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migration, whereby most patients receive
diagnoses of localized disease.2 Nonetheless,
advanced disease, either distant or nodal
metastases, is diagnosed in nearly 25% of con-
temporary patients.2 Recently, 2 groups of
investigators assessed the effect of age on renal
cell carcinoma–specific mortality (RCC-SM)
in a combined cohort of 4880 patients.3–5

Although these findings are interesting, the
cut-offs used to assess the effect of age were
not based on specific RCC biology. Instead
they were adapted from literature addressing
other types of cancer.6,7

We sought to re-examine the effect of age
on RCC-SM in a large multi-institutional
cohort of 3595 patients using cubic spline
analyses, which help identify data-driven rela-
tions, instead of using predefined cut-offs or
forcing linear relations.

Methods

Patient population

Between 1980 and 2000, a total of 3595 patients
at 14 European centres underwent either a par-
tial or radical nephrectomy for RCC. For each
patient, records provided information on age at
diagnosis, sex, TNM (tumour, node metasta-
sis) stage, nodal status, tumour size, Fuhrman
grade, symptom classification and histological
subtype. Moreover, each record included dates
of follow-up and specific survival data.

Age at diagnosis is a determinant factor of renal cell carcinoma–
specific survival in patients treated with nephrectomy
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ABSTRACT

Objective: Based on combined data for 4880 patients, 2 previous studies report-
ed that advanced age is a predictor of increased renal cell carcinoma–specific
mortality (RCC-SM). We explored the effect of age in cubic spline analyses to
identify the age groups with the most elevated risk for renal cell carcinoma (RCC).

Methods: Our study included 3595 patients from 14 European centres who
had partial or radical nephrectomies. We used the Kaplan–Meier method to com-
pile life tables, and we performed Cox regression analyses to assess RCC-SM.
Covariates included age at diagnosis, sex, TNM (tumour, node, metastasis) stage,
tumour size, Fuhrman grade, symptom classification and histological subtype.

Results: Age ranged from 10 to 89 (mean 63, median 67) years. The median
duration of follow-up was 2.9 years. The median survival for the cohort was
13.4 years. Stage distribution was as follows: 1915 patients (53.3%) had stage I
disease, 388 (10.8%) had stage II, 895 (24.9%) had stage III and 397 (11.0%)
had stage IV disease. In multivariate analyses, we coded age at diagnosis as
a cubic spline, and it achieved independent predictor status (p < 0.001). The
risk of RCC-SM was lowest among patients younger than 50 years. We observed
an increase in RCC-SM until the age of 50, at which point the level of risk
reached a plateau. We observed a second increase among patients aged
75–89 years. We found similar patterns when we stratified patients accord-
ing to the 2002 American Joint Committee on Cancer (AJCC) stages.

Conclusion: The effect of age shows prognostic significance and indicates that
follow-up and possibly secondary treatments might need to be adjusted accord-
ing to the age of the patient.

Introduction
Renal cell carcinoma (RCC) accounts for 3% of cancers in adults and
85% of all primary renal cancers.1 The 5-year survival rate for all stages
of RCC has improved in recent years owing to an important stage 
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Clinical and pathological evaluation

We classified tumours according to the 2002 TNM
staging system and according to Fuhrman grade.
Tumour size, defined as the greatest diameter in
centimetres, was based on pathological specimens.
Prior to study inclusion, we stratified histological
subtypes according to the 2002 American Joint
Committee on Cancer (AJCC) and Union In-
ternationale Contre le Cancer (UICC) classifica-
tions; we included only patients with tumours of
clear, chromophobe or papillary cell histology.8

