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Abstract

Purpose The extent of lymphadenectomy and clinical features influence the risk of occult nodes in node-negative prostate
cancer. We derived a simple estimation model for the negative predictive value (npv) of histopathologically node-negative
prostate cancer patients (pNO) to guide adjuvant treatment.

Methods Approximations of sensitivities in detecting lymph node metastasis from current publications depending on the
number of removed lymph nodes were used for a theoretical deduction of a simplified formulation of npv assuming a false
node positivity of 0.

Results A theoretical formula of npv=p(NOIpNO) = (100- prevalence)/ (100 - sensitivity x prevalence) was calculated (sen-
sitivity and preoperative prevalence in %). Depending on the number of removed lymph nodes (nLN), the sensitivity of
pNO-staged prostate cancer was derived for three sensitivity levels accordingly: sensitivity=f(nLN)=9xnLN /100 for
0<nLN<8 and f(nLN)=(nLN+70) /100 for 9<nLN <29 and f(nLN)=1 for nLN = 30.

Conclusion We developed a theoretical formula for estimation of the npv in pNO-staged prostate cancer patients. It is
a sine qua non to use the formula in a clinically experienced context before deciding to electively irradiate pelvic lymph
nodes or to intensify adjuvant systemic treatment.

Keywords Sensitivity - Nodal metastasis - Prediction model - Negative predictive value - Whole-pelvis radiotherapy

Introduction

The extent of lymphadenectomy during the course of radi-
cal prostatectomy is adapted to clinical risk factors. In gen-
eral, limited, i.e., standard lymph node dissection (sLND)
is associated with an underestimation of the true number
of pathologic nodes, especially in patients with upstaging
of pretherapeutic risk factors [1]. In contrast to sSLND, ex-
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tended lymph node dissection (eLND) is able to detect addi-
tional, i.e., occult metastases in approximately 5-6% of low
risk, 20-25% of intermediate risk, and 30-40% of high-risk
prostate cancer patients [1]. Furthermore, prostate cancer-
specific survival (PCSS) improves with the extent of LND
[2].

However, detection of occult lymph node metastases is
associated with a decreased survival probability, leading to
an outcome comparable to node-positive disease [3]. Oth-
erwise, patients with lymph node metastases (pN1) receiv-
ing adjuvant treatment have significantly improved cancer-
specific and overall survival. This benefit was especially
evident in patients receiving radiotherapy in addition to an-
drogen deprivation therapy (ADT) with an overall survival
of 74% at 10 years for combined therapy, compared to 55%
with ADT alone [4]. However, even in pNO-staged patients,
an estimation of the negative predictive value (npv) seems
to be necessary for the decision regarding adjuvant strate-
gies including dose-escalated RT of the prostatic fossa,
whole-pelvis radiotherapy (WPRT) of the lymphatics, or
ADT [5-7].
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Table 1 Publications used for estimation of the sensitivity of lymphadenectomy dependent on the number of removed lymph nodes
Author Patients Removed LN Pts pN+ in pN+ in pN+ in

n, Origin of data (n: median (range)) pN+ (n) LR (n) IR (n) HR (n)
Abdollah [13] 20789, SEER 5 (1-40) 529 8 169 352
Kluth dev [14] 7135, 8 academic centers 6 (1-77) 415 Ns Ns Ns
Kluth val [14] 42009, single center 16 (5-66) 564 Ns Ns Ns
Rieken val [15] 50598, SEER 5(1-89) 1578 Ns Ns Ns

LN lymph nodes, n number, pN+ pathologically diagnosed LN metastasis, LR low risk, IR intermediate risk, HR high risk, dev development
cohort, val validation cohort, SEER Surveillance, Epidemiology and End Results database, Ns not specified

