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Purpose: The clinical benefit of targeted molecular therapy (TMT) in renal cell carcinoma 

(RCC) with an inferior vena cava (IVC) tumor thrombus remains controversial. The aim of 

this study was to investigate the effects of presurgical TMT on the heights and levels of IVC 

thrombi, and to assess its impact on surgical strategy.

Patients and methods: We retrospectively reviewed data from 18 patients with RCC involving 

IVC tumor thrombi who were treated at our hospital with presurgical TMT followed by an IVC 

thrombectomy. The changes in heights and levels of the IVC thrombi were compared using 

computed tomography or magnetic resonance imaging. Clinicopathological factors were also 

evaluated to assess their association with TMT efficacy.

Results: The tumor thrombus levels before TMT were stage I in 1 patient (5.6%), II in 12 patients 

(66.7%), III in 4 patients (22.2%), and IV in 1 patient (5.6%). After a median of two treatment 

cycles (range: 1–3), the thrombus height decreased measurably in 11 patients (61.1%) with 

an average shrinkage of 17.7%. The thrombus height remained stable in five patients (27.8%) 

and was enlarged in two (11.1%). Downstaging of the thrombus level occurred in four patients 

(22.2%); the surgical strategy was modified in three patients (16.7%) to avoid cardiopulmonary 

bypass and complicated liver mobilization under robot-assisted laparoscopy. Furthermore, 

a higher neutrophil count tended to be associated with a worse clinical TMT-associated 

outcome (P=0.056).

Conclusion: Our data suggest a limited influence of presurgical TMT with a positive benefit 

in RCC patients with level III and IV thrombus. Thrombus-level regression may potentially 

alter the surgical strategy, especially robotic surgery. However, our findings require validation 

with additional prospective investigations.
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Introduction
Renal cell carcinoma (RCC) is a common malignant tumor of the genitourinary system 

and accounts for ~2%–3% of adult malignant tumors.1 According to a recent study, 

there were ~66,800 new diagnoses of RCC and 23,400 deaths due to this disease in 

China in 2015, and the trend in the morbidity of RCC has been increasing.2 Invasion 

of the renal vein and/or inferior vena cava (IVC) occurs in 4%–10% of patients, and 

it is more common in those with right kidney cancer.1,3 Radical nephrectomy (RN) 

with tumor thrombectomy is the standard approach for treating such challenging 

cases. These patients were able to obtain, as reported by the literature, better long-term 

survival, and the tumor-specific survival rate is up to 50%.4,5 However, this procedure 

has been shown to be associated with high morbidity and mortality rates.6,7 Therefore, 
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preoperative systemic treatments are usually employed to 

shrink the tumor and IVC thrombus to reduce the complex-

ity of the surgery.

In recent years, targeted molecular therapy (TMT) has 

been recognized as an effective strategy to significantly 

reduce the tumor burden and prolong progression-free 

survival of patients with advanced-stage cancer, especially 

metastatic renal cancer. TMTs have contributed to marked 

improvements in advanced RCC treatment and have been 

used as neoadjuvant therapies in recent years.8–10 A primary 

goal of neoadjuvant TMT is to shrink the primary lesions or 

metastases and enhance the safety and feasibility of surgical 

intervention. A number of case reports have described the 

efficacy of TMTs, including sunitinib, sorafenib, and axitinib, 

in reducing the tumor thrombus burden.11–13 Retrospective 

studies have produced more variable results, with decreased 

tumor thrombus levels observed in 7%–19% of patients.14–16 

At present, there are no guidelines that recommend neoad-

juvant TMT for locally advanced renal tumors. Although 

the clinical benefit of TMT against IVC tumor thrombi is 

controversial, improving surgical strategies and reducing 

surgical risks remain important goals. The aim of our study 

was to investigate the therapeutic effects of TMTs on the 

heights and levels of IVC tumor thrombi, as well as their 

safety profiles.

