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Abstract

Background Clinical benefits of presurgical axitinib ther-
apy for renal cell carcinoma (RCC) extending into the infe-
rior vena cava (IVC) remain unclear. We aimed to investi-
gate surgical benefits and pathological antitumor effects of
presurgical axitinib therapy for RCC with IVC thrombus.
Methods Of 56 consecutive RCC patients with IVC
thrombus between January 1994 and December 2016, 41
patients who underwent radical nephrectomy (RN) were
categorized as upfront RN (Upfront group) or presurgi-
cal axitinib followed by RN (Presurgical group). We ret-
rospectively evaluated safety, radiologic tumor responses,
and Ki-67 proliferation index before and after axitinib
administration in the Presurgical group. Surgical outcomes,
postoperative complications, and fibrosis within the IVC
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thrombus were compared between the Upfront and Presur-
gical groups.

Results The number of patients in the Upfront and Presur-
gical groups was 31 and 10, respectively. Major presurgi-
cal axitinib-related adverse events were grade 2 or 3 hyper-
tension (50%). The median radiological tumor response in
the renal tumor, IVC thrombus length, and IVC thrombus
volume were —19%, —21 mm, and —54%, respectively. The
fibrosis within the IVC thrombus was significantly higher
in the Presurgical group (10%) than in the Upfront group
(3.4%). The Ki-67 proliferation index was significantly
decreased in RN specimens (7.3%) versus needle biopsy
specimens (23%) in the Presurgical group. Blood loss and
operative duration were significantly lower and shorter,
respectively, in the Presurgical group than in the Upfront

group.
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Conclusions Presurgical axitinib therapy enhanced tumor
reduction accompanied by fibrosis and may contribute to
surgical risk reduction for selected patients.

Keywords Renal cell carcinoma - Presurgical therapy -
Axitinib - Radiological response - Fibrosis

Introduction

Surgical management of renal cell carcinoma (RCC) with
tumor thrombus extending to the inferior vena cava (IVC)
is challenging. Advances in molecular-targeting agents
have allowed significantly prolonged survival in meta-
static RCC over the past decade. Corresponding to the
accumulating evidence for efficacy and safety, the inter-
est in presurgical therapy using molecular-targeting agents
has been increasingly reported for non-metastatic disease
[1], large unresectable tumors or metastatic disease [2—4],
and venous tumor thrombus extending to the IVC [5, 6].
Among molecular-targeting agents, tyrosine kinase inhibi-
tors (TKIs) including sunitinib [6] and axitinib [7-9] have
been proposed as potential candidates in presurgical set-
tings for RCC with IVC thrombus. Conversely, several
studies have suggested the limited efficacy of presurgical
therapy for IVC thrombus due to limited thrombus shrink-
age and disease progression during the presurgical periods
[10-12]. Because no level 1 evidence has identified the role
of presurgical therapy for advanced RCC, the use of presur-
gical targeted therapy to shrink RCC is not recommended
in European Association of Urology guidelines [13].
Although the clinical benefits of presurgical TKI therapy
in RCC patients with IVC thrombus remain unclear, the
potential benefits of cytoreductive effects and surgical risk
reduction for carefully selected patients need to be investi-
gated. Here, we investigated the surgical benefits and path-
ological antitumor effects of presurgical axitinib therapy
for RCC with IVC thrombus.

Patients and methods
Design and ethics statement

This retrospective, single-center study on the use of axi-
tinib prior to radical nephrectomy (RN) in RCC patients
with IVC thrombus was conducted in accordance with the
ethical standards of the Declaration of Helsinki. It was
approved by the Ethics Committee of the Hirosaki Univer-
sity Graduate School of Medicine (authorization number
2012-099).

Patient selection

Of 56 consecutive RCC patients with IVC thrombus
between January 1994 and December 2016, 41 patients
who underwent RN were identified and categorized as
upfront RN (Upfront group) or presurgical axitinib with
RN (Presurgical group). We retrospectively evaluated
radiologic tumor responses and IVC thrombus levels
before and after axitinib in the Presurgical group. We
underwent ultrasound-guided needle biopsies of renal
mass (three to five cores) before presurgical treatment to
confirm the histology in the Presurgical group. Patients
with presurgical therapy received standard dose of axi-
tinib (5 mg BID). Surgical outcomes (operative duration
and blood loss), postoperative complications, prolifera-
tion marker (Ki67), and fibrosis within IVC thrombus
were compared between the Upfront and Presurgical
groups.

