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between non-AM and AM groups whether with presence or
absence of chemotherapy. Using Cox multiple-regression
analysis including tumor size, age, lymph node metastasis,
hormonal status, HER2 status and AM, the persistence of
lymph node metastasis was the only predictor of outcome.
No associations between AM and prognosis were observed.

Discussion

The present study set up the hypothesis based on our
institutional experience of neoadjuvant therapy that AM is
useful as a predictive factor for therapeutic efficacy of
chemotherapy. We then analyzed our institutional data
retrospectively. We selected cases with invasive tumors
1.1-3.0 cm in diameter to ensure that all tumors had a
measurable invasive size and to investigate lesions of
comparable size. As the morphologic diagnostic criteria of
AM remain unclear [2, 3, 6, 26], we proceeded with this
study based on a definition of AM using our own scoring
system with the size of cytoplasmic granules and the
abundance of cytoplasm each classified into three catego-
ries. As 40% of tumors showing score 2 for abundance of
cytoplasm did not exhibit the full characteristics of AM, a
total score of three points was classified as incomplete AM.
In all tumors including incomplete or complete AM, more
than half of the area was occupied by AM, so we did not
evaluate the percentage area occupied by AM. Cases of
incomplete and complete AM were combined to form an
AM group, because only one of six cases of complete AM
received chemotherapy, so statistical analyses could not be
performed among complete AM, incomplete AM and
non-AM receiving chemotherapy. As this study focused on
AM rather than apocrine cancer, incomplete and complete
AMs were combined.

Some immunohistochemical analyses have reported
apocrine carcinomas as ER-negative, PgR-negative, AR-
positive, bcl-2-negative and GCDFP-15-positive (1, 7]. We
performed these immunohistochemical analyses to improve
the accuracy of diagnosis for AM, but no factors other than
GCDFP-15 appeared as apocrine characteristics. GCDFP-
15 positivity was high in the AM group, so we also ana-
lyzed prognoses between GCDFP-15-positive and GCDFP-
15-negative tumors, but no significant differences were
identified.

Among patients who had undergone chemotherapy, AM
tended to be associated with better prognosis than non-AM,
but no significant difference was identified. We also
examined RFS in patients stratified according to lymph
nodal status. In the lymph node-positive group, significant
differences were seen in prognosis between AM and
non-AM with or without chemotherapy. Recently, all
patients identified as lymph node-positive have received

chemotherapy as adjuvant therapy, according to the
guidelines [27, 28}. However, in 1996, no guidelines
regarding adjuvant therapy had been devised, so not all
lymph node-positive patients received chemotherapy. We
found that among lymph node-positive patients without
chemotherapy, AM was associated with significantly worse
prognosis than non-AM. Conversely, among lymph node-
positive patients who received chemotherapy, patients with
AM showed significantly better prognosis than those with
non-AM. This suggests that AM responds well to chemo-
therapy, improving the prognosis of patients with AM.

Among lymph node-positive patients who received
chemotherapy, the rate of metastasis to >10 lymph nodes,
which is associated with very poor prognosis, was 10% for
the AM group and 33% for the non-AM group. No sig-
nificant difference in the distribution of the number of
lymph node metastases was seen between AM and non-AM
groups, but the possibility remains that the prognosis for
patients with metastasis to >10 lymph nodes is so poor that
the prognosis for non-AM group RFS is markedly skewed.
We therefore excluded cases with metastasis to >10 lymph
nodes and compared prognosis between AM and non-AM
groups. No significant difference was observed between
these groups if chemotherapy had been administered.
However, in the absence of chemotherapy, the AM group
showed clearly worse prognosis than the non-AM group.
The AM group might thus have achieved comparable
prognosis to the non-AM group largely due to the markedly
good response to chemotherapy. In multivariate analysis,
AM did not remain as an independent prognosticator.
However, in lymph node-positive cases, AM without
chemotherapy showed worse prognosis than non-AM,
while AM with chemotherapy showed the same or better
prognosis than non-AM. This suggests AM as a factor
influencing therapeutic effect.

The two factors of structural and morphological features
are important when considering histological classification
of breast cancer. Recent histological classifications have
mixed the histologic names based on structural features and
morphologic features. IDC-NST, which comprises a
majority of breast cancers, is diagnosed based on the
structural features. Conversely, apocrine carcinoma is
diagnosed based on the cytologic features of AM. The
association of focal or incomplete AM is ignored and is not
reflected in the diagnosis. Thus, the ultimate type of breast
cancer with AM is diagnosed as apocrine cancer. With the
increasing importance of pharmacotherapies, histological
classifications that include predictors of response to ther-
apy are needed. The present results indicate that AM could
represent a useful predictive factor. We therefore suggest a
reconstruction of the histological classification system
based on structural classifications with the addition of
cytological appearances, such as “scirrhous carcinoma
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with complete AM,” “solid-tubular carcinoma without
AM?” and so on. This classification extinguishes the exis-
tence of apocrine carcinoma, which is named based only on
morphologic features. These new histological classifica-
tions of breast cancer could make pathological diagnosis
more clinically useful and meet the demands of the times.
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Abstract

Background Malignant phyllodes tumor of the breast is a
rare neoplasm for which clinical findings remain insuffi-
cient for determination of optimal management. We
examined the clinical behavior of these lesions in an
attempt to determine appropriate management. We evalu-
ated long-term outcome and clinical characteristics of
malignant phyllodes tumors arising from fibroadenomas of
the breast.

Methods A total of 173 patients were given a diagnosis of
phyllodes tumor and underwent surgery at the Cancer
Institute Hospital in Japan between January 1980 and
December 1999. Of these patients, 39 (22.5%) were given a
diagnosis of malignant phyllodes tumor; in three of these
cases, detailed medical records were lost. Malignant
phyllodes tumors were classified into two groups based on
history of malignant transformation. Of the 36 malignant
cases, 11 (30.6%) were primary and were given a diagnosis
of fibroadenoma, experienced recurrence during the fol-
low-up period, and were diagnosed with malignant
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phyllodes tumor (cases with a history of fibroadenoma).
The other group was defined as cases without history of
fibroadenoma and in whom lesions initially occurred as
malignant phyllodes tumors. Based on differences between
the two groups, overall survival curves were plotted using
the Kaplan-Meier method, and statistical comparisons
were performed using the log-rank test and Peto and Peto’s
test.

Results The outcome of cases with history of fibroade-
noma was significantly better than that of cases without
history of fibroadenoma.

Conclusions Patients with malignant phyllodes tumors
but without prior history of malignant transformation who
exhibit rapid growth within 6 months require aggressive
treatment.