Symptoms were recorded at each of the participat-
ing institutions according to a previously validat-
ed coding scheme.9 Diagnoses in asymptomatic
patients were typically based on routine imaging.
Patients with local symptoms reported lumbar pain,
hematuria or a palpable mass. Patients with sys-
temic symptoms reported fatigue, weight loss, fever,
night sweats or cough. We staged patients pre-
operatively based on computed tomography (CT)
scans of the abdomen, pelvis and chest; chest radio-
graphs; serum electrolytes; and liver function test
results. We detected the presence of nodal metas-
tases based on findings from lymphadenectomy.
All patients underwent hilar lymphadenectomies
that included all lymph nodes on the ipsilateral side
of the great vessels. Select patients, based on sur-
geon preference, underwent more extensive lymph-
adenectomies that included interaortocaval lymph
nodes. Since the number of nodes removed, the
number of metastatic nodes and other specific
details about the extent, technique and pathologic-
al handling of the lymphadenectomy specimens
were not prospectively collected at all centres,
we could not include these details in our analyses.
Nonetheless, in all patients, the presence of nodal
metastases was confirmed pathologically; the pres-
ence of distant metastases was confirmed radio-
graphically.

Follow-up consisted of 1 postoperative base-
line visit and subsequent visits taking place at least
every 6 months for a minimum of 2 years, after
which time the minimum follow-up consisted of
annual visits. At each visit, CT scans of the
abdomen and either CT scans of the chest or chest
radiographs were obtained.

We extracted the cause of death from the med-
ical charts or the death certificates. Renal cell
carcinoma–specific mortality included deaths that
were directly attributable to renal cancer.

Statistical analyses

Our statistical analyses relied on life tables com-
piled using the Kaplan–Meier method and Cox
regression analyses, which targeted the time from
radical nephrectomy to death. In multivariate Cox
regression models, the covariates included age
at diagnosis, sex, TNM stage, nodal status, tumour
size, Fuhrman grade, symptom classification and
histological subtype. Our analyses of the effect
of age at diagnosis on RCC-SM relied on cubic
splines to allow for nonlinear effects. The multi-
variate effect of age at diagnosis on RCC-SM was
represented graphically, because the coefficients
of the cubic splines cannot be directly interpret-
ed. The nonlinear quality of the cubic spline analy-
ses allows the curve that depicts age to assume
a data-driven shape. This is not predefined by spe-
cific age strata or other preconceived considera-
tions that may inflate or hide the effect of age on
RCC-SM. This quality of cubic spline analysis is
a major advantage of this technique over standard
linear or stratified analyses. We performed all tests
on the entire cohort, and we then repeated the tests
in subgroups defined according to AJCC stages.
We performed all statistical tests using S-PLUS
Professional, version 1 (MathSoft Inc.). All tests
were 2-sided with a significance level set at
p = 0.05.

Results

Table 1 summarizes the descriptive characteristics
of the study population. The mean age at diag-
nosis was 63 (median 67) years. Most patients were
male (66.7%). The TNM stage distribution was
as follows: 1915 patients (53.3%) had stage I dis-
ease, 388 (10.8%) had stage II, 895 (24.9%) had
stage III and 397 (11.0%) had stage IV disease.
In the entire cohort, 261 patients (7.3%) had nodal
metastases and 355 (9.9%) had distant metastases.
The mean tumour size was 6.2 (median 5.2) cm.
The most frequent histological subtype was clear
cell (88.1%). Most of the patients were asymptom-
atic at the time of diagnosis (61.0%). Overall, the
median duration of follow-up was 2.9 (range
0.1–24.9) years and the median duration of follow-
up for censored patients was 3.0 years. Finally,
693 patients (19.3%) died of RCC during the
follow-up period.

Figure 1 shows the Kaplan–Meier plot of 
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RCC-specific survival after radical nephrectomy.
In life table analyses, the probability estimates of
survival after radical nephrectomy were 79.6%
at 5 years, 62.6% at 10 years and 46.4% at

15 years after the procedure. The median survival
was 13.4 years.

