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Abstract
BACKGROUND—Whether an oncofetal protein, IMP3, can serve as a prognostic biomarker to
predict metastasis for patients with localized papillary and chromophobe subtypes of renal cell
carcinomas (RCCs) was investigated.

METHODS—The expression of IMP3 in 334 patients with primary papillary and chromophobe
RCC from multiple medical centers was evaluated by immunohistochemistry. The 317 patients with
localized papillary and chromophobe RCCs were further evaluated for outcome analyses.

RESULTS—IMP3 was significantly increased in a subset of localized papillary and chromophobe
RCCs that subsequently metastasized. Patients with localized IMP3-positive tumors (n = 33; 10%)
were over 10 times more likely to metastasize (risk ratio [RR], 11.38; 95% confidence interval [CI],
5.40–23.96; P <.001) and were nearly twice as likely to die (RR, 1.91; 95% CI, 1.13–3.22; P =.016)
compared with patients with localized IMP3 negative tumors. The 5-year metastasis-free and overall
survival rates were 64% and 58% for patients with IMP3-positive localized papillary and
chromophobe RCCs compared with 98% and 85% for patients with IMP3 negative tumors,
respectively. In multivariable analysis adjusting for the TNM stage and nuclear grade, patients with
IMP3-positive tumors were still over 10 times more likely to progress to distant metastasis (RR,
13.45; 95% CI, 6.00–30.14; P <.001) and were still nearly twice as likely die (RR, 1.95; 95% CI,
1.15–3.31; P =.013) compared with patients with IMP3-negative tumors.

CONCLUSIONS—IMP3 is an independent prognostic biomarker that can be used to identify a
subgroup of patients with localized papillary and chromophobe RCC who are at high risk for
developing distant metastasis.
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Renal cell carcinoma (RCC) is the most common type of kidney cancer and accounts for about
85% of malignant kidney tumors.1,2 The incidence of RCC has been rising steadily.3 It is
expected that about 51,190 new cases of kidney cancer will be diagnosed in the US in 2007
with approximately 12,890 mortalities.4

There are several subtypes of RCC according to the Union International Contre le Cancer
(UICC) and the American Joint Committee on Cancer (AJCC) recommendations,5 originally
proposed at the Heidelberg conference.6 Of these, the most common subtypes are clear cell or
conventional (70%), papillary (10%–15%) and chromophobe (5%) RCC.5 These subtypes of
RCC not only exhibit distinct cytogenetic abnormalities but also affect patient prognosis
differently.7–13 Clear-cell RCCs are characterized by loss of genetic material in the
chromosome 3p.5 Fifty percent of clear-cell RCCs show somatic mutations in the von Hippel-
Lindau (VHL) gene and an additional 10% to 20% of these tumors show inactivation of the
VHL gene.5 Papillary RCCs are characterized by trisomies (chromosomes 3q, 7, 12, 16, 17,
and 20) and loss of the Y chromosome.5 Chromophobe RCCs are characterized by monosomy
of multiple chromosomes (1, 2, 6, 10, 13, 17, and 21) and hypodiploidy.5 Localized papillary
and chromophobe RCCs exhibit favorable prognosis with less frequent metastasis relative to
clear-cell RCCs.7–14 Consequently, relatively little is known about molecular expression
profiles associated with metastatic progression of papillary and chromophobe tumors
compared with clear-cell RCC, which has been the dominant focus of studies reported in the
literature.