Keywords Malignant phyllodes tumor - Fibroadenoma -
Malignant transformation - Breast tumor - Cohort study

Introduction

Phyllodes tumor of the breast is an uncommon fibroepi-
thelial breast neoplasm that accounts for 0.3-1.0% of cases
of female breast carcinoma [1]. On the other hand, fi-
broadenomas are the most frequent benign tumors of the
breast after fibrocystic disease. The histogeneses of fibro-
adenoma and phyllodes tumor of the breast appear to be
closely related. Because of the similarity of the epithelial
cells in phyllodes tumors to cells in fibroadenomas, many
believe phyllodes tumors to arise from a preexisting
fibroadenoma [2, 3]. Whether all phyllodes tumors origi-
nate as fibroadenomas or whether they can arise de novo
without a preexisting fibroadenoma is a matter of ongoing
debate. In a study in 1995, Noguchi et al. [3] reported three
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cases of fibroadenoma that were diagnosed by excisional
biopsy and recurred as benign phyllodes. Clonal analysis
showed that all three fibroadenomas were monoclonal in
origin. It was speculated that phyllodes tumors begin as
fibroadenomas, and that subsequently a single stromal cell
undergoes mutation and develops into a phyllodes tumor
composed mainly of monoclonal stromal cells but partially
of monoclonal epithelial cells. Kuijper et al. [4] studied
clonal progression in fibroadenomas and phyllodes tumors
and concluded that fibroadenomas can progress in an epi-
thelial direction to carcinoma in situ or in a stromal
direction to phyllodes tumors. The incidence of monoclo-
nal fibroadenoma is quite low, and this tumor can subse-
quently progress to phyllodes tumor. Valdes et al. [5]
presented a case of malignant transformation of a fibro-
adenoma to cystosarcoma phyllodes after 5 years of
radiologic stability, and demonstrated that monoclonal fi-
broadenomas can progress to phyllodes tumors by clonal
analysis performed on fine-needle aspiration (FNA) sam-
ple. However, performing clonal analysis on all fibroade-
nomas is time consuming and not cost effective. Malignant
phyllodes tumors are very uncommon. Successful man-
agement of them will require determination of their clinical
characteristics. In this study, we specifically, evaluated the
outcomes of and prognostic factors for the malignant
transformation from fibroadenomas to malignant phyllodes
tumors.

Patients and methods
Patient population

We treated 173 patients with the diagnosis of phyllodes
tumors between 1980 and 1999 at the Department of Breast
Surgery, Cancer Institute Hospital in Japan and classified
the tumors as benign, borderline or malignant using the
histological classification (Table 1) proposed by the Japa-
nese Breast Cancer Society, which is similar to that pro-
posed by Pietruszka and Barnes {6]. In total, 39 patients
were diagnosed with malignant phyllodes tumors, though
three of these patients were excluded because their medical
records had been lost. The clinical features of 36 patients
with malignant phyllodes tumors were retrospectively
reviewed and collated.

Classification of cases

“Malignant transformation” was considered to have
occurred when a fibroadenoma became a benign phyllodes
tumor, or when a benign phyllodes tumor became a
malignant phyllodes tumor. Eleven patients (30.6%) had
been diagnosed as having fibroadenoma previously. Ten
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Table 1 Histologic features used in classification of phyllodes
tumors subtypes [1, 6]

Histologic Benign Borderline Malignant

features

Stromal cellular  Mild Marked Marked
atypia

Mitotic activity =~ <4/10 HPF 4-9/10 HPF =10/10

HPF

Stromal Absent Absent Present
overgrowth

Tumor margins  Circumscribed  Circumscribed or  Infiltrative

infiltrative
HPF high-power field

patients underwent excisional biopsy, exhibited recurrence
in the region near the scar, and were diagnosed with
malignant phyllodes tumors, while in one patient the tumor
was demonstrated histopathologically (Fig. 1). These 11
cases were classified as cases with history of fibroadenoma.
Another 25 patients (69.4%) were initially diagnosed with
malignant phyllodes tumors. We compared findings for
these two groups of patients.

Statistical analysis

For this study, the two groups were compared with respect
to age, tumor size, surgical treatment, surgical margins,
duration of signs and symptoms, local recurrence, metas-
tases, and survival. Overall survival curves were plotted
using the Kaplan—-Meier method, and statistical compari-
sons were performed using the log-rank test and Peto and
Peto’s test [7]. Comparisons of clinical background factors
were made between those two groups using Welch’s #-test
and Fisher’s exact test.

Result
Patient demographics

There were 36 patients diagnosed with malignant phyllodes
tumors between the years 1980 and 1999. All were female,
with a median age of 43.6 (range 16-88) years. The
median size was 91.4 (range 15-320) mm. The median
duration of follow-up was 68.5 (range 2-287) months. Of
36 patients, nine (25%) had local recurrence and 14 (39%)
had hematogenous metastases.

Outcomes of groups with or without history
of fibroadenoma

In the group with history of fibroadenoma, four of 11
(36.4%) patients developed generalized hematogenous



Breast Cancer

Fig. 1 Histologic features of typical tumor of fibroadenoma; benign
and malignant phyllodes tumors are demonstrated. a Fibroadenoma. b
Benign phyllodes tumor. ¢ Malignant phyllodes tumor. Hematoxylin
and eosin (H&E, x400)

metastases. Three of the four died, and the remaining
patient underwent three partial resections of lung metas-
tases and remains alive 137 months after mastectomy.
However, in the group without history of fibroadenoma,
13 of 25 (52%) patients died. Ten patients developed
generalized hematogenous metastases; nine of these 10
patients died early (at 227 months after diagnosis), and
only one patient died later, at 134 months after final mas-
tectomy, with pleural effusion and ascites. The other three
patients died of other diseases. Moreover, some of the
patients without history of fibroadenoma exhibited
aggressive tumor growth, and died despite surgical resec-
tion. However, these were no early deaths among patients
without history of fibroadenoma. The overall 20-year sur-
vivals of the two groups are shown in Fig. 2. The outcome
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of cases with history of fibroadenoma was significantly
better than that of cases without history of fibroadenoma
(log-rank test p = 0.0551, Peto and Peto’s test [7]
p = 0.0409). Multivariate analysis using the Cox model
was used for stepwise regression to select the best subset of
predictors from candidate covariates, yielding the follow-
ing statistically significant variables as effective predictors
of survival: tumor size, tumor growth rate in duration of
symptoms (SIZE/DOS), surgical treatment, and malig-
nancy (Table 2).

