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ABSTRACT

Wehaveshownpreviouslythathepatocytegrowthfactor(HGF),which
Is produced by lung fibroblasts, Is a potent mitogen and motogen for both
normal and aeoplastlc bronchial epithellum, and that expression of the
HGF receptor, the c-met proto-oncogene protein, Is uniformly found In the
human bronchial epithellum and In non-small cell lung carcinomas
(NSCLCs; P. Slngh-Kaw et aL, Am. J. Physiol., 268: L1012â€”L1020,1995).
Yamashlta et aL have reported an association of HGF with poor survival
In invasive ductal carcinoma of the breast (Cancer Res., 54: 1630-1633,
1994). There are few prognostic markers for lung cancer, and the high
recurrence rate for stage I lung cancer suggests the frequent presence of
undetectabletumorburdenInsuchpatients Criteriaare neededto eyed
santethese patients for risk of recurrence. We have now evaluated whether
HGFpresentInresectablelungtumorshasprognosticsignificance.Inthis
study, 56 primary NSCLCS, mainly adeaocarclnomas, were examined for
presence of HGF by quantitative Western blot. These tumors consisted of
tissue from 34 stage I patients, 9 stage II patients, and 13 stage Ill,,

patients who underwent curative resection for primary NSCLC. Extracts
of whole tumor tissue were analyzedafter separationof proteinsby
electrophoresis and transfer of proteins to nitrocellulose membranes
Immunoreactive (Ir)-HGF was visualized by reaction with a polyclonal
antl-HGFantiserumand quantitatedby densitometry.Lungtumorcon
tent of IT-HGF varied widely among individuals. Median lr-HGF content
in tumorextractswas 15.3ng/40pg of tumorprotein;meanlr-HGFwas
27.2 ngI4Oi@gof tumor protein. The median and mean lr-HGF were both
significantly higher in tumor tissue from patients who suffered a recur
rence during the follow-up period compared with those with no evidence
of residualdisease;this was true of all patients(P = 0.0001)and stageI
patients anal@ separately (P = 0.002). AnalysIs of survival curves
indicated that Ir-HGF levels higher than the median were associated with
poor overall survival (P < 0.03). Univariate analysis showed three factors
related to poor overall survival In this set of patients: lr-HGF, tumor (T)
status (a iseasure of primary tumor size and extent), and age. Nodal (N)
status and stage were only marginally related to overall survival, most
likely because the majority of the patients in the study were stage L N
states, st@e, and T status were related to disease-free survival, however.
Multivariste Cox analysis showed that Ir-HGF, T status, and age Inde
pendently had a negative Impact on overall survival. Ir-HGF was a strung
independent negative prognostic Indicator (P 0.0001) wIth a relative
risk of 1.022 per unit of Ir-HGF (ng/40 gag of protein). This demonstrates
that, In this group of patients, the relative risk of Ir-HGF content In
creased continuously as lr-HGF Increased, and exceeded 10 at units of
Ir-HGFof 100 or more. In comparison,In this group of patients,the
relative risk of a T status greater than 1 was 4.75 and that of age greater
than 65 was 3.95. The combined negative effect of a T status greater than
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1 and elevated Ir-HGF on survival was also highly pronounced
(P < 0.005). In addition, elevated ir-HGF had a negative impact on
survival when patients were stratified by stage or N status. Stage I patients
with high ir-HGF values had a worse outcome than stage II or stage Ill
patients with low lr-HGF values. Elevated ir-HGF was strongly associated
with poor outcome for resectable NSCLC patients as a group, and also

Identified stage I patients with poor outcome, indicating that it could be a
useful indicator of risk of relapse and death in patients who have early
lung cancer. The impact of elevated ir-HGF was especially prominent In

patients whose T status was greater than 1, suggesting that patients with
both risk factors who are stage I should be treated as aggressively as stage
mapatients.Thus,measurementof lr-HGFcouldbeausefulprognostic
Indicator for both early and advanced NSCLC patients.

