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Abstract

Purpose—We evaluated the association of microvascular invasion (MVI) and capillary-
lymphatic invasion (CLI) with patient outcome following nephrectomy for renal cell carcinoma
(RCQ).

Material and Methods—We identified 1,433 patients surgically treated for sporadic, unilateral
RCC between 2001 and 2008. All specimens were reviewed by a single uropathologist for MVI1
and CLI. Associations with time to metastases and death from RCC were evaluated using Cox
proportional hazards models, controlling for established clinicopathologic prognostic variables.

Results—MVI and CLI were identified in 11% (119/1,103) and 2% (17/1,103) with clear cell,
2% (5/219) and <1% (1/219) with papillary, and 1% (1/86) and O with chromophobe RCC,
respectively. Median follow-up for patients still alive was 6.4 years (range 0-11). In clear cell
RCC, MVI was univariately associated with an increased risk of metastases (HR 3.5,p<0.001) and
cancer-specific death (HR 3.0,p<0.001). However, on multivariate analyses, these associations
were no longer statistically significant (HR 1.2,p=0.4 and HR 1.3,p=0.1, respectively). CLI
remained significantly associated with an increased risk of metastases and death both univariately
(HR 15.9,p<0.001 and HR 11.6,p<0.001, respectively) and on multivariate analyses (HR
3.2,p<0.001 and HR 3.1,p<0.001, respectively).

Conclusions—MV!1 is associated with an increased risk of metastases and cancer death for
patients with clear cell RCC, although this does not remain significant after controlling for
established prognostic variables. Meanwhile, CLI appears to be independently associated with
metastases and cancer death even after controlling for known prognostic risk factors; however,
given its rarity, this feature may prove to be of limited clinical significance.
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INTRODUCTION

There are an estimated 64,770 new cases and 13,570 deaths from renal cancer in the United
States in 2012.1 Given the variable course after surgical management, much effort has been
expended to accurately predict disease outcomes based on patient specific factors. Since
2000, several models have been created using clinicopathologic features such as stage, size,
grade, tumor necrosis, symptoms, and performance status.2-> These tools have improved our
ability to counsel patients, however further refinement in prognostication is needed.

Microvascular invasion (MVI) and capillary-lymphatic invasion (CLI) represent invasion
into the local small vessel architecture and are predictors of adverse outcome in other
urologic malignancies, however their predictive value in renal cell carcinoma (RCC)
remains unclear.:” Numerous studies have evaluated the effect of MVI on metastasis-free
survival (MFS) and cancer-specific survival (CSS) with variable results, however most have
been constrained by a limited sample size or lack of centralized pathologic review.8-18

In the current study, we evaluated the univariate and multivariate associations of MVI and
CLI with MFS and CSS in the entire cohort, as well as in those with and without metastases,
in low-stage and low-grade disease, and in patients undergoing systemic therapy.

MATERIALS AND METHODS

After Institutional Review Board approval was obtained, we queried the Mayo Clinic
Nephrectomy Registry to identify 1,433 patients treated with radical or partial nephrectomy
for sporadic, unilateral, RCC between 2001 and 2008 in which information regarding the
presence or absence of MVI or CLI was available.

The clinical features studied included age, gender, symptoms at presentation, Eastern
Cooperative Oncology Group (ECOG) performance status, and type of surgery. The
pathologic features included histologic subtype, tumor size, the 2010 AJCC TNM staging
for primary tumor, lymph node, and metastases classifications, nuclear grade, coagulative
tumor necrosis, sarcomatoid differentiation, MV1, CL1I, and collecting system invasion. MVI
was defined as the presence of tumor within microscopic veins or venules with a muscular
coat, regardless of gross tumor in the renal vein (Figure 1). The term CLI was specifically
used to define the presence of tumor within a microscopic capillary or lymphatic channel,
vessels lacking a muscular coat (Figure 2). A single genitourinary pathologist (J.C.C.)
reviewed all specimens without knowledge of patient outcome. Pathologic features were
assessed using hemotoxylin and eosin staining only, without the use of
immunohistochemical stains, to reflect current standard clinical practice.