Table 3 summarizes tumor-related characteristics
according to malignant transformation. The difference
between the two groups in DOS was significant (Welch’s
t-test p = 0.01437). The cases without history of fibroad-
enoma had shorter DOS than the cases with history of
fibroadenoma. There were no differences in age, tumor
size, surgical treatment, surgical margins, local recurrence,
metastasis or survival outcome between the two groups.

Discussion

Phyllodes tumor of the breast is a rare fibroepithelial lesion
that accounts for less than 1% of all primary breast neo-
plasms [1]. The majority of phyllodes tumors have been
described as benign (35-64%), with the remainder divided
between borderline and malignant subtypes. The malignant
subtype is found in approximately 25-30% of resected
phyllodes tumors [1, 2]. Malignant phyllodes tumor
sometimes metastasizes to the lungs. The median rate of
metastasis reported after surgery for malignant phyllodes
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Table 2 Multivariate analysis of Cox proportional-hazards model

Variable Coefficient Hazard ratio (95% CI) p Value

Malignant 1.545 4.69 (0.998-22.036)  0.05
transformation

Tumor size 0.00504 1.01 (0.999-1.011) 0.093

SIZE/DOS 0.0749 1.08 (1.023-1.136) 0.005

Surgical treatment  2.546 12.76 (1.054-154.426) 0.045

SIZE/DOS tumor growth rate in duration of symptoms, SIZE tumor
size, DOS duration of symptoms

Table 3 Patients and tumor-related characteristics by malignant
transformation

Malig trans No malig trans  p-Value
Age (mean, years) 42.5 441 0.721
Tumor size (cm) 82 9.5 0.5372
<5 4 7
5-10 2 11 0.3226
>10 5 7
Treatment
Mastectomy 11 19 0.1479
Lumpectomy 0 6
Surgical margins (cm)
<0.5 1 1 0.5238095
=05 10 24
DOS (months) 336 346 0.9471
0-6 1 12
6.1-12 2 0 0.01437
>12 8 11
Unknown 0 2
Local recurrence
Yes 3 6 20.999
No 8 19
Metastasis
Yes 4 10 20.999
No 7 15
Follow-up
Alive 12 0.2767
Dead 13 0.4559
Died of disease 3 10

DOS duration of symptoms; malig trans malignant transformation
group (cases with history of fibroadenoma); no malig trans group
without malignant transformation (cases without history of
fibroadenoma)

tumors is 25-35% [2]. A report [8] from the M.D.
Anderson Cancer Center on a subset of 30 women with the
malignant histological subtype estimated that 5- and 10-
year overall survival rates were 79% and 42%, respec-
tively. Recently, Macdonald et al. [9] reviewed data on
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primary nonmetastatic malignant phyllodes tumors
(n = 821) obtained from the National Cancer Institute’s
(NCI) Surveillance, Epidemiology, and End Results pro-
gram and reported that predicted cause-specific survival
rates were 91%, 89%, and 89%, at 5, 10, and 15 years,
respectively, with median follow-up of 5.7 years. Another
recent report {10] noted that the relative cumulative sur-
vival of malignant phyllodes patients was 87.4% at
10 years. In our study, the overall survival rates were 65%,
60%, and 52%, at 5, 10, and 20 years.

Previously reports [9] in the literature have suggested
that stromal overgrowth, tumor size, surgical margin status,
and types of surgery were predictive of local or distant
recurrence after primary surgery. Patients with stromal
overgrowth, tumor size >5 cm [8], and positive margins of
excision [11] were found to have a high rate of distant
failure. In the present series, the outcome of cases with
history of fibroadenoma was significantly better than that
of those without history of fibroadenoma. Multivariate
analysis using the Cox model was used for stepwise
regression technique to select the best subset of predictors,
and revealed that size, SIZE/DOS, surgical treatment, and
malignancy were effective predictors of survival. Nonma-
lignant transformation, large size, rapid growth, and mas-
tectomy were significantly correlated with poor survival.

The course from fibroadenoma to phyllodes tumor was
slow, but these tumors became histologically more malig-
nant with every local recurrence. Recurrence was perhaps
due to residual tumor secondary to inadequate excision of
initial fibroadenoma, which can progress to phyllodes
tumor. Chen et al. [12] reported that 22 of 172 phyllodes
tumors patients had previously undergone fibroadenoma
excisions, but that none of them had metastases. All 19 of
these 22 patients had a first local recurrence of benign
phyllodes tumor. According to his study of recurrent
phyllodes tumors, the majority of recurrent tumors were
histologically similar to the initial tumors; however, seven
patients (19%) developed a malignant recurrence from an
initially benign or borderline tumor [13]. Moreover, pre-
operative diagnosis of phyllodes tumors is difficult. Rapid
growth and/or large size of apparent fibroadenomas may be
the only imaging finding suggestive of phyllodes tumor.
Whole-breast ultrasound showed that nearly one-third of
women with phyllodes tumors had concurrent fibroade-
noma [14]. It is important to examine most fibroadenomas
with ultrasound, and to assess their rate of growth, if any.
Rapid tumor growth or sudden increase in size is the most
important clinical characteristic for prediction of progres-
sion. It is, however, difficult to assess the reliability of this
observation, since no objective measurements of tumor
growth rate were performed [1, 9]. Some reports notes that
phyllodes tumors begin as fibroadenoma, and that subse-
quently a single stromal cell undergoes mutation and
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develops into a phyllodes tumor composed mainly of
monoclonal stromal cells and partially of monoclonal
epithelial cells. The results of monoclonal analysis of our
excisional biopsy samples would thus be of great interest.

To our knowledge, this is the first report on the
frequency and prognosis of malignant transformation
from fibroadenoma to malignant phyllodes tumor. About
20-30% of cases of malignant phyllodes tumors begin as
fibroadenomas, and these have better prognosis than those
that do not.

Conclusions

The prognosis of malignant phyllodes tumor arising from a
preexisting fibroadenoma is relatively good. Patients with
malignant phyllodes tumors but without prior history of
malignant transformation who exhibit rapid growth within
6 months require aggressive treatment.
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Background. The therapeutic strategies for non-small cell
lung carcinoma (NSCLC) with N1 and N2 disease differ
remarkably. Debate exists about the definition of the bor-
derline between N1 and N2 stations. This study evaluated
the prognostic effect of N1 disease, especially focused on
the significance of the main bronchial node (No. 10) vs N2
disease.

Methods. The records of 1601 patients who under-
went complete pulmonary resection for NSCLC were
reviewed to examine the clinical features of lymph nodal
involvement.