Several models or nomograms using pretherapeutic char-
acteristics such as T-stage, prostate-specific antigen (PSA),
Gleason score (GS), and number of positive cores were es-
tablished to calculate the prevalence of N+-stage [8—12].
The risk of being N1 is dependent on the prevalence of
lymph node metastasis. In general, histopathological in-
volved nodes (pN1) are staged correctly. The probability
of a false-positive diagnosis of pN1 in the case of true NO
seems to be negligible. The risk of true N1 in case of pNO
is furthermore dependent on the number of removed and
pathologically examined lymph nodes, potentially due to
a geographic miss during resection or atypical localization
of individual lymph nodes [1, 13, 14]. There are published
estimations on the risk of true N+-stage despite pNO stage
with complex and confusing npv estimations [14]. To iden-
tify pNO patients with a risk for residual nodes, we math-
ematically derived a simple formula for the npv. This tool
provides the clinician with a simple preliminary estimation
of a patient’s chance of true NO stage (npv) after surgically
and pathologically confirmed pNO stage to guide adjuvant
treatment in pNO-staged prostate cancer patients in cases of
increased individual risk.

Patients and methods
Patient data

Current literature was searched for large series on radical
prostatectomy (n>3000) and the terms “prostate cancer”
and “lymph node metastasis” with information about sen-
sitivity of lymphadenectomy dependent on the number of
removed lymph nodes. Three publications were eligible for
model development fulfilling the mentioned preconditions
(Table 1).

Abdollah et al. demonstrated the “probability of cor-
rectly staging patients with lymph node metastases”, inter-
preted as f(nLN) = sensitivity of the whole procedure (stag-
ing, surgery, and pathology: pNO), dependent on the number
of removed lymph nodes in 20,789 patients [13]. Kluth et al.
described the “probability of missing nodal disease” de-
fined as function g(nLN)=1—sensitivity in a development

cohort (7135 patients) and a validation cohort (4209 pa-
tients), again dependent on the number of removed lymph
nodes [14]. Rieken et al. (2017) performed an external val-
idation of this dataset in 50,598 patients [15].

Statistics

Curve fit was done using splines with two domains of def-
inition for nLN below a sensitivity of 100%. A simple for-
mulation was deduced after calculation of the conditional
probability for true negativity in case of pNO-staged (npv)
prostate cancer. False positivity (fp) is clinically negligible
and therefore set to be 0 (fp=0). Fits and examples were
performed with Excel 2010 (Microsoft Corporation, Wash-
ington, USA). Color artwork was conducted using Can-
vas X (ACD Systems International Inc., British Columbia,
Canada).

Results
Development of a simple model for npv

Based on the formula by Bayes [16], the following deduc-
tion was made assuming a false-positive (fp) test value of
0 for standard histology, i.e., specificity=1:

Bayes’ formula:

specificity x(1-prevalence)

npv =
P prevalence x(1-sensitivity) + specificity x(1—prevalence)

Specificity is set to be 1:

1x(1-prevalence)

npv =
P prevalence x(1-sensitivity) + 1x(1—prevalence)

1—prevalence

npv =
P 1—(sensitivity x prevalence)

(D) npv in %:

100—prevalence

npv =
P 100—(sensitivity x prevalence)

The sensitivity as a function of the number of removed
lymph nodes, f(nLN), is derived in the following section
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Fig. 1 Sensitivity of lymphadenectomy taken from published data (weighted mean sensitivity of lymphadenectomy with consideration of the
number of patients depending on number of removed lymph nodes was visualized according to Abdollah et al. [13] (“Abdollah et al.”), the
development cohort by Kluth et al. [14] (“Kluth et al. (Dev.)”) and the validation cohort by Kluth et al. [14] (“Kluth et al. (Val.)”’) and Rieken et al.

[15] (“Rieken et al.”))
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Fig.2 Curve fit of weighted mean sensitivity (fit to the weighted mean sensitivity [“weighted mean”] by Abdollah et al. [13], Kluth et al. [14] and
Rieken et al. [15]: f{(nLN)=9xnLN/100 for 0<nLN <8 and f(nLN)=(nLN+70)/100 for 9 <nLN <29 and f(nLN)=1 for nLN > 30)