Evaluation of variables

The variables analyzed were age, sex, Eastern Cooperative
Oncology Group performance status (ECOG PS), presence
of cardiovascular disease (CVD), presence of diabetes mel-
litus (DM), age-adjusted Charlson comorbidity index (CCI)
[14], clinical stage, IVC thrombus level (Mayo staging sys-
tem) [15], and metastatic volume [low volume (defined as
the presence of small lung metastases <5 lesions within
2 cm, single bone lesion, or involvement of <2 lymph
nodes) vs. high volume]. Toxicity was prospectively
recorded based on the National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.0.

Radiographical assessment in the Presurgical group

Contrast-enhanced computed tomography of the chest,
abdomen, and pelvis was performed before and after pre-
surgical therapy with axitinib. The tumor response in the
renal mass was analyzed using Response Evaluation Crite-
ria in Solid Tumors (RECIST) version 1.1 [16]. In addition,
responses of IVC thrombus, such as shrinkage in length
(mm) and volume (mm?), were separately evaluated. Vol-
umes of IVC thrombus were measured using a formula:
using width X depth X height x 1/2 (Fig. 1).

Surgical intervention
Open procedures were performed in patients with RN.

Operative duration (min), blood loss (g), use of extra-
corporeal circulation with cardiopulmonary bypass, and
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After axitinib

Before axitinib

Coronal plane

Fig. 1 Tumor volume evaluation of inferior vena cava (IVC) throm-
bus. Tumor volume of IVC thrombus were measured using a formula:
using width x depth X height X 1/2. Representative images of coronal

postoperative complications (Clavien-Dindo classification)
were reviewed.

Planned surgery in the Presurgical group

We planned surgical intervention within 3—6 months after
presurgical therapy initiation. Indications for cytoreduc-
tive nephrectomy for metastatic disease were a low volume
or controllable metastatic lesions after presurgical axitinib
therapy. Axitinib was discontinued 48-72 h before RN.
Axitinib was continuously administered in patients with
residual metastatic masses after surgery.

Surgical outcomes comparison between the Upfront
and Presurgical groups

We compared surgical outcomes (operative duration and
blood loss), postoperative complications, and fibrosis
within IVC thrombus between the Upfront and Presurgical
groups.

Immunohistochemistry of Ki67 proliferation index
in the Presurgical group

To evaluate the Ki67 proliferation marker, immunohis-
tochemistry for Ki67 proliferation index was performed
using 3-pum slices from paraffin-embedded specimens
and the Histofine immunostaining kit (Nichirei Co. Ltd.,
Tokyo, Japan). The monoclonal antibody against Ki67
(MIB1; Dako, Denmark) was used at the optimal dilution
of 1:50. In all cases, 5-10 high-power fields (400x) were
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(a) and sagittal (b) planes were shown between before and after pre-
surgical axitinib therapy. Tumor volume reduction of IVC thrombus
was 52% in this case

selected; at least 1000 cells were independently evaluated
by two authors (SH and YH). The number of Ki67-positive
cells per 100 clear cell carcinoma cells was designated as
the labeling index (Ki-67 proliferation index). The Ki-67
proliferation index was compared between the pretreat-
ment biopsy and RN specimens in the presurgical group.

Interstitial fibrosis measurement in the Presurgical
group

To evaluate the tumor response within tumor thrombus,
we measured the interstitial fibrosis rate using Azan
staining with Image J software. In all cases, 5-10 high-
power fields (100x) were independently evaluated by two
authors (YT and YH).

Statistical analysis

Statistical analyses were performed using SPSS ver. 24.0
(SPSS, Inc., Chicago, IL, USA), GraphPad Prism 5.03
(GraphPad Software, San Diego, CA, USA), and R 3.3.2
(The R Foundation for Statistical Computing, Vienna,
Austria). Categorical variables were compared using
the Fisher’s exact or y° test. Quantitative variables were
expressed as means with a standard deviation or medi-
ans with an interquartile range (IQR). The differences
between the groups were compared using the ¢ test for
normal distributions or the Mann—Whitney U test for
non-normal distributions.
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Results
Baseline characteristics

Of 56 RCC patients with IVC thrombus, the number of
patients in the Upfront and Presurgical groups were 31
and 10, respectively. Two patients in the presurgical axi-
tinib therapy group did not have indications for RN due
to uncontrollable high-volume metastases. There were no
significant differences in the baseline patient characteris-
tics before RN between the Upfront and Presurgical groups
except for age-adjusted CCI (Table 1). All tumor biop-
sies showed clear cell carcinoma in the presurgical group.
Tumor histologies between biopsy and nephrectomy speci-
mens were same. Mean and median relative dose intensity
of presurgical axitinib were 97 and 100%, respectively.

