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Background: To test the effect of race/ethnicity on cancer-specific mortality

(CSM) after salvage radical prostatectomy (SRP).

Material and methods: We relied on the Surveillance, Epidemiology and End

Results database (SEER, 2004–2016) to identify SRP patients of all race/

ethnicity background. Univariate and multivariate Cox regression models

addressed CSM according to race/ethnicity.

Results:Of 426 assessable SRP patients, Caucasians accounted for 299 (69.9%)

vs. 68 (15.9%) African-Americans vs. 39 (9.1%) Hispanics vs. 20 (4.7%) Asians. At

diagnosis, African-Americans (64 years) were younger than Caucasians (66

years), but not younger than Hispanics (66 years) and Asians (67 years). PSA at

diagnosis was significantly higher in African-Americans (13.2 ng/ml), Hispanics

(13.0 ng/ml), and Asians (12.2 ng/ml) than in Caucasians (7.8 ng/ml, p = 0.01).

Moreover, the distribution of African-Americans (10.3%–36.6%) and Hispanics

(0%–15.8%) varied according to SEER region. The 10-year CSM was 46.5% in

African-Americans vs. 22.4% in Caucasians vs. 15.4% in Hispanics vs. 15.0% in

Asians. After multivariate adjustment (for age, clinical T stage, lymph node

dissection status), African-American race/ethnicity was an independent

predictor of higher CSM (HR: 2.2, p < 0.01), but not Hispanic or Asian race/

ethnicity. The independent effect of African-American race/ethnicity did not

persist after further adjustment for PSA.
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Conclusion: African-Americans treated with SRP are at higher risk of CSM than

other racial/ethnic groups and also exhibited the highest baseline PSA. The

independent effect of African-American race/ethnicity on higher CSM no

longer applies after PSA adjustment since higher PSA represents a

distinguishing feature in African-American patients.
KEYWORDS

prostate cancer, salvage radical prostatectomy, race, cancer specific survival,
ethnicity, post-radiotherapy recurrence
Introduction

Salvage radical prostatectomy is rarely used, even though

guidelines recommend it in select patients (1, 2). No historical

epidemiological studies addressed salvage radical prostatectomy

patients with respect to the importance of race/ethnicity. In

consequence, the effect of race/ethnicity is unknown with respect

to patient characteristics at diagnosis and its effect on cancer-

specific mortality (CSM). It is currently under debate, whether

African-American race/ethnicity is associated with adverse

characteristics at diagnosis, as well as after treatment, and

multiple studies continue to fuel that debate (3–11). However,

no such debate exists in the context of salvage radical

prostatectomy based on extreme rarity of studies that

addressed this topic.

To address this void, we tested the effect of race/ethnicity on

patient and tumor characteristics at diagnosis, as well as on

CSM. We relied on the Surveillance, Epidemiology and End

Results (SEER) database 2004–2016. Race/ethnicity was defined

as Caucasians vs. African-Americans vs. Hispanics vs. Asians.
Material and methods

Study population

SEER is a database which samples cancer statistics within the

United States. The current SEER database includes

approximately 35% of the US population and approximates it

in demographic composition and cancer incidence. Within the

SEER database (2004−2016), we identified patients ≥18 years old

with histologically confirmed adenocarcinoma of the prostate,

diagnosed at biopsy (International Classification of Disease for

Oncology [ICD-O-3] code 8140 site code C61.9) (12). Race/

ethnicity was defined as either Caucasian, African American,

Hispanic, or Asian. SEER regions were defined as West

(Registries Los Angeles, New Mexico, San-Jose-Monterey,

Seattle, California, San Francisco-Oakland, Utah, Alaska,
02
Hawaii) vs. Midwest (Registries Detroit and Iowa) vs. North-

East (Registries Connecticut and New Jersey) vs. South

(Registries Atlanta, Louisiana, Rural Georgia, Greater Georgia,

Kentucky). Cases identified only at autopsy or death certificate,

unknown histology, or non-primary prostate cancer were

excluded. Other racial/ethnic groups (Native American, n = 1)

or patients with unknown racial/ethnic status (n = 1) were

excluded due to small sample size. Salvage radical

prostatectomy was defined as radical prostatectomy after prior

radiation therapy, as described before (13). PSA value, age, and

stage were defined at initial prostate cancer diagnosis. These

selection criteria yielded a cohort of 426 assessable salvage

radical prostatectomy patients.
Statistical analysis

The chi-square tested the statistical significance in

proportions’ differences. The t-test and Kruskal–Wallis test

examined the statistical significance of means ’ and

distributions’ differences.