IMP3 is a member of the insulin-like growth factor II (IGF-II) mRNA binding protein (IMP)
family that consists of IMP1, IMP2, and IMP3.15 IMP family members play an important role
in RNA trafficking and stabilization, cell growth, and cell migration during the early stages of
embryogenesis.16 The IMP3 gene is located on chromosome 7p11.217 and is identical to the
KOC (KH domain containing protein overexpressed in cancer) protein that was originally
cloned from a pancreatic tumor cDNA screen.18 IMP3 is expressed in developing epithelia,
muscle, and placenta during early stages of human and mouse embryogenesis, but it is
expressed at low or undetectable levels in adult tissues.15,16 The expression of IMP3/KOC is
also found in malignant tumors including pancreas, lung, stomach, and colon cancers, and soft
tissue sarcomas but it is not detected in adjacent benign tissues.15,18–20 Moreover, recent
studies have demonstrated that IMP3 is an important protein for tumor cell proliferation and
invasion.21,22 These findings indicate that IMP3 is an oncofetal protein that may play a critical
role in malignant transformation and tumor progression. Recently, we have found that IMP3
oncofetal protein is a new biomarker for aggressive localized RCC.23 In addition, a validation
study has confirmed that IMP3 is an independent prognostic marker for the clear cell
(conventional) subtype of RCCs.24 In this validation study, 163 of 629 (25.9%) localized clear-
cell RCC specimens expressed tumor cell IMP3. Patients with localized clear-cell RCC and
positive IMP3 expression were nearly 5 times more likely to progress to distant metastasis
compared with patients with IMP3-negative tumors (risk ratio [RR] 4.71; P <.001). As the
predominance of RCCs are of the clear cell subtype, it is unclear whether IMP3 plays an
important role to predict metastasis for other relatively rare subtypes, such as papillary and
chromophobe RCCs. In the current study we investigated the association of IMP3 expression
with clinicopathologic features and outcome using a multi-institutional cohort of patients with
localized papillary and chromophobe RCC subtypes to evaluate whether IMP3 could serve as
an independent biomarker to predict tumor progression and metastasis.

MATERIALS AND METHODS
Patient Selection

By using the combined resources of the Mayo Clinic, the University of Massachusetts Medical
Center (UMMC), Massachusetts General Hospital (MGH), and City of Hope National Medical
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Center (CHNMC) we identified 334 patients treated with radical nephrectomy or nephron-
sparing surgery for papillary or chromophobe RCC. The Mayo Clinic patients (n = 246) were
treated between 1990 and 1999, while the UMMC (n = 39), MGH (n = 38), and CHNMC (n
= 11) patients were treated between 1989 and 2003. There were 254 (76%) patients with
papillary RCC and 80 (24%) with chromophobe RCC.

Clinicopathologic Features
The clinicopathologic features studied included age, sex, histologic subtype classified
according to the UICC, AJCC, and Heidelberg guidelines,5,6 tumor size, primary tumor
classification, regional lymph node involvement, distant metastases, the TNM stage groupings,
and nuclear grade.

IMP3 Immunohistochemical Staining
Immunohistochemical studies were performed by the Department of Pathology at UMMC on
5-μm sections of formalin-fixed, paraffin-embedded tissue as previously described.20 Antigen
retrieval was carried out with 0.01 mol/L citrate buffer at pH 6.0 in an 800W microwave oven
for 15 minutes before immunostaining. The slides were stained on the Dako Autostainer (Dako,
Carpentaria, Calif) using the EnVision (Dako) staining reagents. The sections were first
blocked for endogenous protein binding and peroxidase activity with an application of Dual
Endogenous Block (Dako) for 10 minutes, followed by a buffer wash. The sections were then
incubated with a mouse monoclonal antibody specific for IMP3 (L523S, Corixa, Seattle, Wash)
at a 2.0 μg/mL concentration for 30 minutes, followed again by a buffer wash. Sections were
then incubated with the Envision plus; Dual Link reagent (a polymer conjugated with goat
antimouse-Ig and horseradish peroxidase) for 30 minutes. The sections were then washed and
treated with diaminobenzidine (DAB) and hydrogen peroxide, which reacted with the end
product. A toning solution (DAB Enhancer, Dako) was used to enrich the final color. The
sections were counter-stained with hematoxylin, dehydrated, and cover-slipped with
permanent media. Sections of urothelial carcinoma with known positivity of IMP3 were used
as positive controls for the L523S mouse monoclonal antibody (MoAb) specific for IMP3/
KOC (Corixa) staining. Negative control sections were stained by replacing the primary
antibody with nonimmune mouse IgG (Vector, Burlingame, Calif) at 2.0 μg/mL.

