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Abstract

Purpose The HGF/MET pathway is involved in cell motility, angiogenesis, proliferation, and cancer invasion. We assessed
the clinical utility of plasma HGF level as a prognostic biomarker in patients with MIBC.

Methods We retrospectively analyzed 565 patients with MIBC who underwent radical cystectomy. Logistic regression and
Cox regression models were used, and predictive accuracies were estimated using the area under the curve and concordance
index. To estimate the clinical utility of HGF, DCA and MCID were applied.

Results Plasma HGF level was significantly higher in patients with advanced pathologic stage and LN metastasis (p =0.01
and p <0.001, respectively). Higher HGF levels were associated with an increased risk of harboring LN metastasis and
non-organ-confined disease (OR1.21, 95%CI 1.12-1.32, p <0.001, and OR1.35, 95%CI 1.23-1.48, p <0.001, respectively)
on multivariable analyses; the addition of HGF improved the predictive accuracies of a standard preoperative model (+ 7%,
p<0.001 and + 8%, p <0.001, respectively). According to the DCA and MCID, half of the patients had a net benefit by
including HGF, but the absolute magnitude remained limited. In pre- and postoperative predictive models, a higher HGF
level was significant prognosticator of worse RFS, OS, and CSS; in the preoperative model, the addition of HGF improved
accuracies by 6% and 5% for RFS and CSS, respectively.

Conclusion Preoperative HGF identified MIBC patients who harbored features of clinically and biologically aggressive
disease. Plasma HGF could serve, as part of a panel, as a biomarker to aid in preoperative treatment planning regarding
intensity of treatment in patients with clinical MIBC.

Keywords HGF - MIBC - Survival - Biomarker - Non-organ confined - Preoperative

Introduction 2010). Given BCa’s aggressive biology, multimodality treat-

ment, including perioperative systemic therapy, should be

Neoadjuvant chemotherapy, whenever possible, followed
by radical cystectomy (RC) and lymphadenectomy is the
standard of care for muscle-invasive bladder cancer (BCa)
(Witjes et al. 2021). Despite efforts to completely excise
cancer cells, nearly half of muscle-invasive BCa patients
treated with RC alone succumbed to their disease within
5 years; patients with locally advanced disease and/or lymph
node (LN) metastasis do significantly worse (Shariat et al.
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considered, especially for patients with presumably non-
organ-confined (NOC) disease as they are most likely to
harbor micrometastases (Karakiewicz et al. 2006; Svatek
et al. 2010). Although neoadjuvant chemotherapy (NAC) is
a well-established strategy supported by randomized phase
III trials (Grossman et al. 2003; Griffiths et al. 2011), reli-
able biomarker-based accurate preoperative or postoperative
identification of patients harboring NOC BCa or those suf-
fering from aggressive tumor growth is yet to be established
(Xylinas et al. 2014; Shariat et al. 2007). Indeed, based on
clinical stage, a significant proportion of muscle-invasive
BCa are likely to be overtreated by NAC.
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Hepatocyte growth factor (HGF), a stromal cell-
derived cytokine, is a natural endogenous ligand for
MET receptors (Moosavi et al. 2019). Activation of the
HGF/MET signaling pathway driven by a ligand (HGF)-
dependent or ligand-independent manner promotes cel-
lular proliferation, angiogenesis, tumor aggressiveness,
and invasion, thereby resulting in poor survival outcomes
(Mukai et al. 2020). To date, several available HGF/
MET biomarkers, including HGF, MET, and soluble
MET (sMET), have been investigated for their diagnos-
tic, predictive, and prognostic roles in various malignan-
cies (Gupta et al. 2008; Vuong et al. 2018). Of these,
circulating HGF has been shown to be associated with
worse pathologic and survival outcomes by several stud-
ies, such as lung or colorectal cancer (Tsuji et al. 2017,
Toiyama et al. 2009). In bladder cancer, however, few
studies have investigated the impact of circulating HGF
(Gohji et al. 2000; Wang et al. 2007), and due to limita-
tions of their sample size and study design, the signifi-
cance and clinical utility of blood levels of HGF for the
prediction of worse pathologic or poor survival outcomes
remains unclear. Therefore, the present study aimed to
assess the prognostic ability and clinical utility of plasma
levels HGF obtained preoperatively in muscle-invasive
BCa patients treated with RC.