INTRODUCTION

HGFâ€•is known to be a potent mitogen for many epitheial and
endotheial cell types (1â€”3).We have recently documented stimula
tory effects of HGF on cells derived from the human bronchial
epitheium, both from normal tissue and from non-small cell lung
tumors (4). HGF promoted DNA synthesis, colony growth, cell mi
gration, and invasion in these cell types (4). We have also found the

receptorfor HGF,the c-metproto-oncogeneprotein,to be universally
expressed in lung epitheium and non-small cell lung tumors (4). HGF
is expressed and secreted by lung fibroblasts derived from the stroma
of lung tumors (4), and therefore may be present in tumor tissues.
Others have also found stimulatory effects of HGF in cells derived
from the lung. Tsao et aL (5) reported stimulation by HGF of cell
proliferation in human bronchial epitheial cells, and HGF was also
reported to stimulate the proliferation of human small cell carcinoma
cells (6). In addition, HGF is known to be produced in the lung in
response to injury, both to the lung itself (7) and in response to injury
in distant organs (8). These fmdings suggest that HGF may mediate
growth responses in the lung that could contribute to carcinogenesis.

Because HGF can produce cell motility (9) and is also angiogenic
(10), it may also be involved in tumor invasion and progression.
Mesenchymal cells are known producers of HGF (11), and HGF
release may be critical for migration of tumor cells and invasion of the
basement membrane. Yamashita et aL (12) reported recently that
HGF,presumablyproducedby stromalcells in mammarytumors,is a
strong negative prognostic indicator in breast adenocarcinomas. We
have measured the ir-HGF tumor content in 56 resectable NSCLCs,
primarily adenocarcinomas, and report similar results; elevated ir
HGF, as determinedby quantitativeWestern blot, was strongly cor
related with a poor prognosis. Moreover, ir-HGF content of tumors
also defined a subset of stage I patients who relapsed and had
shortened survival times. Furthermore, patients whose T status was
greater than 1 and had elevated HGF rapidly relapsed and died from
their disease.

4 The abbreviations used are: HGF. hepatocyte growth factor, it, immunoreactive;

NSCLC, non-small cell lung cancer, T, tumor; N, nodal.
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HOF AND PROGNOSISIN LUNG CANCER
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Fig. 2. Distribution of ir-HGF found in the 56 primary lung tumors. The mean of 27.2
ng/40 ,.@gof tumor protein is indicated by the solid arrow, and the median (15.3 ng/40 @g
of tumorprotein)is indicatedby the open arrow.

curves (14) were generated for overall and disease-free survival stratified for

HGFcontent.The prognosticsignificanceof HGFcontent,T status,N status,
stage, age, and gender was assessed using the log-rank test and Wilcoxon test.
On the basis of these results,a Cox proportionalhazardsmodel (15) was fit to
the data to assess the effect of HGF in the presence of other factors.

RESULTS

Tumor Content of ir-HGF. Fig. 1 shows a representative Western
blot in which varying amounts of recombinant HGF are applied to the
gel, as well as several tumor extracts. Densitometric scanning of the
blots has demonstrated a linear relationship between the amount of
recombinant HGF added and the intensity of the bands. Duplicate
tumor extracts were compared with the HGF standards to determine
the ir-HGF content, which was expressed as nanograms of ir-HGF/40
,@.gof tumor protein. Fig. 2 shows the distribution of ir-HGF in the 56
tumor tissues. The distribution is not normal; this has also been
reported in breast tumors (12). The median ir-HGF (open arrow) was
15.3 ng/40 @Lgof protein. Because a number of tumor extracts con
mined extremely high ir-HGF values (Fig. 1), the mean ir-HGF value
(27.2 ng/40 i.Lgof tumor protein, solid arrow) was higher than the
median.

Because there are no reference values for ir-HGF levels in the
human lung or in lung tumors, we used both the median and the mean
ir-HGF tissue content as starting points in evaluating the relationship

between ir-HGF and prognosis. Table 1 shows the clinical profile of
the 56 patients, comparing those at or above the median ir-HGF level
with those below the median. Although slight differences were noted
between the two groups, the clinical profiles were not significantly
different when tested using either a two-sample t test for continuous
outcomes or a f test for categorical outcomes. Those above the
median tended to have a higher proportion of females, a higher

proportion of poorly differentiated tumors, and a higher proportion of
nonsmokers. Four parameters that might influence survival (stage, N
status, T status, and access to adjuvant therapy) were not different
between the two groups. This was also true of the groups dichoto
mized by the mean ir-HGF content. Elevated ir-HGF as defined by the
median and the mean was then examined in association with stage,
disease recurrence during the follow-up period, and death during the
follow-up period (Table 2). The mean and median ir-HGF values were
not different between early and advanced stage lung cancer (Table 2).