Patients and methods
study design and patients
We retrospectively reviewed patients with RCC that involved 

an IVC tumor thrombus who were treated with presurgical 

TMT at our hospital between September 2012 and May 2017, 

followed by IVC thrombectomy. The indications for receiv-

ing presurgical TMT were to facilitate subsequent IVC 

thrombectomy by reducing the tumor size or to treat patients 

owing to the metastatic burden. Eighteen patients extracted 

from the hospital database met these inclusion criteria. The 

tumor histologies were confirmed by needle biopsies before 

TMT administration. All patients received TMT with the vas-

cular endothelial growth factor receptor inhibitors sorafenib 

(Pfizer, Inc., New York, NY, USA), sunitinib (Pfizer, Inc.), 

and axitinib (Pfizer, Inc.). Sorafenib was administered orally 

at 400 mg twice a day during a 4-week cycle. Sunitinib was 

administered orally at 50 mg four times a day for a 6-week 

cycle (4 weeks followed by a break of 2 weeks). Axitinib was 

administered orally at a starting dose of 5 mg twice daily for 

a 4-week cycle. The main endpoints were the radiographic 

changes in the height and level of the tumor thrombus. 

The secondary endpoints included the safety and 1 of 

TMTs. After ~12 weeks of therapy, the feasibility of sur-

gery and the surgical strategy were reevaluated. The study 

was approved by the Medical Ethics Committee of Chinese 

PLA General Hospital, and each patient provided written 

informed consent.

assessment
We used the Response Evaluation Criteria in Solid Tumors, 

version 1.1, to assess the response to presurgical TMT 

through enhanced computed tomography or magnetic 

resonance imaging of the chest, abdomen, and pelvis. The 

IVC tumor thrombus level was evaluated according to the 

Mayo classification. The height of the tumor thrombus was 

defined as the distance beyond the renal vein level. Toxicity 

was recorded and graded throughout the treatment period 

according to the Common Terminology Criteria for Adverse 

Events (CTCAE), version 4.4.

The following clinical data were collected for analysis at 

baseline and after TMT: medical history and physical exami-

nation results, laboratory studies (including blood and hepatic 

parameters, biochemistry, and coagulation function), Eastern 

Cooperative Oncology Group (ECOG) performance status, 

clinical TNM staging (based on the TNM classification of 

the 2010 American Joint Committee on Cancer), and TMT 

agents. Perioperative data (operative time, estimated blood 

loss, transfusions, and perioperative complications graded 

according to the Clavien system) were also included in the 

analysis. Imaging and laboratory studies were performed 

every 3 months for follow-up surveillance.

The effects of sorafenib and sunitinib were compared. 

The patients who received axitinib were not included in our 

comparisons due to a small number of patients. Addition-

ally, a comparison of clinical and pathological data between 

patients with a decreased tumor thrombus height vs those 

showing a stabilization or increase was performed.

statistical analysis
Continuous data are presented as the mean ± SD when 

normally distributed. Data that conformed to nonnormal 

distributions are represented by the means and ranges. Con-

tinuous variables were compared using Student’s t-test or 

the Mann–Whitney U-test. The chi-square or Fisher’s exact 

test was performed to compare categorical variables between 

groups. Pearson’s correlation test was used to assess the 

relationship between two continuous variables. Statistical 

analyses were conducted using SPSS®, version 22 (IBM 

Corp., Armonk, NY, USA), and P,0.05 was deemed to be 

statistically significant.
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Results
Baseline characteristics
A total of 18 patients with RCC involving an IVC tumor 

thrombus who received presurgical TMT were included 

in this study. All patients underwent a biopsy before receiv-

ing TMT to confirm the diagnosis of RCC. Baseline patient 

and tumor characteristics are shown in Table 1. Before TMT 

administration, the thrombus level was stage I in 1 patient 

(5.6%), II in 12 patients (66.7%), III in 4 patients (22.2%), 

and IV in 1 patient (5.6%). Of these, six patients (33.3%) 

received sorafenib, nine (50.0%) received sunitinib, and 

three (16.7%) received axitinib. The median duration of TMT 

was 2 cycles (range: 1–3 cycles).