Results. There were 1086 patients (67.8%) with pN0
disease, 202 (12.6%) with pN1, and 274 (17.1%) with pN2
disease; overall 5-year survival rates were 74.7%, 56.1% and
28.9%, respectively (p < 0.001). Overall 5-year survival rates
were 60.2% in hilar N1 and 49.6% in intralobar N1. Overall

taging of lung cancer based on the T N M dlassification
is the method internationally accepted for the clinical
setting of the disease to evaluate the prognosis, decide
appropriate management, and analyze the results of treat-
ment. The current T N M classification was initially pro-
posed by Mountain in 1986 [1] and revised in 1997 {2].
Although this staging classification has been accepted,
the anatomic definition of lymph node location—
especially the boundary between N1 and N2 stations—
has not been completely accorded. Currently, some vari-
ations of the lymph node map can be found, and thus
considerable discordance exists regarding the designa-
tion of sites among investigators in the United States,
Europe, and Japan [3]. The American Joint Committee on
Cancer (AJCC) [4], Naruke and colleagues [5], and The
American Thoracic Society (ATS) [6] introduced the
concept of lymph node maps in 1973, 1978, and 1983,
respectively.
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5-year survival rates were 58.6% in N1 without node 10 and
351% in N1 with node 10. A significant difference was
observed between NO and N1 without node 10 (» < 0.001),
and N1 without node 10 and N1 with node 10 (p = 0.033);
however, the difference between N1 with node 10 and N2
was not significant. The status of node 10 involvement was
an independent prognostic factor of pN1 patients, as well as
age and gender.

Conclusions, Patients with node 10-positive N1 disease
have an unfavorable prognosis, and the disease behaves
like N2 disease. The definition of clear borderline be-
tween N1 and N2 is mandatory to achieve a uniform
classification map. This study offers further information
for clinical and therapeutic purposes.

(Ann Thorac Surg 2009;88:1583-8)
© 2009 by The Society of Thoracic Surgeons

The Mountain and Dresler modification of the ATS
(MD-ATS) map was promulgated in 1997 [2]. Mountain
and coworkers defined the boundary between N1 and N2
at the pleural reflection. The Naruke-Japanese map did
not mention pleural reflection, however; they defined the
lymph node station in relation to the bronchial tree and
mediastinal structures [5, 7]. The main discrepancy be-
tween these two maps is that the Narke-Japanese map
considers lymph nodes around the main bronchus and in
the subcarinal space among the inferior border of the
main bronchus to be station 10 (N1), whereas most of
those are labeled as station 4 or 7 (N2) in the MD-ATS
map [8].

A rational approach to the management of lung cancer
requires accurate staging to plan the most appropriate
treatment and to estimate the prognosis. Patients with
pathologically proven N2 are no longer indicated for
initial resection. Chemotherapy, chemoradiotherapy, or
induction therapy, followed by resection, is the standard
treatment of choice [9, 10]. Because the therapeutic strat-
egies for patients with N1 and N2 disease differ greatly,
the boundary between N1 and N2 stations where metas-
tasis is confirmed pathologically is most essential. More-

0003-4975/09/$36.00
doi:10.1016/j.athoracsur.2009.04.065
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over, these discordant classifications may lead to a non-
univocal staging, rendering the comparison of different
clinical studies difficult. Therefore, we need to define the
boundary of lymph node location more precisely and
reach consensus on the basis of the most recent evidence.

We reviewed the records of patients with completely
resected non-small cell lung cancer (NSCLC) to examine
the clinical features of lymph nodal involvement. The
purpose of our study was to evaluate the prognostic
impact of N1 disease, with a special focus on the signif-
icance of involvement of the main bronchial node (No.
10) compared with N2 disease.

Patients and Methods

Of 1601 patients who underwent complete pulmonary
resection for NSCLC from 1990 to 2004 at Tokyo
Medical University, 202 pN1 patients (12.6 %) without
distant metastasis were the focus. Data collection and
analyses were approved, and the need for obtaining
informed consent from each patient was waived by the
Institutional Review Board.

All of those patients underwent lobectomy or pneumo-
nectomy with systemic lymph nodal dissection of the
hilum and mediastinum. The histologic tumor type was
determined according to the World Health Organization
classification. Staging was determined according to the
international T N M staging system [2]. All dissected
lymph nodes were pathologically examined and classi-
fied according to anatomic location by the numbering
system of Naruke and colleagues [5].

The station of N1 lymph nodes were dlassified main
bronchial lymph node as No. 10, interlobar as No. 11, lobar
bronchial as No. 12, segment bronchial as No. 13, and
subsegmental as No. 14. N1 lymph nodes were generally
classified into two groups as follows, hilar lymph nodes as
No. 10 and 11, and intralobar lymph nodes as No. 12, 13, and
14. We further classified N1 lymph nodes involvement into
two groups: pN1 disease who were No. 10-positive as the
No. 10+ N1 group, and pN1 disease who were No. 10-
negative as the No. 10— N1 group. Single-station metastasis
was defined as involvement of only one station, whereas
multiple-station metastasis was defined as involvement of
more than one station.

For staging, all patients underwent a physical exami-
nation, chest roentgenogram, computed tomography
(CT) imaging of the thorax, brain, and upper abdomen;
bone scintigraphy, and bronchoscopy. The tumor
marker, carcinoembryonic antigen (CEA) was also exam-
ined preoperatively. Serum CEA levels were measured
using Latex photometric immunoassay (Mitsubishi
Chemical Medience, Tokyo, Japan), and the upper limit
of normal serum CEA levels was 3.0 ng/mL according to
the manufacturers.

After resection, the patients were examined at 3-month
intervals for 3 years, at 6-month intervals for the next 2
years, and thereafter at 1-year intervals in general. The
evaluations included physical examination, chest roent-
genogram, CT of the chest, and tumor marker measure-
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Table 1. Clinicopathologic Profiles of Patients With pN1 and
pPN2 Non-Small Cell Lung Cancer, 1990 to 2004

. pN1 pN2

Variable (n = 202) (n =274)
Age, median (range), y 64 (31-82) 65 (25-87)
Gender, No.

Male 158 193

Female 4 81
pT status, No.

T1 72 63

T2 99 153

T3 19 31

T4 12 27
Location, No.

Right 117 176

Left 85 98
Histology, No.

Adenocarcinoma 94 178

Squamous 84 68

Large 14 20

Adenosquamous 3 3

Other 7 5
Operation, No.

Pneumonectomy 25 36

Lobectomy 177 238
Serum CEA, median (range) 3.0 (1.0-213.5) 2.0 (1.0-140.0)

ng/mL

CEA = carcinoembryonic antigen.

ment. Abdominal and brain CT as well as bone scintig-
raphy were done each year.