Material and methods
Patient selection

We conducted a retrospective multi-institutional study
including patients who underwent RC and lymphadenectomy
for clinically nonmetastatic BCa. The study was approved by
each institutional review board. We identified 1036 patients
treated with RC for BCa, of which 471 who were diagnosed
preoperatively with non-muscle-invasive disease (<cT1)
were excluded to minimize the risk of confounding factors.
Thus, 565 patients were included in the final analyses. None
of the patients received NAC or perioperative radiotherapy.
The extent of lymphadenectomy and urinary diversion type
were based on the surgeon’s discretion.

Management and follow-up

Preoperative staging of patients was performed using com-
puted tomography or magnetic resonance imaging. All
surgeries were performed with curative intent. The stages
and grades of all specimens were determined according to
the 8th edition of the American Joint Committee on Cancer
staging system and 1973 World Health Organization system,
respectively. Lymphovascular invasion (LVI) was examined
in all samples. Due to the retrospective nature of the study,
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there was no standardized follow-up schedule. Generally,
follow-up visits were undertaken quarterly for two years,
semiannually between the second and fifth year, and annu-
ally thereafter. Tumor recurrence was defined as local recur-
rence or distant metastasis on imaging. The cause of death
was determined by the treating physician based on a chart
review corroborated by the death certificate or death cer-
tificate alone.

Hepatocyte growth factor

Plasma samples were collected after preoperative overnight
fasting on the morning of the day of surgery. Blood was col-
lected into a Vacutainer CPT (Becton Dickinson Vacutainer
Systems) and centrifuged at room temperature for 20 min
at 1500 x g. The top layer corresponding to the plasma was
decanted using sterile transfer pipettes. The plasma was
immediately frozen and stored at — 80 °C in polypropylene
cryopreservation vials (Nalgene, Nalge Nunc). For quantita-
tive measurements of HGF levels, we used a commercially
available quantitative immunoassay (DHGOOB, R&D Sys-
tems). Every sample was run in duplicate, and the mean was
calculated for data analysis. Coefficient of variation between
measurements was less than 10% in all cases.

Statistical analyses

The median value of HGF was calculated as 512.3 pg/mL
(interquartile range [IQR]: 364.6-674.6). Based on the
median value, patients were divided into the low and high
HGF groups. The differences between continuous and cat-
egorical variables in the group were evaluated using the
Mann—Whitney U test and chi-squared test, respectively.
NOC disease was defined as > pT3 and/or N + disease.
Logistic regression models were used to assess the asso-
ciations between HGF and other established confound-
ing factors for the prediction of LN metastasis, pT3/T4
disease, and NOC disease. The predictive accuracy of
the models was calculated using the receiver operating
characteristic curve-derived area under the curve (AUC).
AUCs were compared between the models with or without
HGEF using DeLong’s test. Kaplan—Meier survival curves
were used to analyze the association between HGF and
recurrence-free survival (RFS), overall survival (OS),
and cancer-specific survival (CSS). The log-rank test
was used to determine statistical differences between the
groups. Multivariable Cox regression models were used to
assess the association between prognostic factors includ-
ing HGF and survival outcomes including RFS, OS, and
CSS. When logistic regression and Cox regression models
were used, HGF was treated as a continuous variable.
For multivariable regression analyses, the values of HGF
were divided by 100 to make meaningful interpretations.
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Table 1 Patient characteristics Total  Low HGF (< 512.3 pg/mL)  High HGF (> 5123 pg/mL) P value
N=565 N=282 N =283
Age, median (IQR) 66 (59, 66 (60,72) 67 (59, 73) 0.3
73)
Sex, no (%) 0.2
Male 441 (78) 227 (80) 214 (76)
Female 124 (22) 55 (20) 69 (24)
Blood transfusion, no (%) 146 (26) 79 (28) 67 (24) 0.2
Clinical grade, no (%)
Grade 3 565 282 (100) 283 (100)
(100)
Clinical stage, no (%) 0.5
cT2 498 (48) 244 (87) 254 (90)
cT3 38(6.7) 22(7.8) 16 (5.7)
cT4 29 (5.1) 16(5.7) 13 (4.6)
Pathologic grade, no (%) 0.13
Grade 1 43(7.6) 26(9.2) 17 (6.0)
Grade 2 1(0.2) 1(0.4) 00
Grade 3 521 (92) 255 (90) 266 (94)
Pathologic stage, no (%) 0.01
pTO 43(7.6) 26(9.2) 17 (6)
pTa 2(0.4) 1(0.4) 1(0.4)
pTis 40 (7.1) 27 (9.6) 13 (4.6)
pT1 40(7.1) 22(7.8) 18 (6.4)
pT2 152 (27) 85(30) 67 (24)
pT3 200 (35) 83(29) 117 (41)
pT4 88 (16) 38 (13) 50 (18)
Positive STSM, no (%) 51(9.00 21(7.4) 30 (11) 0.2
LVI, no(%) 217 (38) 96 (34) 121 (43) 0.03
Concomitant CIS, no (%) 319 (56) 160 (57) 159 (56) 0.9
Number of removed LN, median (IQR) 22 (13, 22 (13, 33) 21.5 (12-34) 0.9
33)
LN metastasis, no (%) 186 (33) 71(25) 115 (41) <0.001
Adjuvant chemotherapy, no (%) 117 (21) 49(17) 68 (24) 0.05