1 2 3 45678910
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Fig. 1. Western blot analysis of lung tumor extracts. Recombinant HGF was used as a
standard. Lane 1, 5 ng of recombinant HGF: Lane 2, 12.5 ng of HGF; Lane 3, 20 ng of
recombinant HOF. Lanes 4â€”JO,seven different lung tumor extracts that showed varying
amounts of ir-HGF.
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MATERIALS AND METHODS

Patients. Tumor specimens from 56 patients with NSCLC were examined.
Tissues were collected sequentially from lung cancer cases for which the

diagnosis at time of surgery was adenocarcinoma or bronchiolo-alveolar car
cinoma, a type of adenocarcinoma. Adenocarcinoma was targeted for this

study because HGF has been shown to have prognostic significance in ade
nocarcinoma of the breast and because HGF is known to be involved in duct

formation (13). The final diagnosis in three of the cases was modified to

adenosquamous carcinoma and in another three cases to squamous cell carci
noma. However, all tissues examined were used for statistical analyses. The
patients all underwent curative lung resection at the University of Pittsburgh

Medical Center or at Fox Chase Cancer Center, Philadelphia, Pennsylvania,
from 1990 to 1993. All patients underwent a standard anatomic resection by
lobectomy or pneumonectomy with complete mediastinal and hilar lymph
node staging. Tissues were collected in accordance with established institu
tional review board approval; the tissues were frozen upon receipt and stored
at â€”70Â°until analysis. Tumors were histologically categorized according to
standard WHO criteria. The final diagnoses of the 56 carcinomas examined

were 47 adenocarcinomas, 3 adenosquamous carcinomas, 3 bronchiolo-alve
olar carcinomas, and 3 squamous cell carcinomas. During follow-up, 42
patients were still living (censored), and 14 deaths occurred. Mean follow-up
period for censored patients was 29 months (range, 11â€”55months). Recur
rences were documented by physical examination, radiological tests, and

standard diagnostic procedures. Other parameters evaluated for relationship to
prognosis were stage, extent (T status), nodal involvement (N status), age,
gender, histological type, smoking history, and treatment history.

Assay for HGF. Frozen tissue (about 0.2 g) was homogenized and cx
tracted with 50 mMTris-HC1(2 ml; pH 7.4) in the presence of 0.25% Triton
X-lOO as described by Yamashita et a!. (8). Recovery of HGF is >99% using

this method (8). Tissue extracts were stored at â€”70Â°until assayed, and
quantification of HGF was carried out by Western blot analysis. Duplicate
tumor extracts of known protein content were compared with recombinant
HGF standardsappliedto lanes on the same 10â€”20%tricineSDS/polyacryl
amide gel. The detection limit of this assay is 1 ng HGF. The single-chain

intact HGF (Mr 88,00097,000) was the predominant form found in tumor
extracts and was used to quantify HGF content. The processed a chain (Mr
66,000) represented less than 5% of the HGF found in tumors. The proteins
were separated by electrophoresis in running buffer (0.1 MTris base, 0.1 M
tricine, and 0.1% SDS) at 100 V for 2 h. The gel was then transferred
electrophoretically using a Novex XCell Dual-Slab Mini Cell onto nitrocellu

lose membranes at 0.9 A for 2 h. The membrane was rinsed three times in
Tris-buffered saline with Tween-20 and blocked with 5% powdered milk
solution for 45 mm. The membranes were then washed and exposed to primary
antibody in Tris-buffered saline containing 0.05% Tween-20. A goat anti-HGF
polyclonal antibody purchased from R&D Systems Inc. (Minneapolis, MN)
was used at a 1:1000 dilution. Horseradish peroxidase-conjugated anti-goat
antibody was used as the secondary antibody. The secondary antibody was
usedalonein controlblotsto demonstratespecificityof the primaryantibody
reaction. A Pharmacia LKB Bromma Ultroscan XL-Enhanced Lasar Densi
tometer (Piscataway, NJ) was used to quantify HGF present in the blots. The
Bio-Rad assay was used to measure protein content of tumor extracts, and
results from Western blots were expressed as nanograms of HGF per 40 @gof
tumor protein, which was the amount of protein applied per lane during
electrophoresis.