Kaplan–Meier plots and univariate and multivariate Cox

regression models after adjustment for age, PSA, clinical T stage,

and lymph node dissection status tested the effect of race/

ethnicity on salvage radical prostatectomy patients. All tests

were two sided with a level of significance set at p < 0.05, and R

software environment for statistical computing and graphics

(version 3.4.3) was used for all analyses (14).
Results

Descriptive characteristics of the study
population

Of 426 salvage radical prostatectomy patients (Table 1),

Caucasians accounted for 299 (70.2%) vs. 68 (16.0%) African-

Americans vs. 39 (9.2%) Hispanics vs. 20 (4.7%) Asians. At

diagnosis, African-Americans were younger (64 years [IQR 58–
frontiersin.org
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72]) than Caucasians (66 years [IQR 61–74], p = 0.046), but not

Hispanics (66 years [IQR 59–74], p = 0.4) or Asians (67 years

[IQR 65–71], p = 0.6). PSA at diagnosis (Figure 1) was

significantly higher in African-Americans (13.2 ng/ml [IQR
Frontiers in Oncology 03
6.6–32.8]), Hispanics (13.0 ng/ml [IQR 7.0–27.9]), and Asians

(12.2 ng/ml [IQR 6.8–15.5]), than in Caucasians (7.8 ng/ml [IQR

5.1–14.8], p < 0.01). No clinically meaningful or statistically

significant race/ethnic differences were recorded in the clinical T
TABLE 1 Descriptive characteristics of 426 salvage radical prostatectomy patients, stratified according to race/ethnicity, namely, Caucasians,
African Americans, Hispanics, and Asians, diagnosed within the Surveillance, Epidemiology, and End Results database from 2004 to 2016.

Variable Overall
n = 426

Caucasian
n = 299
(70.2%)

African-
American
n = 68
(16.0%)

Hispanic
n=39
(9.2%)

Asian
n=20
(4.7%)

p value

Age at diagnosis (year) Median (IQR) 66 (61-73) 66 (61-74) 64 (58-72) 66 (59-74) 67 (65-71) 0.1

Follow up (months) Median (IQR) 75 (31-115) 76 (32-116) 71 (24-106) 53 (33-113) 97 (40-123) 0.7

PSA (ng/ml) Median (IQR) 8.8 (5.4-18.5) 7.8 (5.1-14.8) 13.2 (6.6-32.8) 13.0 (7.0-27.9) 12.2 (6.8-15.5) 0.01

Gleason score in biopsy ≤6 45 (10.6) 35 (11.7) 6 (8.8) 3 (7.7) 1 (5.0) 0.9

7 57 (13.4) 40 (13.4) 9 (13.2) 6 (15.4) 2 (10.0)

8-10 61 (14.3) 45 (15.1) 9 (13.2) 3 (7.7) 4 (20.0)

Unknown 263 (61.7) 179 (59.9) 44 (64.7) 27 (69.2) 13 (65.0)

Gleason score in RP ≤6 14 (3.3) 12 (4) 1 (1.5) 1 (2.6) 0 (0) 0.1

7 18 (4.2) 13 (4.3) 0 (0) 3 (7.7) 2 (10.0)

8-10 17 (4.0) 13 (4.3) 1 (1.5) 1 (2.6) 2 (10.0)

Unknown 377 (88.5) 261 (87.3) 66 (97.1) 34 (87.2) 16 (80.0)

cT stage T1 205 (48.1) 143 (47.8) 36 (52.9) 15 (38.5) 11 (55.0) 0.5

T2 149 (35) 108 (36.1) 20 (29.4) 13 (33.3) 8 (40.0)

T3 25 (5.9) 19 (6.4) 3 (4.4) 3 (7.7) 0 (0)

