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ABSTRACT

BACKGROUND: To examine the predictive value of neutrophil-to-lymphocyte ratio in localized prostate cancer for
surgical pathology and recurrence in patients treated by radical prostatectomy

METHODS: We evaluated 1258 patients treated by radical prostatectomy at San Raffaele Hospital between 2011 and
2017 and assessed the association between preoperative neutrophil-to-lymphocyte ratio and surgical pathology (advanced
stage, grade group >4, nodal involvement, grade discordance between biopsy and surgical pathology) and biochemical
recurrence.

RESULTS: The preoperative neutrophil-to-lymphocyte ratio was not significantly associated with advanced stage (>T3),
International Society of Urological Pathology (ISUP) grade (>4) or discordance. At multivariable analysis, patients with
higher neutrophil-to-lymphocyte ratio had lower risk of nodal involvement at final pathology (odds ratio [OR]: 0.77; 95%
confidence interval [CI]: 0.64, 0.92; P=0.005). The preoperative level of neutrophil-to-lymphocyte ratio was associated
with biochemical recurrence on univariate analysis (OR: 0.81, 95% CI: 0.68, 0.96; P=0.017). Such a relationship was not
significant at multivariable analysis adjusting for tumor severity (OR: 0.93, 95% CI: 0.79, 1.09; P=0.4).
CONCLUSIONS: Neutrophil-to-lymphocyte ratio does not have clinical utility for the prediction of adverse pathology
and biochemical recurrence. Further research should focus on its value for predicting regional lymph node metastasis.

(Cite this article as: Bravi CA, Rosiello G, Fallara G, Vertosick E, Tin A, Sjoberg D, et al. Predictive value of preoperative
neutrophil-to-lymphocyte ratio in localized prostate cancer: results from a surgical series at a high-volume institution. Mi-
nerva Urol Nephrol 2021;73:481-8. DOI: 10.23736/S2724-6051.20.03662-0)
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Tt is widely acknowledged that inflammation is
A a hallmark of cancer,! specifically, that inflam-
mation influences the development and progres-
sion of malignancies.2 Cancer-related inflam-
mation is mainly driven by cells of the innate
immune system, mostly represented by neutro-
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phils.3 However, there is also evidence that adap-
tive immune response, i.e., lymphocytes play a
role in this process. For example, activation of
peripheral lymphocytes is an essential step for es-
tablishing a chronic inflammation state that pro-
motes cancer development.# Moreover, aberrant
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accumulation of neutrophils has been observed
in several malignancies such as colorectal, cer-
vical, pancreatic and gastric cancer, being often
associated with poor prognosis.’ Since the blood
levels of such markers of systemic inflammation
may reflect the tumor biology, increasing inter-
est has been paid to whether they can be used to
predict oncologic outcomes.

The neutrophil-to-lymphocyte ratio is a readily
accessible marker of host inflammation. Recent-
ly, the clinical utility of this marker has been ex-
amined in a number of malignancies,¢ including
prostate cancer.” Extensive literature shows that
the neutrophil-to-lymphocyte ratio can predict
outcome and treatment responses in metastatic
prostate cancer.3-1! By contrast, evidence on the
clinical utility of neutrophil-to-lymphocyte ratio
in localized disease is somewhat less straightfor-
ward. For example, few studies observed that el-
evated neutrophil-to-lymphocyte ratio is related
to high-grade cancer upon prostate biopsy!2 and
adverse pathologic features!3- 14 found in surgi-
cal specimens. Poor survival after radical pros-
tatectomy has been observed for a preoperative
neutrophil-to-lymphocyte ratio >1.76,15 and
patients with a preoperative neutrophil-to-lym-
phocyte ratio >24941¢ and >5!7 had higher risk
of biochemical recurrence. However, other stud-
ies have failed to replicate these findings.!4. 15, 18
Moreover, the neutrophil-to-lymphocyte ratio is
often categorized by splitting patients into arbi-
trary groups and comparing patients above and
below the identified threshold. This approach
reduces statistical power, and there is no widely
accepted threshold used across studies. As a re-
sult, the prognostic reliability of neutrophil-to-
lymphocyte ratio in surgically treated prostate
cancer remains unclear.

Here we examine the association between pre-
operative levels of neutrophil-to-lymphocyte ra-
tio, without using arbitrary thresholds, and both
adverse pathology and biochemical recurrence
after radical prostatectomy.

