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p  =  0.014). In multivariable analysis, response to IVC 
thrombus according to Choi criteria was the only signifi-
cant predictive factor. Patients with IVC thrombus who 
demonstrate the PR according to Choi criteria were at 0.35-
fold greater overall risk of death compared with patients 
who did not demonstrate this response (p = 0.043).
Conclusions A  response according to Choi criteria in IVC 
tumor thrombus was an independent prognostic predictor in 
patients with RCC and IVC thrombus who receive targeted 
therapy.

Keywords  Choi criteria · Renal cell carcinoma ·  
Tumor thrombus · Targeted molecular therapy

Introduction

Despite advancements in the imaging and detection of renal 
cell carcinoma (RCC) following stage migration (Pantuck 
et al. 2001), approximately 10 % of patients develop a tumor 
thrombus in the inferior vena cava IVC, Pouliot et al. (2010). 
Up to 60 % of these patients also develop concurrent subclin-
ical metastases (Klatte et al. 2007). The clinical prognosis of 
patients with RCC and IVC thrombus has traditionally been 
poor (median 1–2-year survival rate = 10–20 %) due to the 
lack of effective chemotherapy agents and the limited use-
fulness of radiation therapy (Motzer et al. 1999; Reese et al. 
2013). Currently, surgery is the only potential cure. How-
ever, the resection of RCC and IVC thrombus is technically 
demanding and historically associated with high rates of 
perioperative morbidity and mortality (Martinez-Salamanca 
et  al. 2011; Zastrow et  al. 2011). The emergence of new 
therapies that target the angiogenesis pathway has improved 
the clinical prognosis of patients with advanced RCC. Tar-
geted therapy can now be integrated with surgery, thereby 
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optimizing clinical outcomes in patients with advanced RCC 
(Motzer 2011). However, review of a large series of patients 
treated with targeted therapy with in situ RCC tumor thrombi 
revealed minimal clinical effect on the tumor thrombus level 
(Cost et al. 2011).

On the other hand, clinically meaningful responses may 
be underestimated by only assessing changes in tumor size, 
as targeted therapies can result in tumor necrosis without a 
marked decrease in size (Flaherty 2007; van der Veldt et al. 
2008). Treatment-induced necrosis is not included in the 
response evaluation criteria in solid tumors (RECIST) and 
may mimic progressive disease (PD). Choi et  al. developed 
new response criteria for evaluating imatinib treatment in 
patients with gastrointestinal stromal cell tumor. These crite-
ria include changes in tumor attenuation on computed tomog-
raphy (CT), which reflects tumor density (Choi et al. 2007). 
Several studies indicate that sunitinib can induce necrosis in 
metastatic RCC. During sunitinib treatment, responsive RCC 
lesions demonstrate a dramatic decrease in attenuation but 
little change in size (Baccala et al. 2007; van der Veldt et al. 
2008). van der Veldt et al. (2010) reported that the Choi crite-
ria could be used to define early metastatic RCC patients who 
could benefit from sunitinib. Choi criteria in metastatic RCC 
and lesions have also been explored (Hittinger et  al. 2012; 
van der Veldt et al. 2010), demonstrating that the impact on 
IVC tumor thrombus is minimal. Therefore, here we evalu-
ate the prognostic significance of the Choi criteria for assess-
ing the responses of renal mass and IVC tumor thrombus in 
patients with RCC who received targeted therapy.

Materials and methods

We reviewed the medical records of all patients who pre-
sented at the Department of Urology or Oncology of the 
Asan Medical Center (Seoul, Korea) for evaluation or 
treatment of RCC and IVC thrombus between April 2005 
and December 2012. The study was performed with the 
approval and oversight of the institutional review board, 
which waived the requirement for informed consent 
because of its retrospective design.

Patients

During the study period, 76 patients presented with RCC 
and IVC thrombus. Of these, 54 patients were excluded 
because of surgical resection of thrombi. Only 22 patients 
who received only targeted therapy were included. These 
22 patients received biopsy confirmation of RCC histol-
ogy before the initiation of targeted therapy. The medical 
records of these 22 patients were reviewed, and informa-
tion on potential prognostic factors was obtained including 
age, sex, targeted agent, presentation (Patard et  al. 2004), 

time from diagnosis to treatment, histology, Fuhrman grade 
(Fuhrman et  al. 1982), regional lymph node involvement, 
metastasis, and number of risk factors according to the cri-
teria proposed by the Memorial Sloan-Kettering Cancer 
Center (Motzer et al. 2002).