Patients with cancer recurrences were carefully di-
vided into two groups according to the site of initial
relapse: locoregional or distant. Locoregional recurrence
was defined as any recurrent site within the ipsilateral
hemithorax, mediastinum, or supraclavicular lymph
nodes. All other sites of recurrence were considered
distant metastases.

Survival was calculated by the Kaplan-Meier method,
and differences in survival were determined by log-rank
analysis in which the initial day of treatment was the day
of operation. The cause of death was recorded as cancer-
related, due to other diseases, or unknown. Deaths that
were not because of cancer were censored. Multivariate
analysis of clinicopathologic factors was performed using
the Cox proportional hazard regression model. A value of
p < 0.05 was considered statistically significant. Hazard
ratios (HR) and 95% confidence intervals (CI) are
presented.

Results

Demographics ,

Of 1601 patients who underwent complete pulmonary
resection for NSCLC from 1990 to 2004 at Tokyo

Medical University, lymph node involvement was rec-
ognized in 1086 (67.8 %) as pNO, 202 (12.6 %) as pN1,
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Table 2. Survival at 5 Years in Patients with pN1 Non-
Small Cell Lung Cancer According to Prognostic Factors,
1994 to 2002

Patients, 5-Year
Variables No. Survival, % p Value
Age, years
<65 105 63.4 0.006
=65 97 485
Gender
Male 158 50.7 0.007
Female 44 78.0
pT status
T1 72 58.7 0319
T2/T3/T4 130 54.8
Location
Right 117 56.3 0.858
Left 85 56.0
Histology
Adenocarcinoma 94 55.7 0.830
Not adenocarcinoma 108 56.4
Operation
Pneumonectomy 25 46.4 0.303
Lobectomy 177 57.5
Serum CEA, ng/mL
<3.0 115 54.7 0.662
=3.0 45 56.7
pN1 status
Intralobar® 124 60.2 0.146
Hilar® 78 49.6
No. 10— 181 58.6 0.033
No. 10+ 21 35.1

#No. 12, 13, 14 lymph node metastasis.
metastasis.

¥ No. 10, 11 lymph node

CEA = carcinoembryonic antigen.

and 274 (17.1 %) as pN2 disease. The 202 pN1 patients
(158 men, 44 women) were a median age of 64 years
(range, 31 to 82 years). Operative procedures included
177 lobectomies and 25 pneumonectomies. The histo-
logic classification was adenocarcinoma in 94 patients,
squamous cell carcinoma in 84, large cell carcinoma in
14, adenosquamous in 3, and others in 7. The median
value of preoperative serum CEA was 3.0 ng/mL
(range, 1.0 to 213.5 ng/mL) (Table 1).

The distribution of pathologic T status was 72 pT1, 99
pPT2, 19 pT3, and 12 pT4. The mean value of preoper-
ative serum CEA was 3.0 ng/mL (range, 1.0 to 213.5
ng/mL). Among 202 patients with p-N1 disease, 124
had metastasis of intralobar nodes but not hilar nodes.
Patients with hilar N1 nodes metastases were further
categorized as 21 with No. 10+ N1 disease and 181 with
No. 10— N1 disease (Table 2).

Prognosis

The median follow-up for survivors was 55 months
(range, 1 to 200 months). The survival curves for the 1086
pNGO, 202 pN1, and 274 pN2 patients are shown in Figure
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Fig 1. Kaplan-Meier curves show cumulative survival of patients
undergoing complete resection for non-small cell lung carcinoma
according to pathologic nodal status.

1. The overall 5-year survival rates were 74.7%, 56.1%,
and 28.9%, respectively, and this difference was statisti-
cally significant (p < 0.001).

The association of various prognostic factors was ex-
amined by univariate analysis in 202 pN1 patients. Age
and gender had a significant effect on survival (p = 0.006
and p = 0.007, respectively). The 21 No. 10+ N1 patients
had significantly worse outcome than the 181 No.10—
patients (p- = 0.033). The overall 5-year survival of No.
10+ N1 patients was 35.1%, which was similar to that of
pN2 patients (28.9%; Fig 2; Table 2). However, there was
no significant difference in survival when pN1 patients
were divided into hilar N1 (No. 10 and No. 11; n = 78) and
intralobar N1 (No. 12, 13, and 14; n = 124; p = 0.146; Fig
3). There were also no significant differences on survival
between the 156 patients with pN1 disease who had
single-station metastasis and the 46 with multiple-station
metastasis (p = 0.742; data not shown). This result im-
plied that lymph node involvement of No. 10 is a poor

1 4
a.8-
3
3
2 6'
v .
@ pN1 up to intralobar ] p<0.001
F 4. N1 up 1o hil
E“‘ kLl of ]p=0.146
3
24 PN2 ] p=0.002
0 4
T . T T T T
0 2 4 6 8 10
Time (year)
Patients pN14 101 87 76 62 52 36 32 25 22 13
atrisk pNi-h 61 45 38 36 30 23 19 14 13 7

Fig 2. Kaplan-Meier curves show cumulative survival of patients
undergoing complete resection for pN1 non-small cell lung carci-
noma according to pathologic nodal status. Disease was classified as
pNO, intralobar pN1, hilar pN1, and pN2. (Intralobar = No. 12, 13,
14 regional lymph nodes; hilar = No. 11, 10 regional lymph nodes.)
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No. 10(-) pN1

] p<0.001

No.10(+}pN1 | #0.033
pN2 ] p=0644

Cumulative survival

0 2 4 6 8 10
Time (year)

Patients pN1-No.10(-) 148 123 107 92 77 55 47 37 33 18

atrisk pNT-Noi6(+) 13 9 7 6 5 5 2 2 2 2

Fig 3. Kaplan-Meier curves show cumulative survival of patients
undergoing complete resection for pN1 non-small cell lung carci-
noma according to pathologic nodal status. Disease was classified as
pNO, pN1 without No. 10 lymph nodes metastasis, pN1 with No. 10
lymph nodes metastasis, and pN.

prognostic marker in pN1 patients compared with No. 10
and No. 11 hilar lymph nodes. In multivariate analysis,
the status of No. 10 lymph node involvement was an
independent prognostic factor of pN1 patients as well as
age and gender (HR, 1.933; 95% CI, 1.089 to 3.430; p =
0.024; Table 3).