Statistics. The relationshipof HGFcontentto stage and/orrecurrenceand
vital status was examined using one-way ANOVA. Kaplan-Meier survival
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Table1 ClinicalprofileofS6 NSCLCpatientsusedfor HGFanalysis

HGF 15.3ng60/ HGF> 15.3ng/
40 g@gprotein 40 @b @tein

28 28
64.9 Â±8.5 (range, 49â€”79)67.3Â±9.1 (range, 48â€”83)

No.of recurrences
No.of deathsduringfollow.upe
No. of survivors during follow-up
Mean follow-up time for

deceased patients (months)
Mean follow-up time for

survivora (months)

a 15.3 is the median value for the 56 patients.
b Penceatages may not add up to 100% because of rounding.

cTtr@fi.4 @g@g(16) determined at time of biopsy.
1 pack-year = 1 pack/day for 1 year.

eFollow-upis fromtimeof biopsy.

PatientgroupnMean ir-HGFâ€•Â±SDMedianfr@HGFaAll

cases
Stage I
StagdHandIll.j@

ANOVA56

34
22

F = 1.6527.2

Â±35.6
22.3Â±26.7
34.7Â±45.9
P = 0.20415.3

14.5
16.7

(Stage I vs. Stage II andlila)All

cases, no evidence ofdisease
All cases, recurred within follow-up period
All cases, recurred and deceased within follow-up period

ANOVA29

27
14

F = 7.215.5

Â±18.3
39.7Â±44.9
60.4 Â±53.4
P = 0.00912.6

28.3
49.4

(Recurred vs. Norecurrence)Stage

I, no evidence of disease
Stage I, recurred within follow-up period
StageI, recurredanddeceasedwithinfollow-upperiod

ANOVA23

11
7

F = 11.9312.8

Â±9.7
42.1 Â±38.9
52.4 Â±43.6
P = 0.00112.3

32
54.5

(Recurred vs. Norecurrence)Stage

U and @a'@Â°evidence of disease
StageU and @a'@ withinfollow-upperiod
Stage U and ma,@ and deceased within follow-up period

ANOVA6

16
7

F = 0.3025.8

Â±36.0
38.1 Â±49.7
65.3 Â±65.0
P = 0.58914.5

22.6
29.3

(Recurred vs. Norecurrence)a

fr-HOP is expressed as ng/40 pg tumor protein.
b Stage H and @awere analyzed together because of the small sample size.

HOF AND PROGNOSIS IN LUNG CANCER

Because of the smaller number of stage II and stage @acases, these
were combined for statistical analysis. For all cases, there was a
significantly higher ir-HGF mean and median level in patients who
experienced a recurrence during the follow-up period (mean of 39.7
and median of 28.3, respectively) compared with those with no
evidence of disease (mean 15.5, median 12.6; P = 0.002). This was
also true of stage I patients analyzed separately (P = 0.002). This
association was also observed in advanced stage patients analyzed
separately, but was not statistically significant. It was further found
that the subset of those who died after their recurrences during the
follow-up period had the highest ir-HGF values (mean of 60.4 for all
cases). This was also apparent in stage I patients, in which the mean
ir-HGFcontentin patientswho died duringthe follow-up periodwas
52.7, compared with a mean of 12.8 in patients with no evidence of
disease during the follow-up period. Elevated ir-HGF, therefore, may
be associated not only with recurrence,but also with tumor aggres
siveness. When stage II and stage @apatients were analyzed sepa
rately (Table 2), the same trend for association of elevated ir-HGF
with death from cancer during the follow-up period was observed, but
the number of patients was too small to reach significance.

ir-HGF was not found to be significantly correlated with other
clinical parameters. There was no significant association between
ir-HGF and age (P 0.33, r 0.13), stage (P 0.20, r 0.17), T
status (P = 0.89, r 0.02), N status (P 0.34, r 0.13), smoking
history (P = 0.56, r = 0.08), treatment history (P = 0.52, r = 0.09),
gender (P = 0.43, r = 0.11), or histological classification (P = 0.76,
r â€”0.04).

Prognostic Analysis. For the initial analysis of overall survival,
the median ir-HGF value was used as the cutoff to define â€œlowâ€•HGF.
Any value above the median was considered elevated HGF; any value
at or below the median was considered low HOF. Fig. 3A shows
Kaplan-Meier survival curves for overall survival dichotomized by

ir-HGF tumor content. Patients with low ir-HGF showed significantly
better overall survival compared with patients with elevated ir-HGF.
These were significantly different by both the log-rank (P = 0.03) and
the Wilcoxon tests (P = 0.04). When the more stringent mean ir-HGF
value was used as the cutoff, the same relationship was found, and the
difference between the two groups was more pronounced (P = 0.002,
data not shown). Disease-free survival was also negatively affected by

ir-HGF tissue content (Fig. 3B), but did not reach significance when
the median ir-HGF tumor content was used as the cutoff between high
and low HGF groups (P = 0.25). However, because HGF was
significantly correlated with disease-free survival by linear regression
analysis (not shown), using the median value as a cutoff point may not