@ Springer



Strahlenther Onkol (2022) 198:690-699

693

Fig. 3 Example calculation

Case presentation: Intermediate risk

Case presentation: High risk

(an intermediate and a high- 'd ° ' ™ 4 °® ~

risk example were given to iPSA: 6 ng/mL DRE: cT2b iIPSA: 24 ng/mL DRE: cT2c
d?monstrate similarities and Biopsy:  5/10 positive ccres, GS5=3+4 Biopsy  8/12 positive cores, GS=4+5
differences between prevalence

models and the formula and Surgery: pT2b PNO (0/8) GS=3+4 Surgery: pT3b pNO (0/9) 5S5=4+5
to show its application. In the \_ P, \_ J

first step the correct sensitivity

formula (II) is chosen depending
on the number of removed
nodes. In a second step, the
prevalence of positive nodes is
calculated based on the preferred

f(nLN) =9 x nLN / 100

Calculation of sensitivity:

KSqucliun of correct formula lor sensitivity (1) )

Depending on number of removed nodes: 8
forDsnLNs8

/Selar.lion of correct formula for sensitivity (1) I

Depending on numkter of removed nodes: 9
finLN1 = (nLN + 70) / 100 for9snLN s 29

Calculation of sensitivity:

model and available parameters. \f(BLN)=9 x 87100 =0.72 J \fI9LN1 = (€ + 70) /100 = 0.79 o
Third, the npv (I) is calculated
to assess the need for adjuvant /" Selection of model for nodal prevalence 3 (" selection of model for nodal prevalence N\

treatment)
Roach formula 14%

Mdller SN-formula: 2.1%
Gancarczyk table: 2%
Partin estimation: 1%

Roach formula: 46%
Miiller SNformula: 39%
Gancarczyk table:  32%
Partin estimaticn:  36%

ﬁlculation of negative predictive value (nM

npv = 100 — prevalence (Roach)

npv = 100 - 14
100-0.72x 14

npv = 86/89.92=956%

Partin estimation:
N

100 - sensitivity x prevalence (Roach)

npv-calculations for other prevalence models:

Mdller SN-formula: 97.9/98.49 = 99.4%
Gancarczyk table: 98.0/98.56 = 99.3%
99.0/99.28 =99.7%

J e P
Calculation of negative predictive value (nm
npv = =

100 - sensitivity x prevalence (Mller)
npv = 100 -

100-0.79 x 39
npv = 51/69.19 = 88.2%

npv-calculations for other prevalence models:

i

Roach formula: 54 /63.65 =84.8%

Gancarczyk table: 68/ 74.72 =91.0%
// Partir estimation: 64 /71.55 = 89.4%

(see formula II). This npv formulation is of general validity
with the precondition of negligible fp (fp=0).

Fit curve for npv formulation

Arithmetic mean of sensitivity of correctly identified pos-
itive nodes by patient number was estimated according to
three datasets, Fig. 1.

Abdollah et al. [13]:

f(nLN) = sensitivity (nLN)
is dependent on the number of removed lymph nodes (nLN)
and Kluth et al. [14] (development and validation cohort)
and Rieken et al. [15]:
1 —sensitivity=1— f(nLN)

The best fit was derived for the sensitivity f(nLN), Fig. 2.

Three formulations were developed depending on the num-
ber of removed nodes:

(II): Sensitivity levels for the procedure to detect cor-
rectly node-positive disease

J(LN)=9xnLN/100
for 0<nLN <8,
f(mLN)=mLN +70)/100
for 9<nLN<29,
f(mLN)=1

for nLN = 30.

A commercial optimization approach of sensitivity for
linear approximation with two domains of nLK (minimal
least squares, solver function, Excel) reveals too compli-
cated parameters for a rule of thumb (nLK 0-7.20:8.27
xnLK+590; nLK  7.21-29.98:1.09xnLK+67.41;
nLK>29.98:1) and our formulation has less least square
value than a rounding of the solver’s solution.
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Fig.4 Prevalence-dependent npv (npv was demonstrated as function from prevalence (10-90%) and number of removed lymph nodes according

to the developed assessment tool and sensitivity levels)

Application of the model

Due to the inclusion of the preoperative estimations of the
prevalence of lymph node metastasis, the formulation (I)
integrates the usual risk factors: cT stage or GS or preop-
erative PSA or number of positive cores, dependent on the
applied estimation.

