at 200-250 mg/m?/day on days 1-5,
8-12,15-19 and 22-26 and cisplatin was administered at a dose
of 5-7 mg/m?/day by drip infusion for 1 h on days 1-5, 8-12,
15-19 and 22-26. In total, 40 Gy of radiation for 4 weeks at
2 Gy daily (5 days/week) was delivered. Treatment responses
were evaluated 2-3 weeks following completion of CRT.
Surgery was scheduled 4-6 weeks after the last day of CRT in
patients for whom complete resection was considered feasible.

Surgical therapy and pathological response evaluation. The
patients underwent subtotal esophagectomy with regional lymph-
adenectomy through right thoracotomy and laparotomy, followed
by reconstruction using the stomach via a retrosternal route with
cervical anastomosis through a neck incision. The pathological
response to CRT was evaluated by the grade of response of the
primary tumor. The complete tumor bed was cut into sections
including the entire esophageal wall and grading of the response
to CRT was as follows (8): grade 3, complete disappearance of
viable cancer cells in the tumor bed; grade 2,>2/3 disappearance
of viable cancer cells; and grade 1, <2/3 disappearance of viable
cancer cells. CRT was considered effective in patients with
grade 2 or 3 histological response (responders) and ineffective
in patients with grade 1 histological response (non-responders).

Measurement of serum CRP. Serum CRP levels were
measured in blood samples collected from each patient at the
following six time points: prior to CRT (preCRT); 1, 2, 3 and
4 [-weeks after initiation of CRT (CRT1W, CRT2W, CRT3W
and CRT4W, respectively); and prior to surgery (PreOP).
Serum CRP levels were measured with a latex agglutination
turbidimetric immunoassay (LZ-TEST ‘Eiken’ CRP-HG,
Tokyo, Japan); normal serum levels were <0.3 mg/dl.

Statistical analysis. In the correlation analysis between
serum CRP levels and pathological response, continuous data
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Table I. Patient characteristics.

Characteristic Patient no. (total, 34)
Total 34
Gender

Male 28

Female 6
Age (years)

<65 14

>65 20
Tumor location

Ce 4

Ut 8

Mt 18

Lt 4
cStage

1I 3

111 27

v 4
cT

T3 16

T4 18
cN

NO 9

N1 25
cM

MO 30

M1 (lym) 4
cCRT response

CR 6

PR 18

SD 10
PCRT response?

Grade 1 16

Grade 2 10

Grade 3 8
ypStage

0 7

I

1I

111

v

“Response of the primary tumor. Ce, cervical; Ut, upper thoracic;
Mt, middle thoracic; Lt, lower thoracic; CRT, chemoradiotherapy.

were compared using the Mann-Whitney U test and ordinal
data using the y* or Fisher's exact test. In survival analysis,
data are shown as mean and range [95% confidence interval
(CD)]. Univariate survival analysis was performed using the
Kaplan-Meier method with the log-rank test. Multivariate
survival analysis and calculation of the odds ratios with 95%
CI was performed using a Cox proportional hazard regres-
sion model, including all covariates that were identified as
significant by univariate analysis. Statistical analyses were
performed using software JMP version 8 for Macintosh (SAS
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Institute Inc., Cary, NC, USA). P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Clinical characteristics of the study patients. The 34 patients
analyzed in the present study were the same as those analyzed
in our previous study (7). The background characteristics of
the patients are listed in Table 1. The patient sample consisted
of 28 males and 6 females with a median age of 66.5 years.
At pretreatment diagnosis, all primary tumors were classified
as T3 (47.1%) or T4 (52.9%) and the majority of the patients
(79.4%) were classified as stage III. All M1 cases had distant
Ilymph node metastases at the supraclavicular and celiac
regions. At postoperative diagnosis, 8 primary tumors (23.5%)
were evaluated as grade 3 and pathological responses of
primary tumors (grades 3 and 2) were observed in 18 patients
(52.9%). Complete resection was performed in 29 patients
(85.3%). No infective complications, such as pneumonia, were
detected during the pretreatment evaluation and no infective
adverse events, resulting in the discontinuation of CRT or the
administration of antibiotics, were observed during CRT.

