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d Epidemiology Unit, Ospedale Pediatrico Bambino Gesù-IRCCS, Rome, Italy
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Introduction: Microscopic neoplastic thrombosis (MNT) is reported to occur frequently in

Wilms tumour (WT). The aim of this study is to determine whether MNT influences prog-

nosis in localised WT.

Patients and methods: Records and slides of 80 consecutive, unselected, localised WT

patients were retrospectively reviewed. All patients received chemotherapy before surgery

according to SIOP Protocol. The median follow-up was 9 years (range 0.5–25.8). The Kaplan–

Meier method and the Cox proportional hazard model were applied.

Results: MNT was present in 14 (18%) cases. Out of 14 patients with MNT, 6 presented mac-

roscopic thrombosis and 5 had either blastemal predominance or anaplastic histology. The

5-year overall survival (OS) and progression-free survival (PFS) for the whole population

were 95% (95% confidence interval, CI, 87–98%) and 91% (95% CI 82–96%), respectively. The

5-year OS and PFS for MNT positive patients were 92% (95% CI 57–99%) and 77% (95% CI

44–92%), while the 5-year OS and PFS for MNT negative patients were 96% (95% CI 87–99%)

and 94% (95% CI 85–98%), respectively; the difference was statistically significant (p < 0.05)

for PFS. In multivariate analysis, only the presence of anaplasia retained significance with

a hazard ratio (HR) of 14.8 and 12.9 (p < 0.05) for recurrence and death, respectively.

Conclusion: These data suggest that the presence of MNT increases the risk of recurrence.

MNT is associated with well-known prognostic factors, such as macroscopic thrombosis

(possibly representing regression of macroscopic involvement) and anaplasia. Further pro-

spective studies are needed to clarify the role of MNT as independent prognostic factor.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Wilms tumour (WT) is the most common paediatric malig-

nant renal tumour and also the most common cause of
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abdominal mass in infants and young children.1 Its incidence

is 8.1 cases per million per year in Caucasian children less

than 15 years of age in North America, with an incidence rate

approximately three times higher for blacks.1,2
.
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Based on the currently available treatment protocols, the

overall survival rate has greatly improved over the years

approaching 90% and WT has become the paradigm for suc-

cessful cancer treatment.3

The goal of WT trials both in Europe and in the USA has

been to adapt therapy to the expected risk, in order to maxi-

mize survival while minimizing acute and late toxicities.4

Prognostic factors in WT are quite straightforward and largely

accepted: the presence of metastasis, stage, histology and, in

particular, anaplasia has traditionally been established as

reliable predictors of survival.5–8

Renal vein and intracaval thrombosis are frequently

encountered in WT and are taken into account for the pur-

pose of staging by the current pathology guidelines.9,10 Micro-

scopic thrombosis within intratumoural, intracapsular and

intrarenal vessels is often reported by pathologists; however,

there are only available data about its influence on the out-

come in patients who received immediate nephrectomy.11–13

In a WT series including metastatic and bilateral disease,

our group has preliminarily reported a worse prognosis of pa-

tients with microscopic neoplastic thrombosis (MNT).14

The aim of this study was to determine if MNT represents

a prognostic factor in localised WT patients who had received

chemotherapy before nephrectomy.

2. Patient and methods

2.1. Patients

The medical records of all consecutive WT patients diagnosed

and treated at IRCCS Ospedale Pediatrico Bambino Gesù

(OPBG), Rome, from January 1981 through December 2007

were retrospectively reviewed. Data regarding sex, age, tu-

mour localisation (site and laterality) at diagnosis, stage, pres-

ence of metastasis at diagnosis, treatment, details of surgery,

histology, macroscopic thrombosis and outcome were col-

lected. The occurrence of relapse and death from any cause
Table 1 – Patients characteristics (No = 80). Histology risk group

Age Mean ± SD (months)
Range (months)

Sex Male
Female

Histology Low risk
Intermediate risk
High risk

Anaplasia Focal/diffuse
Absent

MNT Yes
No

Macroscopic thrombosis Yes
No

Stage I
II
III
was registered. Patients were treated according to the SIOP

(International Society of Pediatric Oncology) protocol cur-

rently in use at the time of WT diagnosis.

2.2. Histology

For the purpose of this study stage and histology risk group

were all codified according to the most recent SIOP guide-

lines9,10 in order to allow cross comparison; in particular prior

stage II+ (with positive lymph nodes) was considered through-

out as stage III. Histological sub-types were classified accord-

ing to the revised SIOP working classification (2001) as low

risk, intermediate risk and high risk tumours. A panel of SIOP

pathologists had also centrally reviewed histology and stage

at the time of diagnosis for all patients included in this study.