For example, the

npv = 1 —prevalence
for f(nLN)=0 and
npv =1

for f(nLN)=1 are resulting in plausible boundary condi-
tions.

For easier comprehension, the use of both formulations (I
and II) with given prevalence models is demonstrated in
Fig. 3. At first, the sensitivity formula (II) is chosen de-
pending on the number of removed nodes. In a second step,
the prevalence of positive nodes is calculated based on the
preferred model. Third, the npv (I) is calculated to assess
the need for adjuvant treatment. Fig. 4 demonstrates the
npv dependent on the number of removed lymph nodes for
given prevalence levels of lymph nodes metastases.

@ Springer

Comparison with other models

A comparison of the formula with available models was per-
formed. Detailed exemplary calculations of npv in typical
clinical constellations are shown using the Roach (Table 2),
Gancarczyk (Table 3), or Partin estimations (Table 4) of N1
prevalence [9-11].

Kluth et al. [14] developed a so-called pathologic (post-
operative) nodal staging score (pNSS) which represents the
probability of correctly being staged as node negative, de-
pendent on the number of removed nodes and different
patient characteristics. The pT stage or GS or PSA were
applied for an estimation of the pathological nodal staging
score. The calculated npv is compared with our formulation
in Table 5. Our formulation gives higher estimations of the
npv, especially in high-risk situations.

Discussion

In order to develop a decision-support model for an assess-
ment of the individual benefit of pelvic lymph node irra-
diation in the postoperative setting of prostate cancer, we
constructed in a theoretical mathematical derivation based
on published clinical data a simple formula to estimate true
node negativity depending on the number of removed nodes
and the preoperative prevalence of lymph node metastasis
for histopathologically pNO prostate cancer patients. The
formulation integrates risk factors for estimation of the
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Table 2 With the initial formulation (I) of the negative predictive value
and, e.g., use of the Roach calculation for estimation of the prevalence
of lymph node metastasis, the following values are calculated [11]

PSA GS Prevalence according nLN  (II) sensi- [0))
to Roach et al. in % tivity npv

5 6 33 5 0.45 0.981
5 6 33 15 0.85 0.995
>10* 6 7.3 15 0.85 0.988
>10* 9 37.3 5 0.45 0.753
5 8 23.3 5 0.45 0.857
>10* 8 27.3 10 0.8 0.930
>20° 8 333 10 0.8 0.907
>20 8 333 15 0.85 0.928
>20° 8 333 20 0.9 0.951
25 10 56.7 5 0.45 0.582

GS Gleason score, PSA prostate-specific antigen in ng/ml, nLN number
of removed lymph nodes, npv negative predictive value

>10: 11

>20: 21

prevalence of lymph node metastasis. The prevalence model
can be selected depending on clinical indication/practice
and patient selection. The formula is helpful to assess, in
an experienced clinical context, a patient’s risk after a neg-
ative lymphadenectomy (pNO) to guide adjuvant treatment.
Therefore, Fig. 4 can be easily used as a clinical decision
tool, needing only the number of removed nodes and the
calculated preoperative prevalence of node positivity to de-
termine the remaining risk for nodal involvement. Aiming
to find a smart assessment tool, we preferred a linear re-
lationship between the number of removed lymph nodes
and sensitivity with only two domains of nLN. To test the
formula applicable as a rule of thumb, we estimated the
difference between the mathematically calculated approach
and the mean of published sensitivity curves. The deviation
of the rule of thumb is in the worst case in the range of not
more than 8% (maximal 7.8% for the lowest removed node
number, i.e., nNLN=9).

