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ORIGINAL ARTICLE

Preoperative Serum C-Reactive Protein Levels and Post-Operative
Lymph Node Ratio Are Important Predictors of Survival After
Pancreaticoduodenectomy for Pancreatic Ductal Adenocarcinoma
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ABSTRACT

Context There is paucity of data on the prognostic value of pre-operative inflammatory response and post-operative lymph node
ratio on patient survival after pancreatic-head resection for pancreatic ductal adenocarcinoma. Objectives To evaluate the role of the
preoperative inflammatory response and postoperative pathology criteria to identify predictive and/or prognostic variables for
pancreatic ductal adenocarcinoma. Design All patients who underwent pancreaticoduodenectomy for pancreatic ductal
adenocarcinoma between 2002 and 2008 were reviewed retrospectively. The following impacts on patient survival were assessed: 1)
preoperative serum CRP levels, white cell count, neutrophil count, neutrophil/lymphocyte ratio, lymphocyte count,
platelet/lymphocyte ratio; and ii) post-operative pathology criteria including lymph node status and lymph node ratio. Results Fifty-
one patients underwent potentially curative resection for pancreatic ductal adenocarcinoma during the study period. An elevated
preoperative CRP level (greater than 3 mg/L) was found to be a significant adverse prognostic factor (P=0.015) predicting a poor
survival, whereas white cell count (P=0.278), neutrophil count (P=0.850), neutrophil/lymphocyte ratio (P=0.272),
platelet/lymphocyte ratio (P=0.532) and lymphocyte count (P=0.721) were not significant prognosticators at univariate analysis.
Presence of metastatic lymph nodes did not adversely affect survival (P=0.050), however a raised lymph node ratio predicted poor
survival at univariate analysis (P<0.001). The preoperative serum CRP level retained significance at multivariate analysis (P=0.011),
together with lymph node ratio (P<0.001) and tumour size (greater than 2 cm; P=0.008). Conclusion A pre-operative elevated serum
CRP level and raised post-operative lymph node ratio represent significant independent prognostic factors that predict poor
prognosis in patients undergoing curative resection for pancreatic ductal adenocarcinoma. There is potential for future neo-adjuvant
and adjuvant treatment strategies in pancreatic cancer to be tailored based on preoperative and postoperative factors that predict a
poor survival.

INTRODUCTION

Pancreatic ductal adenocarcinoma is the second most
common cause of death from cancer of all
gastrointestinal malignancies [1]. The 5-year survival
rates are poor and remain unchanged over the last 25
years [2, 3]. Surgical resection remains the mainstay of
treatment with 5-year post-curative resection survival
rates between 7-25% [3]. Several pathological
predictors have been identified that predict survival
following resection, and include vascular and
perineural invasion, tumour grade, tumour size and
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resection margin status [4, 5]. Nevertheless, the
majority of these histological predictors are only
amenable for assessment after surgery. More recently,
several studies have independently identified potential
prognostic indices predicting survival preoperatively,
including serum C-reactive protein (CRP) levels [6, 7]
lymphocyte count [8], platelet/lymphocyte ratio [9] and
neutrophil/lymphocyte ratio [10] in patients with
pancreatic ductal adenocarcinoma whilst some studies
did not show any potential benefit [11]. This study has
investigated the prognostic role of the pre-operative
inflammatory response including platelet count,
lymphocyte  count, neutrophil/lymphocyte ratio,
platelet/lymphocyte ratio and serum CRP levels on
survival after curative resection for pancreatic ductal
adenocarcinoma. In addition this study has evaluated
the prognostic importance of lymph node status and
lymph node ratio on post-operative patient survival, as
these factors may help tailor neo-adjuvant and adjuvant
therapies for high risk patient cohorts in pancreatic
cancer.
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METHODS
Patients