T4 18 (4.2) 13 (4.3) 3 (4.4) 2 (5.1) 0 (0)

Tx 29 (6.8) 16 (5.4) 6 (8.8) 6 (15.4) 1 (5.0)

pT stage T2 101 (23.7) 73 (24.4) 12 (17.6) 7 (17.9) 9 (45.0) 0.048

T3 43 (10.1) 32 (10.7) 6 (8.8) 3 (7.7) 2 (10.0)

T4 4 (0.9) 2 (0.7) 0 (0) 2 (5.1) 0 (0)

Tx 278 (65.3) 192 (64.2) 50 (73.5) 27 (69.2) 9 (45.0)

LND Not performed 305 (71.6) 219 (73.2) 50 (73.5) 25 (64.1) 11 (55.0) 0.3

performed 120 (28.2) 80 (26.8) 17 (25) 14 (35.9) 9 (45.0)

Unknown 1 (0.3) 0 (0) 1 (1.5) 0 (0) 0 (0)

Number of removed lymph nodes Median (IQR) 7 (3-11) 7 (4-13) 4 (3-8) 8 (4-11) 8 (3-11) 0.3

pN stage pN0 97 (22.8) 65 (21.7) 14 (20.6) 11 (28.2) 7 (35.0) 0.6

pN1 27 (6.3) 18 (6) 3 (4.4) 4 (10.3) 2 (10.0)

pNx 302 (70.9) 216 (72.2) 51 (75.0) 24 (61.5) 11 (55.0)

Marital status Married 282 (66.2) 214 (71.6) 34 (50.0) 23 (59.0) 11 (55.0) <0.01

Unmarried 111 (26.1) 64 (21.4) 28 (41.2) 12 (30.8) 7 (35.0)

Unknown 33 (7.7) 21 (7.0) 6 (8.8) 4 (10.2) 2 (10.0)

Region West 180 (42.3) 122 (40.8) 17 (25.0) 26 (66.7) 15 (75.0) <0.001

Midwest 41 (9.6) 26 (8.7) 15 (22.1) 0 (0) 0 (0)

North-East 93 (21.8) 69 (23.1) 11 (16.2) 10 (25.6) 3 (15.0)

South 112 (26.3) 82 (27.4) 25 (36.8) 3 (7.7) 2 (10.0)

Rural/urban Rural 43 (10.1) 36 (12) 4 (5.9) 3 (7.7) 0 (0) 0.2

Urban 383 (89.9) 263 (88) 64 (94.1) 36 (92.3) 20 (100)

Socioeconomic status 1st quartile 115 (27.0) 98 (32.8) 14 (20.6) 2 (5.1) 1 (5.0) <0.001

2nd–4th quartile 311 (73.0) 201 (67.2) 54 (79.4) 37 (94.9) 19 (95.0)

Type of radiotherapy EBRT 314 (73.7) 211 (70.6) 51 (75.0) 38 (97.4) 14 (70.0) 0.01

BT 67 (15.7) 53 (17.7) 8 (11.8) 1 (2.6) 5 (25.0)

BT+EBRT 45 (10.6) 35 (11.7) 9 (13.2) 0 (0) 1 (5.0)
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stage at diagnosis, biopsy Gleason score, Gleason score at salvage

radical prostatectomy, pathological T stage, as well as rate of

lymph node dissection.
Regional and patient characteristic
differences according to race/ethnicity in
salvage radical prostatectomy

Important regional differences were observed in the

distribution of salvage radical prostatectomy patients

according to race/ethnicity (Figure 2). First, the proportions of

African-Americans, Hispanics, and Asians who underwent

salvage radical prostatectomy significantly differed across SEER

regions (all p < 0.02). For example, in the West, the proportions

of African-American, Hispanic, and Asian men who underwent

salvage radical prostatectomy were respectively 9.4%, 14.4%, and

8.3%. Conversely, in the Midwest, African-Americans,

Hispanics, and Asians accounted for 36.6%, 0%, and 0% of all

salvage radical prostatectomies.
Frontiers in Oncology 04
CSM and OCM in salvage radical
prostatectomy according to
race/ethnicity