We evaluated postoperative cancer recurrence in 100
pN1 patients for limited period, from 1996 to 2002, and 43
(43.0%) had cancer recurrence. Detailed data on cancer
recurrence were not available for 6 patients. The initial
relapse site was analyzed in the remaining 37 patients.
The recurrences were locoregional in 10 (27.0%) and
distant in 27 (73.0%). No statistical difference was ob-
served in the distribution of the site of recurrence,
locoregional or distant, between No. 10+ N1 and No. 10—
N1 patients. Locoregional relapse occurred in 2 No. 10+
N1 patients (33.0%) and distant metastasis occurred 4
patients (67.0%). For those without No. 10 lymph node
involvement, locoregional relapse occurred in 8 patients
(25.8%) and distant metastasis in 23 (74.2%). The lung was
the most common site for distant metastasis in both
groups (data not shown).

Comment

During the past 30 years, different types of lymph node
maps have been proposed. The distinction of lymph node
stations is a most crucial topic that is still not entirely
resolved by many lung cancer surgeons. One of the most
significant problems concerning lymph node involve-
ment under debate among thoracic oncologists is the

Ann Thorac Surg
2009;88:1583-8

definition of the borderline between N1 and N2 stations,
which must be clarified, because this discordance could
distort therapeutic strategies and stages reported in dif-
ferent studies.

In Naruke’s map, lymph nodes in the subcarinal
space along the inferior border of the mainstem bron-
chus are station No. 10 [5], whereas in MD-ATS map,
these are labeled as level 7, hence N2 nodes [8]. The
borderline between the N1 and N2 station is not clearly
defined in Naruke’s map. The No. 10 station is defined
simply as “nodes around the main bronchus,” and
adjacent No.4 and No.7 were defined as “nodes at the
tracheobronchial angle” and “nodes below tracheal
carina,” respectively [7].

In the MD-ATS map, the pleural reflection was set as a
clear borderline for N1-N2 stations [8)], with N1 nodes as
those located distal to the mediastinal pleural reflection
and within visceral pleura. This definition involves the
proximal part of the hilar lymph nodes being classified
within the N2 category because the proximal part of the
mainstem bronchus lies within the mediastinal pleural
envelope. However, concerning the borderline between
N1 and N2 station, Asamura and colleagues [11] reported
that the pleural reflection is recognized as a plane rather
than as a line, and the reflecting line can be easily moved
by retracting the lung anteriorly or posteriorly.

Some patients considered to have T1 2N1 MO stage 1I
disease in Japan would be considered to have T1 2N2 M0
stage IIIA disease in all other countries. This difference in
nodal diagnosis might be a cause of staging migration.

In this study, we used Naruke’s lymph node map to
review the records of 1601 consecutive patients who had
undergone complete resection for NSCLC. We also ex-
amined the spread pattern of lymph node metastases and
investigated the outcome according to the level of the
involved nodes.

Some investigators reported hilar lymph node metas-
tasis is a significant unfavorable prognostic factor in p-N1
disease [12-18]. First, we divided N1 lymph nodes into
two stations as follows, hilar lymph nodes (No. 10 and 11)
and intralober lymph nodes (No. 12, 13, and 14). How-
ever, the difference in survival between hilar N1 and
intralobar N1 was not significant.

Second, we further categorized patients with hilar N1
node metastases as those with and those without main
bronchus node (No. 10) involvement. Among the 202
p-N1 patients, the 21(10.4%) identified with No. 10-
positive N1 disease had a significantly worse prognosis
than those with No. 10— N1 disease (p = 0.031). More-
over, the overall 5-year survival of patients with No. 10+

Table 3. Factors Influencing Survival in Patients With pN1 Non-Small Cell Lung Cancer by Multivariate Analysis

Variables Favorable Unfavorable OR (95% CI) p Value
Gender Female Male 2.109 (1.152-3.862) 0.016
Age, y <65 =65 1.771 (1.188-2.639) 0.005
No. 10 LN involved Negative Positive 1.933 (1.089-3.430) 0.024

CI = confidence interval, LN = lymph node; OR = odds ratio.
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N1 disease was 35.1%, which was similar to the 28.9%
survival in N2 disease. Multivariate analysis demon-
strated that No. 10 lymph node involvement was one of
the independent prognostic factors of pN1 patients as
well as age and gender. Although the number of patients
who were No. 10+ in this study is relatively small, we
found that pN1 with No. 10+ disease behaves like a more
advanced stage. Matsuoka and colleagues [19] reported
the same results, including multivariate analysis, as ours
concerning the survival benefit for the N1 disease with or
without No. 10 involvement.

Several authors reported that the mode of metastasis in
interlobar N1 tended to resemble that of NO, whereas
that of hilar N1 behaved like N2 disease [12, 13, 15, 17, 18];
however, the modality of recurrence in our study for the
limited period was not affected by the level of pN1
involvement. Our result that distant metastasis was pre-
dominant in the recurrent pattern over locoregional
recurrence in p-N1 patients implies that nodal involve-
ment might be a surrogate marker for distant metastasis,
even if the site of metastasis is the interlobar lymph
nodes.

Previous studies suggest that multiple levels of N1
stations are associated with a worse outcome than single-
level disease [14, 20-23]. We were unable to identify the
differences. Concerning the prognostic effect of the num-
ber of involved N1 stations, which may be one of the
strong predictable factors for poor survival, it is possible
that these analysis did not include enough patients to
lead to a valid conclusion.

When taken together, the discrepancy between the
Naruke map and the MD-ATS map might contribute to
borderline cases between N1 and N2, such as multiple-
station N1 disease or hilar N1 disease. The staging
committee of the International Association for the Study
of Lung Cancer (IASLC) is proposing a new international
lymph node map that provides very precise definitions of
the anatomic boundaries of each lymph node station and
reconciles the differences between the Naruke map and
the MD-ATS map [22].

The nodes around the junction of the hilum and
mediastinum are key points at issue. Indeed, one of the
most important problems is to decide whether the main
bronchus nodes belong to the N1 or N2 station in relation
to prognosis as well as anatomy. In this study, we found
a difference in survival among patients with nodal me-
tastasis up to either station 11 or station 10, whereas
survival did not differ among patients with nodal metas-
tases up to either station 10 or N2 station. This result
suggested that nodes could be designated as intermedi-
ate between N1 and N2 and that there might be a
borderline between N1 and N2 nodes around the main
bronchus in accordance with the Naruke map. Moreover,
our study demonstrated that the involvement of main
bronchial nodes has a prognostic significance similar to
that of single-station N2 and could be considered as an
early N2 disease.

We fervently hope to have a single, accurate map of
lymph node stations that can be used universally. Oth-
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erwise, it will be difficult to make progress in therapeutic
strategies for lung cancer.