The primary tumor, lymph node, and metastases classifications, tumor size, grade, and
tumor necrosis were combined to calculate the Mayo Clinic SSIGN and PROG scores for
patients with clear cell RCC (ccRCC).219 Briefly, the SSIGN score is calculated using
weighted scores for each of the parameters listed above (Table 1), and the sum is used to
estimate risk of cancer specific death.2 The PROG score was created using similar
methodology in patients with MO disease and estimates risk of subsequent metastases.1® The
impact of MVI and CLI was adjusted for each patient’s SSIGN or PROG score during
multivariate analysis.

Continuous features were summarized with means, standard deviations (SDs), medians, and
ranges; categorical features were summarized with frequency counts and percentages.
Comparisons were evaluated using Wilcoxon rank sum, chi-square, and Fisher exact tests.
CSS and MFS were estimated using the Kaplan-Meier method. Associations of features with
time to death from RCC and time to distant metastases were evaluated using Cox
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proportional hazards regression models and summarized with hazard ratios (HR) and 95%
confidence intervals (CI).

Statistical analyses were performed using the SAS software package (SAS Institute, Cary,
NC). All tests were two-sided with p-values <0.05 considered statistically significant.

There were 1,103 (77%) patients with non-cystic ccRCC, 219 (15%) with papillary RCC, 86
(6%) with chromophobe RCC, 5 (<1%) with collecting duct RCC, and 20 (1%) with RCC,
not otherwise specified (NOS). MVI was identified in 129 (9%) of these tumors and CLI in
20 (1%) tumors. The frequency of MVI and CLI within each RCC histologic subtype is
summarized in Table 2. MV1 was significantly more common in ccRCC (p<0.001)
compared with papillary and chromophobe RCC. CLI was uniformly rare across the three
most common histologic subtypes. Associations of MVI and CLI with clinicopathologic
features and patient outcome were further evaluated in ccRCC patients only since they were
rarely observed in the other subtypes (Table 3).

Among the 971 MO patients, 223 subsequently developed metastases at a mean of 1.7 years
following surgery (median 1.0; range 0-10). The mean PROG score was 3.2 (SD 2.9;
median 3; range 0-11). At last follow-up of all ccRCC patients, 414 had died, including 256
who died from RCC at a mean of 2.3 years following surgery (median 1.7; range 0-10); 20
patients died from unknown causes and were excluded from analyses of CSS. The mean
follow-up for the 689 patients who were alive at last visit was 6.5 years (median 6.4; range
0-11). At 2 years, 7.8% (16/205) of censored patients were lost to follow-up.

Associations of MVI and CLI metastases and cancer specific death are summarized in Table
4. Distant metastases occurred in 47% (45/95) with MVI and 20% (178/876) without MV1.
Univariately, MV1 was associated with a 3.5-fold increased risk of metastasis (p<0.001).
However, after adjusting for the PROG score, the increased risk of metastasis was no longer
statistically significant (HR 1.2; p=0.43). The estimated 5-year MFS (95%CIl) following
surgery was 48% (39-60%) for patients whose tumors demonstrated MVI compared with
80% (78-83%) for patients whose tumors did not (Figure 3a).

Univariately, MVI was associated with a 3-fold increased risk of death from RCC
(p<0.001). The estimated 5-year CSS (95%CI) following surgery was 52% (42-63%) for
patients whose tumors demonstrated MVI compared with 80% (77-83%) for patients whose
tumors did not (Figure 3b). However, after adjusting for the SSIGN score, the increased risk
of death associated with MV was no longer statistically significant (HR 1.3; p=0.10). We
had adequate (80%) statistical power to identify a HR of 1.85 and 1.80 for the univariate
association of MVI with progression to distant metastases and cancer specific mortality,
respectively.

