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Neutrophil-to-lymphocyte ratio independently
predicts advanced pathological staging and
poorer survival outcomes in testicular cancer

Yu Guang Tan, Joshua Sia, Hong Hong Huang, Weber Kam On Lau

Department of Urology, Singapore General Hospital, Singapore

Purpose: An elevated neutrophil-to-lymphocyte ratio (NLR) has been associated with adverse outcomes in various malignancies.
However, its role in prognosticating testicular cancer (TC) has not been validated. We aim to study the relationship between NLR
and TC.

Materials and Methods: We retrospectively reviewed 160 patients with histological proven TC from January 2005 to June 2016.
Youden's index was used to analyse NLR and a cut-off point of 3.0 was obtained, with statistical receiver operating characteristics
of 0.755. Chi-square test, Kaplan-Meier (log rank test) and logistics regression models were used to predict NLR association with
survival outcomes.

Results: Median age was 34 years old (range, 17-68 years old). There were 102 pure seminomas and 58 non-seminomatous germ
cell tumours. Median follow-up period was 8 years (range, 2.5-17 years). NLR >3.0 was independently associated with lymph node
involvement (p=0.031; odds ratio [OR], 2.91; 95% confidence interval [Cl], 1.67-5.83; p=0.038; OR, 4.12; 95% Cl, 1.26-6.51) and
metastatic disease (p=0.041; OR, 2.48; 95% Cl, 1.22-3.98; p=0.043; OR, 2.21; 95% Cl, 1.17-3.65) in both seminomatous and non-
seminomatous germ cell tumours, translating to a more advanced disease. Moreover, NLR >3.0 also predicts poorer cancer specific
survival in these patients.

Conclusions: NLR can be an inexpensive haematological marker in predicting advanced TC staging and poorer survival outcome.
NLR complements the traditional cancer staging by identifying a group of high risk patients who may benefit from multimodal
treatment and closer surveillance to achieve long term survival.
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INTRODUCTION malignant conditions. However, TC is the most common
cancer form in men between aged 15 to 44 years in many

Testicular cancer (TC) is a relatively rare malignancy, countries that have attained high scores on the human
with an estimated annual incidence of 5.7 per 100,000 development index, reflecting important psychosocial and
men [L2], representing 1%, or 24th commonest, of all male economic problems in these otherwise healthy age groups
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[3] Survival outcomes are favourable for TC, with 95% of
patients achieving 5-year cancer specific survival (CSS). This
is attributed to the predominantly early clinical staging at
diagnosis of TC. Only 10% of TC presents with metastatic
disease, and in these patients, 5-year CSS drops to 73% [4]

Interestingly, cumulative evidence has supported the role
of inflammation in cancer development and progression [5],
and the neutrophil-to-lymphocyte ratio (NLR), represents an
inexpensive, easily measured and reproducible marker of
systemic inflammation that correlates with tumour activity
[6] A higher NLR has been previously demonstrated to be
associated with poorer disease-specific and overall survival
in gastric, hepatic, non-small cell and cervical cancer [7-9]
More recent studies have reproduced similar associations in
urological malignancies [10-13]

However, limited data exist regarding the potential
prognostic role of NLR in TC [14,15], Moreover, these studies
are limited by the small numbers, short follow-up and mixed
outcomes. As such, in this paper, we sought to determine
the association between preoperative NLR and pathologic
outcomes and survival outcomes. In particularly, in patients
with metastatic TC, we hope that NLR can identify a
particular subgroup that may harbour a more aggressive
tumour biology. These patients may subsequently benefit
from closer monitoring and adjuvant therapies.

MATERIALS AND METHODS

Following Singhealth Institutional Review Board ap-
proval, we retrospectively reviewed our institution’s cancer
registry database and identified 160 patients diagnosed
with TC from January 2005 to June 2016 (approval number:
2009/1053/D). Written informed consent was waived by the
board. All patients underwent an initial ultrasound scrotum
which raised the suspicion of an underlying testicular
neoplasm. From there, they all received 1) standard inguinal
radical orchiectomy; 2) computed tomography scan of the
thorax, abdomen and pelvis; 3) serum tumour markers
(alpha fetoprotein, lactate dehydrogenase and beta-human
chorionic gonadotropin) as part of the complete staging
workup. The T staging was determined on final histology
after the standard inguinal radical orchidectomy, whereas
the N and M stagings were determined clinically on imaging
modalities.

