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Abstract

Purpose Our aim was to examine the association between
postoperative infection and preoperative systemic inflam-
mation in patients undergoing resection of gastrointestinal
cancer.

Methods We studied 862 patients who underwent elective
gastrointestinal cancer surgery at six institutions. The
levels of C-reactive protein and albumin were included as
parameters of preoperative systemic inflammation mea-
sured using the Glasgow prognostic score. The Glasgow
prognostic score was calculated based on the admission
data as follows: patients with an elevated level of C-reac-
tive protein (>1.0 mg/dl) and hypoalbuminemia (<3.5 g/
dl) were allocated a score of 2, while patients showing one
or none of these blood chemistry abnormalities were allo-
cated a score of 1 or 0, respectively. The significance of the
Glasgow prognostic score for predicting postoperative
infection was analyzed using a multivariate analysis.
Results  After surgery, 182 (21 %) patients developed
postoperative infections. According to a multivariate
analysis, the Glasgow prognostic score (p < 0.01) was
independently associated with an increased risk of
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developing a postoperative infection. When the postoper-
ative infections were divided into surgical site infections
and remote site infections, the Glasgow prognostic score
was significantly associated with an increased risk of
developing remote site infections.

Conclusions Preoperative systemic inflammation is
associated with postoperative infection in patients under-
going resection of gastrointestinal cancer.

Keywords Systemic inflammation - Postoperative
complication - Gastrointestinal cancer

Introduction

Patients undergoing major oncological resection are at
high-risk for developing postoperative infection [1]. Recent
therapeutic advances, both medical and surgical, have
enabled clinicians to reduce the rate of early postoperative
mortality. Despite this progress, some patients continue to
have a high-risk of infection and the attendant risk of
increased morbidity and mortality. Moreover, there is
increasing evidence that postoperative complications due
to infection following gastrointestinal cancer surgery are
significantly associated with negative short- and long-term
outcomes [2—4]. Many studies have reported possible risk
factors for postoperative infectious complications, such as
the severity of the underlying disease, an advanced age,
trauma, loss of skin integrity, and malnutrition [5, 6].
Malnutrition is a common problem in surgical patients,
which adversely affects the outcomes [7]. The nutritional
status is evaluated based on weight loss, the serum albumin
level, and the body mass index. The albumin level is the
most commonly used and reliable indicator of a patient’s
nutritional status and is also an indicator of a negative
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acute phase problem [8]. In the past decade, it has been
shown that an elevated C-reactive protein (CRP) level is
associated with the loss of lean body mass and increased
resting energy expenditure [9, 10]. Therefore, both low
albumin and high CRP levels are linked to malnutrition in
oncology patients.

With regard to the measurement of the systemic
inflammatory response [Glasgow prognostic score (GPS)],
the combination of CRP and albumin measurement
improves the prediction of cancer-specific survival in
patients with a variety of common solid tumors, including
stomach and colorectal cancer [11-13]. However, the
relationship between preoperative systemic inflammation
and postoperative infection has not been well studied. It is
unknown whether a preoperative systemic inflammatory
response is associated with postoperative infection in
patients who have undergone gastrointestinal cancer sur-
gery regardless of the tumor site.

The present study was conducted to evaluate preopera-
tive systemic inflammation, as indicated by elevated CRP
and low albumin levels, with respect to the prediction of
postoperative infectious complications in patients with
gastrointestinal cancer.

Patients and methods

A retrospective study of all patients who underwent elec-
tive gastrointestinal cancer surgery at six institutions was
performed. The patients were identified using a postoper-
ative infection database or hospital records. The data were
recorded prospectively for each patient in the database
immediately postoperatively by the operating surgeon. The
patients were assessed for postoperative infectious com-
plications, including surgical site infection (SSI) and
remote site infection (RI), by the surgeon or attending
doctor. The presence of SSI was determined according to
the Centers for Disease Control and Prevention definition
[14]. The definition of RI was derived from Garner and
associates [15].

The subjects included in this study were patients who
underwent elective surgery for stomach and/or colorectal
cancer. The surgical wound class in all patients was clas-
sified as clean contaminated. Patients who did not undergo
primary resection, those who had been treated with anti-
biotics in the past 2 weeks and those with an infection at
the time of surgery were omitted from this study.

Standard procedures were used in all patients. Antimi-
crobial prophylaxis was administered 30 min before the
procedure. The hair in the operative field was shaved using
electric clippers following induction of general anesthesia.
The surgical site was wiped with 10 % povidone-iodine
solution before surgery and draped with a disposable towel.
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Absorbable synthetic sutures were used to close the fascia
and peritoneum. The intra-abdominal drainage tubes were
passed through a stab incision separate from the wound.
The skin was closed using stainless steel staples, and the
wound was then wiped with normal saline. No local irri-
gation of tissues with solutions containing antimicrobial
agents was used. The site was kept covered with a film
dressing until removal of the staples. Patients with colo-
rectal cancer received the same protocol of mechanical
bowel preparation. Routine postoperative care was pro-
vided to each patient, and each patient was followed-up for
a minimum of 30 days.

The study was approved by the Ethics Review Board of
each institution in which it was undertaken, and written
informed consent was obtained from each patient or legal
representative before entering into the study.

The data included age, sex, tumor site, operative
approach, and American Society of Anesthesiologists
(ASA) grade. Preoperative laboratory measurements of the
white cell count and levels of hemoglobin, albumin, and
CRP were obtained. The score of systemic inflammation
before surgery (GPS) was estimated as previously descri-
bed [16]. Briefly, patients with both an elevated CRP
(>1.0 mg/dl) level and hypoalbuminemia (<3.5 g/dl) were
allocated a score of 2. Patients with only one of these
biochemical abnormalities were allocated a score of 1.
Patients with neither of these abnormalities were allocated
a score of 0.

Statistical analysis

The data are presented as the median (interquartile range).
Comparisons between groups of patients were made using
the Chi-square test for categorical variables and Wilcoxon
rank test for continuous variables. A multiple logistic
regression analysis was used to examine the effects of the
variables on the development of postoperative infection,
including SSI and RI. To test the independence of the risk
factors, the variables found to be significant (p < 0.1) in
the univariate analysis were entered into a multivariate
logistic regression model. A p value of <0.05 was con-
sidered to be statistically significant.