Bold P values are considered statistically significant

HGF hepatocyte growth factor, IQR interquartile range, STSM soft tissue surgical margin, LVI lymphovas-
cular invasion, CIS carcinoma in situ, LN lymph node

The discriminative ability of the Cox regression models
was evaluated using Harrell’s concordance index. Deci-
sion curve analysis (DCA) was applied to assess the net
benefit of the models with added HGF within a clinically
reasonable range of threshold probabilities. The mag-
nitude value of HGF for clinical practice was estimated
according to the minimal clinically important difference
(MCID) as previously suggested (Hayes 2021). Statistical
significance was set at p <0.05. All tests were two-sided.
Analyses were performed using R version 3.6.3 (R Foun-
dation for Statistical Computing, Vienna, Austria) and
Stata/MP 14.2 statistical software (Stata Corp., College
Station TX, USA).

Results

Patient characteristics

The distribution between HGF and clinicopathologic
characteristics is described in Table 1. The median age
was 66 (IQR, 59-73) years. Positive soft tissue surgi-
cal margins were found in 51 (9%) patients, and adju-
vant chemotherapy (AC) was administered to 117 (21%)
patients. An elevated level of HGF was correlated with an
increased probability of advanced pathologic tumor stage
(p=0.01), presence of LVI (p =0.03), and LN metastasis
(»<0.001).
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Association with pathologic outcomes

Logistic regression models for the prediction of worse path-
ologic outcomes are shown in Table 2. On multivariable
logistic regression models that adjusted for the effects of
established confounders, preoperative high HGF level was
significantly associated with a higher risk of LN metastasis,
pT3/T4 disease, and NOC disease (odds ratio [OR] 1.21,
95% confidence interval [CI] 1.12-1.32, p<0.001; OR
1.23,95% CI 1.13-1.34, p<0.001; and OR 1.35, 95% CI
1.23-1.48, p<0.001, respectively). Addition of HGF lev-
els to the basic preoperative model, comprising age, sex,
concomitant carcinoma in situ, and clinical stage, improved
its discriminatory ability for the prediction of LN metas-
tasis, pT3/T4 disease, and NOC disease by a statistically
significant margin as measured by AUC values (+7%, + 6%,
and + 8%, respectively). In DCA, given the clinically reason-
able ranges of 30%-60%, addition of preoperative HGF level
to the basic preoperative model allowed 53%, 47%, and 47%
of patients with muscle-invasive BCa to improve by a net-
benefit margin for the prediction of LN metastasis, pT3/T4
disease, and NOC disease, respectively (Fig. 1). Moreover,
when modeled with NAC (applied HR of 1.66 (5)), 18%
and 10% of additional patients with high and low HGF lev-
els could benefit from an HGF measurement, respectively
(Fig. 2), to ensure adequate therapeutic delivery. Subgroup
analyses in c¢T2 patients revealed that preoperative HGF
remained associated with a higher risk of LV metastasis,
pT3/T4 disease, and NOC disease.