Association of serum CRP levels with pathological response.
First, absolute values of CRP at each of the six time points
during the course of induction CRT were compared according
to the primary tumor response. No significant difference in
pretreatment CRP values was observed between responders
and non-responders, whereas responders exhibited significantly
lower CRP values compared to those of non-responders at
CRT2W, CRT3W and PreOP. There were no significant differ-
ences between CRP values at CRTIW and CRT4W (Fig. 1).
Although pretreatment CRP values showed a tendency to
decrease 2-3 weeks after the initiation of CRT in responders
compared to non-responders, no significant differences were
observed between CRP values prior to CRT and those at each
subsequent time point. Subsequently, CRP levels (>0.3 vs. <0.3)
at each of the 6 time points during the course of induction CRT
were compared according to the primary tumor response (Table
IIA). Pretreatment serum CRP levels were elevated (CRP >0.3)
in 23 out of the 34 patients (67.6%). Prior to CRT, no significant
difference in CRP levels was observed between responders
and non-responders, whereas responders exhibited signifi-
cantly lower CRP levels (<0.3) compared to non-responders
at CRT2W, CRT3W and PreOP. CRP levels at CRT1W and
CRT4W were not different between the 2 groups. In addition,
CRP levels (>0.3 vs. <0.3) were compared according to the
primary tumor response in patients with elevated pretreatment
CRP levels (CRP >0.3 prior to CRT) (Table IIB). Responders
exhibited significantly lower CRP levels (<0.3) compared to
non-responders at CRT2W and CRT3W, whereas no significant
difference was detected in CRP levels at CRT1W, CRT4W and
PreOP between the 2 groups.

Prediction of pathological response by serum CRP levels.
Prediction accuracies for pathological response by CRP <0.3
at CRT2W, CRT3W and PreOP are shown in Table III. Among
all 34 patients, CRP =<0.3 at CRT2W, CRT3W and PreOP
predicted responders with accuracies of 76.5, 73.5 and 73.5%,
respectively. Furthermore, among patients with CRP >0.3 at
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Table II. Association of pathological CRT response with serum
CRP levels.

A, All patients (n=34).

Parameter Responders Non-responders P-value
(n=18) (n=16)

PreCRT
CRP=0.3 7 4 0477
CRP>0.3 11 12

CRT1W
CRP=0.3 8 6 0.681
CRP>0.3 10 10

CRT2W
CRP=0.3 14 4 0.005
CRP>0.3 4 12

CRT3W
CRP=0.3 14 5 0.014
CRP>0.3 4 11

CRT4W
CRP=0.3 10 6 0.291
CRP>0.3 8 10

PreOP
CRP=0.3 12 3 0.007
CRP>0.3 6 13

B, Patients with pretreatment elevated CRP levels (n=23).

Parameter Responders Non-responders P-value
(n=11) (n=12)

CRT1IW
CRP =03 2 2 >0.999
CRP>0.3 9 10

CRT2W
CRP =03 9 1 0.001
CRP>0.3 2 11

CRT3W
CRP =03 9 4 0.036
CRP>0.3 2 8

CRT4W
CRP =03 5 5 0.855
CRP>0.3 6 7

PreOP
CRP =03 5 1 0.069
CRP>0.3 6 11

CRT, chemoradiotherapy; CRP, C-reactive protein.

PreCRT and CRP =<0.3 at CRT2W and CRT3W, predicted
responders with accuracies of 87.0 and 73.9%, respectively.

Association of serum CRP levels with survival. Results of univar-
iate analysis of overall survival are shown in Table IV and Fig. 2.
The mean survival time in all 34 patients was 17.2 months, with
a 3-year survival rate of 28.2%. There were no significant differ-
ences in overall survival in terms of gender, age, tumor location,
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Table III. Prediction accuracies of pathological CRT response by serum CRP levels.

All patients (n=34) CRP >0.3 (PreCRT) patients (n=23)
Prediction responses Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy
CRP=0.3
CRT2W 77.8 75 76.5 81.8 91.7 87
CRT3W 77.8 68.8 73.5 81.8 66.7 73.9
PreOP 66.7 81.3 73.5 455 91.7 69.6