We observed important CSM and other-cause mortality

(OCM) differences in salvage radical prostatectomy patients

according to race/ethnicity (Figure 3). Specifically, the 10-year

CSM was 46.5% in African-Americans vs. 22.4% in Caucasians

vs. 15.4% in Hispanics vs. 15.0% in Asians. After multivariate

adjustment (Table 2) for tumor and patient characteristics (age,

clinical T stage, and lymph node dissection status), African-

American race/ethnicity was an independent predictor of higher

CSM (hazard ratio [HR] 2.15, confidence interval [CI] 1.26–3.66,

p < 0.01), but not Hispanic (HR 0.46, CI 0.16–1.30, p = 0.1) or

Asian (HR 0.83, CI 0.20–3.44, p = 0.8) race/ethnicity. However,

the CSM disadvantage in African-Americans disappeared after

further multivariate adjustment for PSA (Table 3). Finally, we

repeated our analyses in matched competing risk regression

models and these results virtually perfectly replicated the results

based on Cox regression models.
B

C D

A

FIGURE 1

Histograms and boxplot and whisker plots depicting baseline PSA distribution according to race/ethnicity in salvage radical prostatectomy
patients for (A) Caucasians, (B) African-Americans, (C) Hispanics, and (D) Asians (please be aware of different scales of the Y-axis).
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It is of note that OCM demonstrated important variability

according to race/ethnicity. Specifically, the 10-year OCM was

24.7% in African-Americans vs. 24.3% in Hispanics vs. 24.0% in

Caucasians vs. 0% in Asians.
Frontiers in Oncology 05
Discussion

We hypothesized that differences may exist between racial/

ethnic groups according to patient and tumor characteristics, as
FIGURE 2

Stacked barplots depicting SEER region distribution according to African-Americans, Caucasians, Hispanics, and Asians, who underwent salvage
radical prostatectomy. PCa: prostate cancer.
FIGURE 3

Kaplan–Meier plot illustrating unadjusted cancer-specific mortality (CSM) in salvage radical prostatectomy patients, according to racial/ethnic
groups. CSM: cancer-specific mortality, AA: African-American, HR: hazard ratio, CI: confidence interval.
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well as CSM after salvage radical prostatectomy. We tested this

hypothesis within the SEER database 2004–2016 and arrived at

several noteworthy observations.

First, we identified important differences in patient

characteristics in salvage radical prostatectomy patients

according to racial/ethnic groups. For example, African-

Americans were younger at prostate cancer diagnosis (64 vs.

66 years), relative to Caucasians. Conversely, no age differences

were recorded between Caucasians vs. Hispanics and vs. Asians

at prostate cancer diagnosis. The age difference was in agreement

with previously reported age differences between African-

Americans and Caucasians, in the context of primary radical

prostatectomy (15–17).
Frontiers in Oncology 06
Second, the geographic distribution of salvage radical

prostatectomy rates demonstrated important differences, across

all race/ethnic groups. Specifically, in African Americans, the rate

of salvage radical prostatectomies was lowest in theWest (9%) and

highest in the Midwest (37%). Conversely, in Caucasians the rate

of salvage radical prostatectomies was highest in the North-East

and lowest in the Midwest. These observations are in agreement

with regional differences in the proportions of African-American

patients treated for primary prostate cancer (18, 19). Moreover,

these observations may imply that African-Americans may be

given higher priority for salvage radical prostatectomy in the

Midwest than in the West. However, this interpretation is subject

to bias due to small patient number. Moreover, our findings
TABLE 3 Univariable and multivariable (after adjustment for age, PSA, lymph node dissection status, clinical T stage).