Results

Data were obtained and analyzed for 862 patients who
underwent elective gastrointestinal cancer surgery. There
were 558 males and 304 females with 406 gastric cancers
and 456 colorectal cancers. Table 1 compares the patient
demographics and the incidence of postoperative infection.
After surgery, 182 (21.1 %) patients developed a postop-
erative infection: 117 patients developed an SSI, 83
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Table 1 Patient demographics
Characteristics Total N (%) Postoperative infection (—) (%) Postoperative infection (+) (%) 14
Total 862 680 (78.9) 182 (21.1)
Age, median (IQR) (years) 67 (59-74) 67 (58-74) 69 (61.5-74) 0.0487
Sex
Male 558 (64.7) 424 (62.4) 134 (73.6) 0.0047
Female 304 (35.3) 256 (37.6) 48 (16.4)
ASA
Grade 1 508 (59) 409 (60.1) 99 (54.4) <0.0001
Grade II 320 (37) 255 (37.5) 65 (35.7)
Grade III 34 (4) 16 2.4) 18 (9.9)
Hb, median (IQR) (g/dl) 12.2 (10.5-13.7) 12.3 (10.7-13.7) 12 (10.5-13.5) 0.0666
WBC, median (IQR) (x10°/) 5.9 (4.9-1.1) 5.8 (4.9-7.1) 6.1 (5.0-7.2) 0.2673
CRP, median (IQR) (mg/dl) 0.25 (0.2-0.6) 0.23 (0.2-0.5) 0.27 (0.2-1.2) <0.0001
Alb, median (IQR) (g/dl) 3.8 (3.5-4.1) 3.8 (3.6-4.2) 3.7 3.4-4.0) 0.0008
Time, median (IQR) (min) 240 (173-310) 230 (169-300) 272 (195.8-351.3) <0.0001
Laparoscopic surgery
Yes 182 5 177 0.0041
No 680 60 620
Blood loss, median (IQR) (g) 340 (180-693) 314 (167-593.5) 546 (236.8-995.3) <0.0001
Tumor site
Stomach 406 (47) 332 (48.8) 74 (40.7) 0.0021
Colon 201 (23) 166 (24.4) 35 (19.2)
Rectum 255 (30) 182 (26.8) 73 (40.1)
R
0 659 (76.5) 526 (77.4) 133 (73.1) 0.4804
1 59 (6.8) 45 (6.6) 14 (7.7)
2 144 (16.7) 109 (16.0) 35 (19.2)

ASA American Society of Anesthesiologists grade, Hb hemoglobin, WBC white blood cell count, CRP C-reactive protein, Alb albumin, R residual
tumor classification, JQR interquartile range

patients developed an RI and 18 patients developed both an
SSI and RI. There were significant differences between the
patients with postoperative infection and the patients
without postoperative infection in terms of age at the time
of surgery, sex (male), a high grade of ASA, tumor site,
operative time, operative approach, amount of blood loss,
and the albumin and CRP levels.

The relationships between preoperative systemic
inflammation (GPS) and the clinicolaboratory characteris-
tics in the patients undergoing resection of gastrointestinal
cancer are shown in Table 2. The tumor site, operative
time, and amount of intraoperative blood loss did not
exhibit any significant relationships with GPS. On the other
hand, an increased GPS was significantly associated with
an advanced age, a high ASA grade, non-curability, a high
WBC count, a low hemoglobin level, and the incidence of
postoperative infection and RI.

The results of the univariate analyses of postoperative
infection, using the same factors as those shown in Table 1,

are presented in Table 3. Sex and the ASA grade, tumor
site, laparoscopic surgery, operative time, amount of blood
loss, and GPS were associated with postoperative infection.
The multivariate analyses revealed that sex (male) and the
GPS, ASA grade, tumor site, operative time, and amount of
blood loss were independently associated with an increased
risk of developing a postoperative infection (Table 3). The
GPS was also an independent factor for the development of
postoperative infectious complications in each tumor site
when the data were analyzed according to the tumor site
(gastric cancer and colorectal cancer).

The relationships between SSI and the clinicolaboratory
characteristics, including preoperative systemic inflamma-
tion, are shown in Table 4. According to the univariate
logistic regression analysis, sex (male) and the tumor site
(rectum), laparoscopic surgery, operative time, and amount
of blood loss were associated with an increased risk of
developing an SSI. According to the multivariate analysis,
the tumor site and amount of blood loss were independently
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Table 2 Relationships

between clinicolaboratory

characteristics and GPS

ASA American Society of

Anesthesiologists grade,

R residual tumor classification,
WBC white blood cell count, Hb

hemoglobin

GPS 0 (N = 616) GPS 1 (N = 160) GPS 2 (N = 86) 14

Age (years)
<60 188 (78.3) 33 (13.8) 19 (7.9) 0.0006
60-75 330 (72.5) 80 (17.6) 45 (9.9)
>75 98 (58.7) 47 (28.1) 22 (13.2)

Sex
Male 408 (73.1) 92 (16.5) 58 (10.4) 0.1028
Female 208 (68.4) 68 (22.4) 28 (9.2)

ASA
I 382 (75.2) 85 (16.7) 41 (8.1) 0.0014
i 217 (67.8) 67 (20.9) 36 (11.3)
I 17 (50) 8 (23.5) 9 (26.5)

Site of tumor
Gastric cancer 291 (71.7) 74 (18.2) 41 (10.1) 0.9692
Colorectal cancer 325 (71.3) 86 (18.9) 45 (9.9)

R
RO 504 (76.5) 112 (17) 43 (6.5) <0.0001
R1 40 (67.8) 13 (22) 6 (10.2)
R2 72 (50) 35 (24.3) 37 (25.7)

WBC
<5000/mm> 187 (78.9) 42 (17.7) 8(34) <0.0001
5000-7000/mm?> 296 (74.4) 72 (18.9) 30 (7.5)
>7000/mm? 133 (58.6) 46 (20.3) 48 (21.2)