Efficacy and toxicity of therapy
All patients were assessed for the clinical benefit of presurgi-

cal TMT (Table 2). The tumor thrombus height decreased 

measurably in 11 patients (61.1%), with an average 

shrinkage of 17.7%. The thrombi remained stable in five 

patients (27.8%) and grew larger in two patients (11.1%; 

Figure 1A). The median reduction in tumor thrombus height 

was −0.53 cm (range: −4.23 to +1.21 cm). The median change 

Table 1 Patient characteristics

Characteristics Total Sunitinib Sorafenib P-value

age, years; median (range) 53.5 (33–75) 47 (33–66) 54 (34–68) 0.72
sex, n (%) 0.49

Male 16 (88.9) 7 (77.8) 6 (100.0)
Female 2 (11.1) 2 (22.2) 0

BMi, kg/m2; median (range) 24.07 (18.09–30.42) 23.94 (18.09–29.76) 25.83 (22.41–30.42) 0.20
Tumor laterality, n (%) 1.00

left 4 (22.2) 2 (22.2) 1 (16.7)
right 14 (77.8) 7 (77.8) 5 (83.3)

ecOg performance status, n (%) 0.32
0 2 (11.1) 2 (22.2) 0
1 14 (77.8) 6 (66.7) 5 (83.3)
2 2 (11.1) 1 (11.1) 1 (16.7)

TMT, n (%) na
sorafenib 6 (33.3) 9 (100.0)
sunitinib 9 (50.0) 6 (100.0)
axitinib 3 (16.7)

2 (1–3) 0.48cycles of TMT, weeks; median (range) 2 (1–3) 2 (1–3)
clinical stage, n (%) na

T3b 17 (94.4) 9 (100.0) 6 (100.0)
T3c 1 (5.6) 0 0

nodal stage, n (%) 0.58
n0 12 (66.7) 5 (55.6) 5 (83.3)
n1 6 (33.3) 4 (44.4) 1 (16.7)

Metastatic disease, n (%) 2 (11.1) 0 1 (16.7) 0.43
Thrombus level, n (%) 0.67

i 1 (5.6) 0 1 (16.7)
ii 12 (66.7) 8 (88.9) 4 (66.6)
iii 4 (22.2) 1 (11.1) 1 (16.7)
iV 1 (5.6) 0 0

histology, n (%) 0.66
ccrcc 15 (83.3) 8 (88.9) 5 (83.3)
Papillary cell rcc 2 (11.1) 1 (11.1) 0
chromophobe rcc 1 (5.6) 0 1 (16.7)

Fuhrman grade, n (%) 0.11
2 3 (20.0) 1 (12.5) 2 (40.0)
3 9 (60.0) 4 (50.0) 3 (60.0)
4 3 (20.0) 3 (37.5) 0

asa score, n (%) 0.23
1+2 14 (77.8) 6 (66.7) 6 (100.0)
3+4 4 (22.2) 3 (33.3) 0

Abbreviations: asa, american society of anesthesiologists; BMi, body mass index; ccrcc, clear cell renal cell carcinoma; ecOg, eastern cooperative Oncology group; 
rcc, renal cell carcinoma; TMT, targeted molecular therapy.
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in the maximum diameter of the thrombus was −0.3 cm 

(range: −1.23 to +0.29 cm), with 12 patients showing a 

decreased thrombus diameter, 4 showing no change, and 

2 experiencing an increase. The primary tumor size was 

decreased, stable, or increased in eight (44.4%), six (33.3%), 

and four (22.2%) of the patients, respectively. The median 

reduction in the primary tumor diameter was −0.16 cm 

(range: −1.2 to +2.1 cm). No statistically significant differ-

ence in tumor or thrombus shrinkage was found between the 

sorafenib-treated vs sunitinib-treated groups (Table 2).

