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Abstract

BACKGROUND—A positive surgical margin (PSM) following radical prostatectomy (RP) for 

prostate cancer (PCa) is associated with increased risk of biochemical recurrence. We sought to 

examine whether the pathologist is an independent predictor of PSMs.

METHODS—We performed a retrospective review of 3,557 men who underwent RP for localized 

PCa at our institution from 2003–2015. We evaluated 29 separate pathologists. Univariate and 

multivariable logistic regression were used to test variables previously shown to influence PSM 

rates.

RESULTS—Overall rate of PSM was 18.9%. Compared to patients without PSM, patients with 

PSM had higher BMI (mean 28.8 vs. 28.3), Gleason ≥ 7 (84% vs. 66%), extracapsular extension 

(51% vs. 20%), and median PSA (5.9 vs. 5.1 ng/ml) (all p < 0.05). Univariate logistic regression 

showed surgeon experience, pathologist experience, and pathologist GU fellowship training were 

all predictors of PSMs (all p < 0.05). Multivariable regression analysis confirmed decreased 

surgeon experience, increased pathologist experience, higher pathologic Gleason score, higher 

pathologic stage, and higher PSA were significant predictors of PSMs. Increasing surgeon 

Corresponding Author: Jacob Tallman, University of Chicago, Pritzker School of Medicine, 924 E 57th St #104, Chicago, IL 60637, 
tallmanj@uchicago.edu, Tel: 847-528-8329, Fax: 773-702-1001. 

Ethical approval: All procedures performed in studies involving human participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable 
ethical standards. For this type of study formal consent is not required.

Authors’ Contributions:
JE Tallman: Protocol/project development, Data collection or management, Data analysis, Manuscript writing/editing
VT Packiam: Protocol/project development, Data collection or management, Data analysis, Manuscript writing/editing
KE Wroblewski: Data collection or management, Data analysis, Manuscript writing/editing
GP Paner: Data collection or management, Data analysis, Manuscript writing/editing
SE Eggener: Protocol/project development, Data collection or management, Data analysis, Manuscript writing/editing

Conflict of Interest: Dr. Paner receives textbook publication royalties from Amirsys, Inc. Dr. Eggener’s work is funded by the NIH. 
The remaining authors declare that they have no conflict of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Urol Oncol. Author manuscript; available in PMC 2018 July 01.

Published in final edited form as:
Urol Oncol. 2017 July ; 35(7): 461.e1–461.e6. doi:10.1016/j.urolonc.2017.02.007.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



experience was associated with decreased odds of PSM (OR 0.79 per 1 SD increase, 95% CI [0.70 

– 0.89]). In contrast, increasing pathologist experience was associated with increased odds of PSM 

(OR 1.11 per 1 SD increase, 95% CI [1.03 – 1.19]). The relationship between pathologist 

experience and PSM appeared to be non-linear (Figure 2).

CONCLUSIONS—Greater pathologist experience appears to be associated with greater odds of 

PSMs following radical prostatectomy, even after controlling for case mix, pathologist fellowship 

training, and surgeon experience. Based on these findings, pathologists with less experience 

reviewing RP specimens may consider requesting re-review by a dedicated GU pathologist.
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1. Introduction

Prostate cancer (PCa) is the most commonly diagnosed non-skin cancer in the United States 

and radical prostatectomy (RP) is the most common treatment option for men with localized 

disease [1]. Analysis of the surgical margin following RP, defined as tumor cells present at 

the inked margin of a resected specimen [2], is frequently used to assist in risk stratification 

and guide subsequent therapies. Over several decades, there has been continued downward 

stage migration due to prostate specific antigen (PSA) screening [3]. Consequently, the rates 

of positive surgical margins (PSM) after RP have been decreasing over the past 25 years and 

contemporary rates range from 10–30% [4,5].

PSMs following RP can be a significant source of anxiety for patients and increases the risk 

of biochemical recurrence (BCR) [6,7] and secondary therapies [8]. While some data 

suggest PSMs independently predict PCa specific mortality [9], most adjusted analyses do 

not show similar observations [10,11]. Some expert guidelines (ASCO/AUA/EAU) suggest 

men with PSMs should consider adjuvant radiation therapy [12,13]; however, this is not 

commonly done [14,15]. For these reasons, accurate interpretation of the surgical margin has 

a critical role for patient counseling, prognosis, and treatment decisions [16].