No.of patients
Age, Year
Gender

Male
Female

Stagec

U

ma
Degree of differentiation
Poor
Moderate
Well
Unspecified

Smoking history (pack/years)'@
0

@25
>25
Unknown

}listology
Adenocarcinoma
Adenosquamous
Bronchiolo-alveolar
Squamous cell

Adjuvanttherapy
None
Radiation
Chemotherapy
Radiation and chemotherapy
Unknown

Nodal Status
NO
Nl
N2
NX

T Status
Tl
1'2
1'3

15(53.6%)
13 (46.4%)

18(64.2%)
5 (17.9%)
5 (17.9%)

5 (17.9%)
14(50.0%)
8 (28.6%)
I (3.6%)

2(7.1%)
7(25.0%)

16(57.1%)
3 (10.8%)

22(78.6%)
2(7.1%)
2(7.1%)
2(7.1%)

15 (53.6%)
6(21.4%)
2(7.1%)
5 (17.9%)

17(60.7%)
2(7.1%)
6(21.4%)
3(10.7%)

9(32.1%)
18(64.3%)
1(3.6%)

11
3
25

10.3Â±3.1

26.1 Â±10.1

10(35.7%)
18(64.3%)

16(57.1%)
4(14.3%)
8 (28.6%)

13(46.4%)
9(32.1%)
6(21.4%)
0(0%)

5 (17.8%)
5 (17.8%)

17(60.8%)
1 (3.6%)

25(89.3%)
1 (3.6%)
1 (3.6%)
1 (3.6%)

16(59.3%)
7 (26%)
1 (3.7%)
3(11.1%)
1(1.8%)

15 (53.6%)
7 (25.0%)
5 (17.9%)
1 (3.6%)

13(46.4%)
10(35.7%)
5 (17.9%)

16
11
17

14.1 Â±12.7

32.6Â±13.9

Table2 ir-HGFvaluesoflung tumorextracts
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Months

Table3 Univariateanalysis ofdescriptorsin relation to overallsurvivalNumber

ofLog-rankWilcoxonDescriptorndeathsanalysisanalysisHGF<15.32834.694.15@l5.3281

1(P = 0.030)(P =0.042)T
statusT=l2233.735.47T

= 2 or 3341 1(P 0.053)(P =0.019)Nodal
StatUSaN=03271.461.79N

= 1 or 2207(P = 0.226)(P =0.181)StageStage!3471.181.48Stage

U or @a227(P 0.277)(P0.224)Age<652433.783.2865321

1(P = 0.052)(P =0.070)GenderMale2570.250.71Female

Smoking history@'317(P
= 0.614)(P =0.399)Nonsmoker720.00010.090Smoker4512(P

= 0.991)(P =0.764)Histological
typeAdenocarcinoma47101
.841.05Other94(P

= 0.175)(P = 0.306)

10 20

HOP AND PROGNOSISIN LUNG CANCER

A be optimal. When the cases were divided into tertiles to differentiate
HOFgroups[bottomtertile, 9.3 ng/40 @.tgoftumor protein(n = 18);
middle tertile, 22.3 ng/40 @gof tumor protein (n = 19); and upper
tertile, >22.3 ng/40 @gof tumor protein (n = 19)}, the difference in
disease-free survival was more pronounced, and the level of signifi
cance was P = 0.008 by log-rank test and P = 0.013 by Wilcoxon test
(Fig. 3C). Those patients whose ir-HGF content fell into the lower
third had the longest disease-free survival. This finding suggests that
a cutoff point that classifies patients in the upper third of ir-HGF
distribution as â€œelevatedâ€•gives the optimal separation for poor out
come. Similarly, Yamashita et a!. (12) determined that a cutoff iden
tifying the upper 31% of patients was optimal in survival analyses of
breast cancer patients.