Hb
<10 g/dl 65 (38.7) 49 (29.2) 54 (32.1) <0.0001
10-14 g/dl 400 (75.1) 105 (19.6) 28 (5.3)
>14 g/dl 151 (93.8) 6 (3.7) 4 (2.5)

Operation time
<170 min 150 (71.1) 39 (18.5) 22 (10.4) 0.9341
170-300 min 304 (72.8) 75 (17.9) 39 (9.3)
>300 min 162 (69.5) 46 (19.7) 25 (10.7)

Blood loss
<180 ml 161 (73.9) 37(17) 20 (9.2) 0.1874
180-700 ml 317 (73) 80 (18.4) 37 (8.5)
>700 ml 138 (65.7) 43 (20.5) 29 (13.8)

Postoperative infection
Yes 112 (61.5) 42 (23.1) 28 (15.4) 0.0020
No 504 (74.1) 118 (17.4) 58 (8.5)

Surgical site infection
Yes 77 (65.8) 25 (21.4) 15 (12.8) 0.3204
No 539 (72.4) 135 (15.7) 71 (9.5)

Remote site infection
Yes 44 (53) 22 (26.5) 17 (20.5) 0.0001
No 572 (73.4) 138 (17.7) 69 (8.9)

associated with an increased risk of developing an SSI. When
the data were analyzed according to the two tumor sites, the
extent of gastrectomy (total gastrectomy) was found to be the
only independent factor for the development of SSI in the
patients undergoing gastric cancer surgery. In contrast, a
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male gender and the amount of blood loss were found to be
independent factors for the development of SSI in the

patients undergoing colorectal cancer surgery.

The relationships between RI and the clinicolaboratory
characteristics are shown in Table 5. According to the
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Table 3 Relationships between the studied variables and postoperative infection in patients treated with gastrointestinal cancer surgery
Overall Gastric cancer Colorectal cancer
Univariate Multivariate Univariate Multivariate Univariate Multivariate
P RR 95%CI p )4 RR 95 % CI P p RR 95%CI p
Age (<60/60-75/ 0.10 0.31 0.18
>75 years)
Sex (female/male) 0.004 1.64 1.11-245 0.01 0.69 0.0002 2.09 1.27-3.50 0.003
ASA (V/IVIID) 0.006 227 1.26-4.07 0.006 0.003 4.03 1.62-1024 0.003 025
GPS (0/1/2) 0.001 1.89 1.11-3.21 0.02 0.007 243 1.10-5.33 0.03 0.03 225 1.14-2.10 0.02
Hb (>14/10-14/ 0.07 1.32 0.70-2.48 0.39 0.03 090 0.57-2.45 0.33 0.77
<10 g/dl)
WBC (<5.0/5.0-7.0/  0.36 0.99 0.26
>7.0 x 103/n1rn3)
Tumor site 0.003 1.92 1.29-288 0.001 - - - - - - - -~
(stomach/colon/
rectum)
R (RO/R1/R2) 0.24 0.04 1.05 0.50-2.12 0.90 0.90
Laparoscopic 0.002 0.50 0.17-1.20 0.13 0.047 0.74 1.36-2.10 0.59 0.03 042 0.02-2.25 0.36
surgery (yes/no)
Operation time <0.001 2.13 1.13-4.04 0.02 0.005 1.58 0.59-+4.31 0.36  <0.0001 1.60 0.67-3.87 0.29
(<170/170-300/
>300 min)
Blood loss (<180/  <0.001 230 120445 0.01 0.002 1.05 0.37-2.98 0.93  <0.0001 297 1.22-223 0.02
180-700/
>700 ml)
Total gastrectomy - - - - <0.0001 341 1.85-533 <0.001 - - - -
Rectal surgery - - - - - - - - 0.005 1.31 0.77-2.23 0.32

ASA American Society of Anesthesiologists grade, GPS Glasgow prognostic score, Hb hemoglobin, WBC white blood cell count, R residual

tumor classification, RR risk ratio, 95 % CI 95 % confidence interval

univariate logistic regression analysis, an advanced age,
sex (male), the ASA grade, a low hemoglobin level, the
amount of blood loss, and the GPS were associated with an
increased risk of developing an RI. According to the
multivariate analysis, an advanced age, sex (male) and the
GPS were independently associated with an increased risk
of developing an RI. Among the patients undergoing gas-
tric cancer surgery, the ASA grade, GPS, and extent of
gastrectomy were independent factors for the development
of RI. Among the patients undergoing colorectal cancer
surgery, an advanced age and the amount of blood loss, but
not the GPS, were independent factors for the development
of RI.

Discussion

Our study based on individual data for 862 patients
undergoing resection for gastrointestinal cancer demon-
strated that preoperative systemic inflammation (GPS) is
independently associated with an increased risk of post-
operative infection. Given that postoperative infections are
relatively common in patients undergoing gastrointestinal

surgery and are associated with increased hospital stays
and treatment costs, it is possible that the simple routine
preoperative measurement of the GPS is clinically useful in
identifying patients at high-risk of developing infections.
To the best of our knowledge, few studies have evaluated
common risk factors for postoperative infections in patients
undergoing various gastrointestinal cancer surgeries. The
primary advantage of this study is that a significant number
of patients had data for prospective postoperative infection
surveillance. Furthermore, this was a multicenter study that
included private medical centers, institutional hospitals,
and university hospitals. Therefore, our results are more
representative of oncological surgical practice, avoiding
the bias of single center recruitment.