Hematological and biochemical blood results were
collected at a median of 6 days prior to radical orchidectomy,
as part of our routine pre-operative investigations. Tumour
markers were collected at a median of 18 days after radical
orchidectomy to complete the staging. No patient received
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chemotherapy prior to these blood results. Twelve patients
with active inflammatory and infective conditions that
could affect the NLR were excluded. Of which, 4 patients
had concomitant systemic lupus erythematosus, 4 had active
rheumatoid arthritis, 2 had ankylosing spondylitis and 2
had Sjogren’s syndrome.

The treatment plan for most patients was standardized.
All patients who had stage I disease were put on closer
surveillance with no adjuvant therapy. Patients with stage
IT and III diseases (59 patients) were routinely referred
to our medical oncologists. These patients were risk
stratified according to the International Germ Cell Cancer
Collaborative Group and underwent the necessary adjuvant
chemotherapies. Specifically, patients risk stratified as
‘good prognosis’ underwent 3 cycles of bleomycin, etoposide
and cisplatin (BEP), and those stratified as ‘intermediate
to poor prognosis’ underwent 4 cycles of BEP. No patient
received radiotherapy as primary adjuvant modality over
chemotherapy. Altogether, 48 patients achieved complete
remission while 11 patients achieved partial remission upon
completion of chemotherapy. Given the retrospective nature
of this study, coupled with the heterogeneity of physicians’
practices, patients’ preferences and cost issues, subsequent
follow-up plans were not consistently standardized. Our
institution recommended a 3 monthly outpatient visit for
the first 2 years, 6 monthly for the 3rd year, and subsequent
yearly visit. Serum tumour markers were repeated upon
each visit and computed tomography scan was scheduled
yearly for the first 5-years. Over a median follow-up time
was 8 years (range, 2517 years), 10 patients (6.3%) developed
recurrence, of which 8 (50%) had died of metastatic disease.
We defined recurrence as the development of new lymph
node involvement (LNI) or metastatic sites after a period of
surveillance in stage I disease, and after a period of disease
remission in stage Il and III diseases.

The primary outcome was to evaluate the correlation
between NLR and clinicopathological outcomes, predo-
minantly the extent of disease burden measured by LNI and
metastasis. Because LNI and metastasis are confirmed via
imaging modalities and subsequently treated with adjuvant
chemotherapy, these variables were analysed as clinical
outcomes. Secondary outcome was the CSS.

Statistical analyses were performed using IBM SPSS
Statistics ver. 200 IBM Co, Armonk, NY, USA). Youden’s
index was used to determine the relationship between
NLR and extra-testicular disease, defined as either nodal
of metastatic involvement, which translate to stage II and
above. A cut-off point of 30 was obtained, with a statistical
receiver operating characteristics (ROCs) of 0.755 (area under
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curve) (Fig. 1). The sensitivity at this cut-off point was 74.4%,
specificity of 77.8%, positive predictive value of 562% and
negative predictive value of 89.2%. The relationship between
clinicopathological features and NLR was calculated with
chi-square test. Multivariate analyses were performed
using logistics regression models. Survival curves were
calculated with the Kaplan—Meier log rank analysis. All
tests were two-sided with p<0.05 considered to be statistically
significant.

RESULTS

The patients’ demographics and tumour characteristics
were shown in Table 1. Upon completion of the staging
workup, the pathological T staging was as followed: 109
patients (681%) had T1, 40 patients (25.0%) had T2 and 11
patients (69%) had T3 disease. The median tumour size was
57 ecm (range, 12-11.8 cm), of which 117 patients (731%) had
tumour size >4 cm. One hundred and two patients (63.8%)
had pure seminomas while the other 58 patients (36.3%) had
non-seminomatous germ cell tumours (NSGCTs). Fifty-five
patients (34.4%) had clinical LNI while 23 patients (14.4%)
had clinical visceral or bone metastasis. In accordance to the
American Joint Committee on Cancer (AJCC) staging (8th
edition) of TC, 101 patients (631%) had stage I disease, while
27 (169%) had stage IT and 32 patients (20.0%) had stage III
disease.