In conclusion, survival in patients with pN1 disease
differs according to the type of lymph node involvement.
Patients with No. 10 involvement have an unfavorable
prognosis, and the disease behaves like N2 disease. The
definition of a clear borderline between N1 and N2 is
mandatory to achieve a uniform classification map. Further
clinical studies may give more accurate information about
the real prognostic value of No. 10 involvement to improve
the clinical assessment and therapeutic strategies.

We are indebted to Professor J. Patrick Barron of the Interna-
tional Medical Communication Center of Tokyo Medical Uni-
versity for his review of this manuscript.
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Pretreatment neutrophil count as an independent prognostic
factor in advanced non-small-cell lung cancer: An analysis of
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for neutrophil count was 4500 mm™ (corrected hazard ratio, 1.67; 95% confidence interval
(CI), 1.09-2.54). The median survival time was 19.3 months (95%CI, 16.5-21.4) for the low-
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high-neutrophil group {>4500 mm™, n=184). We confirmed that pretreatment elevated
neutrophil count is an independent prognostic factor in patients with advanced NSCLC
receiving modern chemotherapy. Neutrophil count is easily measured at low cost, and it
may be a useful indicator of patient prognosis.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The prognosis for patients with advanced non-small-cell lung
cancer (NSCLC) (TNM stage IIIB with a positive pleural effu-
sion, or stage IV) has improved with recent advances in sys-
temic chemotherapy, but still remains poor, with a median
overall survival time between 4 and 15 months.! Prognostic
factors identified in previous studies include tumour stage,
performance status (PS), weight loss, sex, plasma lactate
dehydrogenase (LDH) level and the presence of bone, liver
or skin metastases.? Although novel immunological and his-
tological biomarkers have been identified, these are often
time-consuming to measure, and this is not part of the stan-
dard practice.

It is now evident that inflammatory cells in the tumour
microenvironment have significant effects on tumour develop-
ment.** Elevation in the pretreatment neutrophil count has
been proposed as a prognostic factor for poor survival in pa-
tients with metastatic renal cell carcinoma,”® and elevated
neutrophil, monocyte or leucocyte count has been associated
with poor survival in patients with metastatic melanoma. 1!
A high-neutrophil-lymphocyte ratio may be related to poor
prognosis in patients with colorectal cancer'?and in those with
advanced gastric cancer.’® The European Lung Cancer Working
Group found that the high-neutrophil count was an indepen-
dent prognostic factor for poor survival in patients with unre-
sectable advanced NSCLC™ and in those with small-cell lung
cancer.’® A retrospective study found that neutrophil count
was of prognostic value in patients with lung cancer.’®

The aim of this study was to examine and confirm the im-
pact of pretreatment peripheral blood neutrophil, monocyte
and lymphocyte counts on overall and progression-free sur-
vival in a well-defined population of patients with advanced
NSCLC being treated with regimens using newer chemothera-
peutic agents in a randomised controlled clinical trial.

2. Patients and methods

2.1.  Study population

A total of 401 chemo-naive NSCLC patients with stage IIB
with pleural effusion or stage IV without brain metastasis,
who had Eastern Cooperative Oncology Group {(ECOG) PS of
0 or 1, were enrolled from 45 institutions in Japan between
March 2001 and April 2005 into Japan Multinational Trial
Organisation LC00-03Y (registered with ClinicalTrials.gov
identifier NCT00079287). Patients underwent one of two treat-
ment regimens: intravenous vinorelbine (25mg/m? plus
gemcitabine {1000 mg/m?) on days 1 and 8 every 21 4 for three
cycles, followed by intravenous docetaxel (60 mg/m?) on day 1
every 21 d for three cycles [VGD arm, n = 196] versus intrave-
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nous paclitaxel (225 mg/m? and carboplatin (area under the
curve =6) for 3h on day 1, every 21d for six cycles [PC arm,
n=197]). As there were no significant differences between
treatment groups in terms of either overall (hazard ratio:
0.996, P=0.974) or progression-free survival (hazard ratio:
0.966, P = 0.742), the combined data from the two arms were
analysed in this study. Of 393 eligible patients, information
regarding pretreatment neutrophils in peripheral blood was
not available for five patients. Thus, data from 388 patients
were included in the present study.

2.2.  Statistical analysis

Overall survival was defined as the time from randomisation
until death from any cause, and progression-free survival was
defined as the time from randomisation until objective tu-
mour progression or death. Survival curves were estimated
with the Kaplan-Meier method. Associations between the
factors and the prognosis were examined with the log-rank
test in univariate analyses. The prognostic impact of pretreat-
ment peripheral blood neutrophil, lymphocyte and monocyte
counts, and neutrophil-lymphocyte ratio were examined
using the proportional hazards regression model to estimate
hazard ratios after adjustment for covariates without variable
selection. Optimal cut-off points for continuous variables
were selected using the minimum P-value approach with cor-
rection of the P-value.”® The corrected hazard ratio and its
95% confidence interval (CI) were estimated using a shrinkage
procedure with bootstrap resampling.’® All statistical analy-
ses were done using SAS version 9.1 (SAS Institute, Cary, NC).

3. Results

3.1.  Patients’ characteristics

Of 388 patients, 276 patients had died, and the median follow-
up time for the 112 surviving patients was 567 d (range: 70~
1711 d). The characteristics of the 388 patients (276 men
[71%), 112 women [29%], median age 65 years [range, 33-
81 years]) included in the present study are shown in Table
1. Median pretreatment counts of neutrophils, lymphocytes
and monocytes were 4304 mm~>, 1386 mm™ and 404.2 mm™3,
respectively. Spearman’s rank correlations were 0.351 for neu-
trophils and monocytes, 0.034 for neutrophils and lympho-
cytes and 0.352 for monocytes and lymphocytes.