Resection of gastrointestinal cancer is associated with a
high rate of postoperative infections, ranging from 20 to
40 % [1]. Recent advances in both surgical techniques and
perioperative care have led to a reduction in morbidity and
mortality following gastrointestinal cancer surgery. Despite
these advances, infectious complications still pose a major
clinical problem, particularly in high-risk patient popula-
tions. Previous studies have shown that the clinical diag-
nosis of a complicated postoperative course may be
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Table 4 Relationships between the studied variables and surgical site infection in patients treated with gastrointestinal cancer surgery

(n = 862)
Overall Gastric cancer Colorectal cancer
Univariate Multivariate Univariate Multivariate Univariate Multivariate
p RR 95 % CI p p RR 95%CI p P RR 95 % CI p
Age (<60/60-75/ 0.7602 0.99 0.73
>75 years)
Sex (female/male) 0.0274 1.437 0.922-2.285 0.1102 0.99 0.002 190 1.07-3.52 0.03
ASA (U/II/II) 0.2069 0.08 1.59 0.93-2.70 0.09 0.74
GPS (0/1/2) 0.1441 0.90 0.052 2.12 0.97-4.60 0.06
Hb (>14/10-14/ 0.5144 0.77 0.74
<10 g/dI)
WBC (<5.0/ 0.2044 0.49 0.04 1.56 0.73-3.41 025
5.0-7.0/
>7.0 x 10%
mms)
Tumor site 0.0005 2038 1.138-1.796 0.0021 - - - - - - - -
(stomach/colon/
rectum)
R (RO/R1/R2) 0.8851 0.99 0.91
Laparoscopic 0.0134 0.475 0.112-1.368 0.1843 0.096 0.53 0.08-2.00 0.39 0.16
surgery
Operation time <0.0001 2.097 0.996-4.493 0.0527 0.002 2.67 0.79-9.50 0.11 <0.0001 1.30 047-3.64 0.61
(<170/170-300/
>300 min)
Blood loss (<180/  <0.0001 2.828 1.303-6.215 0.0084 0.003 1.39 0.39-5.06 0.61 <0.0001 3.73 1.33-10.76 0.01
180-700/
>700 ml)
Total gastrectomy  — - - - 0.0005 235 1.15-4.89 002 - - - -
(yes/no)
Rectal surgery - - - - - - - - 0.003 1.59 0.86-3.03 0.14

(yes/no)

ASA American Society of Anesthesiologists grade, GPS Glasgow prognostic score, Hb hemoglobin, WBC white blood cell count, R residual

tumor classification, RR risk ratio, 95 % CI 95 % confidence interval

significantly delayed, with the median time to diagnosis
occurring on day 8 [17]. Preoperatively identifying patients
at risk of postoperative infections may affect surgical
management modifications, and thus reduce mortality
associated with infectious morbidities.

Previous research has indicated that an advanced patient
age, comorbidities, longer operative times, malnutrition,
and the use of blood transfusions are associated with a high
rate of postoperative infection. Malnutrition is common
among oncology patients and leads to a reduction in the
performance status and quality of life [5, 6]. The presence
of systemic inflammation, as indicated by an increased
CRP level and a decreased albumin level, is associated
with weight loss in patients with various solid tumors
[18-20]. Therefore, both high CRP and low albumin levels
are linked to malnutrition. To date, there are few data in the
literature regarding the effects of preoperative systemic
inflammation on the development of postoperative infec-
tion. Recently, Moyes et al. [21] reported an independent
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association between systemic inflammation and postoper-
ative infection following curative resection of colorectal
cancer. However, the precise role of preoperative systemic
inflammation in the development of postoperative infection
is unclear. The current study showed that the GPS can be
used to identify patients at an increased risk for infection
following resection of gastrointestinal tumors, regardless of
the tumor site. We also investigated the impact of the GPS
on the development of postoperative infection according to
the tumor site. A significant association between the GPS
and the development of postoperative infection was
observed with respect to both tumor sites. Therefore, we
confirmed that preoperative systemic inflammation, as
evidenced by the GPS, is an independent factor for the
development of postoperative infection, regardless of the
tumor site.

Postoperative infections are usually classified as SSIs or
RIs. SSIs and RIs may have a distinct pathogenesis, being
specific to different underlying mechanisms, and may
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Table 5 Relationships between the studied variables and remote site infection in patients treated with gastrointestinal cancer surgery (n = 862)

Overall Gastric cancer Colorectal cancer
Univariate Multivariate Univariate Multivariate Univariate Multivariate
¥4 RR 95 % CI P P RR 95%CI p p RR 95%ClI p
Age (<60/60-75/ 0.0007 2.805 1.255-6.491 0.0116  0.053 1.92 0.79-2.46 0.26 0.005 2.27 1.38-3.83 0.001
>75 years)
Sex (female/male)  0.0200 1.757 1.025-3.122 0.0402  0.25 0.04 1.91 0.95-4.12 0.07
ASA (VIV/IID) 0.0022 1.675 0.692-3.900 0.2477  0.005 1.89 1.00-3.51 0.049 0.12
GPS (0/1/2) <0.0001 2.305 1.143-4.597 0.0199 <0.0001 2.17 1.63-3.69 0.004 0.14
Hb (>14/10-14/ 0.0209 1.378 0.579-3.289 0.4690  0.01 0.79 0.40-3.69 0.50 0.37
<10 g/dl)
WBC (<5.0/ 0.5328 0.71 0.60
5.0-7.0/
>7.0 x 10
mm>)
Tumor site 0.9421 - - - - - - - -
(stomach/colon/
rectum)
R (RO/R1/R2) 0.0884 1.252 0.683-2.225 0.4584  0.003 1.32 0.85-4.02 021 0.57
Laparoscopic 0.2954 0.37 0.54
surgery
Operation time 0.0550 1.764 0.747-4.337 0.1957 0.28 0.11
(<170/170-300/
>300 min)
Blood loss (<180/  0.0237 1.500 0.631-3.594 0.3589  0.20 0.06 271 1.11-6.80 0.03
180-700/
>700 ml)
Total gastrectomy — - - - 0.003 290 1.39-6.21 0.005 - - - -
(yes/no)
Rectal surgery - - - - - ~ - - 0.53

(yes/no)

ASA American Society of Anesthesiologists grade, GPS Glasgow prognostic score, Hb hemoglobin, WBC white blood cell count, R residual

tumor classification, RR risk ratio, 95 % CI 95 % confidence interval

differ from each other with respect to risk factors. It is
important to identify which clinical and laboratory factors
can predict site-specific patterns of postoperative infection
in patients with SSIs and Rls, as this information may assist
surgeons in developing specific strategies to prevent
infection according to an oncology patient’s risk factors.
Previous studies have not evaluated whether the presence
of preoperative systemic inflammation can be used to
predict site-specific patterns of postoperative infection
[21]. In the present study, we examined site-specific risk
factors for SSIs and Rls in gastrointestinal cancer patients.
We found that the tumor site (rectum) and amount of blood
loss were independently associated with the development
of SSI, whereas the GPS and sex (male) were indepen-
dently associated with the development of RI. Similar to
the findings of previous reports [4, 22], our resuits showed
that the risk factors for SSI and RI are different. With
respect to the development of RI, the GPS was found to be
an independent risk factor in the patients undergoing
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gastric cancer surgery, but not in those undergoing colo-
rectal cancer surgery. Although the association between the
GPS and RI observed in the patients undergoing colorectal
cancer surgery was not significant, there was a higher
incidence of RI among the patients with an elevated GPS
(GPSO 8 %, GPS1 12.8 %, and GPS2 13.3 %). An evalu-
ation of a larger cohort is needed to determine whether
preoperative systemic inflammation is an indicator of site-
specific infection in each tumor site.