IMP3 expression was recorded as negative or positive after visual assessment by a
genitourinary pathologist (Z.J.) without knowledge of patient outcome. One slide per case for
immunohistochemistry was evaluated. Positive staining of IMP3 was defined as dark brown
cytoplasmic staining pattern in the tumor epithelial cells, which can be easily observed at low-
power magnification (×40). Scant fine granular background staining of epithelial cells, which
cannot be seen at low-power magnification, or no staining at all was considered negative.

Statistical Methods
Associations of IMP3 expression with clinicopathologic features were evaluated using
Wilcoxon rank sum, chi-square, and Fisher exact tests. Kaplan-Meier curves were used to
observe the associations of IMP3 expression with outcome. The magnitudes of these
associations were evaluated using Cox proportional hazards regression models and
summarized with RRs and 95% confidence intervals (CI). Statistical analyses were performed
using the SAS software package (SAS Institute, Cary, NC). All tests were 2-sided and P-values
<.05 were considered statistically significant.

RESULTS
IMP3 protein was observed to be expressed within the cytoplasm of both papillary as well as
chromophobe tumor cells (Fig. 1). There were 40 (12%) papillary or chromophobe RCC tumors
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with positive IMP3 expression and 294 (88%) with negative IMP3 expression. Comparisons
of clinicopathologic features by IMP3 expression are summarized in Table 1. Positive IMP3
tumor expression was significantly associated with later tumor stage and higher tumor grade.
For example, 70% of the IMP3-positive tumors were high-grade (ie, grade 3 or 4) compared
with only 37% of the IMP3-negative tumors (P <.001).

There were 17 patients with papillary or chromophobe RCC who had extrarenal disease at
nephrectomy, including 9 with regional lymph node involvement, 7 with distant metastases,
and 1 with both. (Note that 7 of the 17 patients with extrarenal disease had IMP3-positive
tumors.) As such, associations of IMP3 expression with patient outcome were evaluated using
the 317 patients (240 papillary and 77 chromophobe) with localized disease at nephrectomy
(ie, pNX/pN0; pM0; primary tumor classifications of pT1, pT2, or pT3). In this subset there
were 284 (89.6%) papillary or chromophobe RCC tumors with negative IMP3 expression and
33 (10.4%) with positive IMP3 expression.

Twenty-eight of the 317 patients with localized disease progressed to distant metastases at a
median of 3.1 years after nephrectomy (range, 0–10). Distant metastasis-free survival rates
(SE, number still at risk) at 5 and 10 years after nephrectomy were 94.1% (1.4%, 240) and
88.3% (2.3%, 98), respectively. There was a significant difference in metastasis-free survival
between patients with papillary and chromophobe RCC (P =.007; log-rank test). Metastasis-
free survival rates (SE, number still at risk) at 5 and 10 years after nephrectomy were 96.4%
(1.2%, 192) and 91.6% (2.2%, 79), respectively, for patients with papillary RCC compared
with 86.6% (4.2%, 48) and 77.3% (6.3%, 19), respectively, for patients with chromophobe
RCC.