Materials and methods

We evaluated data from 1258 patients who un-
derwent radical prostatectomy at San Raffaele
Hospital between 2011 and 2017 for clinically
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localized prostate cancer. An extended pelvic
lymph-node dissection was performed in pa-
tients with a preoperative risk of nodal involve-
ment greater than 5%.19 The preoperative neu-
trophil and lymphocyte counts were collected
for all the patients, and the neutrophil-to-lym-
phocyte ratio was calculated by dividing the
neutrophil count by the lymphocyte count. No
patients had systemic inflammation at the time
of blood collection, within one week before
surgery. Biochemical recurrence was defined
as a prostate-specific antigen (PSA) concentra-
tion of more than 0.2 ng/mL in two consecutive
measurements. We excluded patients who were
missing preoperative (N.=194) and pathological
data (N.=47), leaving 1 017 patients eligible for
analyses.

Study outcomes

The primary endpoint of this study was to assess
the relationship between the preoperative neutro-
phil-to-lymphocyte ratio and adverse pathologic
features, namely advanced stage (>T3), grade
(>8), nodal involvement, and discordance. Dis-
cordance was defined as diagnostic prostate bi-
opsy showing different International Society of
Urological Pathology (ISUP) grade when com-
pared with surgical specimens. We also inves-
tigated the association between the neutrophil-
to-lymphocyte ratio and biochemical recurrence
after radical prostatectomy.

Statistical analysis

Our statistical analysis involved three steps.
First, we divided our study cohort according to
a value of neutrophil-to-lymphocyte ratio greater
or smaller than 2. As there is no universally ac-
cepted value of abnormal neutrophil-to-lympho-
cyte ratio, we chose this threshold to be clinically
straightforward and close to the median of dis-
tribution (2.1). Our threshold was chosen only
for descriptive purposes; all subsequent analyses
included the neutrophil-to-lymphocyte ratio as a
continuous variable.

Second, we used univariate analysis to inves-
tigate the relationship between the preoperative
neutrophil-to-lymphocyte ratio and advanced
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stage (=T3), ISUP grade (>4), nodal involve-
ment, and discordance individually. The neutro-
phil-to-lymphocyte ratio was included as a non-
linear term using restricted cubic splines with
knots at quartiles. The analyses to predict each
endpoint were then repeated in a multivariable
setting accounting for age, preoperative PSA
level, biopsy ISUP grade (1 vs. 2-3 vs. 4-5), and
clinical T stage (T1 vs. T2 vs. T3). When the
endpoint of interest was nodal involvement, the
total number of nodes removed was included in
the model.

Finally, we evaluated the association between
preoperative neutrophil-to-lymphocyte ratio and
biochemical recurrence. Since data on biochemi-
cal recurrence were available for only 648 (64%)
patients, we investigated whether patients with
available or missing biochemical recurrence
data had similar disease characteristics using the
Wilcoxon rank-sum and Chi-squared tests. The
association between neutrophil-to-lymphocyte
ratio and biochemical recurrence was examined

BRAVI

using a multivariable Cox regression model. The
model included the following covariates: age,
preoperative PSA level, extraprostatic extension,
seminal vesicle involvement, pathologic ISUP
grade (1 vs. 2-3 vs. 4-5), positive surgical mar-
gins, and nodal status (pNO vs. pN1 vs. pNx).

Results

Table I describes the clinical and pathologic char-
acteristics of our cohort stratified by the preop-
erative level of neutrophil-to-lymphocyte ratio.
There were only small differences for patients
above and below the identified threshold regard-
ing clinical and pathologic features. We found
significantly higher neutrophil-to-lymphocyte
ratio in older men. At final pathology, patients
with a neutrophil-to-lymphocyte ratio <2 had a
higher rate of nodal involvement.

The univariate analysis assessing the rela-
tionship between the neutrophil-to-lymphocyte
ratio and the risk of adverse pathologic features

TABLE L.—Preoperative and pathological characteristics of the study cohort.

NLR<2 NLR>2 P value
(N.=440; 43%) (N.=577; 57%)
Age, years 64 (58, 68) 65 (59, 71) 0.001
Total PSA, ng/mL 6.4 (4.8,9.3) 6.3(4.7,8.9) 0.3
Neutrophils count, 10%/L 33(2.7,3.9) 4.5(3.8,5.5) <0.0001
Lymphocytes count, 10%/L 2.3(1.9,2.7) 1.5(1.3,1.9) <0.0001
Biopsy ISUP grade
1 270 (61%) 349 (60%) 0.9
2-3 52 (12%) 66 (11%)
4-5 118 (27%) 162 (29%)
Clinical T stage
T1 316 (72%) 375 (65%) 0.048
T2 59 (13%) 86 (15%)
T3 65 (15%) 116 (20%)
Extra-prostatic extension 162 (37%) 230 (40%) 0.3
Seminal vesicles involvement 80 (18%) 101 (18%) 0.8
Positive surgical margins 92 (21%) 153 (27%) 0.038
Pathological ISUP grade
1 118 (27%) 156 (27%) 0.9
2-3 210 (48%) 267 (46%)
4-5 112 (25%) 154 (27%)
Nodal Status
pNO 294 (67%) 387 (67%) 0.046
pN1 86 (20%) 86 (15%)
pNx 60 (13%) 104 (18%)
Number of nodes removed 20 (17,28) 23 (16, 30) 0.3
Number of positive nodes 2(1,4) 2(1,6) 0.13