Ninety-one patients who underwent pancreatico-
duodenectomy (PD) with a curative intent between
2002 and 2008 were identified from the prospectively
maintained database at Ninewells Hospital, Dundee,
United Kingdom. Patients with preoperative ERCP
were specifically excluded from the study to exclude
patients with raised CRP levels secondary to biliary
instrumentation. Fifty-one patients with histologically
confirmed pancreatic ductal adenocarcinoma were
included in the analysis whilst other pathologies such
as periampullary carcinomas, cystic neoplasms of the
pancreas and neuroendocrine tumours were excluded.
Two patients with cholangitis had surgery deferred for
6 weeks to allow normalisation of acute inflammatory
response prior to surgery.

Data Collection

Data collected included patient demographics, surgical
details, and  standard  histological  tumour
characteristics. Preoperative blood counts and serum
CRP levels were obtained for all patients one day
before surgery. The impact of preoperative inflame-
matory markers including serum CRP level, white cell
count, neutrophil count, platelet count, neutrophil/
lymphocyte ratio, preoperative lymphocyte count and
platelet/lymphocyte ratio on survival was assessed.
Hospital computer and radiology records were
reviewed to identify dates of death to calculate
survival. In addition the impact of tumour
characteristics such as tumour size (less than, or equal
to, 2 cm VS. more than 2 cm), lymph node status, lymph
node ratio, perineural invasion, resection margin status
(positive/negative), and development of post-operative
pancreatic fistula on survival was assessed. Pancreatic
fistula was defined according to the International Study
Group on Pancreatic Fistula [12] Drain fluid was
routinely tested for amylase on postoperative days 5,
10, 15 and every 5 days thereafter if appropriate.

ETHICS

The secure prospective database was created after
approval from the University of Dundee. The written
informed consent was obtained for all investigations
made according to the usual clinical practice. The study
protocol was approved by the institutional review
committee. The study protocol conforms to the ethical
guidelines of the World Medical Association
Declaration of Helsinki.

STATISTICS

Statistical analysis was performed using SPSS software
version 17 (SPSS, Chicago, IL, USA). Continuous data
were described using median and range. The Fisher’s
exact tests were used to analyse categorical data.
Kaplan-Meier curves were generated to illustrate
survival trends. Univariate and stepwise multivariate
Cox proportional hazards models were applied in order

to identify the significance overall survival and hazard
ratios (HRs) and 95% confidence intervals (Cls) were
also computed. A two-tailed P value less than 0.05 was
considered statistically significant.

RESULTS

Ninety-one patients underwent pancreaticoduodenectomy
during the study period, of which 51 patients (56.0%)
had histologically confirmed pancreatic ductal
adenocarcinoma. The median age of the study group
was 70 years (range: 49-85 years). The male to female
ratio was 2:1. Demographic and haematological data
are shown in Table 1. The median overall survival was
13 months (range: 2.5-70 months).

The results of univariate analysis of patient survival for
each of the hematologic parameters of the
inflammatory response, postoperative complications
and pathological findings are shown in Table 2. An
elevated preoperative serum CRP level greater than 3
mg/L was found to be a significant adverse prognostic
factor (P=0.015) predicting a poor survival, whereas
white cell count (P=0.278), neutrophil count (P=0.850),
neutrophil/lymphocyte  ratio (P=0.272), platelet/
lymphocyte ratio (P=0.532) and lymphocyte count
(P=0.721) were not significant prognosticators at
univariate analysis. Presence of metastatic lymph nodes
(P=0.050), resection margin positivity (P=0.995), and
peri-neural invasion (P=0.361) did not adversely affect
survival at univariate analysis. However, raised lymph
node ratio did predict poor survival at univariate
analysis (P<0.001). The median number of lymph
nodes harvested for the study group were 20 (range: 0-
41). Eleven (21.6%) of 51 patients had negative
peripancreatic lymph nodes. The median survival was
27.3 months in lymph node negative (NO) patients and
10.7 months in those with lymph node positive disease
(N1) (P=0.050). Nineteen (50.0%) out of the 38
patients with elevated CRP preoperatively had margin
positivity compared to 4 out 13 (30.8%) patients with
normal CRP. Elevated CRP preoperatively was not
associated with an increased rate of margin positivity in
resected specimens (P=0.336; Fisher’s exact test).
Kaplan-Meier cumulative survival curves for patients
stratified into two groups according to serum CRP level

Table 1 Demographics and preoperative haematology results.