Treatment and evaluation

Staging workup at the time of diagnosis included chest 
X-ray, abdominopelvic CT, and a bone scan. Selected 
patients also underwent CT scans of the chest and/or brain. 
Extent of tumor thrombus was determined using either CT 
or magnetic resonance imaging (MRI) and graded accord-
ing to the Nevus classification: level I (tumor thrombus 
extending ≤2  cm above the ostium of the renal vein into 
the IVC); level II (thrombus extending ≥2  cm above the 
ostium of the renal vein and infrahepatic vein); level III 
(thrombus extending into the intrahepatic portion of the 
vena cava but below the diaphragm); or level IV thrombus 
extending into the right atrium, Neves and Zincke (1987).

Patients received oral sunitinib (n  =  18) or sorafenib 
(n  =  4) according to standard scheduling: once-daily 
50 mg sunitinib for 4 weeks, followed by 2 weeks without 
treatment, or twice-daily 400 mg sorafenib. Dose reduction 
was allowed to manage toxicity reduction to 37.5 mg and 
then once-daily 25 mg sunitinib, or reduction to once-daily 
400 mg and then 400 mg sorafenib every other day, Escud-
ier et al. (2007); Motzer et al. (2007).

Objective responses to systemic therapy were assessed 
by thoroughly reviewing the baseline and follow-up CT 
images obtained 12 weeks later. Treatment was continued 
until disease progression, unacceptable toxicity, or death.

Imaging techniques and interpretation

CT was performed using a 16-channel Sensation 16 
MDCT scanner (Siemens Medical System, Erlangen, Ger-
many). The scanning parameters for unenhanced scanning 
included the following: 16-detector array at 24-mm col-
limation; table speed, 24–36  mm per rotation (48  mm/s); 
pitch, 1.0–1.5; 5-mm reconstruction interval; 120 kV tube 
voltage; and 170–250 mA tube current (determined using 
the automatic dose modulation technique).

The diameter of the primary tumor was measured across 
the longest cross-sectional dimension on the axial image, 
and the diameter of the thrombus was measured on the 
coronal image. The responses of the primary tumors and 
thrombi were independently evaluated by two readers (T. 
Kwon and J. K. Kim) according to RECIST 1.1 (Eisen-
hauer et  al. 2009). In the case of interobserver discrepan-
cies, agreement was reached by discussion.

Choi criteria were used to assess the portal venous phase 
on the contrast-enhanced CT. Axial images of the enhanced 
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Fig. 1   Decreased attenuation due to targeted therapy. The ROI (yel-
low solid line) was drawn to coincide with the lesions and HU histo-
gram. a At baseline, primary renal mass attenuation was 159.717 HU. 
b After 12 weeks of targeted therapy, primary renal mass attenuation 

was 127.496 HU (–20 %). c At baseline, IVC thrombus attenuation 
was 135.048 HU. d After 12 weeks of targeted therapy, IVC throm-
bus attenuation was 112.502 HU (–17 %)
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lesions (which we assumed included the primary tumor and 
thrombus) were used to measure the CT number included 
in the picture-archiving communication system. The CT 
number was expressed in Hounsfield units (HU). Image J 
(version 1.38×/Java 1.6.0_02) was downloaded from the 
National Institutes of Health (http://rsb.info.nih.gov/ij) and 
used to analyze all images. The region of interest (ROI) that 
coincided with the outline of the primary tumor and throm-
bus was drawn, and mean HU value of each ROI was deter-
mined by two independent readers T. Kwon and J. K. Kim, 
Fig. 1. Mean HU values were used in the statistical analy-
sis, and interobserver variability was negligible (Spearman 
correlation coefficient = 0.978; p < 0.001). The Choi crite-
ria define partial response (PR) as ≥10 % decrease in one-
dimensional tumor size or ≥ 15 % decrease in tumor atten-
uation on CT, whereas PD is defined as ≥10 % increase in 
size without meeting the PR criteria for change in attenu-
ation (Table  1). Patients were divided into two groups 
according to the Choi criteria for thrombus: response group 
(PR according to Choi criteria) and nonresponse group 
[stable disease (SD) or PD according to Choi criteria].