Table 2 shows univariate and multivariate Cox
regression analyses addressing the association
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Table 1. Variables for 3595 patients treated for renal cell carcinoma 

Stage, no. (%)* 

Variable 
Overall 
no. (%)* I II III IV 

Total 3595  (100.0) 1915 (53.3) 388 (10.8) 895 (24.9) 397  (11.0) 
Age      
   Mean (median) 62.8  (67.0) 62.9 (68.0) 61.9 (59.0) 63.1 (63.0) 62.7  (61.0) 
   Range 10–89 10–87 27–87 15–88 28–89 
Sex      
    Male 2397  (66.7) 1270 (66.3) 247 (63.7) 598 (66.8) 282  (71.0) 
    Female 1198  (33.3) 645 (33.7) 141 (36.3) 297 (33.2) 115  (29.0) 
Clinical stage      
    T1 1976  (55.0) 1915 (100.0) — 19 (2.1) 42  (10.6) 
        T1a 253  (12.8) 1129  (59.0) — 5  (0.5) 11  (2.3) 
        T1b 1723  (87.2) 786  (41.9) — 14  (1.6) 31  (8.3) 
    T2 442  (12.3) — 338 (100.0) 18 (2.0) 37  (9.3) 
    T3 1116  (31.0) — — 858 (95.9) 258  (65.0) 
    T4 60  (1.7) — — — 60  (15.1) 
Nodal metastases      
    N0 3334  (92.7) — — 768 (85.8) 263 (66.2) 
    N1 234  (6.5) — — 127 (14.2) 107 (27.0) 
    N2 27  (0.8) — — 0 (0.0) 27 (6.8) 
Metastases      
    M0 3240  (90.1) — — — 42  (10.6) 
    M1 355  (9.9) — — — 355 (89.4) 
Tumour size, cm      
    Mean (median) 6.2  (5.2) 4.0 (4.0) 9.8 (9.0) 7.8 (7.5) 9.3  (9.0) 
    Range 0.5–25 0.5–7 7.1–20 1.0–20 2.0–25 
Fuhrman grade      
    I 886  (24.6) 771    (40.3) 40 (10.3) 57 (6.4) 18 (4.5) 
    II 1470  (40.9) 860    (44.9) 230 (59.3) 300 (33.5) 80 (20.2) 
    III 1017  (28.3) 268    (14.0) 103 (26.5) 448 (50.1) 198 (49.9) 
    IV 222  (6.2) 16 (0.8) 15 (3.9) 90 (10.1) 101 (25.4) 
Histological type      
    Clear cell  3168  (88.1) 1648 (86.1) 324 (83.5) 822 (91.8) 374 (94.2) 
    Papillary 326  (9.1) 211 (11.0) 41 (10.6) 52 (5.8) 22 (5.5) 
    Chromophobe 101  (2.8) 56 (2.9) 23 (5.9) 21 (2.3) 1 (0.3) 
Symptom 
classification 

     

    Asymptomatic 2192  (61.0) 1506 (78.6) 183 (47.2) 408 (45.6) 95 (23.9) 
    Local 949  (26.4) 357 (18.6) 163 (42.0) 322 (36.0) 107 (27.0) 
    Systemic 454  (12.6) 52 (2.7) 42 (10.8) 165 (18.4) 195 (49.1) 
Follow-up, yr      
    Mean (median) 4.0  (2.9) 3.8 (2.8) 4.6 (4.0) 4.2 (3.0) 4.2  (2.8) 
    Range 0.10–24.9 0.10–21.6 0.01–18.7 0.10–24.9 0.10–20.1 

*Unless otherwise indicated. 
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between age at diagnosis and RCC-SM after 
radical nephrectomy for RCC. In univariate analy-
ses, age at diagnosis (p < 0.001) and all the other
variables (p ≤ 0.032) were statistically significant
predictors of RCC-SM. Moreover, age at diagno-
sis achieved independent predictor status in the
overall cohort (p < 0.001) and in all subgroup
analyses that assessed the effect of age on 
RCC-SM according to AJCC stages (p ≤ 0.033).
Pathological stage, nodal status, distant metastases
status, Fuhrman grade and symptom classification
also reached independent predictor status in the
overall analysis (p ≤ 0.005). Conversely, some vari-
ables failed to reach independent predictor sta-
tus in some of the subgroup analyses (Table 2).

The graphic representation of our multivariate
analysis on the effect of age at diagnosis on 
RCC-SM is shown in Figure 2. The triphasic curve
indicates that patients aged 50–75 years (n = 2176,
60.5%) were at intermediate risk for RCC-SM.
Conversely, the risk for RCC-SM among patients
aged 75 years or older (n = 697, 19.4%) was up
to 7 times greater than among those aged 50–
75 years. Finally, patients younger than 50 years
(n = 722, 20.1%), were at the lowest risk for 
RCC-SM, which may be up to 90% lower than that
of patients aged 50–75 years.