Microscopic thrombosis was defined as the presence of neo-

plastic tissue within lymphatic/venous vessels of the tumour

capsule, the tumour itself and/or the surrounding renal paren-

chyma. When necessary for endothelium identification, anti-

CD34 immunostaining was performed, according to standard

protocols. All cases diagnosed before 2001 were retrospectively

reviewed by one of the authors (FDC) for the assessment of

microscopic thrombosis. After 2001, microscopic thrombosis

had been prospectively assessed in all patients.

2.3. Statistical methods

Overall survival (OS) was defined as the time interval between

the date of diagnosis and the date of death from any cause or

the date of last follow-up. Progression-free survival (PFS) was

defined as the time interval between the date of diagnosis and

the date of first relapse or the date of last follow-up. The Kap-

lan–Meier method was used for the estimation of survival

curves,15 while the log-rank test was used to compare differ-

ences between groups.

Multivariate analyses were performed using Cox propor-

tional hazards regression model for PFS and OS. Variables
and stage were defined according to SIOP 2001 protocol.

No %

39 ± 28
3–163

42 52
38 48

4 5
61 76
15 19

8 10
72 90

14 18
66 82

16 20
64 80

48 60
12 15
20 25



Table 2 – Characteristics of the 14 patients with microscopic neoplastic thrombosis (MNT). Pt, patient; IVC, inferior vena cava;
DOD, died of disease; NED, non evidence of disease.

Pt Sex Age (months) Histology Stage Macroscopic Thrombosis Relapse Outcome

1 M 40 Mixed 1 No Yes, lung DOD, 34
2 F 26 Regressive 3 Yes, IVC NED, 49+
3 M 41 Necrotic 1 No NED, 81+
4 F 52 Blastemal 3 Yes, IVC NED, 99+
5 M 78 Anaplastic 2 No Yes, lung DOD, 76
6 M 32 Mixed 3 Yes, IVC NED, 82+
7 M 64 Anaplastic 3 No NED, 103+
8 M 3 Epithelial 3 Yes, IVC Yes, abdomen DOD, 143
9 F 28 Blastemal 1 No NED, 192+

10 M 87 Mixed 3 Yes, IVC NED, 40+
11 F 13 Blastemal 3 Yes, Renal Vein NED, 26+
12 M 24 Mixed 3 Yes, IVC NED, 63+
13 F 53 Mixed 3 Yes, IVC NED, 61+
14 M 43 Mixed 1 No NED, 90+
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that reached a p-value of 0.20 after univariate analysis were

included in the initial model and variables were eliminated

one at a time in a stepwise fashion to only keep variables

that reached a p-value of 0.05 or less into the final model.

All p-values were 2-sided, with a type I error rate fixed at

0.05. Variables considered in risk factor analysis for PFS

and OS were age (>2 years or <2 years), stage, presence of

diffuse or focal anaplasia, histology risk group, presence of

macroscopic thrombosis and MNT. Analyses were performed

using the Stata 9.0 statistical software package (StatCorp LP,

Texas, USA).

3. Results

During a 27-year period, 147 consecutive WT patients were

diagnosed and treated at OPBG: only patients who received

pre-operative chemotherapy and presented localised disease

were included in this study. The present analysis therefore

concerns 80 patients. Patient characteristics, histology and

stage according to SIOP are summarised in Table 1.

Patients were treated according to SIOP protocols (enrolled

in SIOP-6 between 1981 and 1987, in SIOP-9 from 1987 to 1993,
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Fig. 1 – Kaplan–Meier estimates of overall survival of

patients with microscopic neoplastic thrombosis (Group

MNT) and of patients without microscopic thrombosis

(Group WMNT).
in SIOP 93-01 from 1993 to 2001 and in SIOP 2001 from 2002

onwards).

MNT was present in 14/80 (18%) patients. Table 2 summa-

rises the characteristics of these patients with microscopic

thrombosis. Out of the 14 patients with MNT, 8 presented

macroscopic thrombosis, while a blastemal subtype was ob-

served in 3 patients and anaplasia in two. All patients with

MNT but without macroscopic thrombosis were diagnosed

before 1999.

The median follow-up of the entire cohort was 9 years

(range 0.5–25.8 years). Of 80 evaluable patients, 6 (7.3%) died;

5 of relapsed/resistant disease and the last one of leukaemia

occurring as second neoplasia. Relapse occurred in 7 (8.7%)

patients after a median time from diagnosis of 16 months

(range 6–28 months). All relapses were metastatic.