Radiological response

To evaluate tumor response, we used RECIST for the pri-
mary tumor and length (mm) and volume (mm?) for IVC

thrombus among 12 patients with presurgical axitinib treat-
ment. The median radiological tumor response per RECIST
was —19% (partial response: 33%, stable disease: 67%),
and no patients experienced progressive disease in the
presurgical group (Fig. 2a). The median tumor reduction
of IVC thrombus in length (Fig. 2b) and volume (Fig. 2c)
were —21 mm and —54%, respectively. The IVC thrombus
levels were significantly decreased before and after presur-
gical axitinib therapy (P = 0.0172, Fig. 2d). The number
of patients with IVC thrombus level reduction and mean
downstaging were five (5/12, 42%) and 0.42 + 0.49, respec-
tively, in the Presurgical group.

Adverse events related to presurgical axitinib therapy

Axitinib-related adverse events were tolerable and control-
lable. The majority of adverse events were grade 2 or 3
(Table 2, upper rows). Grade 2 or 3 hypertension was the
major adverse event during presurgical TKI administration
(50%). No grade 4 or 5 events were observed.

Table 1 Background of

. . Upfront Presurgical P value
patients before presurgical
therapy n 31 10
Age, years (IQR) 65 (49-68) 64 (59-69) 0.408
Gender (male), n 18 (58%) 6 (60%) 0.919
ECOG-PS >1,n 6 (19%) 0 0.307
Cardiovascular disease, n 2 (6%) 1(10%) 1.000
Diabetes mellitus, n 5 (18%) 1 (10%) 1.000
Age-adjusted CCI 8 (5-10) 4 (3-6) 0.023
Clinical T stage, n 1.000
cT3 31 (100%) 10 (100%)
cT4 0 0
Clinical N positive 5 (16%) 1 (10%) 1.000
Metastatic volume, n 0.515
No metastasis 17 (55%) 8 (80%)
Low volume 6 (19%) 1 (10%)
High volume 8 (26%) 1 (10%)
IVC thrombus level, n 1.000
/I 21 (68%) 7 (70%)
v 10 (32%) 3 (30%)
Histology 0.564
Clear cell carcinoma 28 (90%) 10 (100%)
Others 3 (10%) 0
Extracorporeal circulation with cardiopulmonary bypass 3 (10%) 0 0.564
Use of molecular targeted therapy, n
After surgery 10 (32%) 3 (30%) 1.000
Duration of presurgical axitinib, months (IQR) 3.9 (3.1-6.1)
Median follow-up (months) 26 (14-56) 25 (13-36)

IQR interquartile range, ECOG PS Eastern Cooperative Oncology Group performance status, CCI Charl-
son comorbidity index, /VC inferior vena cava
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Fig. 2 Radiologic response and
thrombus levels after presurgi-
cal axitinib therapy. The median
radiological tumor response as
per RECIST was —19% (partial
response: 33%, stable disease:
67%), and no patients experi-
enced progressive disease in the
Presurgical group (a). Median
reduction of IVC thrombus

in length was —21 mm (b).
Median reduction of IVC
thrombus volume was —54%
(¢). The IVC thrombus levels
were significantly decreased
before and after presurgical
axitinib therapy (d)

Table 2 Adverse events related
to presurgical molecular-
targeting therapy and surgery

