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Several lines of evidence indicate that neutrophils
act nonspecifically against tumor cells. The correla-
tion between tumor-infiltrating neutrophils (TINs)
and clinicopathological features remains unclear
and deserves to be investigated. To analyze the
prognostic influence of TINs in gastric carcinoma,
the authors selected 273 patients with advanced
gastric carcinoma who underwent gastrectomy at
Cremona Hospital (Lombardia, Italy) between 1990
and 1995 and followed them for a period of 5 years.
The number of TINs was assessed in a semiquanti-
tative manner using the mean value of 20 nonover-
lapping high-power fields (magnification, 400�;
0.08 mm2). The patients were divided into two
groups: patients with a moderate or extensive
amount of TINs (n � 76; >10 TINs per 20 high-
power fields) and patients with a minor amount of
TINs (n � 197; <10 TINs per 20 high-power fields).
The Kaplan-Meier method and Greenwood formula
were used to estimate the crude survival rates in the
two groups. Multivariate analyses based on the Cox
proportional hazard regression model were per-
formed to assess the effect of the prognostic factors
on survival. Among the potential prognostic factors
analyzed by univariate analysis, sex, age, location of
neoplasia, pTNM stage, TINs, and surgical curability
were significantly associated with higher survival
rate. The study of the possible interaction effects of
the clinical-pathological factors with TINs reveals
that female patients with a moderate or extensive
amount of TINs have about a 39% reduction in their

risk of mortality, whereas male patients do not
seem to be affected by the level of TINs. These re-
sults suggest that women appear to have a better
prognosis thanmen in advanced gastric carcinoma.
Gender differences in some host defense mecha-
nisms and particularly in neutrophil function may
be responsible for this event. Confirmation of these
findings would give valuable insights about host
reaction to gastric cancer growth and, ultimately,
possibly would have implications regarding the
identification of low-risk patients who could be
spared adjuvant therapy.
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Gastric cancer is the second-leading cause of can-
cer death in the world (1). The 5-year survival rate
of advanced gastric cancer, when a potentially cur-
ative operation has been carried out, is on the order
of 20% (2). Gastric carcinomas are frequently char-
acterized by a markedly heterogeneous polynuclear
and mononuclear cell infiltrate containing macro-
phages, granulocytes, various subpopulations of T
lymphocytes, and, in some cases, antibody-
producing plasma cells and mast cells (3–9). This
tumor may be associated with a high number of
tumor-infiltrating neutrophils (TINs) that has been
reported in 7.6% of the cases (3–4).
Neutrophil effects on tumor cells represent op-

posite sides of a double-edged sword (10). In some
experimental tumors, neutrophils are cytolytic and
can eliminate tumor cell populations (11), whereas
in others, neutrophils contribute to the invasive
potential (10, 12). Therefore, the presence of TINs
might be indicative for a better or worse host–
antitumoral response. A parameter for an immuno-
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logical host response would be survival. Whether
such a relationship exists might be best investigated
in those patients with advanced gastric carcinomas
because this group has a comparable, relatively low
survival rate.

In this article, we report the results of a study
carried out in a high-risk area for gastric cancer in
northern Italy to clarify the correlation between
TINs in advanced gastric carcinoma and clinico-
pathologic factors, including survival time.

MATERIALS AND METHODS

This study was a hospital-based investigation of
the survival of a cohort of patients diagnosed with
primary advanced gastric carcinomas. Patients
were identified in Cremona, a high-risk area located
in northern Italy (13). This is a Phase I, early explor-
atory study (14), in which the main putative prog-
nostic determinant to be investigated was the den-
sity of TINs in the gastric carcinomas. Only deaths
due to gastric carcinoma were taken into account,
whereas data from patients who died of other
causes were treated as censored.

Patients
Between 1990 and 1995, 358 patients had under-

gone potentially curative surgery for gastric cancer
at the Cremona Hospital, USSL 51, Cremona, Italy.
The files of the Pathology Service included all of the
histologically confirmed gastric cancer cases occur-
ring in the resident population of USSL 51 of Cre-
mona (161,935 inhabitants), which has a death rate
from gastric cancer (calculated from data for the
period 1977–1979) of 56.6/100,000 inhabitants
(males, 73.4/100,000; females, 39.3/100,000; 13).