The 5-year Kaplan–Meier estimates of OS and PFS for MNT

positive patients were 92% (95% confidence interval(CI) 57–

99%) and 77% (95% CI 44–92%), respectively, while the 5-year

OS and PFS for MNT negative patients were 96% (95% CI 87–

99%) and 94% (95% CI 85–98%), respectively (Figs. 1 and 2).

The difference in OS and PFS between the two patient groups

was statistically significant only for PFS (p < 0.05).
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Fig. 2 – Kaplan–Meier estimates of progression-free survival

of patients with microscopic neoplastic thrombosis (Group

MNT) and patients without microscopic thrombosis (Group

WMNT).



Table 3 – Univariate analysis (evaluable pts 80/80). Pts patients; CI confidence interval. p < 0.05.

Pts PFS 5 year (%) 95% CI Univariate
analysis p value

OS 5 year (%) 95% CI Univariate
analysis p value

Age > 2 year 55 92 81–97 94 83–98
< 2 year 25 89 69–96 0.634 96 76–99 0.702

Histology Low risk 4 92 54–99 92 54–99
Intermediate risk 61 94 83–98 96 85–99
High risk 15 80 50–93 0.223 93 61–99 0.777

Anaplasia Focal/diffuse 8 63 23–86 75 31–93
Absent 72 94 86–98 0.002 97 89–99 0.005

MNT Yes 14 77 44–92 92 57–99
No 66 94 85–98 0.046 96 87–99 0.658

Macroscopic
thrombosis

Yes 16 81 52–94 95 86–98
No 64 94 84–98 0.106 93 63–99 0.786

Stage I 48 96 84–99 95 84–99
II 12 92 54–99 100 –
III 20 80 55–92 0.111 90 66–97 0.415
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In univariate analysis only the presence of MNT and that of

focal/diffuse anaplasia were statistically significant prognos-

tic factors for recurrence (p < 0.05, see also Table 3 for details

of univariate analysis). The probability of OS was influenced

only by the presence of focal/diffuse anaplasia (p < 0.01).

The 5-year OS and PFS for patients with diffuse/focal anapla-

sia were 75% (95% CI 31–93%) and 63% (95% CI 23–86%), while

the 5-year OS and PFS for patients without anaplasia were

97% (95% CI 89–99%) and 94% (95% CI 86–98%), respectively.

The difference in OS and PFS between the two patient groups

was statistically significant (p < 0.05).

In multivariate analysis, only the presence of focal/diffuse

anaplasia was prognostically significant (p < 0.05) with an

hazard ratio (HR) of 12.9 for survival and 14.8 for recurrence

(p < 0.05) (see Table 4). No other evaluated variables were asso-

ciated with a statistically significant hazard ratio (see also Ta-

ble 4 for details of multivariate analysis).

4. Discussion

WT is the most frequent malignant renal tumour in children.

During the last three decades, multicentre trials have been
Table 4 – Multivariate Analysis (evaluable pts 80/80). Pts patien

Pts PFS 5 year 95% CI Multiv

% HR

Anaplasia Focal/Diffuse 8 63 23–86 14.8
Absent 72 94 86–98

NMT Yes 14 77 44–92 1.7
No 66 94 85–98

Macroscopic
thrombosis

Yes 16 81 52–94 5.8
No 64 94 84–98

Stage I 48 96 84–99
II 12 92 54–99 0.7
III 20 80 55–92 1.3
carried out both in Europe and in the USA by SIOP and the Na-

tional Wilms Tumour Study Group (NWTSG); the goal of all re-

cent WT trials has been to increase survival, while reducing

the morbidity associated with treatment. A risk-adapted ap-

proach is the current mainstay of treatment; stage5,6,8 and

histology, especially the presence of anaplasia,7,8,16 remain

the most important prognostic factors. Current research is

seeking novel prognostic factors allowing to modulate treat-

ment and improve risk stratification. Several biological fea-

tures have been recently studied, such as the loss of

heterozygosis (LOH) of chromosomes 1p and 16q,17 a high tel-

omerase RNA expression level18 or the apoptosis factor

expression,19 and the multidrug resistance P-glycoprotein

expression in tumour cells and intratumoural capillary endo-

thelial cells.20

The idea of using MNT as a prognostic factor was investi-

gated by the NWTSG several years ago in patients who were

given, according to the NWTSG strategy accepted at that time,

primary nephrectomy. Breslow and colleagues evaluated

prognostic factors in stage IV WT, documenting that these pa-

tients were more likely to have intrarenal thrombus as com-

pared to patients with less advanced stages.11 Weeks and
ts; CI confidence interval; HR hazard ratio. p < 0.05.