Postoperative complications between the Upfront

and Presurgical groups

The incidence of postoperative complications was not
significantly different between the Upfront and Pre-
surgical groups (32 vs. 50%, respectively, P = 0.724);
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Cases Presurgical group
Upfront Presurgical
n Grade n Grade
Axitinib related adverse events (CTCAE)
Hypertension 6 (50%) 2,2,2,3,3,3
Hypothyroidism 2 (17%) 2,2
Fatigue 4 (33%) 1,2,2,2
Hand-foot syndrome 4 (33%) 2,2,2,2
Diarrhea 1(8.3%) 3
Surgery related adverse events (Clavien-Dindo)
Tleus 1(3.3%) 3 2 (20%) 1,2
Acute respiratory distress syndrome 2(6.7%) 3,4
Acute kidney injury 2 (6.7%) 4,4 1 (10%) 3
Deep vein thrombus 1 (10%)
Cerebral infarction 1(3.3%) 4
Superficial wound dehiscence 2 (6.7%) 1, 1 (10%) 1
Gastrointestinal hemorrhage 1(3.3%) 5
Pulmonary embolism 1(3.3%) 5

however, grade 4 or 5 events were significantly higher

in the Upfront group (6/10 events: 60%) than that in the
Presurgical group (0/5 events, P = 0.044). Two patients

in the Upfront group experienced grade 5 postoperative
complications (pulmonary embolism and gastrointestinal
hemorrhage; Table 2, lower rows).
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Surgical and pathological outcomes
between the Upfront and Presurgical groups

Operative procedure was changed in four patients
(4/10, 40%) including clamp of portal vein (level 3-2,
n = 3) and complete clamp of IVC (level 1-0, n = 1),
whereas IVC manipulations were not changed in one
patient (level 2—1) among the patients with IVC throm-
bus reduction. Blood loss (Fig. 3a) and operative dura-
tion (Fig. 3b) were significantly lower and shorter in the
Presurgical group than those in the Upfront group. The
Ki-67 proliferation index was significantly decreased in
RN specimens (7.3%) versus needle biopsy specimens
(23%) in the Presurgical group (Fig. 3c). One patient
with an IVC thrombus (level 1) developed stage pTO
tumor after presurgical axitinib. Furthermore, the inter-
stitial fibrosis rate within the IVC thrombus was signifi-
cantly higher in the Presurgical group (10%) than that
in the Upfront group (3.4%; Fig. 3d). Representative
pictures of interstitial fibrosis (red area) of the Upfront
(Fig. 3e) and Presurgical (Fig. 3f) groups are shown.

Discussion

The clinical implications of presurgical therapy with molec-
ular-targeting agents for RCC patients with IVC thrombus
are debatable. Although the role of presurgical therapy for
IVC thrombus is not clearly established, several studies have
suggested a survival benefit [1-6, 17, 18]. However, other
studies failed to prove the benefit of presurgical therapy in
terms of tumor shrinkage [10—12]. Therefore, to confirm
the efficacy of presurgical therapy, we compared not only
tumor shrinkage but also surgical outcomes and pathologi-
cal outcomes between patients with and without presurgi-
cal therapy. The essential finding of the present study is that
presurgical therapy for RCC patients with IVC thrombus is
feasible regarding toxicity and surgical and pathological out-
comes. It should be noted that one patient with IVC throm-
bus (level 1) developed stage pTO tumor after presurgical
axitinib. Although the median radiological response using
RECIST was not significant (only —19%), a significantly
higher extent of tumor decreases in IVC thrombus volume
(—54%) was observed in the Presurgical group. In addition,

A Blood loss B Operative duration C Ki-67 proliferation index
40004 P =0.0056 500- P =0.0299 P = 0.0089
T 1 1
3000- 400 I 40- |
£ - 3004 _
& 2000 £ T 3
o 200+ 20
1000+ I 100- [
0 T T T T 0 1 E
Upfront Presurgical Upfront Presurgical Biopsy After axitinib
Presurgical group
D Fibrosis within IVC thrombus g F

< 25+ P = 0.0010

1

N
<

-
a
1

-
o
1

a
1

=

—_—
Upfront

Interstitial Fibrosis rate (%

T
Presurgical

Fig. 3 Surgical and pathological outcomes. Blood loss (a) and opera-
tive duration (b) were significantly lower and shorter in the Presur-
gical group than those in the Upfront group. The Ki-67 proliferation
index was significantly decreased in RN specimens (7.3%) versus
needle biopsy specimens (23%) in the Presurgical group (c). The

interstitial fibrosis rate within the IVC thrombus was significantly
higher in the Presurgical group (10%) than that in the Upfront group
(3.4%; d). A representative picture shows interstitial fibrosis in the
Upfront (e) and Presurgical (f) groups. Blue area in the azan stating
(left) was highlighted in red (right), and measured by Image J
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the median interstitial fibrosis rate of IVC thrombus was
significantly higher in the Presurgical group than that in
the Upfront group. Increased fibrosis and decreased Ki-67
proliferation index suggest an antitumor effect of axitinib,
inducing a sclerotic change in the thrombus, and decreasing
the risk of potentially challenging surgery. Indeed, signifi-
cantly better surgical outcomes (time of operation and blood
loss) without grade 4-5 complications were observed in the
Presurgical group. As a result, operative procedure was min-
imized in 4 patients (40%) in the presurgical group.