Following presurgical TMT, downstaging of the thrombus 

level occurred in four patients (level IV to III in one patient, 

Table 2 effect of TMTs and the comparison between sorafenib-treated vs sunitinib-treated groups

Total Sunitinib Sorafenib P-value

effect on iVc thrombus
change in thrombus height, n (%)

increased 2 (11.1) 1 (11.1) 1 (16.7) 0.56
stable 5 (27.8) 4 (44.4) 1 (16.7)
Decreased 11 (61.1) 4 (44.4) 4 (66.7)
Median (range), cm −0.53 (−4.23 to +1.21) −0.14 (−1.19 to +1.21) −0.42 (−2.2 to +0.89) 0.67

change in maximum diameter of thrombus, n (%)
increased 2 (11.1) 1 (11.1) 1 (16.7) 0.79
stable 4 (22.2) 3 (33.3) 1 (16.7)
Decreased 12 (66.7) 5 (55.6) 4 (66.7)
Median (range), cm −0.3 (−1.23 to +0.29) −0.18 (−1.25 to +0.29) −0.50 (−1.9 to +0.12) 0.29

change in thrombus level, n (%)
increased 0 0 0 0.77
stable 14 (77.8) 8 (88.9) 5 (83.3)
Decreased 4 (22.2) 1 (11.1) 1 (16.7)

effect on primitive tumor size, n (%)
increased 4 (22.2) 2 (22.2) 1 (16.7) 0.57
stable 6 (33.3) 4 (44.4) 2 (33.3)
Decreased 8 (44.4) 3 (33.3) 3 (50.0)
Median (range), cm −0.16 (−1.2 to +2.1) −0.11 (−1 to +2.1) −0.11 (−1.2 to +0.8) 0.91

Primitive tumor size before TMT, cm; median (range) 8.55 (4.9–16.4)
Thrombus height before TMT, cm; median (range) 6.97 (2.0–13.8)

Abbreviations: iVc, inferior vena cava; TMT, targeted molecular therapy.

Figure 1 The changes in heights and levels of the iVc thrombi after TMTs.
Notes: (A) The measurable decrease in tumor thrombus height was shown according to types of target molecules. The median reduction of tumor thrombus height 
was −0.53 cm. (B) Downstaging of the thrombus level occurred in four patients after TMTs.
Abbreviations: iVc, inferior vena cava; TMT, targeted molecular therapy.
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level III to II in two patients, and level II to I in one patient). 

The thrombus levels in the other patients remained stable; 

none of the 18 patients experienced an increase (Figure 1B). 

The surgical strategy was reevaluated in three patients who 

underwent robot-assisted laparoscopic RN with tumor throm-

bectomy. For one patient (downstaged from level IV to III), 

a thoracoscope-assisted open atriotomy and cardiopulmonary 

bypass were avoided owing to presurgical TMT. Two patients 

(downstaged from level III to II) avoided height-proximal 

control of the suprahepatic IVC and mobilization of both 

lobes of the liver during robotic surgery, thus reducing the 

surgical risk.

Fourteen patients (77.8%) exhibited a concordant decrease 

or increase of both the primary tumor and tumor thrombus 

height, while the changes in the remaining four patients were 

not synchronous (Figure 2). We analyzed the association 

between the benefit on primary tumor size and tumor thrombus 

height (data not shown) and found no statistically significant 

correlation between the two parameters (r=0.085, P=0.738).

No CTCAE grade 4 or 5 AEs were observed owing to 

TMT. Three patients (16.7%) experienced grade 3 AEs, 

including two with hypertension and one with hand–foot 

syndrome. The common grade 1–2 AEs were hand–foot 

syndrome, alopecia, and diarrhea in the sorafenib-treated 

group and hypertension, fatigue, hand–foot syndrome, and 

diarrhea in the sunitinib-treated group (Table 3). One patient 

stopped treatment after 6 weeks owing to intolerable skin 

reactions and difficulty in walking.