Patients with localized IMP3-positive tumors were over 10 times more likely to progress to
distant metastasis compared with patients with localized IMP3-negative tumors (RR, 11.38;
95% CI, 5.40–23.96; P <.001; Table 2). In fact, 15 (45.5%) of the 33 patients with IMP3-
positive tumors progressed compared with only 13 (4.6%) of the 284 patients with IMP3-
negative tumors. Metastasis-free survival rates (SE, number still at risk) at 5 and 10 years after
nephrectomy were 63.9% (8.8%, 17) and 48.6% (9.5%, 12), respectively, for patients with
IMP3-positive tumors compared with 97.7% (0.9%, 223) and 93.4% (1.9%, 86), respectively,
for patients with IMP3-negative tumors (Fig. 2). In multivariable analysis adjusting for primary
tumor classification and nuclear grade, patients with IMP3-positive tumors were still over 10
times more likely to progress compared with patients with IMP3-negative tumors (RR, 13.45;
95% CI, 6.00–30.14; P <.001; Table 2). When stratified by histologic subtype, IMP3 expression
was univariately and significantly associated with progression to distant metastasis among
patients with papillary RCC (RR, 9.14; 95% CI, 3.39–24.64; P <.001) as well as among patients
with chromophobe RCC (RR, 11.91; 95% CI, 3.58–39.61; P <.001), although there were too
few patients who progressed in these subsets to evaluate these associations in a multivariable
setting.

At last follow-up 103 patients had died at a median of 4.5 years after nephrectomy (range, 0–
16). Among the 214 patients who were still alive at last follow-up the median duration of
follow-up was 8.8 years (range, 0–16). Overall survival rates (SE, number still at risk) at 5 and
10 years after nephrectomy were 82.2% (2.2%, 240) and 65.4% (3.1%, 98), respectively. There
was not a statistically significant difference in overall survival between patients with localized
papillary and chromophobe RCC (P =.997; log-rank test).

In univariate analyses, patients with localized IMP3-positive tumors were nearly twice as likely
to die compared with patients with localized IMP3-negative tumors (RR, 1.91; 95% CI, 1.13–
3.22; P =.016; Table 2). Seventeen (51.5%) of the 33 patients with IMP3-positive tumors died
compared with 86 (30.3%) of the 284 patients with IMP3-negative tumors. Overall survival
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rates (SE, number still at risk) at 5 and 10 years after nephrectomy were 57.9% (9.0%, 17) and
47.1% (9.2%, 12), respectively, for patients with IMP3-positive tumors compared with 85.0%
(2.2%, 223) and 67.4% (3.3%, 86), respectively, for patients with IMP3-negative tumors (Fig.
3). In multivariable analysis adjusting for primary tumor classification and nuclear grade,
patients with IMP3-positive tumors were still nearly twice as likely to die compared with
patients with IMP3-negative tumors (RR, 1.95; 95% CI, 1.15–3.31; P =.013; Table 2). In fact,
IMP3 status was still significantly associated with death after adjusting for primary tumor
classification, nuclear grade, tumor size, and histologic subtype (RR, 1.82; 95% CI, 1.07–3.12;
P =.029).

DISCUSSION
Papillary and chromophobe subtypes of RCC encompass relatively understudied forms of
malignancy in comparison to clear-cell RCC. In this study we demonstrate that expression of
IMP3 in papillary and chromophobe RCCs can predict tumor metastasis and provide important
prognostic information in patients with localized disease who undergo nephrectomy.

Currently, surgical resection of a tumor (nephrectomy) is the standard of care for almost all
patients with RCC.1,2,25 After nephrectomy, patients with metastatic disease typically receive
systemic treatment (eg, immunotherapy), which can be associated with potentially significant
toxicity.1,2,25 As such, to avoid toxicities associated with systemic treatment, watchful waiting
is the standard of care for patients lacking overt metastases after radical nephrectomy.1,2,25

Recently, 3 new drugs have been used for treatment of patients with metastatic RCC. Sorafenib
and sunitinib, multikinase receptor inhibitors, can block the signaling cascade of the vascular
endothelial growth factor (VEGF) 2, 3, and R1, as well as platelet-derived growth factor
(PDGF) that are critical to angiogen-esis.26–29 Temsirolimus inhibits the mammalian target of
rapamycin complex 1 kinase that regulates protein translation and appears to have very
promising activity in nonclear-cell RCCs.30 However, these new drugs have only been
evaluated in patients with clinically metastatic RCC. For localized RCC, patients at high risk
for metastasis should be selected for immediate adjuvant therapy trials, yet the metastatic
potential of localized tumors is often unpredictable.