In univariate analysis (Table 3), several other variables, in addition

to ir-HGF, showed a relationship to overall survival. T status, which
indicates tumor size and extent, was found to be related to poor
survival (P = 0.019 by Wilcoxon analysis). T status, however, was
independent of ir-HGF level (P = 0.89, r = 0.02). Stage and N status

B were not related to poor overall survival in this group of patients.
lOG Because T status defines tumors with differing local involvements and

@â€˜:IIâ€” is a factor in staging (16), its prognostic significance is as expected.
Stage and N status are also well-established factors in survival of lung
cancer patients (17). Our patient sample included 34 stage I patients

@ from a total of 56 cases, 7 of whom died after recurrence during the
.@ study period. This most likely affected the ability to show a statistical@E associationofstageandNstatuswithoverallsurvival,because

@ node-positive advanced stage patients were in the minority. Both N
(@ 50@ status and stage were significant factors in disease-free survival in this

! groupofpatients,however(P< 0.003andP < 0.002,respectively).
Ii. Thus, although we could not show a statistical relationship for stage

@ and N status with overall survival, it appears that this patient group
. followsthegeneralpatternfor lungcancer.Therewasalsoasignif

@ icant relationship between age and survival in this patient population
(P = 0.052 by log-rank analysis). However, as with T status, ir-HGF
was not associated with age (P = 0.33, r = 0.13). There was also no

a@ I I U S I associationbetweenhistologicaltype,gender,orsmokinghistoryand
0 10 20 30 40 50 60 either overall or disease-free survival.

Months Inanobservationalstudyofthistype,thepatientswerenotenrolled
in a specific protocol. Therefore, we examined treatment history as it

(I)

I

Fig. 3. A, overallsurvivalof 56 lungcancerpatientsdichotomizedby their ir-HGF
tumor content. The cutoff value for low iI-HGF was the median. There were 28 patients
in the low group(1) and28 patientsin the high group(A). B, disease-freesurvivalusing
the median as the cutoff point between low (A) and high (@) ir-HGF groups. C,
disease-free survival dividing the patients by tertiles of Ir-HGF (see text). There were 18
patients in the lower tertile (U), 19patients in the middle tertile (A), and 19patients in the
upper tertile (V).

30 40 50 60

a F@ patients were NX.
b Four patients had unknown smoking histories.
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Table4 MultivariateCoxamlysisof overallsurvivalModel

one@ coefficientModel two@ coefficientModel three@ coefficientModel four@ coefficientModel five@ coefficientVariableand
P valueand P valueand P valueand P valueand PvalueHGF

(1 ngunits)â€•0.02100.02120.02210.02420.0246continuous
variableP = 0.0001P = 0.0001P 0.0001P = 0.0001P =0.0001T

status1.2801.5591.8221.7772or3vs.
1P=0.055P=0.026P=0.014P=0.016Age1.3731.3641.24165

vs.<65P = 0.045P 0.046P0.07Genderâ€”0.828â€”0.737Female

vs. MaleP 0.158P =0.208Histologic
typeâ€”0.584Adenocarcinoma

vs. OtherP =0.362a

HGF was analyzed as a continuous variablewith units of 1 ng/40 g.@gtumorprotein.

HGF AND PROGNOSISIN LUNG CANCER

related to survival because of the possibility that patients with ele
vated ir-HGF received less therapy as a group than patients with low
ir-HGF, thus having an impact on the comparative survival of the two
groups. In this study, 43% of patients received adjuvant therapy
(chemotherapy, radiation therapy, or both). The number of patients
who received treatment was not significantly different between the
low and elevated HGF groups (46.3% of the low group and 39.3% of
the high group), and 82% (18 of 20) of the stage II and stage @a
patients received therapy. Of the four stage H and stage @apatients
who did not receive therapy,threewere in the low ir-HGFgroupwith
better overall survival, and all four survived the follow-up period. The
mean HGF level also was comparable between the group that received
adjuvant therapy and the group that did not (P = 0.54), indicating that
access to treatment was not a factor in survival of patients with low
HGF compared with high HGF. Because the group that received
therapy consisted of more advanced cases, the survival in the treat
ment group was actually worse than the nontreated group in univariate
analysis (P = 0.04 by Wilcoxon analysis). Taken together, these
observations show that treatment history was not a factor in survival

differences between low and elevated ir-HGF groups.
In multivariate analysis, the independent prognostic value of age, T

status, and ir-HGF content, the three variables that had shown signif
icance in univariate analysis, was examined (Table 4). Histological
type and gender, two variables that had no impact on survival in