Patients with gastric carcinoma had received nei-
ther chemotherapy nor radiation therapy before
surgery. As some information was incomplete, 12
cases were excluded. Patients with gastric carcino-
mas were followed up to 5 years or until the time of
their death, whichever happened earlier. In this
latter case, date and cause of death were recorded.
To eliminate bias caused by deaths directly result-
ing from operations, five patients who died within 1
month after surgery were also excluded from the
survival analysis.

Pathological Review
The size and location of the tumors were deter-

mined after a review of the surgical and gross
pathologic findings. Tumors located predominantly
in the gastroesophageal junction and cardia were
determined to be in the upper third of the stomach;
tumors located in the midbody and pylorus were
determined to be in the middle third and lower

third, respectively. The cancers involving all three
gastric portions were considered to be entire-
stomach cancers. The resected specimen was sub-
jected to detailed pathological examination, which
identified the depth of penetration of the stomach
wall, whether the margins were free of tumor, and
the presence of secondary deposits in 15 or more
lymph nodes and tiers, according to the pTNM
system (15). Curative surgery was defined as the
removal of all gross tumor and the demonstration
of tumor-negative surgical margins by microscopic
examination of the total circumference of the gas-
tric resection line (R0 resection according to the
pTNM classification). All specimens were fixed in
10% formalin solution, embedded in paraffin, and
stained with hematoxylin and eosin (H & E). In each
case, there were at least two sample blocks of each
tumor, with a range from 3 to 8 blocks per case.

For each case, all available hematoxylin and eosin–
stained sections were reviewed to evaluate the tumor
type, according to Laurèn classification (16). The Lau-
rèn classification (16) has the following categories:
intestinal type, diffuse type, and mixed (e.g., tumors
having equal proportions of intestinal and diffuse
characteristics, and others with a solid growth pat-
tern). Gastric carcinomas were also grouped into two
categories: (1) early gastric cancer, demonstrating in-
vasion into the mucosa or into the mucosa and sub-
mucosa only, irrespective of whether or not metasta-
sis to lymph nodes has occurred; and (2) advanced
gastric cancer, exhibiting invasion beyond the sub-
mucosa, regardless of nodal or distant metastatic sta-
tus. The results derive from independent histopatho-
logic review by three different pathologists (RAC, GB,
CI) on separate occasions. Diagnostic differences be-
tween the three pathologists’ assessments were re-
solved by consensus.

Follow-Up
Vital status information was sought for all pa-

tients by periodic linkage to Municipal Population
Offices and to the Regional Mortality Registry on
December 30, 2000. Sixty-eight patients with early
gastric cancer were excluded because of the high
survival rate, leaving 273 for the final study.

Tracing of patients was practically complete, and
the information on vital status at 5 years was avail-
able for all but 6 patients. These patients were cen-
sored at the date of the last follow-up. At the time of
analysis, 74 patients had survived more than 5
years, 159 died of gastric carcinoma or metastasis
from this tumor within 5 years, and 34 died of other
diseases within 5 years.

Neutrophil Counting
Two representative paraffin blocks were selected

for subsequent neutrophil counting after carefully
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screening for representative pattern of lesion. The
H & E–stained sections were examined under low
power (40�) to identify the areas of neutrophilic
aggregates within the tumor tissue from all tissue
blocks. Areas of infarct-like necrosis and areas im-
mediately adjacent to ulcerations were not consid-
ered in neutrophil counts. In areas of infarctlike
necrosis, there is involvement of both stroma and
adenocarcinoma glands, and tumor cells appear
only as pale-staining “ ghosts” of their previous
viable cytomorphological state.

Ten nonoverlapping fields were examined on two
slides in representative areas of a given tumor (i.e.,
a total of 20 fields per patient). The number of
stromal neutrophils was assessed in a semiquanti-
tative manner using the mean value of 20 nonover-
lapping high power fields (HPF; magnification of
400�; 0.08 mm2) by using a 40� objective and a
square grid mounted in a 10� microscopic eye-
piece. After the examination of histograms that re-
vealed the distribution of TINs, the neutrophil
counts were divided into three categories based on
numbers of neutrophils detected and expressed as
minor, moderate, and extensive. When �10 neutro-
phils were present, it was regarded as a minor
amount of TINs. When �50 neutrophils were
present, it was considered an extensive amount of
TINs. In the moderate group, neutrophils were ei-
ther seen as a series of “hot spots” scattered
throughout the tumor stroma or as a considerable
amount, between 10 and 50 neutrophils per HPF.
No adjustments to the counting procedures were
made to accommodate tumors with large areas of
stromal fibrosis. Lymph nodes were assessed as
positive or negative for the presence of a substantial
amount of neutrophils as well. The specimens were
scored by two independent investigators (RAC, LR),
who had no knowledge of the other prognostic fac-
tors and/or survival. For 90% of the slides, the two
observers’ evaluations concurred; the remaining
slides were reevaluated and consensus decisions
were made by means of a double-headed
microscope.