Statistical analysis

The clinicopathological factors were compared between 
groups using the Pearson’s chi-square test for categorical 
variables or Student’s t test for continuous variables. Quan-
titative data are expressed as mean values with standard 
deviations or median values with ranges. The efficacy of 
the targeted therapy was evaluated according to RECIST 
and Choi criteria. Overall survival (OS) was calculated 
from the time of diagnosis to death from any cause. Survi-
vors were censored at the date of last contact. We used Cox 
proportional-hazards modeling to estimate the prognos-
tic significance of each variable, including the prognostic 
factors proposed by the Memorial Sloan-Kettering Cancer 
Center (Motzer et al. 2002). Significant variables (p < 0.2) 
according to the univariate analysis were included in the 
multivariable analysis. Correlations between clinical out-
comes and the assessed variables are expressed as hazard 

ratios (HR) and 95  % CIs. All statistical tests were two 
sided, and p  <  0.05 is considered statistically significant. 
Data were analyzed using the Statistical Package for Social 
Science (version 18.0; SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics

Table  2 shows the clinicopathological characteristics of 
the patients at diagnosis. There were no significant differ-
ences between groups except changes in thrombotic density 
and survival duration. Patients in the response group dem-
onstrated greater changes in thrombotic density (−25.8 vs 
−4.2 % in the response and nonresponse groups, respectively; 
p = 0.001) and longer survival (30.5 vs 13.1 months, respec-
tively; p =  0.018). Overall mean age was 64.2  years (59.9 
and 67.2 years, respectively; p = 0.108), overall mean tumor 
size was 8.9 cm (9.8 and 8.7 cm, respectively; p =  0.238), 
and overall mean time from diagnosis to treatment was 
1.2 months (0.8 and 1.5 months, respectively; p = 0.121).

Efficacy of targeted therapy in terms of response criteria 
and OS

According to the RECIST criteria, only one patient (4.6 %) 
demonstrated PR, 20 patients (90.8  %) demonstrated SD, 
and one patient (4.6 %) demonstrated PD in their primary 
tumors within 12 weeks after the start of therapy. According 
to the Choi criteria, nine patients (40.9 %) demonstrated PR 
and 13 patients (59.1 %) demonstrated SD in their primary 
tumors. There were no significant differences in OS between 
PR and nonresponsive patients according to RECIST (19.3 
vs 43  months, respectively; p  =  0.212) or Choi criteria 
(9.0 vs 23.3  months, respectively; p  =  0.109). Regard-
ing response in IVC tumor thrombi, two patients (9.1  %) 
demonstrated PR according to RECIST but no differences 
in survival were found (9.1 vs 44.6  months; p  =  0.188). 
According to the Choi criteria, nine patients (40.9  %) 

Table 1   Choi response criteria

CR complete response, PR 
partial response, SD stable 
disease, P progressive disease

Response Definition

CR Disappearance of all lesions

No new lesions

PR A decrease in size ≥10 % or a decrease in tumor attenuation (HU) ≥15 % on CT

No new lesions

No obvious progression of nonmeasurable disease

SD Does not meet criteria for CR, PR, or PD

No symptomatic deterioration attributed tumor progression

PD An increase in tumor size ≥10 % and does not meet criteria of PR by tumor attenuation on CT

New lesions

http://rsb.info.nih.gov/ij
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Table 2   Comparison of the 
clinicopathological features of 
the study subjects

MSKCC Memorial Sloan-
Kettering Cancer Center, IVC 
inferior vena cava

Overall pts Response group Nonresponse group p value

No 22 9 13

Mean ± SD age (year) 64.2 ± 10.4 59.9 ± 10.3 67.2 ± 9.7 0.108

No. gender, n (%) 0.642

 Male 19 (86.4) 8 (88.9) 11 (84.6)

 Female 3 (13.6) 1 (11.1) 2 (15.4)