1. NLR and pathological outcomes

The clinicopathologic features of patients with NLR
<30 and >30 were shown in Table 2. In both seminomas
and NSGCTs, patients with NLR >30 were associated with
increased likelihood of LINI, metastatic disease and hence, an
overall higher cancer staging. These associations remained
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Fig. 1. Receiver operating characteristic (ROC) curve.
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significant on multivariate analyses. For instance, NLR
>3.0 was associated with 3x (p=0.031; odds ratio [OR], 2.91;
95% confidence interval [CI], 1.67-5.83) and 4x (p=0.038; OR,
412; 95% CI, 1.26-651) the likelihood of LNI in patients with
pure seminomas or NSGCTs respectively (Table 3). Similarly,
NLR >30 was associated with 25x (p=0.041; OR, 248; 95%

Table 1. Patient demographics and tumour characteristics (n=160)

Value
34 (17-68)
23.3(15.7-31.5)

Variable

Age (y)
Body mass index (kg/m?)
Tumour size (cm)

<4 43(26.9)

>4 117 (73.1)
Histology

Seminoma 102 (63.8)

NSGCT 58(36.3)
Pathological tumor staging

T1 109 (68.1)

T2 40 (25.0)

T3 11(6.9)
Nodal disease

NO 105 (65.6)

N+ 55(34.4)
Metastasis

MO 137 (85.6)

M+ 23 (14.4)
Serum tumour markers

S0 58(36.3)

S1 57 (35.6)

S2 36 (22.5)

S3 9(5.6)
AJCC staging

Stagel 101 (63.1)

Stage ll 27 (16.9)

Stage lll 32(20.0)
Neutrophils 63.8 (29.7-88.9)
Lymphocytes 25.3 (4.8-49.8)
NLR 2.68 (0.7-18.2)
NLR breakdown

<3.0 102 (63.8)

>3.0 58(36.3)
Follow-up time (y) 8(2.5-17)
Recurrence

Yes 10(6.3)

No 150 (93.8)
Disease status

Alive 152 (95.0)

Dead 8(5.0)

Values are presented as median (range) or number (%).
NSGCT, non-seminomatous germ cell tumour; AJCC, American Joint
Committee on Cancer; NLR, neutrophil-to-lymphocyte ratio.
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Table 2. Clinicopathologic characteristics and pathological outcomes for seminomas and NSGCTs

Seminomas NSGCT
NLR <3.0 NLR=3.0 p-value 95% Cl NLR <3.0 NLR=>3.0 p-value 95% Cl
Size (cm) 0.594 0.970
<4 14 5 14 10
>4 54 29 20 14
T staging
T 45 26 28 10
T2 21 6 0.179 5 8 0.072
T3 2 2 0.483 6 0.013  6.28(2.05-9.51)
Nodal disease 0.005 3.76(1.53-9.26) <0.01  11.70(4.03-16.63)
NO 55 18 27 5
N+ 13 16 7 19
Metastatic disease 0.041  6.83(1.42-11.53) <0.01  13.01(6.07-19.57)
Mo 67 30 32 8
M1 1 4 2 16
S staging 0.423 <0.01 6.75(2.11-9.86)
0-1 57 26 25
2-3 11 8 9 17
Staging
Stage 1 54 18 26
Stage 2A/B (low volume metastasis) 10 10 0.036  3.00(1.12-8.40) 3 3 0.034 8.69(2.41-13.84)
Stage 2C/3 (advanced metastasis) 4 6 0.032 4.50(1.18-12.86) 5 18 <0.01  13.60 (6.62-19.58)
Recurrence 0.112 0.220
Yes 1 3 2 4
No 67 31 32 20
NSGCT, non-seminomatous germ cell tumour; NLR, neutrophil-to-lymphocyte ratio; Cl, confidence interval.
Table 3. Factors associated with lymph node involvement
Seminomas NSGCT
Univariate Multivariate Univariate Multivariate
p-value p-value OR (95% ClI) p-value p-value OR (95% ClI)
Size >4 cm 0.576 0.580 0.426 0.893
T staging 0.058 0.230 <0.01 0.025 6.32(1.53-11.81)
S staging 0.404 0.687 <0.01 0.104
NLR >3.0 <0.01 0.031 2.91(1.67-5.83) <0.01 0.038 4.12(1.26-6.51)
Metastatic disease <0.01 <0.01 8.95 (6.12-15.87) <0.01 0.018 10.24 (7.83-16.55)

NSGCT, non-seminomatous germ cell tumour; OR, odds ratio; Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio.