Several reports deal with missed lymph nodes in the
treatment of prostate cancer. False-negative surgical results
or geographical miss in radiotherapy are described [17].
In 34 patients, 13% of 91 pathologic lymph node metas-
tases were found outside a standard lymphadenectomy field
[18] and in 65.6% of 61 patients, 30.2% sentinel lymph
node localizations were outside a standard pelvic irradia-
tion volume [19]. ELND leads to higher rates of pN+ stages
(10-24.1%) compared to standard dissection (0-5.2%) [20].
Miiller et al. described a 94% nodal clearance rate in a high-
risk cohort with combined pelvic irradiation and ADT when
potential regions of target miss, i.e., individual sentinel
nodes, were included in radiation treatment volumes [21].
No advantage for T1 and T2 tumors, but a 50% reduc-

Table 3 With the initial formulation (I) of the negative predictive value
and, e.g., use of the Gancarczyk calculation for estimation of the preva-
lence of lymph node metastasis, the following values are calculated
(10]

PSA GS Positive Prevalence accord- nLN (II) )
cores ing to Gancarczyk sensi- npv
(%) etal.in % tivity
5 6 45 2 5 0.45 0.989
5 6 45 2 15 0.85 0.997
>10° 6 25 4 15 0.85 0.994
>10* 9 25 8 5 0.45 0.954
5 8 65 9 5 0.45 0.948
>10* 8 65 14 10 0.8 0.961
>20° 8 65 32 10 0.8 0.914
>20° 8 65 32 15 0.85 0.934
>20 8 65 32 20 09 0.955
25 10 65 32 5 0.45 0.794

GS Gleason score, PSA prostate-specific antigen in ng/ml, nLN number
of removed lymph nodes, npv negative predictive value

>10: 11

>20: 21

tion of lymphatic recurrences in T3 tumors was reported
after adequately dosed pelvic irradiation [22]. Pan et al.
found a statistically significant benefit in disease-specific
survival after pelvic irradiation in their retrospective series
in comparison to radiotherapy to the prostate/seminal vesi-
cles alone [23]. PET/CT might be able to visualize nodal
lesions. In a series of 39 patients with rising PSA after rad-
ical prostatectomy (pT2-3a pNO), lymph node metastases
were found in 13 patients [24]. However, the detection rate
(focal uptake interpreted as tumor) of the best currently
available PET tracer (PSMA) is limited at low PSA levels,
indicating the relevance of the derived assessment tool for
adjuvant needs (i.e., PSA level below 0.2ng/mL: detection
rate in meta-analysis 0.4 [25]).

In an analysis of the National Cancer Data Base in
7225 patients with pN1-prostate cancer, adjuvant radio-
therapy combined with hormonal therapy significantly
decreased the risk of death (5-year overall survival 88.8%)
compared to no adjuvant treatment (85.2%), whereas hor-
monal (82.9%) or radiotherapy (88.3%) alone did not [26].
However, prospective randomized trials failed to show
a benefit for whole-pelvis irradiation, potentially due to
patient selection [1]. However, lymphadenectomy or pelvic
radiotherapy in intermediate- or high-risk prostate cancer
should encompass more than the standard volumes. Holl
et al. described 6% false-negative findings in 2020 patients
receiving a sentinel node-based lymphadenectomy [27].
Our formulation reveals a wider range, especially at lower
values.

In special situations, postoperative elective irradiation of
the pelvic lymph nodes might be indicated, e.g., for post-
operative elevation of prostate-specific antigen (PSA) with
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Table 4 With the initial formulation (I) of the negative predictive value
and, e.g., use of the Partin calculation for estimation of the prevalence
of lymph node metastasis the following values are calculated [9]

PSA GS T Prevalence accord- nLN (II) D
stage  ing to Partin/Eifler sensi- npv
etal.in % tivity

5 6 2b 1 5 0.45 0.994
5 6 2b 1 15 0.85 0.998
>10* 6 2b 2 15 0.85 0.997
>10* 9 2b 36 0.45 0.764
5 8 2b 11 0.45 0.936
>10* 8 lc 8 10 0.8 0.983
>20° 8 lc 8 10 0.8 0.983
>20° 8 lc 8 15 0.85 0.987
>20° 8 lc 8 20 0.9 0.991
25 10 2a 22 5 0.45 0.866

GS Gleason score, PSA prostate-specific antigen in ng/ml, nLN number
of removed lymph nodes, npv negative predictive value