Association with survival outcomes

During the median follow-up time of 28 (IQR, 10.5-105.5)
months in patients alive, 216 (38%) patients experienced
recurrence, 361 (64%) died from any causes, and 199 (35%)
died from BCa. One-, two-, and five-year estimates for
RFS, OS, and CSS rates were 76%, 66%, and 56%; 80%,
67%, and 51%; and 86%, 72%, and 60%, respectively. In
Kaplan—Meier analyses, patients with preoperative levels
of HGF above the median were at significantly higher risk
of worse RFS, OS, and CSS compared to those with levels
below the median (HR 1.86, 95% CI 1.41-2.46, p<0.001;
HR 1.45,95% CI 1.17-1.78, p<0.001; and HR 1.94, 95% CI
1.45-2.59, p<0.001, respectively) (Fig. 3). On multivariable
Cox regression analyses that adjusted for the effects of pre-
operative confounding factors, preoperative HGF remained
associated with an increased probability of worse RFS,
OS, and CSS (HR 1.16, 95% CI 1.10-1.23, p<0.001; HR
1.09, 95% CI 1.04-1.14, p<0.001; and HR 1.17, 95% CI
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1.10-1.23, p<0.001, respectively). Addition of HGF to a
standard preoperative model improved the latter’s predic-
tive accuracy by + 6% for RFS and by + 5% for CSS. On
DCA, the addition of HGF slightly increased the net ben-
efit for RFS (Supplementary Fig. 1). When adjusting for the
effect of established postoperative variables in multivari-
able Cox regression analyses, HGF remained associated with
an increased risk of RFS, OS, and CSS (HR 1.11, 95% CI
1.04-1.18, p<0.001; HR 1.06, 95% CI 1.01-1.11, p<0.001;
and HR 1.11, 95% CI 1.04-1.18, p <0.001, respectively).
However, adding HGF to a standard postoperative model
did not improve the latter’s predictive accuracy for any of
survival endpoints (i.e., RFS, OS, and CSS) (Table 3). Sub-
group analyses in cT2 patients revealed that preoperative
HGF remained associated with an increased risk of RFS,
0OS, and CSS (Supplementary Tables 1 and 2).

Discussion

In this study, we assessed the prognostic significance of
preoperative HGF in a large multi-institutional cohort of
patients with muscle-invasive BCa treated by RC. Higher
preoperative HGF was an independent predictor of an
increased risk of harboring more advanced pathologic
stages, LN metastasis, and NOC disease. The increases in
predictive accuracy compared to the standard preoperative
model without HGF were 7% for LN metastasis (p <0.001),
6% for pT3/T4 disease (p <0.001), and 8% for NOC disease
(» <0.001). According to the DCA and MCID, approxi-
mately half of the patients had a benefit from HGF testing
with moderate magnitude. In addition, an increased HGF
level was a significant prognosticator of worse RFS, OS, and
CSS in both preoperative and postoperative multivariable
models that adjusted for confounders. These findings sug-
gest that increased HGF level could preoperatively identify
patients with features of aggressive BCa resulting in poor
prognosis, leading to help refine clinical decision-making
in terms of the adoption of perioperative systemic therapy
and planning regarding the extent of surgery (e.g., lymphad-
enectomy template, nerve sparing etc.).