Univariable analysis Multivariable analysis

HR 95% CI P-value HR 95% CI P-value

Race

Caucasian 1 (Ref) – – 1 (Ref) – –

African-American 2.11 (1.26-3.53) <0.001 1.36 (0.78-2.36) 0.3

Hispanic 0.69 (0.25-1.91) 0.5 0.47 (0.17-1.33) 0.2

Asian 0.57 (0.14-2.36) 0.4 0.95 (0.23-3.96) 0.9

Age 1.01 (0.99-1.04) 0.3 1.01 (0.98-1.04) 0.6

PSA 1.03 (1.02-1.04) <0.001 1.03 (1.02-1.03) <0.001

Lymph node dissection

Not performed 1 (Ref) – – 1 (Ref) – –

Performed 0.35 (0.18-0.67) <0.001 0.48 (0.24-0.97) 0.04

cT1-2 1 (Ref) – – 1 (Ref) – –

cT3-4 5.75 (3.38-9.85) <0.001 3.44 (1.90-6.24) <0.001

cTx 7.70 (3.38-17.52) <0.001 1.56 (0.63-3.87) 0.4
front
Cox regression models in salvage radical prostatectomy patients predicting cancer-specific mortality according to race/ethnicity.
TABLE 2 Univariable and multivariable (after adjustment for age, lymph node dissection status, clinical T stage).

Univariable analysis Multivariable analysis

HR 95% CI P-value HR 95% CI P-value

Race

Caucasian 1 (Ref) – – 1 (Ref) – –

African-American 2.11 (1.26-3.53) <0.01 2.15 (1.26-3.66) <0.01

Hispanic 0.69 (0.25-1.91) 0.5 0.46 (0.16-1.30) 0.1

Asian 0.57 (0.14-2.36) 0.4 0.83 (0.20-3.44) 0.8

Age 1.01 (0.99-1.04) 0.3 1.01 (0.98-1.03) 0.6

Lymph node dissection

Not performed 1 (Ref) – – 1 (Ref) – –

Performed 0.35 (0.18-0.67) <0.001 0.37 (0.19-0.74) <0.01

cT1-2 1 (Ref) – – 1 (Ref) – –

cT3-4 5.75 (3.38-9.85) <0.001 6.37 (3.65-11.10) <0.001

cTx 7.70 (3.38-17.52) <0.001 5.88 (2.52-13.69) <0.001
Cox regression models in salvage radical prostatectomy patients predicting cancer-specific mortality according to race/ethnicity.
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cannot be compared to other studies since no previous

population-based studies formally addressed the geographic

distribution of salvage radical prostatectomy patients. However,

previous studies addressing differences in treatment of

intermediate-risk prostate cancer according to racial/ethnic

differences of all SEER regions indicated that these differences

disappear after adjustment for baseline prostate cancer

characteristics. Specifically, the authors therefore hypothesized

that differences cannot be exclusively explained by differences in

access to health care system of specific racial/ethnic groups or

rural geographical areas (20, 21). However, these analyses have

never been conducted for SRP patients and should be subject of

further research.

Third, we examined baseline prostate cancer characteristics

according to racial/ethnic groups. Median PSA as well as the entire

distribution of the PSA values was higher in African-Americans

than in all three other race/ethnic groups. The baseline PSA

disadvantage observed in salvage radical prostatectomy African-

American patients relative to Caucasians has previously been

reported in the context of primary radical prostatectomy (22–

24). Despite having higher PSA baseline values, African-Americans

exhibited marginally lower rates of pathologically non-organ

confined stage than Caucasians. However, this observation needs

to be interpreted in the light of a very elevated rate of missing stage

information in all race/ethnic groups. The rate of missing data was

highest in pathological Gleason score, pathological T stage,

Gleason score at biopsy, and clinical T stage, in that order.

Conversely, baseline PSA values were available for all assessable

salvage radical prostatectomy patients. In consequence, baseline

PSA value disadvantage observed in African-Americans is more

reliable and robust than the information derived from stage and

grade at biopsy (missing information 5.05%–15.4% and 59.9%–

69.2%) or pathologic stage and grade at salvage radical

prostatectomy (missing information 45.0%–73.5% and 80.0%–

97.1%). The observed rates of missing values in the current study

exceed the rates of missing values in institutional salvage radical

prostatectomy series. Nonetheless, institutional salvage radical

prostatectomy series were affected by missing value rates that

significantly exceeded missing value rates applicable to primary

radical prostatectomy (25, 26). In consequence, biases related to

missing information are universally applicable to all salvage radical

prostatectomy series. Nonetheless, it should be emphasized that

population-derived data, such as the current SEER database, are

more heavily affected by missing data than institutional series.