CRT, chemoradiotherapy; CRP, C-reactive protein.
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Figure 1. Relationship between the pathological chemoradiotherapy (CRT) response and serum C-reactive protein (CRP) levels during the course of induction CRT.
Significant differences between responders and non-responders were observed 2 and 3 weeks after CRT initiation (CRT2W and CRT3W) and preoperatively after CRT
completion (PreOP). Lines, median values; bars, interquartile range; error bars, extreme values. R, responder, NR, non-responder, IQR, interquartile range.
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Figure 2. Kaplan-Meier survival curves according to pathological tumor factors and serum C-reactive protein (CRP) levels. In postoperative parameters, signifi-
cant differences were observed in ypStage (0-II vs. ITI-I'V, P=0.041), whereas no differences were observed in the grade of the primary tumor response, although
responders exhibited longer survival compared to non-responders. In preoperative parameters, significant differences were observed in serum CRP levels
(CRP =0.3 vs. CRP >0.3) 3 weeks after chemoradiotherapy (CRT) initiation (CRT3W, P=0.011) and preoperatively after CRT completion (PreOP, P=0.003).
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Table I'V. Univariate analysis of overall survival according to clinicopathological parameters and serum CRP levels.

Parameter Patients Mean survival Mean survival P-value
(n=34) (months) (95% CI)

A, Clinicopathological parameters and overall survival.

Overall 34 17.2 12.1-22.3

Gender
Male 28 16.1 10.5-21.7 0.148
Female 6 222 5.3-390

Age (years)
<65 14 18.4 9.5-27.3 0.622
=65 20 16.1 9.7-22.6

Tumor location
Supracarinal 12 14.1 5.7-22.5 0.378
Infracarinal 22 18.9 12.0-25.7

cT
T3 16 18.4 13.1-23.7 0.401
T4 18 16.1 7.1-25.1

cN
NO 9 19.3 1.8-36.9 0.730
N1 25 16.4 11.9-20.9

cStage
II+111 30 17.9 12.2-23.6 0.128
v 4 12.0 1.0-249

cCRT response
CR+PR 18 18.8 12.5-25.1 0.104
SD 16 13.3 34-232

ypStage
0-1I 24 21.0 12.9-29.4 0.041
I-1V 10 12.2 7.2-17.1

pCRT response
Responders (grades 2+3) 18 20.6 12.5-28.8 0.085
Non-responders (grade 1) 16 133 7.1-19.6

B, CRP levels and overall survival.

Parameter Patients Mean survival Mean survival P-value
(n=34) (months) (95% CI)

PreCRT
CRP=<0.3 11 23.1 10.8-354 0.054
CRP>0.3 23 143 9.2-19.5

CRT1W
CRP=<0.3 14 18.9 8.9-294 0.194
CRP>0.3 20 16.0 10.0-21.9

CRT2W
CRP <0.3 18 19.8 11.9-27.6 0.256
CRP>0.3 16 14.3 7.3-21.3

CRT3W
CRP=<0.3 19 22.6 15.2-30.0 0011
CRP>0.3 15 10.3 4.5-16.1

CRT4W
CRP=<0.3 16 235 14.9-32.1 0.066
CRP>0.3 18 11.6 6.2-17.0

PreOP
CRP<0.3 15 250 15.5-34.5 0.003
CRP>0.3 19 11.0 6.9-15.1

CRT, chemoradiotherapy; CRP, C-reactive protein; PreOP, prior to surgery; CI, confidence interval, CR, complete response; PR, partial
response; SD, stable disease.
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Table V. Multivariate analysis of overall survival.

P-value Odds ratio 95% CI
ypStage
O-1II/1I-1V 0.659 0.80 0.28-2.20
CRP (CRT3W)
<0.3/>0.3 0.124 046 0.17-1.24
CRP (PreOP)
<0.3/>0.3 0.021 0.31 0.10-0.84

CRP, C-reactive protein; CRT, chemoradiotherapy; PreOP, prior to surgery.

¢I'NM classification, or clinical response to CRT. Regarding the
grade of the primary tumor response, although the result was
not significant, responders tended to survive longer compared
to non-responders. Significant differences were observed in
ypStage (0-1I vs. III-IV) (Table IVA). Furthermore, in relation
to serum CRP levels, significantly longer survival was observed
in CRP =<0.3 patients compared to CRP >0.3 patients at CRT3W
and PreOP. Although the result was not significant at PreCRT and
CRT4W, CRP =0.3 patients tended to survive longer compared
to CRP >0.3 patients. No significant difference was observed
at CRT1W and CRT2W (Table IVB). In multivariate analysis,
preoperative CRP <0.3 was identified as the only independent
prognostic factor (Table V).