Figure 3 shows the effect of age on RCC-SM
according to AJCC stages. The graphic represen-
tation of the multivariate effect of age on 
RCC-SM demonstrated virtually similar patterns,
where the youngest individuals were at the low-
est risk for RCC-SM and the oldest individuals were
at the highest risk (Fig. 3). The decrease in risk was
most pronounced among young patients with stage
II or III disease. Conversely, the increase in risk
for RCC-SM was most pronounced in older patients
with stage I, III or IV disease.

Discussion

The effect of age on RCC-SM was first examined 
by Lieber and colleagues,10 who reviewed the
effects of different variables that affected the prog-
nosis for young adults with RCC. The authors
demonstrated that pathological stage and pre-
operative weight loss were significantly associated
with survival. However, age did not reach prog-
nostic significance. Meanwhile, other investigators
have also examined the effect of age on various out-
comes in other solid organ cancers.7,11 For example,

Gajdos and colleagues11 showed that, despite 
aggressive treatment, young patients with breast 
carcinoma had higher rates of local and distant fail-
ure than older patients. Moreover, Parramore and
colleagues7 showed that younger patients with colon
cancer often had less favourable prognoses than
older patients. They stated that younger patients
(≤ 40 years) were more likely to present with
advanced-stage disease than older patients.
Therefore age is an established unfavourable prog-
nostic marker in some solid tumours.

Despite the initial interest in age as a predictor of
RCC-SM, only 3 groups of investigators revisited this
topic since Lieber and colleagues reported their neg-
ative findings.3,10,12,13 Recently, 2 studies indicated
that better survival could be expected in young
patients and that age was an independent predic-
tor of RCC-SM.3,5 These 2 studies involved 106 and
4774 patients, respectively. Both used an age cut-
off of 40 years, which was consistent with cut-offs
tested in previous studies of RCC and with cut-offs
used in studies of other cancers.7,14 However, no bio-
logical basis supports the validity of this cut-off in
RCC. Based on the sample size and methodological
limitations of the previous studies, we sought to assess
the effect of age in one of the largest multi-
institutional cohorts of patients treated with either
partial or radical nephrectomies. We decided to
explore this effect using an approach that was
methodologically more advanced, namely, cubic
spline analyses. Cubic splines enable the modelling
of nonlinear effects. Unlike continuous or categor-
ical coding, cubic splines do not assume any data

Age a factor in survival in patients treated with nephrectomy

Time, yr

Mean survival: 14 yr 
Median survival: 13.4 yr 
 
Time Survival (%)   95% CI no. at risk no. of events 
  5 yr     79.6 77.8–81.3    1141         60 
10 yr     62.6 59.6–65.5      290         74 
15 yr     46.4 41.4–51.3        66         79 
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Fig. 1. Renal cell carcinoma–specific survival after nephrectomy. CI = confidence interval.



coding and do not force any predetermined relation
such as linear effect. Instead, cubic splines are entire-
ly data-driven. The cubic splines coefficients can-
not be interpreted; however, the multivariate effect
of variables coded as cubic splines can be displayed
graphically so their effect after adjusting for all covari-
ates can be visualized. We applied this methodol-
ogy to our data set. This approach obviated the need
to define cut-offs or create categories. Similarly, this
approach also obviated the need to force a linear
relation between age and RCC-SM.

Our analyses demonstrated that young patients
are indeed at lower risk for RCC-SM. Despite this
initial agreement with other studies, the multivari-
ate analyses of the effect of age coded as a cubic

spline demonstrated that the RCC-SM among young
patients worsens up to the age of 50 years.
Subsequently, the risk reaches a plateau, and an-
other breakpoint can be observed at age 75. At this
point, the prognosis again steeply worsens. If the
plateau is considered to be the reference point,
young patients may be at an up to 87% lower risk
for RCC-SM than those aged 50–75 years.
Conversely, the breakpoint at age 75 indicates a
rapidly increasing risk of RCC-SM beyond that age,
which may reach an up to 7.4-fold increase com-
pared with individuals aged 50–75 years. These
trends account for the multivariate effect of other
covariates, which are held constant.