Data are presented as medians with quartiles or frequencies with proportions. The P value indicates the statistical significance of the difference

between the <2 and >2 neutrophil-to-lymphocyte groups.

NLR: neutrophil-to-lymphocyte ratio; PSA: prostate-specific antigen; ISUP: International Society of Urological Pathology.
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TABLE Il.—Univariate and multivariable logistic regression to predict adverse pathological features. Adjustment for
case mix based on age, preoperative PSA level, clinical stage, and biopsy grade. When nodal involvement was the
endpoint of interest, the total number of nodes removed was included in the model.

Univariate Multivariate
Outcome
OR (95% CT) P value OR (95% CT) P value
>T3 stage 0.99 (0.92, 1.08) 0.9 1.00 (0.91, 1.11) 1
>4 ISUP grade Non-linear 0.086 Non-linear 0.5
Nodal involvement Non-linear 0.010 Non-linear 0.005
Grade discordance 0.97 (0.90, 1.05) 0.5 0.94 (0.87, 1.02) 0.2

PSA: prostate-specific antigen; OR: odds ratio; CI: confidence interval.

is shown in Table II. Although we did not find
any significant association between the neutro-
phil-to-lymphocyte ratio and the endpoints of
interest, the odds ratio suggested a lower risk
of nodal involvement with increasing preopera-
tive neutrophil-to-lymphocyte ratio level (odds
ratio [OR]: 0.88; 95% confidence interval [CI]:
0.76, 1.01; P=0.066), although this association
did not meet conventional levels of statistical
significance. At multivariable analysis, the rela-
tionship between neutrophil-to-lymphocyte ratio

Probability of nodal involvement (%)

Neutrophil-to-lymphocyte ratio

Figure 1.—Relationship between nodal involvement and
preoperative neutrophil-to-lymphocyte ratio in patients with
typical cancer severity. Solid line: predicted probability of
node positive disease. Dashed lines: 95% confidence inter-
val. Gray area represents the distribution of neutrophil-to-
lymphocyte ratio.

and nodal involvement was statistically signifi-
cant (P=0.005). Figure 1 shows the relationship
between preoperative neutrophil-to-lymphocyte
ratio and the probability of nodal involvement
at final pathology. The predicted probability of
nodal involvement was calculated in patients
with typical cancer severity, that is, obtained by
setting variables to the mean value.

We also assessed the relationship between
neutrophil-to-lymphocyte ratio and the prob-
ability of biochemical recurrence after surgery.
There were 119 cases of biochemical recurrences
with a 3- and 5-year biochemical recurrence-free
probability of 82% (95% CI: 79%, 85%) and 74%
(95% CI: 69%, 79%), respectively. The number
of patients who did not experience biochemical
recurrence with available follow-up data at 3 and
5 years were 209 and 63, respectively. The me-
dian (interquartile range) follow-up for patients
without biochemical recurrence was 29 (13-48)
months. Patients with available biochemical re-
currence data were found to have significantly
more aggressive disease.

Table III describes our univariate and multi-
variable analyses. We found a significant rela-
tionship between neutrophil-to-lymphocyte ratio
and biochemical recurrence at univariate (OR:
0.81; 95% CI1 0.68, 0.96; P=0.017) but not multi-
variable analysis (OR: 0.93; 95% CI 0.79, 1.09;
P=0.4).

TABLE lll.—Univariate and multivariable analyses to assess the relationship between neutrophil-to-lymphocyte ratio
and biochemical recurrence after radical prostatectomy. Adjustment for case mix based on age, preoperative PS4
level, pathological stage, pathological grade, nodal status, and margin status.