The literature clearly supports that histologic subtype influences RCC outcomes, and that
conventional clear-cell RCC and nonclear-cell RCC (chromophobe and papillary) exhibit
different propensities for metastatic dissemination.7–14 Specifically, patients with localized
papillary and chromophobe RCCs tend to experience less aggressive disease spread and, thus,
have a markedly better prognosis compared with patients with clear-cell RCC.7–14 However,
as we report in this study, patients with papillary or chromophobe RCCs also develop
metastasis, albeit rarely. Furthermore, patients with IMP3-positive tumors show significantly
higher risk of developing metastasis compared with patients with IMP3-negative tumors. In
the current study, 45% of patients with IMP3-positive tumors developed metastasis compared
with only 4.6% of patients with IMP3-negative tumors. In addition, IMP3 status independently
predicted metastatic spread in patients with localized papillary and chromophobe RCC; in
multivariable analysis, patients with IMP3-positive papillary or chromophobe RCCs were 13
times more likely to develop subsequent metastases than those with IMP3-negative tumors,
even after adjustment for other well-known clinical variables such as tumor stage and grade.
Thus, our results strongly suggest that patients with IMP3-positive papillary or chromophobe
RCC should not be regarded as having indolent disease and should be followed up aggressively
relative to patients with IMP3-negative tumors.

In vitro studies have demonstrated that IMP3, an oncofetal protein, plays a crucial role for
tumor proliferation and invasion21,22 and, therefore, may play a direct role in facilitating RCC
metastasis. Interestingly, Yaniv et al31 reported that IMP3 in Xenopus laevis is required for the
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migration of cells forming the roof plate of the neural tube and, subsequently, for neural crest
migration, which suggested that IMP3 is important for promoting cell migration. These
findings could explain why IMP3 expression is associated with tumor progression and
metastasis. However, further study is required to investigate whether IMP3 plays a direct role
in the biological behavior of RCC.

Our previous and current studies demonstrate that IMP3 encompasses an important biomarker
for the 3 most common subtypes of RCC. However, there are some limitations to our current
study that warrant discussion. First, to our knowledge, we are the first group to describe IMP3
as a prognostic marker for papillary and chromophobe RCC; as such, our results need to be
externally validated by other groups using independent cohorts of patients. Second, papillary
RCC can be divided into 2 further subtypes (types 1 and 2) based on a combination of histologic
as well as cytogenetic features. Specifically, type 1 papillary RCC tumors tend to be of lower
grade and less aggressive, whereas type 2 papillary RCC tumors are often associated with
chromosomal aberrations (ie, 9p loss) as well as higher tumor grade, positive N stage and M
stage, and poorer patient survival.32–34 Because cytogenetic analysis to distinguish type 1 from
type 2 papillary RCC is not routinely conducted at our institutions, in the current study we
were unable to address whether IMP3 expression differs based on papillary RCC subtype.
Thus, future studies will be required to test whether type 2 papillary RCCs express higher levels
of IMP3 than type 1 papillary RCCs, a finding that would be consistent with the general
observation that more aggressive forms of RCC tend to express increased levels of IMP3. Third,
the relationship between IMP3 and other prognostic markers (both among clear-cell RCC and
among papillary and chromophobe RCC) remains unclear and is currently the focus of future
research by our group.