Statistical Analysis
Chi-square test was used to compare character-

istics between groups. Continuous variables, such
as age and cancer size, were categorized in three
classes according to Altman et al. (17). The choice
of the cut points was guided by biological reason
(e.g., age of �50; 50–65; or �65 y) or simplicity (i.e.,
cancer size categorized at the tertiles: �4 cm; 5–6
cm; �7 cm). Nominal variables were divided into
two, three, or four subgroups: sex (male versus fe-
male), location (upper, middle, lower, and entire
stomach), histological type according to Laurèn (in-
testinal versus nonintestinal), TINs (minor versus

moderate to extensive), pTNM stage (Ib; II; IIIa, b;
IV), surgical curability (R0 versus non-R0), and gas-
tric resection (total versus partial).

Survival distribution curves were computed by
the Kaplan-Meier method (18) and compared sta-
tistically by the log-rank test. The Cox proportional
hazards regression model was used to estimate haz-
ard ratios (HRs) of death, both in a univariate and
multivariate setting, where the effect of one factor
or the combined effects of two or more factors were
assessed (19). Confidence intervals (CI) at 95% for
HRs were calculated. Model fitting was performed
by graphical and test-based techniques with mar-
tingale residuals (20)

Univariate and multivariate survival data analy-
ses were performed using STATA 7 (21).

RESULTS

The main clinicopathologic features of our pa-
tients are summarized in Table 1. The study popu-
lation was composed of 161 males (59%) and 112
(41%) females. The median age was 65 (range, 28–
85) years. Even though the results are reported
stratified by gender, we observe only marginal dif-
ferences between the two groups.

Infiltration of neutrophils was identified in the
intratumoral stroma. In those cases with a minor

TABLE 1. Clinicopathologic Characteristics of 273

Patients with Advanced Gastric Carcinoma by Gender

Factor
Females

(n � 112)
%

Males
(n � 161)

%

Age (y)
�50 17 15.2 21 13.0
50–65 31 27.7 59 36.7
�65 64 57.1 81 50.3

Location in stomach
Entire 11 9.8 12 7.4
Lower 62 55.4 64 39.8
Middle 27 24.1 49 30.4
Upper 12 10.7 36 22.4

Size (cm)
�4 46 41.0 67 41.6
5–6 33 29.5 54 33.5
�7 33 29.5 40 24.9

TINs
Minor 78 69.6 119 73.9
Moderate/extensive 34 30.4 42 26.1

Histology
Nonintestinal 40 35.7 54 33.5
Intestinal 72 64.3 107 66.5

pTNM stage
Ib 27 24.1 32 19.9
II 40 35.7 72 44.7
IIIa,b 26 23.2 43 26.7
IV 19 17.0 14 8.7

Gastrectomy
Partial 89 79.5 113 70.2
Total 23 20.5 48 29.8

Curability
R0 98 87.5 149 92.5
Non-R0 14 12.5 12 7.5

TIN, tumor-infiltrating neutrophil.
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FIGURE 1. A, light-microscopic picture showing a primary gastric adenocarcinoma tissue with an extensive amount of tumor-infiltrating
neutrophils. Hematoxylin and eosin (H & E) stain, 100�. B, light-microscopic picture showing neutrophil clusters in the lymph node metastasis
(arrow). H & E stain, 400�.
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amount of TINs, neutrophils infiltrated occasion-
ally as single cells into the tumor stroma, and there
were not marked differences in neutrophil density
between different areas. An extensive amount of
TINs consisted of a single massive infiltrate of neu-
trophils (Fig. 1a). Neutrophil density was similar in
deep and superficial portions of the same tumor.
Neutrophils could form varied-sized aggregates
composed from 3 up to 200 cells (Fig. 1a). In the
cases with a moderate amount of TINs, neutrophils
were either diffusely scattered as single cells or were
seen as a series of “hot spots” in the tumor stroma.
Patients with moderate or extensive amount of
TINs were regarded as having a significant higher
amount of TINs, and these groups were combined
in the multivariate analysis (76 cases).