CLI was significantly associated with an increased risk of metastasis both univariately (HR
15.9; p<0.001) and after adjusting for the PROG score (HR 3.2; p<0.001). The estimated 5-
year MFS (95%Cl) following surgery was 78% (76-81%) for patients whose tumors did not
demonstrate CLI (Figure 3c). At 2 years the estimated MFS for this group was 17% (5-
59%).

M1 rates were similar in patients with MV1 and CLI1 (20% (24/119) vs. 29% (5/17),
respectively, p=0.4), while positive lymph nodes were less frequently identified in patients
with MV (35% (25/72) vs. 64% (9/14), respectively, p=0.04).
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CLI was significantly associated with an increased risk of death from RCC both univariately
(HR 11.6; p<0.001) and after adjusting for the SSIGN score (HR 3.1; p<0.001). The
estimated 5-year CSS (95%Cl) following surgery was 17% (5-54%) for patients whose
tumors demonstrated CLI compared with 78% (76-81%) for patients whose tumors did not
(Figure 3d).

When the entire cohort was analyzed based on M0 or M1 status, consistent results were
found. In MO patients, risk of death associated with MV1 was significant on univariate (HR
3.4, p<0.001) but not multivariate analysis (HR 1.2, p=0.49) and risk of death associated
with CLI was significant on univariate (HR 16.0, p<0.001) and multivariate analysis (HR
2.7, p=0.008). In M1 patients, risk of death associated with MVI was not significant on
univariate (HR 1.4, p=0.18) or multivariate analysis (HR 1.3, p=0.35) and risk of death
associated with CLI was significant on univariate (HR 3.3, p=0.01) and multivariate analysis
(HR 2.8, p=0.026).

Associations of MVI with metastasis and death from RCC in patients with low-stage (pT1
and pT2) and low-grade (nuclear grade 1 and 2) MO disease are summarized in Table 5.
Among the 971 MO patients, 687 (71%) were low-stage, 462 (48%) were low-grade, and
428 (44%) were low-stage and low-grade. MVI was seen in 18 (2.6%) of low-stage, 11
(2.4%) of low-grade, and 6 (1.4%) of combined low-stage and grade patients. In these
patients an association of MVI with time to metastasis was seen in the low-grade patients on
univariate, but not multivariate analysis. CLI was seen in 1 patient with low-stage disease
and in 0 with low-grade disease, precluding analysis.

Next, we evaluated the outcomes after systemic therapy in patients with and without MV1.
Analysis of CLI was not possible given only 3 and 0 patients received immunotherapy and
targeted therapy, respectively. Of the 132 M1 ccRCC patients, 38 (29%) were treated with
immunotherapy, 39 (30%) were treated with targeted agents, and 13 (10%) were treated with
both. In immunotherapy patients, median survival was 0.7 and 1.7 years for those with and
without MVI, respectively (HR 2.5, p=0.04). In patients receiving targeted therapy, no
association with survival was seen on univariate analysis in those with and without MVI,
with median survival of 2.1 and 3.4 years, respectively (HR 1.8, p=0.18).

DISCUSSION

The current study represents the largest analysis of patients with MVI1 and CLI in RCC at a
single institution as well as the largest with central pathologic review to date. We found that
although MVI was significantly associated with MFS and CSS, this association was not
maintained when accounting for established clinicopathologic prognostic variables. CLI,
while rare, was associated with MFS and CSS in both univariate and multivariate analyses.

Since 1997 when van Poppel et al observed that MVI was the most important predictor of
progression for RCC patients, this feature has been revisited numerous times with groups
showing both a positive and negative association on multivariate analysis.!! Recently, Katz
et al and Kroeger et al reported their single institution and multicenter findings,
respectively.816 Along with the current study, these represent the three largest evaluations
of MVI in the literature to date.

Our findings mirror those reported by Katz et al where MVI in 91 patients with non-
metastatic disease showed a significant association with MFS and CSS on univariate, but not
multivariate analysis.16 Similarly, Kroeger et al analyzed 412 patients with MV in ccRCC
and found a significant association on univariate analysis with CSS, but no association on
multivariate analysis with MFS or CSS.8 Taken together, these findings indicate that MV is
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a component of the neoplastic changes that affect disease outcome, but do not add
prognostic ability beyond other commonly assessed features.