PSA, clinical stage, pathologic stage, and volume of tumor are consistently associated with a 

higher PSM rate [5,17–19]. The role of the pathologist on PSMs has also been examined. 

Interpretation of surgical margins is subject to inter-observer variability with multiple 

studies suggesting 8–26% rates of discordance among pathologists [20,21].

We hypothesize the individual pathologist and pathologist experience are associated with 

PSMs following RP.

2. Methods

2.1 Study Design and Data Collection

We performed a retrospective, single-center, observational cohort study on 3,557 men who 

were treated with robotic-assisted laparoscopic prostatectomy (RALP) for localized PCa at 

the University of Chicago Medical Center and Weiss Hospital between April 2003 and 
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January 2015. Men were excluded if surgery was aborted (n=38; 1%), most often due to 

intraoperative positive lymph nodes, or if they received neoadjuvant therapy (n=57; 1.5%)

All patients provided informed consent. Data were collected and stored in an IRB-approved, 

HIPAA-compliant database [22]. Data include patient demographics, pre-operative variables, 

biopsy data, intra-operative information, pathological variables, patient-reported quality-of-

life outcomes, and recurrence information.

The radical prostatectomy specimens were processed in accordance to the College of 

American Pathologists (CAP) and International Society of Urological Pathology (ISUP) 

recommendations [23,24]. Briefly, the entire outer surface of the prostate was inked using 2 

different colors to identify right and left outer margins. The prostatic apex was amputated 

and sectioned perpendicular to the inked surface and the prostatic base was submitted 

serially in a perpendicular fashion. The remainder of the prostate was serially sectioned 

transversely at 3–5 mm intervals and submitted for processing either partially (at least 50%) 

or entirely (100%) in quadrants. Partial sampling is by submitting alternate slices. Sections 

of bilateral seminal vesicles, including its proximal portions, were also submitted. A margin 

was considered positive if a cancer gland extends into the inked outer surface.

2.2 Statistical Analysis

A PSM was defined as tumor at the inked margin of the resected specimen. We included 

variables shown to be associated with PSM [5,19,25–27], including age, race, body mass 

index (BMI), pathologic Gleason score, pathologic tumor stage, pre-operative PSA level, 

surgeon and pathologist experience (defined as the number of cases the surgeon/pathologist 

had performed prior to the date of each case), fellowship training in genitourinary pathology, 

and year of surgery. Pathologist and surgeon experience and BMI were standardized to their 

respective means, such that the values of each variable corresponded to their standard 

deviation from the mean. PSA values were log transformed for use in regression analyses.

There were 19 pathologists who evaluated at least 25 cases during the study period with 9 

pathologists having < 25 cases and therefore grouped together in the “low volume” group. 

The number of cases seen by each pathologist who evaluated > 25 cases varied from 39 to 

606 cases. Pathologist #10 represents a consolidation of multiple low-volume pathologists 

from an affiliated hospital.

Mean and standard deviation were used to report continuous normally distributed variables; 

median and IQR were used for continuous non-normally distributed variables. We used 

univariate logistic regression to analyze the relationship between each variable of interest 

and PSMs, followed by multivariable logistic regression using predictor variables with p < 

0.1 from univariate models to control for confounders and assess the relationship between 

the individual pathologist and PSMs. To account for the clustering due to multiple cases seen 

by each pathologist, the standard errors were adjusted with the use of the sandwich estimator 

of variance. The models produced were assessed for interactions between individual 

pathologists and surgeons, and between individual pathologists and pathologic parameters. 

To further explore its effects, pathologist experience was also modeled as a restricted cubic 

spline with 5 knots at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles [28], and plots of the 

Tallman et al. Page 3

Urol Oncol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



probability of PSM versus pathologist experience were generated with all other variables in 

the model set to their means (for continuous variables) and to the most common category 

(for categorical variables). All statistical analyses were performed using Stata 13.1 

(StataCorp, College Station, TX, USA) with a two-sided significance level set at p < 0.05.

3. Results

3.1 Cohort Description

The mean age was 60 years old (SD 7.1) and median PSA was 5.2 ng/ml (IQR 4.1–7.2; 

Table 1). Following surgery, Gleason score 6 was identified in 1,088 (31%), Gleason 7 in 

2,213 (62%), Gleason 8 in 131 (4%), and Gleason 9 in 124 (3%). Pathologic stage was pT2a 

in 320 (9%), pT2b in 304 (9%), pT2c in 2,099 (57%), pT3a in 728 (20%), and pT3b in 193 

(5%). PSM was identified in 672 (18.9%). PSM rates by pathologist varied from 8.3% to 

27.5% (Figure 1). Among the 29 pathologists examined, the mean number of cases 

evaluated was 153 (SD 145). Among the 5 surgeons examined, the mean number of cases 

performed was 799 (SD 584).