>10: 11

5>20: 21

faster PSA velocity. Therefore, an estimation of the proba-
bility of lymph node metastasis might be useful. With the
above-derived formula, the urologist and the radiation on-
cologist can easily rate this risk. Clinical experience and
consideration of usual criteria such as PSA velocity still
have to be considered and the decision to treat the pelvic
lymph nodes must not be based only on such a mathemati-
cal model, but has to be supported by clinical experience.
The derived formulations are based on three main as-
sumptions. Firstly, the probability of false positivity of
histopathological examination is negligible. In common
cases, prostate cancer is easily identified in histological
analysis by hematoxylin and eosin staining. In more dif-
ficult and questionable cases, immunohistochemical stains

are available to confirm the prostatic origin [28]. There-
fore, in every entity (not only in prostate cancer) with
a negligible false-positive rate, the derived formulation (I)
of a negative predictive value npv=p(NOIpNO) can be
used with the assumptions of prevalence and sensitivity
dependent on a clinical marker like the number of re-
moved lymph nodes f(nLN) and can also be used for other
malignancies. Regarding prostate cancer, more complex
immunohistochemical or molecular examination is able to
improve the detection of micrometastases in pNO stages
[29, 30]. This might further enhance the incidence of pN+
stages compared to the used pathological strategies. There-
fore, the derived formula is created for usual histological
approaches.

Secondly, the underlying figures of the publications by
Abdollah et al. and Kluth et al. might not show true sensi-
tivity due to their analytical approaches [13, 14]. However,
data by Kluth et al. were externally validated [15]. These
three datasets describe dependencies between the sensitiv-
ity of lymph node metastasis in pNO stage and the number
of removed lymph nodes and were used for further anal-
ysis. The amount of the mean value between the curves
is driven by the large number of patients in the validation
by Rieken et al. and, to a lesser extent, in data of Abdollah
et al., causing the resulting mean of the curve f(nLN). There
might be some overlap between patients in the publications.
However, the large number of patients and similar derived
curves (Fig. 1) support the usefulness of our developed for-
mulation of the negative predictive value dependent on the
number of removed nodes. As seen in Fig. 2, the approx-
imation ((II): f(nLN)) leads to slight compensation of the
values found by Abdollah et al. [13].

Thirdly, false-negative histological examinations might
be related to limited lymphadenectomy not encompassing

Table 5 Comparison of npv from Kluth et al. [14] with pathologically derived parameters with our formulation with different estimated prevalences

T GS PSA  nLN Kluth npv () (npv (I) (npv Brig- (I) (npv Partin) (I) (npv (I) npv mean/
stage (%) Roach) (%) anti) (%) (%) mean) (%) Kluth npv
2a 6 8 5 96.7 (T, GS, 97 98.3 100 98.4 1.018
PSA)