Discussion

In the present study, we investigated the association between
serum CRP levels, pathological CRT response and prognosis
in patients with unresectable or marginally resectable tumors
who underwent induction CRT followed by esophagectomy,
with a focus on temporal changes in CRP levels during CRT
(not prior to or after CRT) and demonstrated that serum CRP
levels measured shortly after CRT initiation correlated with
CRT response and prognosis.

Elevated serum CRP levels have been shown to be associ-
ated with disease progression and poor prognosis in patients
with esophageal carcinoma (2-5,9,10). However, the underlying
mechanisms by which CRP levels are associated with disease
progression or prognosis have not been fully elucidated. In a
previous study, we included the same patients as the present
study and demonstrated that elevated serum CRP levels after
CRT completion (prior to surgery), but not prior to CRT initia-
tion, correlated with a poor CRT response and prognosis in
close association with IL-6 levels in serum and local tumor
tissues and that IL-6 and other cytokines or growth factors
secreted by tumor tissues through tumor-stromal or tumor-
host interactions may play a critical role in the elevation of
serum CRP levels and poor clinical outcome (7).

The significant correlation between postoperative
pathological tumor parameters and prognosis has been well
characterized and the grade of the primary tumor response
has a prognostic significance (10,11), as does pathological
stage (1,12-14). In the present study, among postoperative
parameters, pathological stage was significantly correlated
with prognosis, whereas the primary tumor response was not
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identified as a significant prognostic factor. Several factors,
such as the limited patient sample and the nodal status may
have affected the results. It is noteworthy that preoperative
serum CRP levels, after CRT completion (prior to surgery),
as well as during CRT (3 weeks after CRT initiation), have
a superior prognostic impact over postoperative pathological
tumor parameters in multivariate analysis.

As regards the correlation between CRP and the CRT
response, pretreatment elevated CRP values exhibited a
clear tendency to decrease 2-3 weeks following CRT initia-
tion in responders, which strongly suggests that CRP levels
may decrease according to CRT-induced tumor reduction in
responders. Furthermore, CRP values exhibited a poor tendency
to decrease in non-responders. In this regard, CRT-induced
increases in activated NF-kB in tumor tissues have been shown
to be associated with a poor CRT response and prognosis in
patients who underwent preoperative CRT (15,16). NF-kB is a
transcription factor that is highly involved in cancer progression
and inflammatory response regulation (17). CRP may reflect the
tumor status associated with CRT resistance in non-responders.

Significant differences between responders and
non-responders were observed in both absolute CRP values and
relative CRP levels (CRP <0.3 vs. CRP >0.3) at identical time
points (CRT2W, CRT3W and PreOP). From the viewpoint of
a simple and easy evaluation, the comparison of relative CRP
levels and not absolute CRP values is considered suitable for
predicting the CRT response. In addition, we investigated
the relationship between CRP levels and the CRT response
according to pretreatment CRP levels. As a result, among all
patients, the prediction accuracy of CRP levels for responders
was not as significant (76.5% at CRT2W), whereas in patients
with pretreatment CRP >0.3, the prediction accuracy for
responders increased to up to 87%. By contrast, CRP <0.3 at
PreOP was a significant predictor for responders in all patients,
whereas it was not in patients with pretreatment CRP >0.3.
The presence of responders among patients with pretreatment
CRP =<0.3 is considered to have affected prediction accuracy.
Pretreatment baseline CRP levels induced by tumor progression
and the CRP-mediated tumor response to CRT may determine
the ability of serum CRP levels to predict the CRT response.

Furthermore, no significant correlation was observed
between CRP levels at CRT4W and the CRT response. The
frequency of adverse events, such as bone marrow suppres-
sion and radiation-induced esophagitis, increased during the
time course of CRT among the patients assessed in this study
(data not shown). Tumor-derived decreases in CRP levels may
have been masked by adverse event-derived inflammation,
resulting in a reduction in the predictive accuracy of CRP at
CRT4W.

In conclusion, the present study has demonstrated that
serum CRP levels during CRT were closely associated with
the pathological CRT response and prognosis and, particularly
in patients with elevated CRP prior to CRT, a decrease in CRP
within normal ranges 2-3 weeks following CRT initiation
predicted a favorable pathological response with the highest
accuracy. Despite the small patient sample and retrospective
nature of the present study, our results suggested that serum
CRP may provide additional predictive information to conven-
tional imaging studies for early modification of the treatment
protocol during CRT in advanced esophageal squamous cell
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carcinoma. The utility of serum CRP for early prediction of
the CRT response may be determined by a well-designed
prospective study.
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