Despite a high level of evidence, only a third of patients
who are candidates for NAC receive this strategy in the best
of circumstances (McFerrin et al. 2020). Owing to the failure
of accurate preoperative prediction based on useful patho-
logic information, several potential biomarkers or prediction
models have been investigated to better identify preopera-
tively the patients with a high likelihood of advanced dis-
ease as they are the most likely to benefit from perioperative
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systemic therapy (NAC and/or AC) by a significant margins
(Shariat et al. 2010, 2013; Moschini et al. 2017). As not all
patients benefit from neoadjuvant systemic therapy, differen-
tiating between those at low risk who could be treated with
RC alone and those at high risk most likely to benefit from
NAC (or other systemic therapy in the future) is of clinical
necessity. The 5-year disease specific survival of low risk
patients was greater than 80%, supporting the distinction of
high risk and low risk muscle-invasive BCa. The presence
of high risk features identifies patients with a poor prognosis
who are most likely to benefit from NAC, while many of
those with low risk disease can undergo surgery up front
with good expectations and avoid chemotherapy associated
toxicity (Moschini et al. 2017; Abufaraj et al. 2018). Sub-
group analyses of cT2 patients found that preoperative HGF
significantly improved the discriminative ability of worse
pathologic and survival outcomes, implying that HGF value
could help avoid unnecessary NAC. Moschini et al. previ-
ously confirmed that preoperative risk features can stratify
patients with muscle-invasive BCa into differential risk
groups regarding survival, suggesting that decision-making
regarding neoadjuvant systemic therapy administration is
likely to be improved by integrating clinical stage, LVI, vari-
ant histology, and hydronephrosis (Moschini et al. 2017).
Abufaraj et al., however, demonstrated that detection of LVI
is missed in a third of transurethral resection (TUR) speci-
mens while variant histology (VH) seems more accurately
identified, suggesting that LVI and VH on TUR specimen
are important but not sufficient for risk stratification and
decision-making. Therefore, there is a need for circulating
cells that may reflect the micro metastasis status of the tumor
at the moment.

Despite the availability of biomarker-based prediction
tools, clinical decisions for muscle-invasive BCa treatment
are still made without referring to any helpful prediction
tools (Reardon et al. 2015; Grossman et al. 2019). There
are several potential explanations for the low utilization of
prediction tools in patient care. First, most prediction tools
failed to be validated externally (Kluth et al. 2015). Addi-
tionally, many promising biomarkers or models have usu-
ally examined the presence of statistical significance and
improved discrimination of the basic model, but could not
have demonstrated its clinical utility worthy of changing
the paradigm of standard of care. In the present study, we
applied DCA and MCID to estimate the actual impact of
HGF on our daily clinical practice. In the DCA, we found
that approximately half of the patients were likely to receive
an improvement in the predictive accuracy regarding the risk
of worse pathologic outcomes, including LN metastasis or
NOC BCa. In the MCID, we determined the magnitude of
difference in the preoperative strategy by the use of plasma
HGEF as a biomarker. The added value of measuring HGF
level was present limited; thus, in the context of clinical
practice, despite the statistically significance, measuring
only plasma HGF level may be insufficient to select or
change the treatment strategies for MIBC patients treated
with RC. HGF may be part of a comprehensive panel that
reflects the biological and clinical behaviors of each tumor.

HGF, released by stromal cells, acts as a mediator of
interactions between cancer cells and cancer-associated
fibroblasts, which are fundamental to creating a tumor
microenvironment that promotes tumor development and
progression (Matsumoto et al. 1996; Spina et al. 2015).
Binding of HGF to its receptor MET stimulates cancer

Table 2 Preoperative
multivariable logistic regression

Lymph node metastasis

pT3/T4 disease Non-organ confined disease

models predicting lymph node Multivariable Multivariable Multivariable
involvement, pT3/T4 disease, OR  (95%CI)  Pvalue OR  (95%CI)  Pvalue OR (95%CI)  Pvalue
and non-organ confined disease
for patients with MIBC treated Age 1.00  0.98-1.01 0.6 1.03  1.01-1.05  0.001 1.03  1.01-1.04  0.01
by RC Sex (ref. male) 149 097227 0.07 1.15 0.76-1.76 0.5 1.26 0.81-1.97 0.3
Clinical stage (ref. cT2)
cT3/cT4 1.44 0.83-2.46 0.2 3.56 2.00-6.63 < 0.001 3.33  1.79-6.58 < 0.001
HGF 1.21  1.12-1.32 < 0.001 1.23 1.13-1.34 < 0.001 1.35 1.23-1.48 < 0.001
AUC (95% CI) 0.008 0.003 < 0.001
Without HGF 55 50-60 61 57-66 62 57-67
With HGF 62 57-67 67 63-72 70 66-75