We stratified our cohort into 4 groups based
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Table 2. Univariate and multivariate analyses of the relation between age and specific mortality for renal cell 
carcinoma after nephrectomy 

 Univariate Multivariate 

Predictors RR (p value) 
Overall 

RR (p value) 
Stage I 

RR (p value) 
Stage II 

RR (p value) 
Stage III 

RR (p value) 
Stage IV 

RR (p value) 
Age at 
diagnosis* 

— (< 0.001) — (< 0.001) — (0.002) — (0.033) — (< 0.001) — (< 0.001) 

Sex — (0.004) — (0.41) — (0.42) — (0.12) — (0.81) — (0.40) 
    Male v. female 1.3  (0.004) 1.1  (0.41) 1.3 (0.42) 1.5 (0.12) 1.0  (0.81) 1.1 (0.40) 
Clinical stage — (< 0.001) — (< 0.001) — — — — — (0.003) — (0.32) 
    T2 v. T1 3.3  (0.001) 2.1 (< 0.001) — — — — 0.3  (0.011) 1.9 (0.06) 
    T3 v. T1 6.7  (< 0.001) 2.6  (< 0.001) — — — — 0.3  (0.001) 1.6 (0.09) 
    T4 v. T1 12.4 (< 0.001) 2.7 (< 0.001) — — — — — — 1.9 (0.08) 
Nodal metastases — (< 0.001) — (0.005) — — — — — (0.09) — (0.50) 
    N1 v. N0 3.6  (< 0.001) 1.3   (0.005) — — — — 1.3  (0.09) 1.2 (0.21) 
    N2 v. N0 3.4  (< 0.001) 1.7   (0.05) — — — — — — 1.4 (0.42) 
Metastases  (< 0.001)  (< 0.001) — — — — — — — (0.61) 
    M1 v. M0 4.8  (< 0.001) 2.0  (< 0.001) — — — — — — 1.2 (0.61) 
Tumour size, cm 1.2  (< 0.001) 1.0  (0.42) 1.3 (0.003) 1.0 (0.91) 1.0  (0.31) 1.0 (0.54) 
Fuhrman grade  (< 0.001)  (0.001)  (0.43)  (0.73)  (< 0.001) — — 
    II v. I 1.3  (0.06) 1.0  (1.00) 0.7 (0.42) 0.7 (0.54) 1.5  (0.23) 1.1 (0.83) 
    III v. I 4.1  (< 0.001) 1.5  (0.007) 1.3 (0.44) 1.0 (1.00) 2.7  (0.002) 1.0 (0.94) 
    IV v. I 5.4  (< 0.001) 1.4  (0.08) 1.6 (0.72) 0.8 (0.73) 2.6  (0.008) 0.9 (0.73) 
Histological type  (0.032)   (0.52)  (0.50)  (0.72)  (0.53) — (0.054) 
    Papillary v. 
    clear cell 

0.8  (0.24) 1.0  (0.92) 1.1 (0.81) 1.3 (0.50) 1.2  (0.53) 0.7 (0.11) 

    Chromophobe 
    v. clear cell 

0.4  (0.021) 0.6  (0.23) — — 0.1 (0.51) 0.3  (0.33) 6.7 (0.06) 

Symptom 
classification 

— (< 0.001) — (< 0.001) — (< 0.001) — (< 0.001) — (0.020) — (0.024) 

    Local v. 
    symptomatic 

3.2  (< 0.001) 1.8 (< 0.001) 1.8 (0.022) 3.1 (0.001) 1.5  (0.012) 1.5 (0.032) 

    Systemic v 
    asymptomatic 

5.4  (< 0.001) 2.2 (< 0.001) 5.4 (< 0.001) 5.7 (< 0.001) 1.5  (0.021) 1.7 (0.005) 

RR = rate ratio. 
*Rate ratios are not shown; the predictor was coded as cubic splines. 
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on AJCC stages to investigate the multivariate effect
of age according to these stages. Our analyses
revealed the same trends: young patients had bet-
ter prognosis, and the oldest patients had the worst
prognosis. The plateau became more curvilinear
in these analyses; however, the first breakpoint per-
sisted between 50 and 55 years, and the second
breakpoint remained between 70 and 75 years.