umvariate analysis, also were examined in the model (Table 4).
ir-HGF emerged as a strong independent predictor of poor overall
survival, whereas T status and age were less significant. ir-HGF was
analyzed as a continuous variable, and the (3coefficient was expressed
in relationship to each unit of ir-HGF (1 ng/40 p@gof tumor protein).
By this model, risk continuously increases as ir-HGF increases. In the
Cox proportionalhazardsmodel, ir-HGFas a continuousvariablewas
consistently found to be a strong negative predictor with a P value of
0.0001,regardlessof whichotherparameterswereincludedin the
model and regardless of the ordering of the parameters (Table 4). The
addition of stage and N status in the model did not alter this finding
(not shown). The negative contribution of T status was also pro
nounced, and its significance in determining poor survival varied
between P = 0.014 and P = 0.055, depending on what other param
eters were analyzed. Age also showed a negative contribution to
survival, with a P value of 0.045â€”0.07(Table 4). Gender and histo
logical type were not significant. The relative risk of a T status of 2
or 3 compared with 1 was 4.75, whereas the relative risk of age greater
than 65 compared with less than 65 was 3.95. The relative risk of
ir-HGF was expressed as a continuous variable: 1.022 per unit of
ir-HOF(1 ng/40 @gof tumorprotein).This is obtainedby computing

@ where e is the natural log constant, and 0.021 is the (3
coefficient (see Table 4). Thus, risk increased with increasing ir-HGF.
In comparing those patients with ir-HGF levels of 5 (in the lowest
quintile) with patients whose tumors contained ir-HGF levels of 12,
20, 35, and 70 (belonging to each succeeding quintile), the respective

relative risk is: 1.16, 1.24, 1.92, and 4.1 1. The relative risk increases
to 10 at ir-HGF levels above 100. Thus, in this group of patients,
ir-HOF levels in the upper tertile convey relative risk equivalent to or
greater than a T status of 2 or higher, or age above 65.

Because T status also showed such a strong independent association
with survival in this set of patients, we also analyzed survival strati
fled by both T status and ir-HGF level (Fig. 4). This stratification
demonstrated clear differences in survival among those individuals
who had both risk factors (high ir-HGF and T status greater than 1),
those that had only one of these risk factors, and those that had neither
risk factor. Fig. 4 illustrates how overall survival worsened as T status
and ir-HGF content increased. In the group with a T status of 1 and an
ir-HGF below the median, no deaths occurred during the follow-up
period. This group was comprised of nine stage I patients. Patients
with a T2 or T3 tumor and low ir-HGF also had good survival; 84%
were still alive at 50 months. This included nine stage I, five stage H,
and five stage @apatients. Patients with a Ti tumor and high ir-HGF
(above the median) showed 70% survival by 50 months; this included
nine stage I, one stage II, and three stage @apatients. In contrast, only
44% of patients with a T status of 2 or 3 who had elevated ir-HGF
were still alive at 20 months. This included seven stage I patients,
three stage H patients, and five stage @apatients. Despite the small
sample size, the differences in these groups was significant at
P <0.005.

Stratifying the survival data by stage or N status further showed that
elevated ir-HGF had a negative impact on survival in both early and
advanced lung cancer. As was seen with T status, the survival time
was progressively shorter as ir-HGF and stage or N status worsened
(data not shown), and the worst survival was seen in patients with
advanced cancer and high ir-HGF tissue content. As shown in Table
5, more deaths from disease occurred during the follow-up period in
stage I patients with high ir-HGF tumor content than in either stage I
or advanced stage patients with low ir-HGF. When the median was
used to differentiate ir-HGF groups, these data were significant
(P = 0.011 by Fisher's exact test). When the mean was used to
differentiate ir-HGF groups, the increased number of deaths in stage
I patients with high ir-HGF was highly significant (P = 0.002 by
Fisher's exact test). These observations confirmed that ir-HGF is an
independent negative prognostic indicator unrelated to stage or N
status and that elevated ir-HGF is an important risk factor for poor
outcome of early lung cancer.