Bold P values are considered statistically significant

MIBC muscle-invasive bladder cancer, RC radical cystectomy, HGF hepatocyte growth factor, CIS carci-
noma in situ, AUC area under the curve, OR odds ratio
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Minimal clinically important difference (MCID)

Benefit for HGF low
75% — 85% =

10% added CSS
75% CSS

Benefit for HGF high
55% — 73% =
18% added CSS

HGF high

55% CSS

No therapy NAC

Fig.2 Minimal clinically important difference (MCID) for estimat-
ing the absolute magnitude of hepatocyte growth factor (HGF) when
HGEF is used to select patients who could benefit from neoadjuvant
chemotherapy (NAC)

cells through the phosphorylation of the HGF/MET sign-
aling pathway, leading to downstream activation of multi-
ple cytokines implicated in cellular motility, proliferation,
angiogenesis, and invasive growth of cancer cells (Moosavi
et al. 2019). Several diagnostic and prognostic biomarkers
that represent aberrant activation of the HGF/MET path-
way have been investigated. In bladder cancer, the major
source of increased serum HGF levels is likely the tumor
itself (Gohji et al. 2000); several studies have demonstrated
the involvement of the HGF/MET pathway in the develop-
ment of aggressive tumors. Urinary sSMET was reported to
be a useful diagnostic marker to distinguish patients with
and without BCa. The values of tissue HGF and c-MET
have also been shown to be associated with poor survival
(Cheng et al. 2002; Miyata et al. 2009). Our findings, in
accordance with previous studies, showed that increased
HGEF level was independently associated with an increased

probability of worse RFS, OS, and CSS as well as that of
worse pathologic outcomes. However, the performance of
the postoperative prediction model for survival was weak,
suggesting no benefit to HGF in the postoperative setting.
This is likely because of the strong correlation between HGF
and pathologic features.

Another potential use of HGF is the application of tar-
geted therapeutic agents. The HGF/MET pathway has also
been implicated in cellular survival and therapeutic resist-
ance. Cabozantinib, a multikinase inhibitor of HGF/MET,
VEGFR, and AXL, has been shown to prevent angiogenesis
and invasive growth. With HGF/MET pathway being con-
sidered a key alternative after disease progress to therapies
targeting the primary driver, the MET inhibitors have dem-
onstrated promising results in combination with immune-
checkpoint inhibitors for patients with advanced BCa (Apolo
et al. 2020). Compared to MET amplification or mutations,
the role of HGF in acquired resistance still remains to be
determined (Guo et al. 2020). Better understanding of the
HGF/MET axis in BCa might accelerate the establishment of
HGF/MET inhibitors for BCa patients including the periop-
erative setting using a biomarker approach.

The present study has some limitations that are mainly
inherent to retrospective data collection. The identification of
actual impact of plasma HGF was hindered by the lack of
standardized cut-off points. The lack of a standard template
for lymphadenectomy and central pathologic reviews may have
affected the evaluation of our intended outcomes, which may
have limited our ability to predict them accurately. However,
standard LN sampling may have limited the excision of LNs
and detection of all positive LNs as much as possible. Admin-
istration of adjuvant chemotherapy and follow-up management
were not standardized. Despite these limitations, we identified
a prognostic value to preoperative HGF level in the preopera-
tive setting. Further large controlled studies on HGF in BCa
are warranted to explore its clinical utility as a prognostic
biomarker and target for therapeutics to allow individualized
treatment strategies of BCa.
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Conclusion

An increased level of HGF was associated with clinicopatho-
logic features of aggressive disease, including LN metastasis
or advanced pathologic stage. In the preoperative setting, the
addition of HGF improved predictive accuracy for any NOC
BCa by a statistically and prognostically significant margin
and moderate magnitude; the same was true for prognostica-
tion of RFS and CSS in cT2-T4 patients treated with RC. This
biomarker has potential to accurately identify patients who
benefit from intensified management including NAC and/or
extended lymphadenectomy in our clinical practice. Together
with other biomarkers, it may allow for more precise care
delivery for each muscle-invasive BCa patient.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00432-021-03887-x.
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