Figure 2 representative images of radiography and pathology after presurgical TMT.
Notes: after receiving 12 weeks of presurgical axitinib treatment, one patient experienced a remarkable decrease in both the thrombus height and primitive tumor. The 
arrow indicates the distal end of the tumor thrombus. (A, B) The level of thrombus changed from level iV to iii. (C) Widespread necrosis and extensive degeneration were 
observed in the photomicrograph of tumor thrombus. One patient showed no response to primitive tumor and tumor thrombus with 8 weeks of presurgical sorafenib 
treatment. The arrow indicates the distal end of the tumor thrombus. (D, E) The height of tumor thrombus remained stable at the level of second hepatic portal. (F) The 
photograph of tumor thrombus after TMT showed massive thrombosis with viable tumor cells.
Abbreviations: iVc, inferior vena cava; TMT, targeted molecular therapy.

Table 3 adverse events related to presurgical TMTs

Total, 
n (%)

Sorafenib, 
n (%)

Sunitinib, 
n (%)

Axitinib, 
n (%)

hand–foot syndrome 9 (50.0) 4 (66.7) 4 (44.4) 1 (33.3)
Diarrhea 8 (44.4) 3 (50.0) 3 (33.3) 2 (66.7)
Fatigue 7 (38.9) 2 (33.3) 4 (44.4) 1 (33.3)
hypertension 9 (50.0) 2 (33.3) 5 (55.6) 2 (66.7)
Mucositis 5 (27.8) 1 (16.7) 3 (33.3) 1 (33.3)
alopecia 5 (27.8) 3 (50.0) 2 (22.2) 0
nausea 2 (11.1) 0 2 (22.2) 0
anorexia 3 (16.7) 1 (16.7) 2 (22.2) 0
hypothyroidism 1 (5.6) 0 1 (11.1) 0
Thrombocytopenia 1 (5.6) 1 (16.7) 0 0
neutropenia 1 (5.6) 0 1 (11.1) 0

Abbreviation: TMT, targeted molecular therapy.
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Perioperative data and follow-up
Following a median of two cycles of TMT, all patients suc-

cessfully underwent RN with tumor thrombectomy (5 open 

and 13 laparoscopic/robotic). One patient had severe adhe-

sion between the IVC and the surrounding tissue, and there-

fore only underwent left renal RN. The median operative time 

was 217 min (range 100–318 min), while the median esti-

mated blood loss was 800 mL (range 20–5,000 mL). Twelve 

patients (66.7%) required transfusions during surgery, and 

all had drainage tubes placed for a median 3.5 days. Seven 

patients experienced postoperative complications; five had 

minor complications (grade I or II) that included wound-

healing delay, anemia, and kidney dysfunction and were 

alleviated by conservative treatment. One patient experienced 

a grade IIIb complication (postoperative intra-abdominal 

hemorrhage) and underwent successful hemostasis following 

a laparoscopic second-look exploration. Considering wound 

errhysis without obvious bleeding points, the abdominal 

cavity blood was carefully cleaned and hemostatic gauzes 

were placed; the patient recovered after surgery. Finally, 

one patient experienced a grade V complication; this patient 

died of sudden cardiac death after robotic surgery because 

of various underlying primary diseases (a previous myo-

cardial infarction, hypertension, and diabetes) as well as 

surgical trauma.

During follow-up (median duration, 15 months; range, 

4–51 months), nine patients (50%) developed new metasta-

ses, including in the lung, liver, bone, and systematically. 

Five patients (28%) continued to receive TMT after surgery. 

Seven patients died of kidney cancer with systemic metasta-

sis, of these, five were ,50 years old.

clinical and pathological factors 
associated with efficacy of therapy
To identify factors that predict a clinical benefit owing to 

presurgical TMT administration, patients were classified into 

those who had a decrease in tumor thrombus height and those 

who did not, and their clinical and pathological data were 

compared (Table 4). No factors were found to be significantly 

different between the two groups; however, elevated neutro-

phil counts tended to be associated with poorer therapeutic 

efficacy (P=0.056). Given the small sample size and the lack 

of statistically significant factors, multivariate analysis was 

not performed.