CL, 122-398) and 2x (p=0043; OR, 221; 95% CI, 117-365) the
likelihood of metastasis in these patients respectively (Table
4).

2. NLR and survival outcomes

The AJCC staging system (8th edition) showed a strong
correlation with CSS in both seminomas and NSGCT.
Patients with stage I and II disease had nearly 100% 5-year
CSS, but drops to ~80% in stage III disease (Fig. 2). NLR >3.0
was also independently associated with a poorer CSS in both
types of germ cell tumours (Table 5), although statistical
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significant was not reached in the seminomatous group (Fig.
3). In the NSGCT group, the 5-year CSS was nearly 100% in
patients with NLR <30, but drops significantly to ~76% in
patients with NLR >30 (p=0.037; hazard ratio, 620; 95% CI,
1.834-1316).

DISCUSSION

In a large cohort of patients with TC on long-term
postoperative follow-up, we found that preoperative NLR
was associated with advanced cancer staging, as well as
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Table 4. Factors associated with metastatic disease
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Seminomas NSGCT
Univariate Multivariate Univariate Multivariate
p-value p-value OR (95% ClI) p-value p-value OR (95% ClI)

Size >4 cm 0.936 0.831 0.566 0.677

T staging 0.011 0.038 3.81(1.78-5.64) <0.01 0.174

S staging 0.232 0.553 <0.01 0.150

NLR >3.0 0.024 0.041 2.48(1.22-3.98) <0.01 0.043 2.21(1.17-3.65)
Nodal disease <0.01 <0.01 11.18 (8.42-18.46) <0.01 0.028 9.68 (5.32-14.58)

NSGCT, non-seminomatous germ cell tumour; OR, odds ratio; Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio.
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Fig. 2. (A) American Joint Committee on Cancer (AJCC) staging and cancer specific survival (CSS) in seminoma. (B) AJCC staging and CSS in non-semino-

matous germ cell tumour (NSGCT).

poorer CSS. These findings remained significant after
controlling for other clinicopathological features, suggesting
an independent association of NLR with adverse outcomes.

The role of inflammation in tumour progression had been
recognised in recent years [16] Schepisi et al. [17] presented
a very comprehensive discussion on the strong relationship
between the role of immune system and inflammatory
processes on the clinical outcome of patients with urothelial
cancer. He detailed the pathophysiology between cytokines
and NLR in tumour biology. A heightened circulating
neutrophil level is associated with increased cytokines,
particularly interleukins (IL-1, IL-6) and pro-angiogenic
vascular endothelial growth factor which promote tumour
migration and proliferation [18]. IL-6 protects the cancer
cells from therapy-induced DNA damage, oxidative stress
and apoptosis, hence promoting tumourigenesis [19] On the
other hand, a relative leukocytopenia, in particular cytotoxic
T cells which are capable of targeted apoptotic cancer cell
death, represents a weakened adaptive immune response to
malignancy [20] Hence, the combinatory effects of these two
cellular mechanisms, or the NLR, may explain the tumour
biology in cancers and predict survival outcomes.
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Templeton et al. [21], in his meta-analysis of 100 studies,
comprising 40,559 patients, demonstrated the strong
relationship between NLR and over 20 solid tumours.
Although the analysis involved a very heterogeneous group
of malignancies, the sheer patient size and consistent results
reflect the fundamental role of inflammation and immune
suppression, as represented by NLR, in cancer biology. Since
then, further independent studies, each focusing primarily
on individual malignancy, or in particularly, urological
malignancies, similarly established the significance of
NLR. Ohno et al. [10] reviewed 198 patients who underwent
radical nephrectomy and found a significant difference in
5-year recurrence free survival between NLR <27 (94%) and
>2.7 (74%) (p=0.020). Jang et al. [11] evaluated 2,067 patients
with prostate cancer undergoing radical prostatectomy
and commented that a higher preoperative NLR (>1.76)
predicted poorer CSS and overall survival (OS). Viers et al.
[12] evaluated that in patients with urothelial bladder cancer
undergoing radical cystectomy, higher preoperative NLR
(>27) was associated with greater extravesical disease, LNI,
higher recurrence rates and poorer CSS and OS.