The basis of the independent relationship between an
increased GPS before surgery and postoperative infection
in patients with gastrointestinal cancer is unclear. The
increased CRP levels observed in oncology patients may be
due to the increased production of proinflammatory cyto-
kines by tumors or tissue necrosis. Indeed, the serum IL-6
levels have been shown to be closely correlated with the
CRP levels in patients with gastrointestinal cancer [23-25].
On the other hand, a decrease in the albumin level from 4.5
to 2.1 g/dl is associated with an increase in morbidity from
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10 to 65 % [26]. Hypoalbuminemia is associated with
impairment of the innate immune response; hypoalbumi-
nemia is known to cause impairment of macrophage acti-
vation and induce macrophage apoptosis [27, 28].
Moreover, parallel to the increase in the CRP level, a
decrease in the albumin level has been observed and
verified in patients with various types of tumors [29, 30].
Therefore, the presence of a systemic inflammatory
response, as evidenced by an elevated CRP level and
hypoalbuminemia, reflects the host’s immune dysfunction
and should be routinely evaluated in blood chemistry
examinations before surgery.

There are no studies regarding the treatment of preop-
erative systemic inflammation in patients with solid
tumors. As mentioned above, the presence of systemic
inflammation in oncology patients is closely related to the
upregulation of interleukins, particularly IL-6, and
impairment of the innate immune system. Identifying the
mechanisms underlying the development of preoperative
systemic inflammation in cancer patients could help to
prevent postoperative infections. Further research is needed
to determine whether preoperative systemic inflammation
is a reversible phenomenon.

In summary, the results of this study indicate that a simple
inflammation-based prognostic score can be used to identify
patients at an increased risk of developing infectious com-
plications following resection of gastrointestinal cancer.
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Abstract: Intravital (in vivo) microscopy using fluorescently-tagged proteins is a valuable tool for imaging the expres-
sion of a specific protein, its subcellular location and the dynamics of specific cell populations in living animals.
Recently, multiphoton microscopy including two-photon laser scanning microscopy (TPLSM) has been used in the
field of tumor biology due to its ability to image target organs at higher magnification and at deeper depths from
the tissue surface for longer time periods. We developed a method of in vivo realtime imaging for tumor metas-
tasis using TPLSM with an organ stabilizing system, which allow us to observe not only a single tumor cell and its
microenvironment for a long time, but also to observe the same organ of the same mouse at multiple time points in
preclinical models. Here, we presented in vivo real-time images of 1) tumor cell arrest, 2) tumor cell-platelet interac-
tion, 3) tumor cell-leukocyte interaction, and 4) metastatic colonization at the secondary organs as representative
steps of metastatic process of experimental liver metastasis models using TPLSM.

Keywords: Cancer, metastasis, multiphoton microscopy

Introduction

Cancer is a major health problem worldwide.
More than 90% of cancer patients will die from
metastatic disease. Therefore, translational
metastasis research should be prompted ur-
gently [1]. The underlying mechanism of tumor
metastasis has being investigated using molec-
ular biology techniques intensively. Despite of
accumulating evidence of molecular biological
mechanisms underlying tumor metastasis, our
comprehensive understanding is still unsatis-
factory [2].

Metastatic process consists of a number of
steps: the detachment of tumor cells from the
primary tumor mass, intravasation into blood
or lymphatic vessels, escape or avoidance from
the host immune system, survival in the blood-
stream, arrest at the secondary distant organs,
extravasation of the arrested tumor cells
through vessels, and successful colonization of
tumor cells in the surrounding microenviron-
ment different from the primary tumor [3]. The
underlying mechanism of each step has been
examined by in vitro and/or in vivo studies.

Imaging of living animals at microscopic resolu-
tion (intravital microscopy, IVM) represents a
powerful tool for understanding the dynamics
of metastatic process in the natural microenvi-
ronment [4, 5]. The development of suitable
mouse models is also important for intravital
imaging of metastatic process.

The dorsal skinfold window chamber model
remains to be used widely for IVM of invasion,
intravasation, metastasis process, and tumor
angiogenesis of implantable tumor [6]. This
model also makes it possible to take multiple
imaging sessions over several days and months.
Since then, mammary window chamber model
for orthotopic breast tumor [7] and cranial win-
dow chamber model for brain tumor [8] have
been also developed.

Intravital imaging of metastatic process using
multiphoton microscopy

Multiphoton or two-photon laser scanning
microscopy (TPLSM) utilizes two-photon excita-
tion restricted to the focal plane by high-power,
pulsed lasers. The longer-wavelengths as the
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two-photon excitation source can penetrate
deeper into tissues, up to 1000 um [9]. The
longer-(near-infrared) wavelengths can also
reduce light scattering, resulting in an increased
penetration depth. The two lower-energy excita-
tion photons cause less photodamage, or pho-
totoxicity (photobleaching). The absence of out-
of-plane fluorescence can also contribute to
the reduction of phototoxicity because of the
two-photon excitation only at the focal plane
[9]. TPLSM offers the above-mentioned numer-
ous imaging benefits compared with single-
photon confocal laser scanning microscopy
(CLSM). Thus, TPLSM is thought to be an ideal
tool for intravital imaging because of its ability
to keep cell viability during imaging and to allow
longer imaging time.