3.2 Predictors of Positive Surgical Margins

On univariate logistic regression, higher BMI, less surgeon experience, greater pathologist 

experience, pathologist completion of a GU fellowship, higher pathologic Gleason score, 

higher pathologic stage, and higher PSA were all associated with a higher rate of PSM (all 

p-values < 0.05; Supplementary Table 3). There were no significant associations between 

surgical margin status and age, race, or year of surgery (all p-values > 0.05). Compared to 

pT2a disease, higher pathologic stage was associated with increased odds of PSM: pT2b OR 

3.3, 95% CI [1.9–5.7]; pT2c OR 2.9, 95% CI [1.7–5.1]; pT3a OR 10.9, 95% CI [6.2–19.4]. 

pT3b disease was associated with the highest odds of PSM (OR 12.3; 95% CI [6.0–25.2]).

Multivariable regression showed less surgeon experience, greater pathologist experience, 

higher pathologic Gleason score, higher pathologic stage, and higher PSA all remained 

significantly associated with PSMs (all p-values < 0.05; Table 2). Individual surgeon and 

pathologist effects were not statistically significant after controlling for other important 

covariates. The individual surgeon and pathologist also did not have an effect on the 

relationship between pathologist experience and PSMs, so these covariates were dropped 

from the model for parsimony. There were no significant interactions between individual 

pathologists and individual surgeons, or between pathologist and any pathologic parameter 

(all p > 0.05). Greater surgeon experience was associated with decreased PSM rates (OR 

0.79 per 1 SD increase, 95% CI [0.70–0.89], p < 0.001), while greater pathologist 

experience exhibited the opposite relationship (OR 1.11 per 1 SD increase, 95% CI [1.03–

1.19], p = 0.008). However, further analysis of the relationship between pathologist 

experience and PSMs indicates early case experience up to approximately 50 cases is 

associated with an increase in PSMs, followed by a plateau as case experience increases 

from 75 to 250, followed by a rise as experience increases beyond 300 cases (Figure 2).
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4. Discussion

We demonstrate the individual pathologist’s experience is independently associated with rate 

of PSMs following RP. There appears to be a learning curve among pathologists for 

identifying PSMs with increasing odds of finding PSMs as experience is accrued. The 

relationship was most pronounced for the pathologists with the greatest caseload.

These findings illustrate the influence an individual pathologist can have on surgical margin 

status and suggest that strategies would be helpful to standardize evaluation of PSMs. 

Further research is needed to better understand what association the individual pathologist’s 

evaluation has on long-term outcomes after RP.

Various authors have reported interobserver variability rates for surgical margin status 

between 8% and 26% [20,21,29]. Factors influencing the determination of surgical margins 

include tumor distortion along the actual margin due to crushing or thermal artifacts, 

irregular tracking or disruption of the inking of the specimen, tears of the extraprostatic soft 

tissue associated with processing of the specimen, and narrow margins in which malignant 

cells were close to, but did not touch, the inked margin [16]. Concordance for margin status 

is higher between expert genitourinary pathologists and at high volume institutions [30]. 

However, differences of opinion may exist among experts, even in cases that are free from 

the complicating factors listed above and there is no true gold standard for PSMs [16]. Some 

institutions have implemented re-review of difficult cases with multi-disciplinary teams as a 

method of addressing discordance between pathologists [31]. Though we did not 

prospectively assess interobserver concordance in this study, the relationship between 

increasing pathologist experience and increasing PSM rates in our study may be resultant of 

improving accuracy with experience. Therefore, it we highlight the importance of 

pathologists regularly reviewing RP cases.

There are multiple limitations to our study. All analyses were performed retrospectively, 

subject to the limitations of this approach. Other studies have utilized prospective review of 

prostate samples by expert pathologists [16] and inclusion of similar data in our study may 

have bolstered our understanding of pathologist accuracy. Although we utilize the AJCC 

TNM staging for prostate cancer at our institution as has been reported in several other 

recent series [32,33], we recognize that other institutions may use different staging systems. 