In summary, IMP3 is an independent prognostic biomarker for patients with localized papillary
or chromophobe RCC. Although relatively rare, patients with localized papillary and
chromophobe RCC can develop metastasis after nephrectomy, and IMP3 expression can be
used to help identify subgroups of patients with high potential for developing metastasis after
surgery. IMP3 expression may provide important prognostic information for patients with
papillary and chromophobe RCC, and will assist physicians in selecting high-risk patients who
might benefit from early and tailored systematic therapy after nephrectomy.
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FIGURE 1.
Immunohistochemical stains for IMP3 showing that papillary renal cell carcinoma (RCC) (left)
and chromophobe RCC (right) were positive for IMP3.
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FIGURE 2.
Association of IMP3 tumor expression with progression to distant metastases for 317 patients
with localized papillary and chromophobe renal cell carcinoma (RCC). Metastasis-free
survival rates (SE, number still at risk) at 5 and 10 years after nephrectomy were 63.9% (8.8%,
17) and 48.6% (9.5%, 12), respectively, for patients with IMP3-positive tumors compared with
97.7% (0.9%, 223) and 93.5% (1.9%, 86), respectively, for patients with IMP3-negative
tumors.
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FIGURE 3.
Association of IMP3 tumor expression with death for 317 patients with localized papillary and
chromophobe renal cell carcinoma (RCC). Overall survival rates (SE, number still at risk) at
5 and 10 years after nephrectomy were 57.9% (9.0%, 17) and 47.1% (9.2%, 12), respectively,
for patients with IMP3-positive tumors compared with 85.0% (2.2%, 223) and 67.4% (3.3%,
86), respectively, for patients with IMP3-negative tumors.
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TABLE 1

Comparison of Clinicopathologic Features by IMP3 Tumor Expression for 334 Patients With Papillary and
Chromophobe RCC

Tumor IMP3 expression

Feature Negative n = 294 Positive n = 40 P

Age at surgery, y, median [range] 65 [21–89] 63 [44–80] .883
Tumor size, cm, median [range] 4.1 [0.3–15.0] 5.5 [0.7–25.0] .090

No. (%)
Sex .929
 Women 68 (23.1) 9 (22.5)
 Men 226 (76.9) 31 (77.5)
RCC histologic subtype .081
 Papillary 228 (77.6) 26 (65.0)
 Chromophobe 66 (22.5) 14 (35.0)
2002 Primary tumor classification .008
 pT1 213 (72.5) 21 (52.5)
 pT2 49 (16.7) 7 (17.5)
 pT3 31 (10.5) 12 (30.0)
 pT4 1 (0.3) 0
Regional lymph node involvement .003
 pNX and pN0 289 (98.3) 37 (92.5)
 pN1 and pN2 5 (1.7) 5 (12.5)
Distant metastases at presentation .058
 pM0 289 (98.3) 37 (92.5)
 pM1 5 (1.7) 3 (7.5)
2002 TNM stage groupings .002
 I 211 (71.8) 21 (52.5)
 II 48 (16.3) 6 (15.0)
 III 28 (9.5) 7 (17.5)
 IV 7 (2.4) 6 (15.0)
Nuclear grade <.001
 1 9 (3.1) 0
 2 176 (59.9) 12 (30.0)
 3 103 (35.0) 19 (47.5)
 4 6 (2.0) 9 (22.5)

RCC indicates renal cell carcinoma.
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TABLE 2

Associations of IMP3 Tumor Expression With Outcome for 317 Patients With Localized Papillary and
Chromophobe RCC

Metastases-Free survival Overall survival

Univariate Risk ratio (95% CI) P Risk ratio (95% CI) P

IMP3 expression
 Negative 1.0 (reference) 1.0 (reference)
 Positive 11.38 (5.40–23.96) <.001 1.91 (1.13–3.22) .016
Multivariable
2002 Primary tumor classification
 pT1 1.0 (reference) 1.0 (reference)
 pT2 4.38 (1.69–11.36) .002 0.97 (0.55–1.68) .900
 pT3 10.94 (4.18–28.68) <.001 2.28 (1.29–4.04) .005
Nuclear grade
 1 and 2 1.0 (reference) 1.0 (reference)
 3 and 4 5.30 (1.94–14.49) .001 1.38 (0.93–2.06) .112
IMP3 expression
 Negative 1.0 (reference) 1.0 (reference)
 Positive 13.45 (6.00–30.14) <.001 1.95 (1.15–3.31) .013

RCC indicates renal cell carcinoma; CI, confidence interval.
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