Univariate Multivariable
Outcome
HR (95% CT) P value HR (95% CT) P value
Biochemical recurrence 0.81 (0.68, 0.96) 0.017 0.93 (0.79, 1.09) 0.4
PSA: prostate-specific antigen; HR: hazard ratio; CI: confidence interval.
484 MINERVA UROLOGY AND NEPHROLOGY August 2021
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Discussion

We found a significant association between neu-
trophil-to-lymphocyte ratio and nodal involve-
ment in localized prostate cancer. Conversely, the
preoperative level of neutrophil-to-lymphocyte
ratio was not significantly associated with other
pathologic characteristics nor with biochemical
recurrence after surgery.

Many studies have examined the relationship
between neutrophil-to-lymphocyte ratio and the
pathologic features of prostate cancer. In a typi-
cal study, the relationship between neutrophil-
to-lymphocyte ratio and the endpoint of inter-
est is investigated, comparing patients with low
neutrophil-to-lymphocyte ratio to those with
high neutrophil-to-lymphocyte ratio, and using
the median value of neutrophil-to-lymphocyte
ratiol4 20 or a previously described cutoff2! to
dichotomize the cohort. Consequently, the avail-
able evidence is heterogeneous and rarely com-
parable. For example, higher risk of upgrading
at final pathology has been observed for patients
with a baseline neutrophil-to-lymphocyte ratio
>2.514 and >3.21 Yet, we cannot use these data to
determine the general predictive value of neutro-
phil-to-lymphocyte ratio, especially for a patient
that has, for instance, a preoperative neutrophil-
to-lymphocyte ratio equal to 2.7. Moreover,
applying the same methodology to our popula-
tion, we found only small differences between
patients above and below the median value of
neutrophil-to-lymphocyte ratio (2.1). By con-
trast, the inclusion of neutrophil-to-lymphocyte
ratio as a continuous variable reflects its true pre-
dictive value and allows for reproducibility and
external validity.

We found that the preoperative level of neu-
trophil-to-lymphocyte ratio was not significantly
associated with the pathological stage and grade
of prostate cancer, which is in line with findings
by other groups.!® By contrast, prior evidence
indicated that the probability of adverse pathol-
ogy was higher in the presence of a preoperative
neutrophil-to-lymphocyte ratio >3;2! similarly,
higher rates of ISUP grade 4-5 tumors were
found in patients with a baseline neutrophil-to-
lymphocyte ratio >2.6.20 However, some factors
affecting the blood level of the biomarker may
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be hypothesized in a different population. For
instance, since age correlates with the levels of
neutrophil-to-lymphocyte ratio,2? the different
results may be explained by the older age of our
cohort (median: 65 years vs. 612! and 5920 years,
respectively). Also, since many foods modulate
inflammation,23 a different diet between Ameri-
can patients2%. 21 and our European cohort may
be responsible for altered levels of neutrophil-
to-lymphocyte ratio and thus, this may explain
the difference with our results. That said, we also
believe that the difference between such papers
and our series may be explained by the use of a
different methodology (i.e. use of cutoff values)
that makes the studies not directly comparable.
We found some evidence of an association
between the neutrophil-to-lymphocyte ratio
and the risk of nodal involvement in surgically
treated prostate cancer. The few studies that ad-
dressed this point found a non-significant rela-
tionship.13: 18 Conversely, other investigators
found nodal involvement to be more likely for a
neutrophil-to-lymphocyte ratio >3,2! in contrast
with our findings. However, Ozsoy et al.2! de-
scribed a lower percentage of nodal involvement
compared with our cohort (9% vs. 17%, respec-
tively). In addition, the authors did not describe
the indication for lymphadenectomy (i.e., risk
threshold of nodal involvement) or the number
of nodes removed. As these two factors may af-
fect the prevalence of lymph node metastasis,
it is plausible that the reported relationship be-
tween neutrophil-to-lymphocyte ratio and nodal
involvement might have been influenced as well.
For instance, a patient with a low neutrophil-to-
lymphocyte ratio (indicating higher risk of nodal
metastasis, according to our data) might not have
received a lymphadenectomy or he might have
received a limited excision, resulting in patholog-
ical staging of pNx or pNO. Conversely, a lower
threshold or a greater number of lymph nodes
removed would have increased the probability
to spot a nodal metastasis in such patients. We
are confident that the median number of nodes
removed in our cohort (22) gives insight on the
actual nodal burden of our population. However,
our finding of a lower probability of nodal me-
tastasis for higher preoperative neutrophil-to-
lymphocyte ratio has never been described ear-
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lier; thus, additional evidence is needed to draw
definitive conclusions on this topic.