No. of patients analysed 51
Male:female ratio 34:17
Age; years: median (range) 70 (49-85)
Raised white cell count (>11 x10%mL):

- Yes 5(9.8%)
- No 46 (90.2%)
Raised neutrophilia (>7.5 x10°/mL):

- Yes 7 (13.7%)
-No 44 (86.3%)
Raised lymphocytopenia (>1.0 x10%mL):

- Yes 12 (23.5%)
-No 39 (76.5%)
Raised thrombocytosis (>400 x10°/mL):

- Yes 9 (17.6%)
- No 42 (82.4%)
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less than, or equal to, 3 mg/L and greater than 3 mg/L
are shown in Figure 1. Patients with a pre-operative
serum CRP level greater than 3 mg/L had a
significantly poorer median survival (13.0 months)
when compared to patients with a serum pre-operative
CRP level less than, or equal to, 3 mg/L (21.0 months).
The median overall survival of patients with a lymph
node ratio equal to 0, less than, or equal to, 0.2 and
greater than 0.2 was 31, 16, and 9 months, respectively
(P<0.001; Figure 2).

The preoperative serum CRP level retained statistical
significance at multivariate analysis (P=0.011), along
with lymph node ratio (P<0.001) and tumour size
greater than 2 cm (P=0.008) (Table 3).

Table 2 Median survival times and significance (univariate analysis)
based on inflammatory response, postoperative complications and

pathological findings.
Variable Median survival P value?®

in months

(range)

C-reactive protein (CRP): 0.015
<3 mg/L (n=13) 21.0 (6-36)
>3 mg/L (n=38) 13.0 (3-70)
Leucocytosis: 0.278
Yes (n=5) 11.0 (3-37)
No (n=46) 16.9 (3-70)
Neutrophilia: 0.850
Yes (n=7) 13.3 (3-42)
No (n=44) 15.9 (3-70)
Lymphocytopenia: 0.721
Yes (n=12) 9.0 (4-70)
No (n=39) 15.2 (3-63)
Thrombocytosis: 0.957
Yes (n=9) 11.7 (3-63)
No (n=42) 15.9 (3-70)
Neutrophil/lymphocyte ratio: 0.272
<5 (n=38) 16.2 (3-63)
>5 (n=13) 9.18 (3-70)
Platelet/lymphocyte ratio: 0.532
<150 (n=16) 15.9 (4-63)
150-300 (n=25) 15.0 (3-70)
>300 (n=10) 4.1 (3-42)
Pancreatic fistula: 0.880
Yes(n=19) 13.2 (3-44)
No(n=32) 17.2 (3-70)
Tumour size: 0.452
<2 cm (n=23) 18.1 (3-36)
>2 ¢cm (n=28) 13.0 (3-70)
Margin positive: 0.995
Yes (n=23) 13.2 (3-51)
No (n=28) 17.1 (3-70)
Lymph node ratio: 0.001
0 (n=10) 31.0 (18-70)
<0.2 (n=22) 16.0 (4-63)
>0.2 (n=19) 9.0 (3-44)
Lymph node positive: 0.050
Yes (n=40) 10.7 (3-70)
No (n=11) 27.3 (3-42)
Perineural infiltration: 0.361
Yes (n=33) 13.3 (3-63)
No (n=18) 17.0 (4-70)
Adjuvant treatment: 0.080
Yes (n=18) 23.2 (6-79)
No (n=33) 12.0 (3-57)

* Cox proportional hazards model
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Figure 1. Kaplan-Meier cumulative survival curves for patients with
C-reactive protein (CRP) less than, or equal to, 3 mg/L versus CRP
greater than 3 mg/L. (Cox proportional hazards model: P=0.015).