3.2.  Relationship between pretreatment neutrophil,
lymphocyte and monocytes counts and survival

In univariate analyses, pretreatment elevated counts of neu-
trophils were statistically significantly associated with short
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overall (Fig. 1A, P<0.0001) and progression-free survival
(Fig. 1B, P =0.0001). Although lymphocyte count did not cor-
relate with survival, there were significant relationships be-
tween high-neutrophil-lymphocyte ratio and short overall
(P < 0.0001) and progression-free survival (P = 0.005). The ele-
vated monocyte count was also significantly associated with
short overall survival (P =0.004), and was moderately related
to short progression-free survival (P=0.052). We selected
sex, smoking history, stage, ECOG PS, weight loss, plasma
LDH and the presence of bone, liver or skin metastases as
the known pretreatment prognostic factors.2'* Adjusted
hazard ratios for the relationship between pretreat-
ment neutrophil, lymphocyte and monocyte counts and
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neutrophil-lymphocyte ratio and overall and progression-
free survival after adjustment for the known prognostic
factors are shown in Table 2. There was a statistically signif-
icant association between elevated neutrophil count and
short overall (P=0.0008) and progression-free survival
(P=0.024), and between high-neutrophil-lymphocyte ratio
and short overall (P=0.011) and progression-free survival
(P=0.040), whereas no association was found between
lymphocyte or monocyte count and prognosis. The relation-
ship between neutrophil count and both overall and progres-
sion-free survival was linear, whereas the relationship
between neutrophil-lymphocyte ratio and overall survival
was to some degree non-linear.
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Fig. 1 - Kaplan-Meier estimates according to quartiles for the effect of pretreatment neutrophil count on (A) overall survival

and (B) progression-free survival.

3.3.
count

Optimal cut-off value for pretreatment neutrophil

In selecting optimal cut-off values for the effect of neutrophil
count on overall survival, the range between the 5th percentile
(2205 mm™) and the 95th percentile (9657 mm™?) for distribu-
tion of neutrophils was selected, and the possible cut-off
points at intervals of 500 mm™ from 2500 mm™ to 9500 mm™
3 were considered (giving 15 candidate cut-off points). Using
the minimum P-value approach, the selected cut-off value
for neutrophil count was 4500 mm™ (corrected P =0.0009)
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and the corrected shrunk hazard ratio was 1.67 (95%Cl, 1.09-
2.54, from 100 bootstrap samples; Table 3). The selected opti-
mal cut-off value did not change even when we used the strat-
ified proportional hazards model, stratified by the
combination of all covariates. The median survival time was
19.3 months (95%ClI, 16.5-21.4) for the low-neutrophil group
(<4500 mm™3, n =204} and was 10.2 months (95%CI, 8.0-12.3)
for the high-neutrophil group (>4500 mm™, n = 184) (Fig. 2).
The results of prognostic factor analysis for overall survival
are shown in Table 4. In terms of the relative order of signifi-
cance, neutrophil count was one of the most important
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prognostic factors along with ECOG PS (P<0.0001), LDH
(P=0.001) and smoking history (P=0.002). The adjusted
hazard ratios for the relationship between neutrophil count
(<4500 mm™ versus >4500 mm™) and survival according to
the treatment groups were 1.62 (95%Cl, 1.14-2.30) in the PC
arm (n=195) and 1.74 (95%CI, 1.22-2.48) in the VGD arm
(n=193). There was no interaction between the neutrophil
count and the treatment arms (P for interaction = 0.437).
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3.4.  Relationship between pretreatment neutrophil count
and intensity of chemotherapy

In order to evaluate the effect of neutrophil count on admin-
istration of chemotherapy and toxicity, we analysed the dose
intensity of chemotherapeutic agents and the incidence of
toxicity in each arm. In the VGD arm, there was no significant
difference in the relative dose intensity of vinorelbine or
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Fig. 2 - Kaplan-Meier estimates according to optimal cut-off point (4500 mm™?) for the effect of pretreatinent neutrophil count

on overall survival

gemcitabine between the low-neutrophil group (<4500 mm™3)
and the high-neutrophil group (>4500 mm™). However, the
relative dose intensity of docetaxel was significantly lower
in the high-neutrophil group (median, 33%) than in the low-
neutrophil group (median, 87%) (P = 0.040, Wilcoxon test).

The toxicity due to treatment was also analysed. In the
VGD arm, the incidence of grade 3 or 4 non-haematological
toxicity within the first three cycles of treatment was signifi-
cantly higher in the high-neutrophil group than in the low-
neutrophil group (26.5% versus 8.5%; P = 0.002, Fisher’s exact
test). Significantly fewer cycles were administered in the
high-neutrophil group than in the low-neutrophil group
(mean, 2.9 cycles versus 4.7 cycles; P < 0.0001, Wilcoxon test).
None of the patients in the high-neutrophil group who expe-
rienced grade 3 or 4 non-haematological toxicity within the
first three cycles completed the planned six cycles. The pro-
portion of patients requiring reductions in the doses of vino-
relbine or gemcitabine within the first two cycles of treatment
was significantly higher in the low-neutrophil group (45.2%)
than in the high-neutrophil group (26.4%) (P = 0.007, Fisher's
exact test). No such differences in dose intensity or toxicity
were seen in the PC arm.

4. Discussion

In multivariate analysis after adjustment for known prognostic
factors, we found linear associations between pretreatrnent
elevated neutrophil count and short overall and progression-
free survival. As there was no such association for the lympho-
cyte count, the relationship between neutrophil-lymphocyte
ratio and overall survival was also found, however, it was to
some degree weak and non-linear. As a consequence, we
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consider that absolute neutrophil count may better serve as a
prognostic factor. An optimal cut-off value for the relationship
between neutrophil count and overall survival was identified as
4500 mm™ (corrected hazard ratio, 1.67; 95%Cl, 1.09-2.54). In
the VGD arm, the low-neutrophil group (<4500 mm™) tended
to have a lower incidence of severe non-haematological toxic-
ity and tolerated longer administration of the chemotherapeu-
tic agents compared with the high-neutrophil group. However,
no such association was found in the PC arm, and pretreatment
neutrophil count was equally predictive of prognosis in both
treatment arms when analysed separately. We therefore do
not consider it likely that the pretreatment neutrophil count
serves as an indicator of intolerance to chemotherapy, rather
than as an indicator of poor prognosis.

A number of studies in the last two decades have sug-
gested an association between the neutrophil count or neu-
trophil-lymphocyte ratio and the prognosis of cancer
patients,”*® although no acceptable explanations for the
mechanisms underlying these observed associations have
been proposed. Moreover, although neutrophilia often accom-
panies the diagnosis of cancer, the causes of neutrophilia in
cancer patients are not fully understood, and are likely to be
the result of a combination of factors. One obvious cause of
neutrophilia is paraneoplastic production of myeloid growth
factors by cancer cells themselves. Granulocyte-colony stimu-
lating factor (G-CSF) is a growth factor that acts selectively on
bone marrow granulocytic lineage cells, and is considered to
play a central role in granulopoiesis. Administration of G-
CSF was reported to increase bone marrow neutrophil precur-
sors and shorten bone marrow transit time in mice and hu-
mans,*>? resulting in marked increases in the production
of neutrophils. Granulocyte macrophage-colony stimulating
factor (GM-CSF) and macrophage-colony stimulating factor