Discussion
RN with tumor thrombectomy is the standard approach for 

locally advanced RCC; however, this type of procedure has 

been shown to be associated with high surgical morbidity 

and mortality rates.17 The complication rates of IVC tumor 

thrombectomies range from 12.4% to 46.9%, with tumor 

thrombi levels of 0 to IV.6,17 Furthermore, estimated blood 

loss, transfusion rates, and postoperative complication 

rates have also been shown to increase with higher tumor 

thrombus levels.18 Given the considerable benefits observed 

with multiple targeted molecule treatments in patients with 

metastatic RCC,7 presurgical TMT ought to reduce the tumor 

thrombus burden, enhance the feasibility of surgery, and 

reduce complication rates.

However, the role and effect of presurgical TMT in 

patients with RCC exhibiting IVC tumor thrombi remain 

controversial. Several retrospective studies produced variable 

results, with the thrombus level decreases observed in 

7%–19% of patients.15,19,20 Cost et al performed a retrospec-

tive study of 25 patients in which 3 (12%) showed a reduction 

in the level of thrombus and 1 (4%) experienced an increase; 

44% of patients had a change in the tumor thrombus height 

following TMT. However, the impact on tumor thrombus 

level led to altering the surgical approach in only one patient 

who was downstaged from level IV to III.16

Based on one of the largest sample sizes at present, 

our study showed more beneficial results with measurably 

decreased heights in 11 patients (61.1%). For cases with 

tumor thrombus level III and IV, we observed a regression 

of level in three cases (60%). It is suggested that TMT may 

be of benefit in RCC patients with level III and IV thrombus. 

With the development of laparoscopy and robotic technology 

in recent years, the safety and feasibility of robot-assisted 

laparoscopic IVC thrombectomy (RAL-IVCTE) have been 

investigated at several centers.21,22 In our study, downstaging 

of the thrombus level occurred in four patients (22.2%), three 

of whom benefited from a surgical strategy modification to 

avoid cardiopulmonary bypass and complicated liver mobi-

lization during RAL-IVCTE. TMT may potentially permit 

less invasive thrombectomy approaches and alter the course 

of the surgery, especially robotic surgery.

We did not observe a significant difference in efficacy 

between sorafenib and sunitinib treatments. However, all 

three patients who were treated with axitinib had a meaning-

ful reduction in tumor thrombus size, two of whom experi-

enced downstaging of the level of thrombus. Owing to the 

small sample size, further studies are required to determine 

whether axitinib is in fact superior to other targeted agents. 

Only one of our patients underwent dose reduction or inter-

mittent administration during treatment. Surgical morbidity 

associated with TMT is another major clinical concern. 
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Table 4 comparison of the clinical and pathological factors associated with the effect of TMTs

Decreased  
(n=11)

Increased or 
stable (n=7)

P-value

age, years; median (range) 59 (34–75) 46 (33–62) 0.10
sex, n (%) 0.50

Male 9 (81.8) 7 (100)
Female 2 (18.2) 0

Tumor laterality, n (%) 1.00
left 2 (18.2) 2 (28.6)
right 9 (81.8) 5 (71.4)

ecOg performance status, n (%) 0.26
0 1 (9.1) 1 (14.3)
1 10 (90.9) 4 (57.1)
2 0 2 (28.6)

TMT, n (%) 0.23
sorafenib 4 (36.4) 5 (71.4)
sunitinib 4 (36.4) 2 (28.6)
axitinib 3 (27.3) 0

cycles of TMT, weeks; median (range) 2.5 (1–3) 1.5 (1–3) 0.24
clinical stage, n (%) 1.00

T3b 10 (90.9) 7 (100)
T3c 1 (9.1) 0

nodal stage, n (%) 0.14
n0 9 (81.8) 3 (42.9)
n1 2 (18.2) 4 (57.1)

Metastatic disease, n (%) 1 (9.1) 1 (14.3) 1.00
Thrombus level, n (%) 0.17

i 0 1 (14.3)
ii 7 (63.6) 5 (71.4)
iii 3 (27.3) 1 (14.3)
iV 1 (9.1) 0

histology, n (%) 1.00
ccrcc 9 (81.8) 6 (85.7)
Papillary cell rcc 1 (9.1) 1 (14.3)
chromophobe rcc 1 (9.1) 0