DISCUSSION

The present study has investigated the prognostic
significance of the pre-operative inflammatory
response, and post-operative lymph node ratio on
survival after pancreatic-head resection for pancreatic
ductal adenocarcinoma, and has demonstrated that a
pre-operative elevated serum CRP level greater than 3
mg/L and a raised post-operative lymph node ratio are
significant independent prognostic factors that predict
poor prognosis in patients undergoing curative
resection for pancreatic ductal adenocarcinoma.

Previous studies have reported that a number of
pathological features related to pancreatic cancer, such
as tumour grade, tumour size, vascular and perineural
invasion and resection margin status affect prognosis
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Figure 2. Kaplan-Meier cumulative survival curves for patients with
lymph node ratio 0, less than, or equal to, 0.2 and greater than 0.2.
(Cox proportional hazards model: P<0.001).
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[13, 14, 15]. However, these parameters are assessed
post-operatively and are therefore only relevant to
predicting prognosis in resected patients. Other
prognostic factors have similarly been described
primarily for patients with inoperable pancreatic
cancer, and these prognosticators of survival have
included patient age and gender, clinical presentation,
performance status, levels of carbohydrate antigen
(CA) 19-9 [16], and, more recently, serum CRP levels
[6, 7]. It has been demonstrated that tumour infiltration
with CD4+ lymphocytes carries a good prognostic
outcome [17] and that plasma CRP levels are inversely
related to infiltration of the tumour microenvironment
by CD4+ lymphocytes and this in turn carries a poor
prognosis [18]. This has been further investigated in
pancreatic cancer patients and recent studies have
suggested that an elevated serum CRP level is inversely
correlated with survival in the palliative setting [6, 7].
Tingstedt et al. [6] recently analysed the role of
preoperative elevated preoperative CRP, s-bilirubin and
b-haemoglobin levels on survival and have shown that
an elevated preoperative CRP level is a strong
independent predictor of survival in patients with non
resectable pancreatic cancer. Pine et al. [7] also
reported that a raised preoperative CRP level at the
time of presentation of advanced pancreatic cancer
carries a poor prognosis. Patients with preoperative
biliary intervention were specifically excluded from the
study to exclude patients with raised CRP levels
secondary to biliary intervention. Garcia et al. [10] in a
recent study did not show any negative impact on
elevated preoperative CRP on survival, however, a
raised neutrophil/lymphocyte ratio preoperatively was
associated with early recurrence post pancreatico-
duodenectomy for pancreatic ductal adenocarcinoma.
However it was not clear from their data if patients
with elevated preoperative CRP secondary to ERCP
cholangitis were excluded. This is in contrast to our
study where in patients with elevated CRP secondary to
ERCP cholangitis were excluded and CRP, but not
neutrophil/lymphocyte ratio, was of prognostic
significance. Nevertheless, the survival in patients with
a low neutrophil/lymphocyte ratio was longer
compared to those with high neutrophil/lymphocyte
ratio but did not reach statistical significance.
Interestingly, preoperative elevated CRP was not
associated with increased rates of margin positivity for
pancreatic ductal adenocarcinoma and margin positive
patients (R1) had similar survival to RO patients in this
study. There is still considerable variation in the

Table 3. Factors predicting survival at multivariate analysis.