1st Tyrosine-kinase inhibitor, n (%) 0.264

 Sunitinib 18 (81.8) 6 (66.7) 12 (92.3)

 Sorafenib 4 (18.2) 3 (33.3) 1 (7.7)

Karnofsky performance score, n (%) 0.165

 <80 7 (68.2) 1 (11.1) 6 (46.2)

 ≥80 15 (31.8) 8 (88.9) 7 (53.8)

Anemia, n (%) 0.609

 Normal 5 (22.7) 3 (33.3) 2 (15.4)

 Less than lower normal limit 17 (77.3) 6 (66.7) 11 (84.6)

Increase LDH (upper normal), n (%) 0.550

 1.5× or less 18 (81.8) 7 (77.8) 11 (84.6)

 >1.5× 4 (18.2) 2 (22.2) 2 (15.4)

Hypercalcemia (mg/dl), n (%) 0.655

 10 or less 16 (72.7) 6 (66.7) 10 (76.9)

 >10 6 (27.3) 3 (33.3) 3 (23.1)

Mean time from diagnosis to

treatment ± SD (months) 1.2 ± 1.1 0.8 ± 0.5 1.5 ± 1.3 0.121

MSKCC risk group, n (%) 0.561

 Intermediate 13 (59.1) 5 (55.6) 8 (61.5)

 Poor 9 (40.9) 4 (44.4) 5 (38.5)

Tumor size ± SD age (cm) 8.9 ± 2.8 9.8 ± 3.6 8.7 ± 2.4 0.238

Pathologic type, n (%) 0.616

 Clear cell 18 (81.8) 8 (88.9) 10 (76.9)

 Nonclear cell 4 (18.2) 1 (11.1) 3 (23.1)

Nuclear grade, n (%) 0.684

 1–2 5 (22.7) 2 (22.2) 3 (23.1)

 3–4 17 (77.3) 7 (77.8) 10 (76.9)

IVC level, n (%) 0.982

 I 5 (22.7) 2 (22.2) 3 (23.1)

 II 2 (9.1) 1 (11.1) 1 (7.7)

 III 13 (59.1) 5 (55.6) 8 (61.5)

 IV 2 (9.1) 1 (11.1) 1 (7.7)

Lymph node involvement, n (%) 0.628

 Positive 15 (68.2) 3 (33.3) 9 (69.2)

 Negative 7 (31.8) 6 (66.7) 4 (30.8)

Metastasis, n (%) 0.360

 Positive 17 (77.3) 8 (88.9) 9 (69.2)

 Negative 5 (9.1) 1 (11.1) 4 (30.8)

Mean tumor size change (%) ± SD −1.0 ± 21.6 −10.2 ± 19.7 7.3 ± 20.5 0.075

Mean tumor density change (%) ± SD −11.9 ± 9.9 −13.4 ± 11.0 −10.4 ± 8.9 0.553

Mean thrombus size change (%) ± SD −7.2 ± 12.3 −10.4 ± 16.1 −3.6 ± 6.8 0.285

Mean thrombus density change (%) ± SD −15.1 ± 13.8 −25.8 ± 9.8 −4.2 ± 7.1 0.001

Mean survival period ± SD, months 20.3 ± 17.5 30.5 ± 16.4 13.1 ± 15.0 0.018
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demonstrated PR and longer survival than SD patients 7.2 
vs 23.3 months, respectively; p = 0.014; Table 3. There was 
no pulmonary embolism caused by spontaneous migration 
of tumor thrombus during targeted therapy.

Predictive factors of OS

According to the univariate Cox proportional-hazards 
model used to predict the probability of overall mortal-
ity, Karnofsky performance status and Choi response in 
thrombi are significant predictors of mortality. According 
to the multivariable analysis, the Choi response in IVC 
tumor thrombi is the only significant predictive factor. 
Patients demonstrating response according to Choi criteria 

in thrombi were at 0.35-fold greater overall risk of death 
(95  % CI 0.13–0.96; p  =  0.043) compared with nonre-
sponsive patients. RECIST and Choi response in the pri-
mary tumor did not predict the probability of overall mor-
tality according to the univariate or multivariate analyses 
(Table 4).