In these 76 cases, lymph node metastasis was
observed in 56 cases. In 32 of 56 cases, neutrophil
infiltration, similar to that observed in primary tu-
mors, was found in tumor-positive lymph node,
whereas in 5 of 20 cases it was also present in
tumor-negative lymph node (P � .02). Figures 1a
and 1b show an example of a light-microscopic
picture from a patient with an extensive TINs at the
primary tumor site and in the tumor-positive
lymph node.

Also, patients with tumors localized in the lower
and middle third of the stomach were combined in
the multivariate analysis, because of a similar sur-
vival pattern.

In Table 2 univariate estimates are reported. Ac-
cording to these, gender, age, pTNM stage, TINs,
surgical curability, and tumor location were associ-
ated with survival and therefore were selected for
potential inclusion in a multivariate Cox regression
model. In Figure 2, we show the Kaplan-Meier dis-
tribution of these factors.

In the first step of multivariate analysis, risk of
mortality was lower among female patients younger
than 65 years, with curative stages of tumor, and
with tumor location in the upper third of the stom-
ach. In the second step, we considered possible
interaction effects of the factors under study with
TINs. We found that gender significantly changed
the effect of TINs on survival time. We do not see
any substantial confounding effect between Laurèn
histological type and TINs. In the multivariate anal-
ysis, female gender and TINs appear to be indepen-
dent. Histologic type was analyzed by sex, but with-
out significant results. In Table 3, we show gender-
stratified results. Female patients with moderate or
extensive amount of TINs have about 39% reduc-
tion (with a confidence upper bound of 67% and a
lower bound of .13%) in their risk of mortality,
whereas male patients do not seem to be affected
by the level of TINs.

DISCUSSION

The results and inferences of many statistical
analyses are extremely sensitive to misclassifica-
tion, omission, manipulation of data, and error
(22). However, bias appears unlikely to explain our
findings. A few cases were lost to follow-up during
the 5-year period. This study was based on a con-
secutive series of patients from a single geographic
area who were surgically treated for advanced gas-
tric carcinoma. Because of these characteristics, our
results cannot be generalized to the overall patient
population, and they must be confirmed in multi-
center studies. Pathologists who quantified TINs
were blinded of follow-up of patients. Therefore,
procedures used to recruit and follow these patients
seem unlikely to have resulted in a selected or un-
usual group of patients. In our study, clinical (fe-
male sex, age �65 y) and morphologic parameters
(pTNM stage, residual tumor [R], site of neoplasm)
showed a significant correlation with prognosis,
whereas no such correlation was observed with tu-
mor histotype, according to Laurèn classification
(16). These results are consistent with most other

TABLE 2. Survival Distribution: Univariate Analysis of

Clinicopathologic Factors

Factor
Number

of
Subjects

Number
of

Deaths

Median
(Months)

HRa 95% CI

Total 273 159 27 — —
Age (y)

�50 38 21 38 0.99 0.61–1.71
50–65 90 62 28 1.33 0.95–1.86
�65 145 76 36 1.00 REF

Gender
Female 112 59 43 1.00 REF
Male 161 100 24 1.30 0.95–1.80

Location in
stomach

Entire 23 18 14 1.85 1.12–3.04
Lower or middle 202 107 36 1.00 REF
Upper 48 34 20 1.61 1.09–2.38

Size (cm)
�4 113 50 �60 1.00 REF
5–6 87 56 22 1.81 1.23–2.65
�7 73 53 16 2.37 1.60–3.49

TINs
Minor 197 120 24 0.79 0.55–1.14
Moderate/extensive 76 39 36 1.00 REF

Histology
Nonintestinal 94 50 31 0.88 0.63–1.23
Intestinal 179 109 26 1.00 REF

pTNM stage
Ib 59 16 �60 1.00 REF
II 112 55 48 2.21 1.27–3.86
IIIa,b 69 59 15 6.20 3.52–10.84
IV 33 29 10 10.82 5.75–20.33

Gastrectomy
Partial 202 106 36 1.00 REF
Total 71 53 19 1.67 1.20–2.33

Curability
R0 247 136 34 1.00 REF
Non-R0 26 23 10 4.05 2.56–6.42

a Hazard ratio estimated by Cox regression; TIN, tumor-infiltrating
neutrophil.
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reports concerning prognostic factors in gastric car-
cinoma and support the reliability of our data.