In vivo imaging of murine liver metastasis
model using TPLSM

GFP-expressing mice

Enhanced green fluorescent protein (EGFP)-
transgenic C57/BL6-Tg (CAG-EGFP) mice were
purchased from Japan SLC Inc. (Sizuoka, Ja-
pan). GFP-expressing nude mice (C57BL/6-
BALB/c-nu/nu-EGFP) were purchased from An-
tiCancer Japan (Osaka, Japan).

GFP mice (20-22 g) were bred, housed in
groups of six mice per cage and fed with a pel-
leted basal diet (CE-7, CLEA Japan Inc., Tokyo,
Japan). Mice had free access to drinking water.
They were kept in the animal house facilities at
Mie University School of Medicine under stan-
dard conditions of humidity (50 + 10%), tem-
perature (23 £ 2°C) and light (12/12 h light/
dark cycle), according to the Institutional Animal
Care Guidelines. The experimental protocols
were reviewed and approved by the Animal
Care and Use Committee at Mie University
Graduate School of Medicine.

RFP-expressing cancer cell line

RFP expressing murine (SL4) and human (HT-
29) cancer cell lines were purchased from
AntiCancer Japan (Osaka, Japan).

The inoculation of RFP-SL4 cells in GFP mice
was used as a syngeneic tumor model. By con-
trast, the inoculation of RFP-HT29 cells in GFP
nude mice was used as a xenogeneic tumor
model.

180

Cancer cells were grown in monolayer cultures
in RPMI 1640 (Sigma-Aldrich, Inc., St. Louis,
MO. USA) supplemented with fetal bovine
serum (FBS, 10% (v/v), GIBCO BRL, Tokyo,
Japan), glutamine (2 mM), penicillin (100000
units/liter), streptomycin (100 mg/liter), and
gentamycin (40 mg/liter) at 37°C in a 5% CO,
environment. For routine passage, cultures
were spilt 1:10 when they reached 90% conflu-
ence, generally every 3 days. Cells at the fifth to
ninth passage were used for liver metastasis
experiments, which were performed with expo-
nential growing cells.

Murine liver metastasis model

RFP-expressing cancer cells were inoculated
into the spleens of GFP mice, as a colorectal
liver metastatic xenograft model [10]. RFP-
HT29 or RFP-SL4 cancer cells at the fifth to
ninth passage were harvested with trypsin/
EDTA, and washed in serum-containing RPMI
1640 medium to inactivate any remaining tryp-
sin. The cells were centrifuged and resuspend-
ed in phosphate-buffered saline (PBS). Finally,
the cells were adjusted to 2x107 cells/mL for
single cell suspensions.

GFP mice were anaesthetized using an anaes-
thetic mask with 4 L/min of isofluorane (4%;
Forane, Abbott, Japan). Anaesthetic mainte-
nance was achieved using 1.5-2% isoflurane
and 4 L/min of O,. Under direct vision, 2x108
cells were injected into the spleen using a
30-gauge needle through a small incision in the
left lateral abdomen of anesthetized GFP mice.

Liver stabilization for in vivo imaging using
TPLSM

Previously we have reported a method of in vivo
real-time imaging for various murine models
using TPLSM with an organ stabilizing system,
which allows high magnification (x600 or high-
er) and high resolution (at the cellular or subcel-
lular level) images in living animals [11-17].

Figure 1A shows an overview of liver stabiliza-
tion for in vivo imaging using TPLSM. The upper
midline laparotomy was made (< 15 mm) in the
anaesthetized mice. The left lateral lobe of the
liver was identified and exteriorized through the
laparotomy (Figure 1B). The liver lobe was then
put onto a solder lug terminal with an instant
adhesive agent (KO-10-p20, DAISO, Japan)

Am J Transl Res 2014;6(3):179-187
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Figure 1. Overview of liver stabilization for in vivo imaging using TPLSM: A. Overview of liver stabilization using organ
stabilizing system; B. Exteriorization of liver lobes; C. Liver stabilization using a solder lug terminal.

(Figure 1C). This organ stabilizer minimized the
microvibration of the observed area caused by
physiological heart beat and respiratory move-
ments. After the application of PBS to the
observed area, a thin cover glass was placed
on the liver surface. After intravital TPLSM, a
solder lug terminal was removed from the liver
lobe using a release agent (KO-10-p8, DAISO,
Japan). The liver surface were extensively
washed by PBS to remove the residual release
agent and blood coagulation mass. A sodium
hyaluronate and carboxymethylcellulose mem-
brane (Seprafilm Adhesion Barrier, Genzyme
Corporation, Cambridge, MA) was placed be-
tween the liver and the abdominal wall 1o pre-
vent postoperative dense adhesion. Body tem-
perature was kept at 37°C throughout the
experiments using a heating pad. Normal saline
(200 uL) were administered intraperitoneally at
1-2 hour intervals for hydration during anes-
thesia.

TPLSM setup

The detailed procedures for TPLSM setup were
described as previously [14]. In brief, experi-
ments were performed using an upright micro-
scope (BX61WI; Olympus, Tokyo, Japan) and a
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FV1000-2P laser-scanning microscope system
(FLUOVIEW FV1000MPE, Olympus, Tokyo,
Japan). The use of special stage risers enabled
the unit to have an exceptionally wide working
distance. This permitted the stereotactically
immobilized, anesthetized mouse to be placed
on the microscope stage. The microscope was
fitted with several lenses with high numeric
apertures to provide the long working distances
required for in vivo work, and with water-immer-
sion optics. The excitation source in TPLSM
mode was Mai Tai Ti: sapphire lasers (Spectra
Physics, Mountain View, CA), tuned and mode-
locked at 210 nm. The Mai Tai produces light
pulses of about 100 fs width (repetition rate 80
MHz). Laser light reached the sample through
the microscope objectives, connected to an
upright microscope (BX61WI; Olympus, Tokyo,
Japan). A mean laser power at the sample was
between 10 and 40 mW, depending on the
depth of imaging. Microscope objective lens
were 4xUPlanSApo (numerical aperture of
0.16), 10xUPlanSApo (numerical aperture of
0.4), and 60xLUMPIlanFI/IR (water dipping,
numerical aperture of 0.9, working distance 2
mm), respectively. Data were analyzed using a
FV10-ASW (Olympus, Tokyo, Japan). TPLSM
images were acquired with 512x512 pixels

Am J Transl Res 2014;6(3):179-187
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Figure 2. Visualization of liver metastatic process in xenogenic model: A. Tumor cell-platelet interaction; B. Tumor
cell-leukocyte interaction; C. Platelets aggregation to the tumor cell; D. Liver metastatic colonization.

spatial resolution, from 210 uym field of view
dimension, using a pixel dwelling time 4 us.
Two-photon fluorescence signals were collect-
ed by an internal detector (non-descanned
detection method) at an excitation wavelength,
to enable the simultaneous acquisition of EGFP
signal and RFP (DsRed2) signal. Color-coded
green and red images were imaged at the same
time, and subsequently merged to produce sin-
gle images.