Although MV1 was not an independent prognostic factor for the entire ccRCC cohort, we
evaluated it further to see if it adds information in low-stage or low-grade tumors. Kroeger
et al noted that in tumors <4cm MVI was one of the most important predictors of CSS on
univariate analysis.® Others have documented similar statistically significant findings in
pT1-2 patients on multivariate analysis of MVI and MFS and CSS.12:15 Interestingly, Katz
et al did not see an association of MVI with MFS or CSS in patients with T1 or T2
disease.1® In the current study, no association with recurrence was seen in patients with
pT1-2 disease, however there was an association in patients with low-grade disease on
univariate but not multivariate analysis. In the subset of patients with pT1-2 and low-grade
disease, no association of MVI with recurrence was seen.

We found that M1 rates were similar in patients with MVI and CLI, while positive lymph
nodes were higher in patients with CLI. While this was statistically significant, we hesitate
to draw firm conclusions based on limitations in statistical power. If this finding is
confirmed in subsequent evaluation, it may point to differences in underlying tumor biology.
Lymph node invasion is a known risk factor for subsequent metastatic disease, as well as an
independent predictor of cancer specific death in the setting of metastatic disease.1920 Thus
lymph node invasion in the setting of CLI may be an early event in the pathway of a more
aggressive subset of systemic disease. This may also help explain the association with
cancer specific death seen with CLI but not MV1 in M1 patients. It must be emphasized that
evaluating these hypotheses was beyond the scope of the current study.

CL1 is a pathologic characteristic that is distinct, yet infrequently evaluated, when compared
with MVI. Indeed, the evaluation of small vessel invasion is commonly made without
distinction between blood vessels and lymphatic channels.16:17 To our knowledge, the
current study represents the largest evaluation of CLI in RCC patients. While CLI
maintained an independent association with risk of metastasis and cancer specific death on
multivariate analysis, its presence in only 2% (17/1103) of clear cell and 0.9% (3/330) of
non-clear cell cases likely indicates limited clinical utility.

Based on previous observations, the rates of MVI vary considerably ranging from 5-45% in
specimens evaluated with hematoxylin and eosin staining.8:10-16 This variability is likely
attributable to variation in patient inclusion criteria such as stage and grade, as well as use of
central pathologic review. It has been suggested that a more accurate identification of MVI
and CLI may be obtained with the use of specialized stains such as CD31, CD34, or D2-40
given the MVI and CLI rates when these are used tend to be higher (9-39%). However, even
with increased detection, the independent predictive capability of MVI and CLI after
multivariate analysis is mixed.%1517.18 |n the current study, MVI and CLI were assessed
using hemotoxylin and eosin staining only, to reflect standard clinical practice.

Our evaluation of the interaction of MV and adjuvant therapy provided hypothesis
generating results. In patients receiving systemic therapy for metastatic disease, survival was
prolonged in patients without MV1, although this was only marginally significant (p=0.04)
in the immunotherapy group, and non-significant in the targeted therapy group. Given the
post-hoc nature of our analysis and limited sample sizes in these subsets, further study and
validation are needed. A formal evaluation of this interaction in future adjuvant therapy
studies is warranted.

While the current study adds to the volume of literature regarding MV1 and CL, several
limitations must be acknowledged. The study is limited by its retrospective design, however,
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comprehensive pathologic re-review was conducted over several months with the specific
intent of identifying MV1 and CLI if present. Only hematoxylin and eosin staining was used
to assess MVI and CLI which may limit its identification as discussed. The median follow
for patients still alive is 77 months. It is possible with longer follow up, differences in
recurrence rates and survival would be seen for MVI on multivariate analysis. Additionally,
detection of CLI in only 17 clear cell patients limits the ability to make definitive
conclusions regarding this feature and prevented further subset analysis.