Fuhrman grade, n (%) 0.42
2 1 (11.1) 2 (33.3)
3 6 (66.7) 3 (50.0)
4 2 (22.2) 1 (16.7)

asa score, n (%) 0.51
1+2 8 (72.7) 4 (57.1)
3+4 3 (27.3) 3 (42.9)

hemoglobin, g/l; median (range) 128 (68–141) 117 (83–139) 0.23
neutrophil count/ml; median (range) 3.83 (1.00–6.31) 4.88 (3.67–7.23) 0.056
nlr, median (range) 2.36 (0.65–4.56) 4.09 (1.51–6.60) 0.28
albumin, g/l; median (range) 39.45 (32–43.4) 37.25 (30.7–60) 0.17
creatinine, µmol/l; median (range) 96.75 (55.9–146.9) 95.55 (79.4–127.2) 0.77
lDh, U/l; median (range) 184.15 (110.9–288.3) 181.63 (156.1–530.6) 0.63
alP, U/l; median (range) 71.15 (64–126.1) 73.23 (34.8–241.3) 0.85

Abbreviations: alP, alkaline phosphatase; asa, american society of anesthesiologists; ccrcc, clear cell renal cell carcinoma; ecOg, eastern cooperative Oncology group; 
lDh, lactate dehydrogenase; rcc, renal cell carcinoma; TMT, targeted molecular therapy; nlr, neutrophil to lymphocyte ratio.

Kondo et al observed two major and three minor complica-

tions out of nine patients after neoadjuvant treatment, mainly 

hemorrhage.23 In our study, the transfusion rate was 66.7%, 

and major complications occurred in two patients, including 

one who died of cardiac disease. Thus, preoperative evalu-

ation of the vital organs and active preparation of blood are 

necessary in all cases.

As mentioned above, most patients (77.8%) experienced 

synchronous shrinking or growth in both the primary tumor 

and thrombus height. However, four patients had opposite 

primary tumor size/thrombus height outcomes. There was no 

statistically significant correlation between primary tumor 

size and thrombus height change. This may be due to the 

heterogeneity and compositional differences in renal tumors. 
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Some studies indicated that genomic heterogeneity was 

associated with acquired resistance, which drives distinct 

responses to TMT.24,25

Moreover, clinical deterioration and potential progression 

should be taken into consideration during the presurgical 

treatment period.16 At present, there are no factors that can 

predict the response to TMT in locally advanced renal tumors 

or metastatic RCC.24,26 In our study, elevated neutrophil 

count tended to be associated with poor therapy outcomes; 

this was consistent with results from Fukuda et al’s study.14 

Several reports have described higher blood neutrophils and 

blood neutrophil/lymphocyte ratios as being associated with 

poor clinical outcomes in RCC.27,28 After sunitinib treatment, 

altered neutrophil counts were associated with a specific 

change in plasma interleukin-8.29 Additionally, Huang 

et al reported that interleukin-8 expression was elevated in 

RCC tumors that were refractory to sunitinib treatment.30 

Taken together, these studies suggest that the inflammatory 

microenvironment that comprises neutrophils and lympho-

cytes may impact the efficacy of treatment.

Limitations
Our study has several limitations. Its retrospective design and 

small number of patients may impact the reliability of the 

results. Furthermore, we were unable to control for selection 

bias and other unmeasurable confounding factors. We had no 

strict criteria for selecting patients before TMT; the patient 

population was mostly based on the physicians’ or patients’ 

treatment preferences. Long-term follow-up is required to 

investigate the oncological benefit of presurgical TMT. Thus, 

our observations require further prospective investigations with 

a larger number of patients to overcome these limitations.

Conclusion
Despite these limitations, our preoperative study investigates 

the therapeutic effects and safety on the height and level of 

IVC tumor thrombi during presurgical TMT. Our results 

suggest that TMT may be of benefit in RCC patients with 

level III and IV thrombus; in particular, the neutrophil count 

may tend to influence the clinical benefit of TMT. A change 

in thrombus level may potentially alter the surgical strategy 

to a less complicated method, especially in patients undergo-

ing robotic surgery.
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