DISCUSSION

HGFis a known stimulatorof tumorinvasionin in vitroassays (18,
19), and we have shown that lung carcinoma cells respond to HGF by
showing enhanced movement across a Boyden chamber membrane
and enhanced invagination into an artificial basement membrane (4).
Coupled with its mitogenic and angiogenic effects, its ability to
stimulate invasion may contribute to the progression of tumors and to
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Table5 Survivalof lungcancerpatientsstratifiedbystageandir-HGFGroup

n No. of recurrencesNo. ofdeathsMedian

ir-HGF as the cutoff point for high and low ir-HGFgroupsStage
I, low ir-HGF 18 4 (22.2%)2(11.1%)Stage
I, high ir-HGF 16 7 (43.8%)5(31.3%rStage
U or @a'low ir-HGF 10 7 (70.0%)1(10.0%)Stage
U or @a'high ir-HGF 12 9(75.0%)6(50.0%)Mean

ir-HGF as the cutoff point for high and low ir-HGFgroupsStage
I, low ir-HGF 25 5 (20%)

Stage I, high ir-HGF 9 6(66.7%)2(8%) 5(55.7%)'@'Stage
U or @a'low ir-HGF 13 8(61.5%)2(15.4%)Stage
U or @a'high ir-HGF 9 8 (88.9%)5 (55.6%)
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the development of metastases. HGF has previously been reported to
correlate with poor survival in breast ductal carcinomas (12), and the
expression of c-met has been associated with late-stage metastatic
lesions in melanoma (20). Our data further substantiate a role for HGF
in the progression of NSCLC; a level of ir-HGF in the upper tertile
was found to be as strong a negative prognostic indicator as extensive
disease (T status greater than 1). Multivariate analysis further showed
that HGF is an independent prognostic indicator; it is unrelated to any
other clinical parameter, including T status, N status, stage, and age,
four factors that, to varying degrees, also affected survival in this
group of 56 lung cancer patients. It is important that ir-HGF was
found to be the most significant factor influencing survival in this
group of patients, regardless of the number or ordering of other
parameters in the modeling. The model also predicted a continuous
negative impact of HGF on survival; the relative risk factor was 1.022
for each unit of ir-HGF (1 ng/40 @gof protein). Thus, patients whose
tumors contained 50 units of ir-HGF had a relative risk of approxi
mately 2.66 over those whose ir-HGF tumor content was 5 units
(eÂ°Â°21@5Â°5@),and 2.90 over those whose ir-HGF tumor content was 1
unit (eÂ°Â°2@5Â°@).The relative risk increases to more than 10 in
individuals with highly elevated ir-HGF (over 100 units).

When the survival data from these 56 patients were stratified by
stage, N status, or T status, separate risk groups were defined by
ir-HGF tumor content. This further demonstrates that ir-HGF is mdc
pendent of extent of disease and may be useful in identifying lung
cancer patients who have no detectable disease burden, but who are at
high risk of recurrence. The striking negative effect of a high T status
and an elevated ir-HGF content suggests that patients with these
characteristics who are stage I should be treated as aggressively as
stage IHa patients. This is an important finding, because a large
proportion of these patients relapse, and there are currently few
criteria for recommending adjuvant therapy in this group. Stage I
patients who have elevated ir-HGF, especially those with tumors
larger than 3 cm (T2), may be candidates for adjuvant therapy and/or
chemoprevention protocols. Our data suggest the need for a random
ized trial of adjuvant therapy versus no therapy in patients with stage
I disease and elevated ir-HGF. HGF status also may be a useful
clinical prognostic indicator for advanced lung cancer patients.

The impact on survival when combining T status and HGF content
implies that an interaction occurs between the size and/or position of
the tumor and the biological effect of HGF. This could be due both to
the number of tumor cells that are present and their proximity to

a p o.oi 1 by Fisher's exact test, compared to group 1 or 3.
bp o.oottibyFisher'sexacttest,comparedtogroup1or3.

accessible sites for invasion. For example, a tumor less than 3 cm that
is close to the chest wall is given a T status of 2. If the effect of HOF
is to cause cells to move and invade, as well as to proliferate, the
impact on relapse may be greater at sites where the tumor cells have
ready access to invasive pathways. High ir-HGF may indicate a higher
probability that this process has already occurred at the time of
surgery.

These findings were based on a small patient population (n = 56)
in which the majority of tumors were adenocarcinomas. This histo
logical group was chosen because HGF is known to be involved in
duct formation (13). However, the small number of squamous and
adenosquamous tumors included in this study also fit the model for a
prognostic role of HGF. A larger study is needed to ascertain the role
of HGF in all histological types oflung cancer. Overexpression of the
c-met gene, encoding the receptor for HGF, has been reported in

gastric cancer (21), colorectal cancer (22), thyroid cancer (23), and
leukemia (24). Receptor expression in lung tumors may also be a
factor in response to HGF; it remains to be determined whether c-met
expression is related to survival of lung cancer patients.
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