Discussion

We retrospectively evaluated the prognostic significance 
of the Choi criteria for assessing renal mass and IVC 
tumor thrombus in patients who received targeted therapy. 
Patients who demonstrated response according to Choi 
criteria in IVC thrombus had longer median survival than 
nonresponsive patients (23.3 vs 7.2  months, respectively; 
p = 0.014). Although patients who demonstrated response 
according to Choi or RECIST criteria in primary mass also 
demonstrated longer median survival than nonresponsive 
patients, this finding was not statistically significant.

Although RECIST is the most widely used response 
evaluation criteria, assessment can evaluate changes in 
size, which is more suitable for conventional cytotoxic 
chemotherapy because this mainly induces tumor shrinkage 
(Eisenhauer et  al. 2009). In contrast to cytotoxic chemo-
therapy, targeted agents [such as tyrosine-kinase inhibi-
tors (TKIs)] are cytostatic drugs that stabilize disease by 
affecting cancer growth kinetics rather than size (Ratain 
and Eckhardt 2004). Most especially for RCC, which is 
often treated using antiangiogenic drugs such as sunitinib 
or sorafenib, treatment can result in perfusion changes 
and necrosis (Motzer et al. 2006). Primary lesions are not 
exclusively affected by perfusion changes (Cowey et  al. 
2010). Furthermore, primary RCC lesions are often diffi-
cult to evaluate because of very large size, irregular shape, 

Table 3   Efficacy of targeted therapy and overall survival according 
to response

n (%) Median OS 
(months)

p value

Effect on primary tumor

 RECIST 0.212

  Stable or progression 21 (95.4) 19.3

  Partial response 1 (4.6) 43.0

 Choi 0.109

  Stable 13 (59.1) 9.0

  Partial response 9 (40.9) 23.3

Effect on thrombus

 RECIST

  Stable 20 (90.9) 9.1 0.188

  Partial response 2 (9.1) 44.6

 Choi

  Stable 13 (59.1) 7.2 0.014

  Partial response 9 (40.9) 23.3

Table 4   Univariate and 
multivariate Cox regression 
models used to predict overall 
survival

MSKCC Memorial Sloan-
Kettering Cancer Center, IVC 
inferior vena cava

Univariate Multivariable

Variables HR (95 % CI) p Value HR (95 % CI) p Value

Age (65 or greater) 1.24 (0.51–3.02) 0.635

Gender (female) 1.77 (0.49–6.41) 0.380

Karnofsky performance score (<80 %) 2.74 (1.01–7.42) 0.047 2.17 (0.79–6.01) 0.138

MSKCC risk group (poor) 1.48 (0.61–3.64) 0.384

Tumor size (continuous) 1.05 (0.88–1.25) 0.575

Pathologic type (nonclear cell) 1.66 (0.54–5.14) 0.374

Nuclear grade (Gr 3–4) 1.31 (0.43–3.99) 0.630

IVC level (III–IV) 0.96 (0.37–2.55) 0.946

Lymph node involvement (positive) 1.49 (0.55–3.96) 0.255

Metastasis (positive) 0.65 (0.23–1.87) 0.433

Choi response to mass (yes) 0.47 (0.18–1.21) 0.117 0.75 (0.26–2.13) 0.584

Choi response to thrombus (yes) 0.31 (0.12–0.83) 0.019 0.35 (0.13–0.96) 0.043
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internal necrosis, and hemorrhage. Therefore, the simple 
measurement of length according to RECIST can result in 
inaccurate or misleading responses. To overcome the limi-
tations of RECIST, several response criteria have been used 
to evaluate metastatic RCC (Smith et al. 2010a, b; van der 
Veldt et al. 2010). Those criteria consider not only size but 
also attenuation, morphology, and/or structure and demon-
strate some predictive value for prognosis.