Variable Hazard ratio® P value
(95% confidence interval)
C-reactive protein (CRP) 3.969 (1.374-11.47) 0.011
Lymph node ratio 2.887 (1.573-5.300) 0.001
Size 0.304 (0.126-0.736) 0.008

* The hazard ratios refer to the increase of risk of death related to the
increase of one level in the category of each factors (i.e., CRP: >3
mg/L vs. <3 mg/L; lymph node ratio: >0.2 vs. <0.2 vs. 0; tumour size:
>2 cm Vs. <2 cm)

literature regarding the role of markers and their value
especially platelet/lymphocyte ratio with some studies
showing benefit [9] and some showing no benefit [11].
Nevertheless, there is paucity of data in the literature
analysing the potential influence of the preoperative
inflammatory response in patients with resectable
pancreatic cancer, especially CRP, and it is this aspect
specifically that was evaluated in this study, as this
may help identify a cohort of patients that are most
likely to benefit from neo-adjuvant multimodal therapy
[19].

In addition to the preoperative inflammatory response,
post-operative tumour morphology and histology was
analysed to evaluate the role of these factors in
prediction of patient survival. Tumour size, margin
status, lymph node status, peri-neural invasion, and
post-operative lymph node ratio were assessed in this
study. Numerous studies have demonstrated that
patients with lymph node metastasis have significantly
worse survival than do patients with node negative
disease [20, 21]. This has led to some surgeons
advocating an extended lymphadenectomy for
pancreatic cancer but it has never been shown
conclusively to improve survival [22]. Evidence
extrapolated from studies in colon [23] and gastric
cancer [24] suggests that it is the actual number of
lymph nodes involved that has an effect on survival,
rather than an absolute positive or negative lymph node
status. Several series have recently reported that a high
lymph node ratio (lymph node ratio greater than 0.2)
may in fact be the more critical and relevant
independent prognostic factor after resection of
pancreatic cancer [25, 26, 27, 28, 29].

Pawlik et al. [21] demonstrated that a high lymph node
ratio was an adverse prognostic factor, but also that NO
patients with less than 12 lymph nodes harvested had a
bad prognosis when compared to patients with more
than 12 lymph nodes harvested. In addition a total of
less than 12 lymph nodes examined tended to be
associated with a worse long term survival. The impact
of absolute numbers of lymph nodes harvested on
patient survival was also reported in the study by
Berger et al. [25]. It is therefore important that
pathology reporting is standardised and that the
reporting pathologist locates and examines a minimum
number of lymph nodes to ensure accuracy of staging.
In the United Kingdom the accepted minimum number
of lymph nodes that should be examined after
pancreaticoduodenectomy is 15 [30].

There is further recent data suggesting that
development of a pancreatic fistula in the post-
operative period is associated with early disease
recurrence and poor survival after pancreatico-
duodenectomy [31]. However, in the present study no
such negative or adverse association was noted
between post-operative pancreatic fistula and overall
patient survival (median survival 13.2 versus 17.2
months; P=0.880).

This study has shown that the lymph node ratio is an
independent prognostic factor that predicts overall
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survival in patients following curative resection of
ductal adenocarcinoma of the pancreas, and concurs
with recently published studies that suggest that lymph
node ratio rather than total numbers of metastatic
lymph nodes involved is the key to risk stratification
and potential tailoring of multi-modal adjuvant
treatment strategies [32].

In addition this study has evaluated the impact of
preoperative  inflammatory markers on survival
following curative resection for pancreatic ductal
adenocarcinoma, and the results show that an elevated
preoperative serum CRP level is an independent
prognostic indicator for post-operative survival in
pancreatic adenocarcinoma. Therefore, a serum CRP
level may be a useful marker that can be used to
stratify patients into prognostic categories pre-
operatively along with other potential prognostic
markers such as serum CA 19-9 levels [16, 27].

In conclusion this study adds to the body of evidence
suggesting that an elevated preoperative CRP and
postoperative lymph node ratio may predict a poor
prognosis of pancreatic ductal adenocarcinoma. The
ability to identify high-risk patient cohorts has potential
benefit in both the pre-operative and post-operatively
setting and may help to tailor neo-adjuvant and
adjuvant multi-modal treatment strategies.
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