ariate analysis OS 5 year 95% CI Multivariate analysis

p Value % HR p Value

0.012 75 31–93 12.6 0.015
97 89–99

0.575 92 57–99 1.7 0.577
96 87–99

0.117 95 86–98 3.4 0.282
93 63–99

95 84–99
0.789 100 – 0.7 0.803
0.829 90 66–97 1.3 0.812
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colleagues evaluated the prognostic significance of intrarenal

tumour thrombus, renal sinus invasion, invasion of the

tumour capsule, and the presence of an inflammatory pseudo-

capsule in patients with stage I WT entered in study NWTS-3:

the presence of all these factors was predictive of relapse in

univariate analysis, but intrarenal neoplastic thrombus was

not confirmed to be a prognostic factor in multivariate analy-

sis.12 Finally, Breslow and colleagues demonstrated invasion

of intrarenal vasculature not to be a prognostic factor in

non-metastatic, favourable-histology Wilms tumours.13

This retrospective study aimed at investigating a possible

prognostic role of microscopic thrombosis in patients with

localised WT who had received pre-operative chemotherapy,

according to SIOP strategy. At the 2006 SIOP annual meeting,

in a preliminary analysis, our group reported a worse progno-

sis in patients who presented MNT; in that series, all patients

affected by histologically confirmed WT were included, inde-

pendently from the choice of pre-operative chemotherapy or

the presence of bilateral/metastatic disease.14 In the present

cohort, patients with metastatic and bilateral WT were ex-

cluded, considering their different biology and outcome. In or-

der to further strengthen the analysis, the slides of all

patients were reviewed to confirm diagnosis and to perform

restaging according to current SIOP histology guidelines for

all patients diagnosed before 2001. Moreover, evaluation of

MNT was performed in all cases by the same pathologist.

MNT, found in 14/80 (18%) WT, seems to adversely affect

the probability of recurrence, with a 5-year PFS of 77% in

MNT positive patients versus 94% in MNT negative patients.

The difference in terms of 5-year PFS between the groups

was statistically significant (p < 0.05), while the minor differ-

ence in 5-year OS (92% versus 96%) was no longer significant.

In multivariate analysis, the prognostic value of MNT was

overcome by that of anaplasia which, not surprisingly, was

confirmed to be the strongest prognostic factor for disease re-

lapse, the HR for recurrence in multivariate analysis being

14.8. The presence of anaplasia was found in 8/80 patients

(10%) and influences patients’ outcome both in terms of sur-

vival and risk of recurrence, while macroscopic thrombosis,

found in 16/80 patients (20%), had no significant impact on

outcome in our series in a univariate analysis. The 5-year

OS and PFS for patients with diffuse/focal anaplasia were

75% and 63%, while the 5-year OS and PFS for patients with-

out anaplasia were 97% and 94%, respectively (p < 0.01). There

was a significantly increased risk of death associated with the

presence of anaplasia, HR for death being 12.8.

While MNT represents an easily assessed feature, it failed

to identify a group of patients at increased risk of death after

pre-operative chemotherapy and nephrectomy.

MNT patients were more likely to have an aggressive his-

tology of both the blastemal or anaplastic sub-types and

MNT was closely associated with macroscopic thrombosis in

almost a half of the cases. We cannot exclude that the worse

outcome of the MNT subgroup, in term of PFS, be probably

due to these characteristics more than the presence of iso-

lated MNT. Indeed, considering the concordance of MNT and

macroscopic thrombosis found in the last decade, it is reason-

able to speculate that MNT be considered as a ‘‘surrogate’’ and

a ‘‘residual’’ of macroscopic thrombosis. It can be hypothe-

sised that in our patients MNT was always associated with
the presence of macroscopic thrombosis and, as that, it had

regressed after chemotherapy. Moreover, as all our patients

were given chemotherapy, the presence of MNT could allow

to identify patients with more aggressive and/or less che-

mo-sensitive tumour.

One limitation of our study is that it is a retrospective anal-

ysis carried out on a population diagnosed over a long time

span and consequently including patients treated according

to marginally modified protocols (mainly differing in terms

of reduced intensity and duration over time) and staged with

different imaging tools. Indeed, over this time period, there

has been a significant change in the capacity to identify vas-

cular involvement by ultrasound and/or CT scans. A further,

hopefully more definitive analysis on a larger number of pa-

tients with localised WT, homogeneously receiving the same

diagnostic/therapeutic approach, such as those accrued in

the most recent SIOP 2001 study, could provide a firm answer

to the question whether MNT does or does not have a prog-

nostic value, independent from its association with other var-

iable predicting a poor outcome, such as an aggressive

histology or/and macroscopic thrombosis.
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