Our results support the data in the literature, namely 
that targeted therapies demonstrate relatively limited effi-
cacy in terms of tumor shrinkage (Escudier et  al. 2007). 
After 12  weeks of targeted therapy, the mean change 
in primary tumor size was −1.0  %. RECIST defines SD 
according to a broad spectrum of tumor lesion sizes: 
≥20 % increase in the sum of all lesions (or a new lesion) 
is required for PD, and ≥30 % decrease in the sum of all 
lesions is required for PR. The range between these two 
thresholds is defined as SD. Of 22 patients included in 
this study, only one patient demonstrated PR according to 
RECIST criteria in the primary tumor at the first follow-up 
examination performed 12 weeks after the start of therapy, 
while the remaining patients were nonresponsive at this 
time. Although one partial responder demonstrated favora-
ble survival (43 months), the efficacy of the RECIST crite-
ria is limited.

In recent studies, investigators report that metastatic 
RCC treated with TKIs exhibits decreased attenuation 
on contrast-enhanced CT (Baccala et  al. 2007; Smith 
et al. 2010a). For example, markedly decreased attenua-
tion with minimal changes in size has been observed on 
contrast-enhanced CT scans of patients with metastatic 
RCC following sunitinib therapy. Decreased attenua-
tion is correlated with pathological evidence of necrosis 
upon resection (Baccala et  al. 2007). RECIST does not 
account for changes in tumor attenuation or therapeutic 
failure-associated morphological enhancement patterns, 
which are commonly encountered in TKI-treated meta-
static RCC (Therasse et  al. 2000). Tumor angiogenesis 
is also directly associated with contrast-enhanced CT. 
Therefore, density is a biomarker of interest in patients 
receiving therapies that require an antiangiogenic profile 
(Miles 1999).

During targeted therapy, pronounced decreases in atten-
uation can be observed in responsive RCC lesions, but lit-
tle change in size is generally noted. According to the Choi 
criteria, PR was observed 40.9 % of both primary tumors 
and thrombi. Although median OS in PR patients was con-
sistent, only PR patients with IVC tumor thrombus dem-
onstrated statistically longer OS than SD patients. The CT 
number is determined by assessing the physical density of 
the components of each object. A renal mass is composed 
of a few elements, including intracystic fluid, septa, solid 
nodules, and calcification. The CT number of a necrotic 

lesion is only 45 HU (Ayres et al. 2004), but the CT num-
ber of septa or nodules containing RCC can be >100 HU, 
and calcification can be >300  HU (Ayres et  al. 2004). 
The mean HU of a renal mass is influenced by the rela-
tive distributions of these elements. Thus, the ambiguous 
CT number of a primary tumor could be attributed to the 
treatment response. In contrast, change in thrombotic den-
sity is a more accurate reflection of the treatment response 
because the IVC tumor thrombus itself is considered an 
RCC lesion.

We also evaluated whether the high rate of PR patients 
according to the Choi criteria could be used to identify tar-
geted therapies and favorable clinical outcomes. In our lim-
ited study sample, the median survival of the PR patients 
with thrombus according to the Choi criteria demonstrated 
favorable outcomes. Van der Veldt reported that patients 
with metastatic RCC who receive sunitinib treatment and 
demonstrate the Choi criteria also demonstrate signifi-
cantly better predictive values for progression-free survival 
and OS than PR patients who are evaluated according to 
RECIST (van der Veldt et al. 2010). In the future, the deter-
mination of prospective correlations between treatment 
response (according to Choi and RECIST criteria) and 
progression-free survival and OS in larger patient cohorts 
will help clarify the role of the Choi criteria for evaluat-
ing patients with advanced RCC who are receiving targeted 
treatment.

This study has several limitations. First, this is a small, 
retrospective study that contains potential biases. Because 
of this study’s insufficient power due to its small sam-
ple size, validation by a larger prospective cohort is war-
ranted. Second, evaluation of treatment response at the first 
12-week follow-up examination was insufficient because 
the survival period was short. Third, the attenuation of het-
erogeneous lesions may have been inaccurately assessed, as 
the mean value was only calculated in one slice in one ROI. 
Nonetheless, the present study is the first study to analyze 
the Choi criteria for assessing the response of renal mass 
and IVC tumor thrombus in patients with RCC receiving 
targeted therapy.

Conclusions

This study shows that response according to Choi criteria 
in IVC tumor thrombus is an independent prognostic pre-
dictor in RCC patients receiving targeted therapy. A pro-
spective study on a large cohort will help clarify the role of 
the Choi criteria for assessing patients with advanced RCC 
who are receiving targeted therapy.
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