Imaging methods

The surface of the liver was screened at lower
magpnifications by setting out the X/Y plane and
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adjusting the Z axis manually to detect the opti-
mal observation area containing RFP-expre-
ssing cancer cells (at least five areas). Sub-
sequently, each area of interest was scan-
ned at a higher magnification (water-immersion
objective 60x with or without 2% zoom) by man-
ually setting the X/Y plane and adjusting the Z
axis either automatically or manually. The scan-
ning areas were 200x200 um (600x%) or
100%x100 um (600x with 2% zoom) respective-
ly. The imaging depth was determined arbitrari-
ly. The laser power was adjusted according to
the imaging depth. When imaging at larger
depths, we increase the laser power level (up to
near 100%) manually using laser power level

Am J Transl Res 2014;6(3):179-187
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controller. To image the optimal simultaneous
imaging of EGFP and RFP (DsRed2), detection
sensitivity (brightness by HV) was adjusted
manually for EGFP (450-500) or RFP (550-
600), respectively.

Visualization of liver metastatic process in
xenogenic model (HT29)

Injection in the spleen or portal vein mimics
hematogenous spread of tumor cells into the
liver, which has been used by many research-
ers to create liver metastases. Tumor cells
which were injected into the spleen circulated
in the bloodstream (portal route), and then get
stuck (or arrested) in the hepatic sinusoids. We
can observe metastatic processes such as the
tumor cell arrest, tumor endothelial interaction,
tumor cell extravasation into the liver paren-
chyma, and the metastatic colonization in the
liver using a liver metastasis model by intras-
plenic injection of tumor cells.

Tumor cell arrest

In our study, red-colored cancer cells were visu-
alized in the green-colored liver structures of
GFP mice at the single cell level (at a magnifica-
tion of over 600x). Cancer cells were arrested
in hepatic sinusoids 2 hours after injection.
Circulating or rolling cancer cells in hepatic ves-
sels were never observed during the 1 hour
observation time. However, cancer cells
appeared to gather into the central zone of
hepatic lobes. It still remains unclear whether
tumor cell arrest might be caused by molecular
adhesion between cancer cells and hepatic
endothelial cells or size-dependent occlusion.

Tumor cell-platelet interaction

Figure 2A shows a tumor cell-platelet interac-
tion within hepatic sinusoids. In GFP mice, red
blood cells were not visualized [18]. Therefore,
leukocytes were recognized as larger blood
cells, and platelets were recoghized as smaller
ones within blood vessels. Within hepatic sinu-
soids, we observed that leukocytes including
Kupffer cells were rolling or flowing in vivo
real-time.

The fact that platelets are essential for hema-
togenous tumor metastasis has been demon-
strated more than 4 decades ago and has been
proven in a lot of experiments [19-21]. The
interaction of tumor cells with platelets within
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the bloodstream occurs from the moment of
tumor cell entry into the bloodstream (intrava-
sation) to the moment that tumor cells leave
from blood vessels (extravasation). Tumor cell
induced platelet aggregation (TCIPA) is the phe-
nomenon of which tumor cells can aggregate
platelets. The advantageous role of TCIPA for
tumor metastasis is thought to be the prolonga-
tion of tumor cell survival in the bloodstream
and the protection of tumor cell by surrounding
platelets from host immune system.

We observed in vivo real-time that platelets
adhered to the intrasinusoidal (intravascular)
tumor cells under normal blood flow, indicating
a tumor cell-platelet interaction. Figure 2C also
showed that platelets aggregated to the intra-
sinusoidal tumor cells like a protective coat. We
think that it is thought to be a intravital imaging
of TCIPA at high magnification and high reso-
lution.

Tumor cell-leukocyte interaction

Figure 2B shows a tumor cell-leukocyte interac-
tion. The increase in neutrophil counts or neu-
trophil-to-lymphocyte ratios has demonstrated
to be predictive value of poor prognosis or dis-
tant metastasis in several human malignancies
[22, 23]. The presence of circulating tumor
cells (CTC) has been shown to be a surrogate
biomarker of hematogenous metastases [24,
25]. There is increasing evidence of CTC-
neutrophil interaction in vitro. The role of neu-
trophils in CTC recruitment to the metastatic
organs has been also reported [26, 27]. The
interaction between tumor cells and neutro-
phils is thought to play an important role in
tumor metastatic cascade.

We observed that leukocytes adhered to tumor
cells within hepatic sinusoids in vivo real-time.
We previously reported an intravital imaging of
a leukocyte with ameboid morphology captur-
ing a cancer cell [14]. The leukocyte with reticu-
lar protrusions is thought to phagocytose can-
cer cells in hepatic sinusoids. It remains
unknown whether the interaction between neu-
trophils and intravascular tumor cells may be
related to promote metastatic colonization by
enhancing tumor cell extravasation following
tumor cell-endothelial interaction or to sup-
press tumor metastasis by phagocytosing
CTCs.
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Figure 3. Visualization of liver metastatic process in syngeneic model: A. Tumor cell arrest; B. Tumor cell extravasa-
tion; C. Liver metastatic colonization showing diffuse growth pattern; D. Liver metastatic colonization with extensive
stromal reaction.

Metastatic colonization at the secondary
organs

It has been the challenge for long time to image
in vivo real-time the development of microme-
tastases at the secondary distant organs such
as liver, lung, and brain using TPLSM because
of motion artifact due to cardiac and respirato-
ry movement.