Not all prostate specimens were submitted in their entirety, which may impact positive 

margin rates. Most prostatectomy specimens were reviewed by one pathologist. While our 

center has a daily surgical pathology quality assurance (QA) consensus conference, 

equivocal margins are not routinely or regularly reviewed unless specifically presented by a 

junior or senior faculty member. Our study does not assess long-term clinical outcomes. 

Experience of both the surgeon and the pathologist in our sample only includes cases in our 

series and does not include any experience from prior centers or cases prior to our dataset. 

However, the 3 highest volume surgeons in our series performed all of their RPs at our 

institution and comprise >95% of all surgeries in our cohort.
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5. Conclusion

We demonstrate pathologist’s experience is an independent factor for PSM, even when 

controlling for fellowship training, surgeon experience, pathologic stage, Gleason score, 

PSA, and BMI. Based on these findings, pathologists with less experience reviewing RP 

specimens may consider requesting re-review by a dedicated GU pathologist.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Greater pathologist experience was associated with greater odds of PSMs 

after RP

• Increasing surgeon experience was associated with decreased odds of PSM

• The relationship between pathologist experience and PSMs was non-linear
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Figure 1. 
Positive surgical margin rate by pathologist. Pathologists are numbered by volume of cases 

with pathologist 1 having the smallest volume and pathologist 20 having the largest.
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Figure 2. 
Plot of pathologist case experience and PSMs with pathologist experience modelled as a 

restricted cubic spline. Highlighted areas indicate 95% confidence bounds. Early experience 

up to approximately 50 cases reveals a moderate increase in PSM rates. This is followed by 

a plateau in PSMs between approximately 75 cases and 250 cases. After this plateau, there is 

a significant rise in PSMs with increasing pathologist experience. This relationship is most 

pronounced for the pathologists with the greatest number of cases in the dataset.
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Table 1

Clinical and pathological features

Parameter Overall, no. (%)

Number of Patients 3,557

Age (years), mean (SD) 59.6 (7.1)

BMI, mean (SD) 28.4 (4.7)

Race (%)

 Caucasian 2,688 (75)

 African American 531 (15)

 Asian 130 (4)

 Hispanic and Other 49 (1)

Year of surgery (%)

 2003–2005 379 (11)

 2006–2008 1,299 (37)

 2009–2011 1,155 (32)

 2012–2015 724 (20)

Biopsy Gleason Sum (%)

 6 1,670 (47)

 7 1,489 (42)

 8 214 (6)

 9 105 (3)

 10 2 (0.06)

Pathologic Gleason Sum (%)

 6 1,088 (31)

 7 2,213 (62)

 8 131 (4)

 9 123 (3)

Clinical Stage (%)

 cT1a / cT1b 12 (0.3)

 cT1c 2,460 (69)

 cT2a 633 (18)

 cT2b 228 (6)

 cT2c 76 (2)

 cT3a 24 (0.7)

 cT3b 4 (0.1)

Pathologic Stage (%)

 pT2a 320 (9)

 pT2b 304 (9)

 pT2c 2,009 (56)

 pT3a 728 (20)

 pT3b 193 (5)

PSA, ng/ml, median (IQR) 5.2 (4.1–7.2)
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Table 2

Multivariate logistic regression analysis of the association between clinical and pathological parameters and 

PSM rates

Parameter Overall OR (95% CI) P value

BMI, mean (SD) 28.4 (4.7)

 Standardized** 1.07 (0.98–1.16) 0.12

Surgeon Experience

 Standardized** 0.79 (0.70 – 0.89) <0.001

Pathologist Experience

 Standardized** 1.11 (1.03 – 1.19) 0.008

GU Fellowship Completed

 No 2,357 1 (Reference)

 Yes 1,200 1.15 (0.88 – 1.49) 0.3

PSA, median (IQR) 5.2 (4.1–7.2) 1.28 (1.03 – 1.59) ‡ 0.025

Gleason Sum

 6 1,088 1 (Reference) <0.001

 7 2,213 1.65 (1.28 – 2.13)

 8 131 1.49 (0.97 – 2.29)

 9 124 2.26 (1.47 – 3.49)

Pathologic Stage

 2a 320 1 (Reference) <0.001

 2b 304 2.92 (1.77 – 4.84)

 2c 2,009 2.50 (1.48 – 4.24)

 3a 728 7.64 (4.43 – 13.19)

 3b 193 6.79 (3.52 – 13.11)

**
BMI, Surgeon experience, and pathologist experience were standardized to their respective means for regression analysis

‡
PSA was log transformed for regression analysis
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