Although it is well known that the incidence of
gastric carcinoma is higher for men than for
women, the existence of a sex-specific prognosis

has only recently been assessed. In a multicenter
study in northern Italy (23), a reduced gastric can-
cer risk was observed in women with later meno-
pause and longer duration of fertile life. The favor-
able prognostic value of females, mainly younger
patients, has been shown not only in gastric carci-
noma (24), but also in tumors of other organs such
as lung, liver, and colorectum (25–27).

Neutrophil count was a significant prognosticator
in our study of 273 patients with gastric carcinoma.
TINs represent a part of the stromal response to ma-
lignant tumors. The mechanism whereby patients
with cancer may be associated with moderate or ex-
tensive level of TINs is not clear. It can be argued that
increasing bulk of carcinoma provides potential for
greater tumor necrosis and secondary neutrophil in-
filtration. In the present study, however, when a mul-
tivariate analysis was performed, the high levels of
TINs were a significant prognosticator independent of
pTNM stage (or size). Furthermore, 56 out of 76 cases
of gastric cancer with moderate or extensive TINs
showed lymph node metastasis. Presence of neutro-
phils in lymph node was found in 37 cases, of which
5 were tumor negative (P � .02), suggesting that neu-
trophil infiltrate is tumor related. Therefore, TINs may
reflect a natural cytoxicity of the host against the
tumor or may be the result of direct cytokine produc-

FIGURE 2. Survival distribution by gender, age, pTNM stage, tumor-infiltrating neutrophils, surgical curability, and tumor location.

TABLE 3. Multivariate Analysis of Survival Distribution:

Hazard Ratios of TINs Adjusted by Age, Tumor Stage,

Location, and Curativity, Stratified by Gender

Females Males

HR 95% CI HR 95% CI

TINs
Minor 1.00 REF 1.00 REF
Moderate/extensive 0.61 0.33–1.13 1.18 0.72–1.91

Age (y)
�50 1.47 0.59–3.67 1.01 0.53–1.93
50–65 1.42 0.74–1.70 0.86 0.56–1.33
�65 1 REF 1.00 REF

pTNM stage
Ib 1.00 REF 1.00 REF
II 1.00 0.40–2.54 2.94 1.35–6.37
IIIa,b 8.69 3.64–20.70 5.81 2.64–12.75
IV 7.63 2.36–26.02 9.71 2.84–33.81

Location in stomach
Entire 0.76 0.32–1.85 1.98 0.98–4.02
Lower or middle 1.00 REF 1.00 REF
Upper 1.76 0.76–4.08 1.41 0.84–2.37

Curability
R0 1.00 REF 1.00 REF
Non-R0 2.18 0.81–5.83 1.04 0.38–2.82

TIN, tumor-infiltrating neutrophil.
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tion by the tumor cells. There are a few studies that
analyze the prognostic influences of neutrophils in
human carcinomas and the possible associations be-
tween this parameter and others with well-known
prognostic significance. TINs were not found signifi-
cantly to be associated with prognosis in colorectal
(28) and non–small cell lung (29) cancer. Neutrophil
alveolitis was significantly associated with a poorer
outcome in patients with bronchioloalveolar carci-
noma (30). In our multivariate analysis, the study of
possible interaction effects of the clinicopathological
factors with TINs revealed that female patients with a
moderate or extensive amount of TINs had about a
39% reduction in their risk of mortality. Male patients
do not seem to be affected by the level of TINs. A
possible explanation for the interaction between TINs
and female patients is that sexual dimorphism exists
in the immune response (31). Both humoral and cell-
mediated immunity are more active in females than
in males, and steroid gonadal hormones may play an
important role in regulating this response (32). These
observations suggest the possibility of an inflamma-
tory (neutrophil) and gender-dependent host natural
cytoxicity in the microenvironment of gastric carcino-
mas. Confirmation of these findings would give valu-
able insight into gastric cancer growth and, ulti-
mately, has possible implications regarding the
selection of low-risk patients who could be spared
adjuvant therapy.
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