Unfortunately, we cannot directly compare the
results of our study with those in other cohorts
becaused none used similar methodology. Despite
the methodological distinctness of our study, we
did corroborate the findings of Sánchez-Ortiz and
colleagues3 and of Taccoen and colleagues,4 name-
ly, that young age exerts a protective effect against
RCC-SM. The novelty of our findings resides in the
breakpoints that differ from previous studies that
used the age of 40 years as a cut-off. Moreover, we
identified a second breakpoint that shows a worsen-
ing of prognosis in older patients, despite hold-
ing all other covariates constant. This detrimental
effect of advanced age was not previously known.

Our findings have 2 important implications. First,
young patients should be reassured about their
prognosis because, stage for stage and grade for
grade, they may anticipate better control of their
cancer. Conversely, older patients should be
advised that their disease may progress more
rapidly. Age-specific adjustments may be recom-
mended for the delivery of adjuvant therapy, in
follow-up frequency and possibly in the type of
adjuvant therapy. The threshold and indications for
adjuvant therapy are being investigated in 2 large
randomized trials (EORTC protocol 30947 trial and
ECOG-E2805 trial). These studies will hopefully
provide valid answers to the question of which
patients should receive adjuvant treatment. Until
their completion, it might be postulated that the
threshold for the delivery of adjuvant treatment
should be lower in older patients. However, before
our findings are implemented into clinical decision-
making, further studies are needed to corroborate
the observed effect of age on RCC-SM.

Worse prognosis in older patients also indicates
that follow-up should be adjusted according to
age; older patients should be followed-up more
frequently and possibly undergo more detailed
imaging studies.

Despite its strengths, our study has several weak-
nesses. First, the lack of standardization in the extent
of lymphadenectomy represents a limitation. Owing

to variability in lymphadenectomy, some patients
may have been understaged if the extent of their sur-
gery was suboptimal. Understaging may have con-
tributed to spuriously worse survival outcomes.
Second, the lack of central pathology review may
have introduced interobserver biases. For exam-
ple, tumour grades may have been interpreted dif-
ferently by different pathologists. Third, we obtained
no detail on the handling or evaluation of patho-
logical specimens. Fourth, we did not have all the
information about the adjuvant and/or salvage treat-
ment regimens of the included patients. Some
received adjuvant immunotherapy, whereas 
others received immunotherapy at the time of
relapse. Some underwent experimental chemother-
apy, whereas others received only the best sup-
portive care. It is unlikely that adjuvant or salvage
therapies have contributed to a significantly longer
survival, because most historic regimens are associ-
ated with a dismal effect on survival.15–18 Despite
these limitations, our findings are novel and offer
a new perspective about the effect of age on RCC
prognosis. In addition, the sample size makes our
findings highly generalizable. Finally, the novel
modelling techniques in the form of cubic splines
offer a new alternative to standard data analyses.
In conclusion, the effect of age shows prognostic
significance and indicates that follow-up and 
possibly secondary treatments might need to be
adjusted according to the age of the patient.
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Fig. 2. Overall multivariate effect of age at diagnosis on renal cell carcinoma–specific sur-
vival after partial or radical nephrectomy according to American Joint Committee on Can-
cer stages. The solid lines represent the relation between age (coded as cubic splines)
and the rate (relative risk) of renal cell carcinoma–specific mortality after nephrectomy.
Dotted lines represent the 95% confidence interval.
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Fig. 3. Multivariate effect of age on renal cell carcinoma–specific survival after nephrectomy, according to American Joint Committee on Cancer stages. The
solid lines represent the relation between age (coded as cubic splines) and the rate (relative risk) of renal cell carcinoma–specific mortality after nephrec-
tomy. Dotted lines represent the 95% confidence interval.
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