CONCLUSION

MV in patients with ccRCC is associated with an increased risk of metastases and cancer
death, although this feature does not retain its prognostic significance after controlling for
other clinicopathologic variables. CLI appears to be independently associated with
metastases and cancer death even after controlling for known prognostic risk factors,
however given its rarity; it may prove to be of limited clinical significance. Further study is
require to determine if pathologically ascertained MVI or CLI in apparent localized RCC
should merit more intense therapy or surveillance.
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CLI Capillary-lymphatic invasion

CSsSs Cancer-specific survival

ECOG Eastern Cooperative Oncology Group

HR Hazard ratio

MFS Metastasis-free survival

MVI Microvascular invasion
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Figure 1.
Microvascular invasion. Arrow illustrates smooth muscle around vessel.
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Figure 2.
Capillary-lymphatic invasion. Arrowhead illustrates endothelial lining of vessel lacking
surrounding smooth muscle.
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Table 1
SSIGN and PROG scoring systems

SSIGN PROG
Score?  Score!®

Pathologic Tumor Stage

pTla 0 0

pT1b 0 2

pT2 1 3

pT3 2 4

pT4 0 4
Pathologic Node Stage

pNx/NO 0 0

pN1/N2 2 2
Pathologic Metastasis
Stage

pMO 0 -

pM1 4 -
Tumor Size (cm)

<5 0 -

=5 2 -

<10 - 0

210 - 1
Nuclear Grade

1/2 0 0

3 1 1

4 3 3
Histologic Tumor Necrosis

Absent 0 0

Present 2 1
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Comparisons of MVI1 and CLI invasion by histologic subtype for 1,433 patients with RCC

Table 2

Histologic Subtype, N (%)

Clear Cell Papillary Chromophobe CollectingDuct RCC, NOS
N=1,103 N=219 N=86 N=5 N=20
Microvascular invasion 119 (11) 5(2) 1(1) 1(20) 3(15)
Capillary-lymphatic invasion 17(2) 1(<1) 0 1(20) 1(5)
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Table 4

Associations with time to distant metastases and clear cell RCC specific mortality

Univariate MultivariaIeJr

HR 95% CI  p-value HR 95% CI  p-value

Time to Distant Metastasis (N = 971)

Microvascular invasion 35 (25-48) <0.001 1.2 (0.82-1.6) 0.43

Capillary-lymphatic invasion 159 (8.5-29.4) <0.001 3.2 (1.7-6.0) <0.001
Time to Cancer Specific Mortality (N =1,083)

Microvascular invasion 3.0 (2.2-40) <0.001 1.3 (0.95-1.8) 0.10

Capillary-lymphatic invasion 116 (6.6-20.3) <0.001 3.1 (1.7-5.4) <0.001

TControIIed for PROG or SSIGN score which include: primary tumor, regional lymph node, and distant metastases classifications, tumor size,
nuclear grade, and coagulative tumor necrosis
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Table 5

Associations of MVI with time to distant metastases and cancer specific death for MO low-stage and grade
clear cell RCC

Univariate MultivariateT

HR 95% ClI p-value HR 95% ClI p-value

Time to Distant Metastasis

pT1/pT2 1.9  (0.6-6.1) 027 08 (0.2-25) 0.67

Grade 1-2 46 (1.1-193) 004 17  (04-74) 0.49

pT1/pT2 and Grade 1-2 53 (0.7-39.4) 0.11 33 (0.43-251) 0.25
Time to Cancer specific mortality

pT1/pT2 24 (06-100) 023 05 (0.1-23) 0.35

Grade 1-2 75 (0.9-60.9) 0.06 25 (0.3-20.6) 041

pT1/pT2 and Grade 1-2 * * * * * *

TControIIed for PROG or SSIGN score which include: primary tumor, regional lymph node, and distant metastases classifications, tumor size,
nuclear grade, and coagulative tumor necrosis

*
Only 5 deaths were seen in the pT1/T2 and Grade 1-2 group precluding statistical analysis
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