The optimal agent for presurgical therapy remain undeter-
mined. Although a randomized phase III trial for st line axi-
tinib failed to prove the clinical efficacy, axitinib arm revealed
numerically longer progression-free survival (median, 10.1
vs. 6.5 months; hazard ratio, 0.77; 1-sided P = 0.038) and
significantly higher objective response rate (32 vs. 15%;
1-sided P = 0.0006) than those of sorafenib [19]. In addi-
tion, axitinib is effective for several months in most of all
patients with clear cell carcinoma [18]. Based on our clinical
experience for the 1st line axitinib [17, 20], we believe dis-
advantages for short-term presurgical axitinib before elective
surgery are limited. Therefore, we enrolled all RCC patients
with IVC thrombus for presurgical therapy after August 2013.
Although we could not definitively conclude that there was
a surgical benefit because of selection biases in the present
study, presurgical axitinib therapy enhanced tumor sclerotic
change accompanied by fibrosis and may offer the potential to
minimize surgical risk for selected patients.

The role of presurgical therapy and cytoreductive
nephrectomy for metastatic RCC is also debatable. Because
of the sample size limitation, we could not clearly show the
benefit of presurgical axitinib and cytoreductive nephrec-
tomy in the present study. Two patients in our study did
not proceed with elective surgery after presurgical axi-
tinib therapy. However, these two cases were challenging
given the presence of unresectable high volume metasta-
ses. Therefore, the clinical benefit of presurgical axitinib
therapy might be limited to patients with low volume,
manageable metastatic lesions. Two ongoing prospective,
randomized, phase III trials (CARMENA and SURTIME)
evaluating the role of cytoreductive nephrectomy prior to
targeted therapy in metastatic RCC [21] will hopefully pro-
vide insight for difficult cases such as these.

Prognostic benefits of presurgical therapy on RCC with
IVC thrombus have not yet been fully explored. Due to the
sample size and selection bias, we could not address prog-
nostic benefits of presurgical therapy on RCC with IVC
thrombus in the present study. Currently, no recommenda-
tion exists for the role of presurgical therapy for RCC with
IVC thrombus. Although it remains difficult to make con-
clusions about the clinical benefits of presurgical therapy
from the present study, our results may support the poten-
tial benefit of presurgical axitinib therapy (via enhancing
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tumor reduction accompanied by fibrosis, and contributing
to surgical risk reduction in selected patients). The optimal
selection for presurgical therapy requires further prospec-
tive investigation.

This study has several limitations. The number of
patients (the upfront and presurgical groups was 31 and
10, respectively) were too small to draw important conclu-
sions. Furthermore, the backgrounds of the two cohorts are
apparently different. The retrospective design also prevents
definitive conclusions regarding the benefits of presurgical
therapy on outcomes. The feasibility of the fibrosis within
the IVC thrombus and Ki-67 proliferation index as a surro-
gate marker for tumor response remains unclear. It has not
generally been used as an endpoint, and is unclear whether
these parameters predict the better clinical outcomes. Fur-
thermore, we were unable to control for selection bias and
other unmeasurable confounding factors. Therefore, we
were unable to definitively assess the oncological benefit of
presurgical therapy due to the selection biases. In addition,
because contemporary RCC patients with IVC thrombus
received presurgical treatment, we could not exclude the
influence of technical development in our institute on surgi-
cal outcomes including amount of blood loss and shorter
operation time. Despite these limitations, our results sug-
gest that presurgical axitinib therapy enhances tumor scle-
rotic change accompanied by fibrosis and contributes to
surgical risk reduction.

In conclusion, presurgical axitinib therapy enhanced
tumor sclerotic change accompanied by fibrosis and may
contribute to surgical risk reduction for selected patients.
Further, large-scale studies are necessary to identify the
indications, clinical benefits, and standard protocols for
presurgical therapy.
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