Our results are interesting regarding prior evi-
dence that immune cells might mostly affect me-
tastasis spread rather than primary tumor aggres-
siveness.24 In this context, our results suggest
that the relative contribution of lymphocytes to
the process of metastasis may be greater than that
of neutrophils. In other words, the lower risk of
nodal involvement for increasing neutrophil-to-
lymphocyte ratio may more likely result from a
low count of lymphocytes than from a high count
of neutrophils.

We also found that the preoperative level of
neutrophil-to-lymphocyte ratio was not associ-
ated with the risk of biochemical recurrence after
surgery at multivariable analysis. This finding
is in line with prior data.l4. 18.21.25 On the con-
trary, higher risk of biochemical recurrence has
been observed for patients with preoperative
neutrophil-to-lymphocyte ratio greater than 2,13
2.516 and 5.17 Given the established relationship
between inflammation and cancer, it seems rea-
sonable that a marker of systemic immunity may
reflect the prognosis of the tumor. However, the
high variability of the available literature pre-
cludes definite conclusions. It is similarly plau-
sible that an elevated neutrophil-to-lymphocyte
ratio cannot predict biochemical recurrence after
surgery even though a higher ratio reflects poor
prognosis as our findings support.

Limitations of this study

Our study has some limitations. First, our cohort
did not have complete recurrence data for all
patients. As a tertiary center, our institution pro-
vides care to patients who may not return for fol-
low-up or may be followed-up at a different in-
stitution. The comparison between patients with
available and missing recurrence data showed
that the latter group had more aggressive disease.
Such bias would operate in the opposite direc-
tion of our findings. Thus, we are confident that
this limitation did not affect our results. We also
have to acknowledge that, given the relatively
short follow-up of our population, a different as-
sociation between biochemical recurrence and
neutrophil-to-lymphocyte ratio at longer follow-
up cannot be excluded. Although this does not
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represent a substantial limitation of the present
study, future investigations should test such in-
teresting hypothesis. Second, since there is evi-
dence that surgical experience affects the effica-
cy of radical prostatectomy,26: 27 the inclusion of
surgeons with different levels of experience may
have affected our results. For example, a patient
might have an aggressive tumor, as evidenced by
an elevated neutrophil-to-lymphocyte ratio, and
still have complete cancer removal if treated by a
sufficiently experienced surgeon. As a result, the
reliability of neutrophil-to-lymphocyte ratio for
the prediction of biochemical recurrence would
appear limited. A final limitation is that we were
not able to examine the relationship between the
preoperative neutrophil-to-lymphocyte ratio and
more clinically relevant oncologic endpoints
such as metastasis and survival. Biochemical re-
currence invariably precedes stronger oncologic
endpoints such as metastasis or survival and of-
ten triggers postoperative treatments that may be
associated with side effects for patients. Accord-
ingly, we believe that the association between
neutrophil-to-lymphocyte ratio and biochemical
recurrence is of clear clinical interest.

Our findings showed that the prognostic reli-
ability of neutrophil-to-lymphocyte ratio in lo-
calized prostate cancer seems limited. Although
associated with biochemical recurrence at uni-
variate analysis, such relationship was not con-
firmed in our multivariable model. Thus, our
results do not support the inclusion of the neutro-
phil-to-lymphocyte ratio into preoperative risk
calculators.

From a clinical research standpoint, the lack
of a universally accepted threshold for abnor-
mal neutrophil-to-lymphocyte ratio is a limita-
tion for comparative studies. The identification
of a clinically meaningful value of neutrophil-
to-lymphocyte ratio is of primary importance to
allow for adequate, high-level evidence. How-
ever, the heterogeneity of the current literature2s
makes such a scenario unlikely. In this regard,
the inclusion of the neutrophil-to-lymphocyte
ratio in predictive models as a continuous vari-
able may allow for fair comparative reports. If
replicated, our findings of an association be-
tween nodal involvement and the neutrophil-to-
lymphocyte ratio suggests that such a biomarker
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may assist urologists in treatment decisions. To
date, the prediction of nodal metastasis before
radical prostatectomy is well established.!%: 29
By contrast, the identification of patients with
nodal recurrence after local treatment may still
be implemented. For example, roughly 10% of
patients treated by salvage lymph-node dissec-
tion have negative pathology.3° In this context,
the neutrophil-to-lymphocyte ratio may improve
the currently available imaging-based strategy.
Although the literature is still limited, the use
of such a biomarker may be of added value with
low additional costs. We intend to examine these
possibilities in future studies.

Conclusions

Neutrophil-to-lymphocyte ratio does not have
clinical utility for the prediction of adverse pa-
thology and biochemical recurrence. Further re-
search should focus on its value for predicting
regional lymph node metastasis.
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