Finally, we investigated CSM rates according to race/ethnicity.

To allow comparability with previous studies, we relied on Cox

regression models (27–29). In univariate Cox regression models,

African-Americans exhibited a 2.1-fold higher CSM. It is of note

that OCM was comparable between Caucasians and African-

American salvage radical prostatectomy patients. This observation

is very different from OCM rates in African-Americans reported

after primary radical prostatectomy patients (30). Specifically,

these rates were significantly higher in African-Americans than
Frontiers in Oncology 07
in Caucasians. Taken together, these observations imply that the

selection criteria based on comorbidities may predispose to higher

OCM in Caucasian, African American, and Hispanic salvage

radical prostatectomy patients. After multivariate adjustment for

patient age, clinical T stage, and lymph node dissection status,

African American race/ethnicity achieved independent predictor

status for higher CSM. Specifically, African-Americans exhibited a

2.2-fold higher CSM rate than Caucasians. However, after further

adjustment for PSA at diagnosis, this CSM difference disappeared.

This observation implies that the PSA disadvantage at baseline is

inherent to African-American patients. Indeed, we illustrated very

important and statistically significant differences in PSA

distribution in African-American and other racial/ethnic groups,

predominantly Caucasians (Figure 1). In consequence, adjustment

for PSA values, the main distinguishing feature of African-

American salvage radical prostatectomy patients, should be

interpreted as overfitting. Under this premise, multivariable

findings without PSA adjustment represent a more objective

assessment of the effect of race/ethnicity on CSM, since cT stage

and performance of lymph node dissection also have an even

higher positive/negative effect on CSM than the PSA.Moreover, as

stated in the EAU guidelines, predominantly PSA at prostate

cancer recurrence prior to a possible performance of SRP should

be used for classification (31–33). Unfortunately, these data are

not available in the SEER database. Nonetheless, to the best of our

knowledge, no previous study examined baseline PSA or

subsequent PSA profiles of salvage radical prostatectomy

patients, relative to Caucasians or other racial/ethnic groups. In

consequence, our observations cannot be directly compared to the

findings of others. It is also of interest that the PSA profiles of

Hispanics and Asians were moderately higher than that of

Caucasians. However, the importance of these observations is

not comparable to that of African-Americans, since CSM reported

in Hispanics and Asians does not differ from that of Caucasians.

Taken together, our observations indicate that salvage

radical prostatectomy proportions significantly differ between

SEER regions according to race/ethnicity. Moreover, baseline

patient age and PSA baseline characteristics also differ according

to race/ethnicity. Specifically, significantly higher PSA values are

associated with African-American race/ethnicity. Moreover,

African-American race/ethnicity is also associated with higher

CSM. This association is based on the unfavorable PSA profile of

African-American patients that this is inherent to this racial/

ethnic group. In consequence, the PSA profile should not be

dissociated from race/ethnicity.

Our work has limitations and should be interpreted in the

context of its retrospective and population-based design with its

associated limitations (34). Moreover, the SEER database

provides no information on age, longitudinal PSA values,

repeat biopsy findings, or time interval between radiotherapy

and salvage radical prostatectomy in patients with recurrent

prostate cancer, as well as on metastatic progression. Similarly,

additional treatment information is limited, and especially
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androgen deprivation therapy status is unknown. Finally, despite

the very large prostate cancer patient population of the SEER

database, the sample of salvage radical prostatectomy patients is

relatively small. The sample size limitation undermines the

statistical significance of some comparisons. However, our

cohort is the largest ever reported salvage radical

prostatectomy cohort relative to other studies that addressed

oncological outcomes after salvage radical prostatectomy and

consisted of up to 404 patients (22). Interestingly, this multi-

institutional cohort as well as the majority of other institution

data focused on biochemical recurrence rates and addressed

cohorts that ranged from 32 to 55 patients (23–25, 35, 36). Our

cohort relies on a small sample that resulted in lack of significant

differences in some subgroup comparisons. However, it should

be emphasized that the SEER database is designed with the

intent of providing proportional representation of the US

population. In consequence, few if any other databases will

provide a larger sample of those salvage radical prostatectomy

patients according to racial/ethnic groups.
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