We developed a method of in vivo real-time
TPLSM imaging for experimental metastasis
models using an organ stabilizing system, wh-
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ich allows to observe several steps of metastat-
ic cascade at high magnification (x600 or high-
er) and high resolution (at the cellular or subcel-
lular level) in living animals [14-17].

We also developed a method of time-series (at
multiple time points) intravital TPLSM imaging
in the same mice over the long experimental
periods by the prevention of abdominal adhe-
sions using a sodium hyaluronate and carboxy-
methylcellulose membrane (Seprafilm Adhesion
Barrier, Genzyme Corporation, Cambridge, MA).
Time-series intravital TPLSM imaging allow to
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Figure 4. Tumor vessels of liver metastatic xeno-
grafts. Supplementary movie shows a time lapse
imaging of a blood flow in the tumor vessels of liver
metastatic xenografts.

image liver metastatic xenografts of the same
mice until the formation of non-dissecting
adhesions between the liver and the abdominal
wall. We can take time-series images of liver
metastatic xenografts in the same mice up to
three time points.

Figure 2D shows a metastatic colonization of
RFP-HT29 cells in the liver 2 month after the
injection of tumor cells directly into the spleen.
Liver metastases of RFP-HT29 showed multiple
metastatic nodules macroscopically. Each met-
astatic nodule showed multiple micrometastat-
ic clusters consisting of several tumor cells
microscopically.

We couldn’t observe the metastasis formation
process continuously from a single tumor cell
to micrometastatic colonization at the second-
ary organ because it is impossible to continue
intravital TPLSM over 24 hours due to surgical
stress by liver exteriorization. Therefore, it
remains to be determined whether a single
tumor cell retains as dormant state for long
time or tumor cells directly proliferate within
hepatic sinusoids (intravascular proliferation)
or they proliferate in the liver parenchyma after
the extravasation through hepatic endothelial
cells [28].

Visualization of liver metastatic process in
syngeneic model (SL4)

Tumor transplantation models of metastasis
require the inoculation of human (xenograft/
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xenogenic) or mouse (allograft/syngeneic)
cells/tissue into murine hosts. Experimental
metastasis models by either xenogenic or syn-
genic tumor involve the injection of tumor cells
directly into the vascular system, which skip the
formation of a primary tumor (orthotopically or
ectopically) and the invasion into the local envi-
ronment. Because murine tumor cells are inoc-
ulated into the immunocompetent hosts with
the same species and genetic background, syn-
geneic tumor models provide a valuable pre-
clinical tool of intact tumor-host interaction by
intact immune systems in the metastatic cas-
cade.

Similar to xenogenic tumor metastasis model
using RFP-HT29, tumor cell arrest (Figure 3A),
tumor cell-platelet interaction, tumor cell-leu-
kocyte interaction, and metastatic colonization
at the secondary organs (Figure 3C, 3D) were -
observed in vivo real-time in syngeneic tumor
metastasis model using RFP-SL4.

The space between hepatic endothelial cells
and hepatocytes is named as the space of
Disse (or perisinusoidal space). Spindle-shaped
RFP-SL4 cells were localized in this space
(Figure 3B). As shown in Figure 3A, RFP-SL4
cells are round-shaped just after intrasplenic
injection. Thus, spindle-shaped RFP-SL4 cells
were thought to be extravasated from hepatic
sinusoids to the space of Disse 24 hours after
injection.

However, we couldn’t observe in vivo real-time
the process of change in tumor cell morphology
from a round-shape into a spindle-shape and
the moment of intravascular tumor cells extrav-
asate into liver parenchyma via vascular
endothelium.

Figure 2D shows a metastatic colonization of
RFP-HT29 cells in the liver 2 month after the
injection of tumor cells directly into the spleen.
Liver metastases of RFP-SL4 showed diffusely
infiltrative growth macroscopically 14 days
after the injection of tumor cells directly into
the spleen. Microscopically, RFP-SL4 cells pro-
liferated diffusely with extensive stromal reac-
tion (Figure 3C, 3D).

Direct visualization of metastatic process at
the secondary organs by TPLSM

Intravital TPLSM imaging using an organ stabi-
lizing system can allow us to visualize each step
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of metastatic cascade at high magnification
and high resolution in living animals [14-17].

Time-series intravital TPLSM imaging can also
allow us to visualize the same organ of the
same animal at multiple time points (up to
three times) during the long experimental peri-
ods. Therefore, we can directly visualize meta-
static process at the secondary organs at high
magnification and high resolution at least three
times.

We presented in vivo real-time images of 1)
tumor cell arrest, 2) tumor cell-platelet interac-
tion, 3) tumor cell-leukocyte interaction, and 4)
metastatic colonization at the secondary
organs as representative steps of metastatic
process of experimental liver metastasis mo-
dels.

The spatiotemporal interactions between tu-
mor cells and host cells during metastatic pro-
cess can be visualized by using time-lapse and
z-stacks imaging [14, 17]. Figure 4 (supplemen-
tary movie 1) shows a blood flow in the tumor
vessels of liver metastatic xenografts. As previ-
ously reported [15, 16], the interaction between
intravascular tumor cells and endothelial cells
or blood cells except for erythrocytes can be
also observed. Platelet aggregation in tumor
vessels and the adhesion of platelet aggrega-
tion to tumor endothelial cells were observed
as the intravascular abnormalities within liver
metastatic xenografts.

Although direct visualization of metastatic pro-
cess at the secondary organs in vivo real-time
might be valuable, there are still several issues
which should be overcome. We must try to visu-
alize the moment of each step of metastatic
cascade at high magnification and high resolu-
tion in living animals. In our procedure, we
couldn’t observe the metastasis formation pro-
cess continuously from a single tumor cell to
micrometastatic colonization. We couldn’t also
observe the moment of change in tumor cell
morphology or the moment of metastatic colo-
nization by tumor cell division.

Direct visualization of metastatic process by
real-time imaging for extended periods (over 24
hours per session) will help us to understand
the spatiotemporal tumor-host interaction on
tumor metastasis at the cellular and subcellu-
lar levels.
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