2c Ta 10 5 99 (T) 90.1 97.8 97.8 95.2 0.961

2c Ta 10 12 99.6 (T) 96.5 99.3 99.3 98.3 0.987

3a Ta 10 5 88.6 (T) 90.1 91.2 —* 90.6 1.023

3a Ta 10 12 94.5(T) 96.5 96.9 —* 96.7 1.023

2a 9 10 5 61.3 (GS) 75.8 91.2 94.2 87.1 1.421

2a 9 10 12 71.7 (GS) 90.6 96.9 98.0 95.2 1.328

2a 7a 5 94.6 (PSA) 92.2 98.3 98.9 96.5 1.020

2a 7a 12 97.4 (PSA) 97.3 99.4 99.6 98.8 1.015

2a 7a 15 5 83.7 (PSA) 87.9 97.8 97.8 94.5 1.129

2a Ta 15 12 92.3 (PSA) 95.7 99.3 99.3 98.1 1.063

*no T3a stage available in the Partin tables
nLN number of removed lymph nodes, GS Gleason score, pT stage (cT stage in our formulation) [14], PSA prostate-specific antigen in ng/ml,
PSA=10ng/ml and GS=7 and T=2b and number of positive cores=0.33, if not otherwise specified. Kluth mean of development and validation
cohort [14], Roach [11], Briganti [8], Partin [9], nLN number of removed lymph nodes, npv negative predictive value
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positive nodes. This risk decreases with increased number
of removed nodes [13, 14, 31, 32]. In addition, signifi-
cantly higher rates of biochemical relapse correlated with
molecular N1 stage in histopathologic pNO-staged samples
and were reclassified as molecular N1 in 29% of pNO pa-
tients [33]. In line with these findings, Pagliarulo et al.
described immunohistochemical detection of 13.3% occult
lymph node metastases in 180 pT3 pNO-staged prostate
cancers, indicating that standard H&E workup results in
a false-negative rate due to sampling error and/or lower
sensitivity of conventional light microscopy [3]. These oc-
cultly involved nodes led to a similar prognosis compared
to standard histological pN1 stage. Immunohistochemistry
might also have increased the amount of pN1 in the publi-
cations used. The described higher rate of relapse and the
rate of 13-29% immunohistochemically found N+-stages
might therefore lead to an underestimation of the derived
npv estimations.

Comparable results of our formula were observed to the
clinical nodal staging score by Kluth et al. [32] applying
preoperative parameters. The pathological score by Kluth
et al. [14] differed most in high-risk constellations, poten-
tially due to the use of a single parameter or the use of
postoperative findings [14].

In the examples, the dependence of the negative predic-
tive value from prevalence and number of removed lymph
nodes is obvious: the higher the prevalence or the lower the
number of removed nodes, the lower the npv. The achieved
rates of npv are high, except in cases of very high preva-
lence and low nLN. This is plausible and in line with other
reports [14]. In cases with a high forecasted prevalence,
a pNO stage is less probable. This was shown with regard
to the required number of examined lymph nodes for ad-
equate nodal staging, which depended on pT stage, GS,
resection margins, and preoperative PSA [15].

Most published prevalence values were dependent on
features such as PSA level, GS, number of positive cores,
or T-stage [8—12]. It is essential to estimate the prevalence
dependent on the used parameters. For example, preopera-
tive PSA and GS were used by the Roach estimation, while
the percentage of positive cores and T stage were applied
by the Miiller formula [11, 12].

Limitations of the developed formula comprise retro-
spective data of large patient cohorts and the absence of
advanced pathological (immunohistochemistry) or imaging
modalities (preoperative MRI to avoid geographical miss
during lymphadenectomy). The use of published datasets
instead of own patient cohorts might be a remarkable lim-
itation for the accuracy of the calculated individual lym-
phatic risk after pNO diagnosis. A clinical validation of the
derived formula in a large cohort of patients seems to be
difficult: for a validation, all patients in a cohort being pNO
after surgery would have to be followed without initiation of

antihormonal treatment. In case of stable PSA, a true NO sit-
uation is possible after a defined timepoint after surgery. In
case of rising PSA, an involvement of lymph nodes has to be
proven, maybe by surgical removement, PET (e.g., PSMA),
MRI, or CT. If imaging doesn’t find a positive lymph node
metastasis, maybe it was too early for the lymph node exam-
ination. PSMA-positive lymph nodes might be very small
or may be otherwise false positive. Therefore, because of
this number of uncertainties in every individual patient in
this imaginary cohort, we have chosen a way of using pub-
lished sensitivities and a theoretical derivation for the rule
of thumb, considering the context of clinical experience
for every patient. However, current changes of guidelines
led to the recommendation to perform PSMA-PET/CT in
cases of PSA elevation after surgery. A comparison of such
a PSMA-PET/CT-cohort with regard to development of de-
tected small PSMA-PET-positive lymph nodes might serve
as a clinical test of the formulation in the future. The cal-
culated magnitudes of npv and the error estimation should
allow application in an experienced setting for the individ-
ual patient.

Conclusion

A formulation was defined to give the clinician—as a smart
assessment tool—a rule of thumb as to whether adjuvant
treatment for the risk of undetected pelvic lymph nodes in
surgically staged prostate cancer patients is needed. Clinical
circumstances have to be respected for the final decision in
the individual patient.
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