Given the relative predictive value of NLR in other
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malignancies, its value in TC remains poorly understood,
which maybe contributed by its rarity in prevalence. A
PubMed search reviewed limited literature. Bolat et al.
[14] presented the first discussion and concluded that
preoperative NLR is not useful in predicting survival rates
of patients with GCTs. However, his study was limited
by the small sample size (53 patients), poor ROC value
(055) of the NLR cutoff and the lack of discussion on the
relationship between NLR and pathological outcomes.
Jankovich et al. [15], in his review of 103 patients, commented
a higher prevalence of non-metastatic disease in patients
with NLR <4. A NLR cutoff of 4 was arbitrarily determined
to stay consistent to Templeton et al’s meta-analysis [21],
but this may not represent the optimal cutoff specific to
TC. Also, the analyses were univariate, which may not have
taken into consideration other pathologic features such as
tumour markers, T staging and tumour size which would
have affected the metastatic potential.

Our analysis expands on the previous studies in a larger
cohort of patients, with an extended follow-up time and
more detailed clinicopathological features to evaluate the
association between NLR and TC. We have demonstrated
that a higher preoperative NLR (>3.0) predicts LNI and

Table 5. Factors affecting cancer specific survival

Univariate  Multivariate HR (95% Cl)
Size (>4 cm) 0.851 0.758
Histology 0.017 0.263
AJCC staging <0.01 <0.01 12.37 (4.83-19.24)
NLR <0.01 0.042 5.11(1.68-11.42)

HR, hazard ratio; Cl, confidence interval; AJCC, American Joint Commit-
tee on Cancer; NLR, neutrophil-to-lymphocyte ratio.
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NLR=>3.0 34 25 12 4

NLR in testicular cancer

metastatic disease, which hence represent an advanced
cancer staging in both seminomatous and NSGCT. There
was no evident association between NLR and T staging,
and this may reflect the utility of NLR in more advanced
disease with metastatic deposits, which is more likely to
evoke a systemic response as compared to localized disease.

When considering the association between NLR and
survival outcomes, we have demonstrated that NLR mirror-
ed the pathological stage in determining CSS. Patients with
NLR <30 have a 5-year CSS close to 100%, but drops to
~92% and 76% in seminomatous and NSGCTs respectively
with NLR >30. As such, NLR could be a useful adjunct
in disease prognostication when cancer staging cannot
be accurately determined. For instance, in patients with
indeterminate LNI or distant metastasis, barring from a
histological confirmation with biopsy, concomitant elevated
NLR may support a more aggressive treatment. In these
otherwise healthy age group patients, clinicians may opt
to err on cautious and discuss adjuvant chemotherapy or
closer surveillance. While there was no observed association
between NLR and recurrence rates, this may be in part
attributed to the small recurrence rate and the effects of
adjuvant chemotherapy on the blood counts.

We recognize that the study is limited by its retro-
spective and non-randomized nature. However, prospective
study may be limited for the rarity of TC. While the
prognosis for TC remains favourable compared to other
cancers, it is paramount to appreciate that TC occurs in an
otherwise healthy age groups with minimal comorbidities,
and our study attempts to streamline additional biomarkers
that can complement the TNM staging and tumour markers
in prognosticating TC, through identifying a selected

B
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0.8 1
< 0.6 1
2
c
S
9N 04 -
0.2 1
NLR<3.0
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Fig. 3. (A) Neutrophil-to-lymphocyte ratio (NLR) and cancer specific survival (CSS) in seminoma. (B) NLR and CSS in non-seminomatous germ cell

tumour (NSGCT). HR, hazard ratio; Cl, confidence interval.
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group of patients with more aggressive tumour biology, as
reflected by the NLR. This group of patients may warrant
a closer surveillance or consideration of short course
adjuvant chemotherapy when distant metastasis remains
indeterminate. Our study population is the largest till date
in literature with a longer follow-up period. Finally, we
recognize that our results are derived from a single, tertiary
institution and further external validation will be required.

CONCLUSIONS

In summary, we recognized that elevated preoperative
NLR is independently associated with worse clinicopathologic
features, higher cancer staging, high recurrence rate and
poorer 5-year CSS. These results suggest that NLR could
possibly be a reliable adjunct marker to complement the
current TNM staging in patient risk stratification and
predicting survival outcomes for patients with TC.
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