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Pre-treatment lymphocytopaenia is an adverse
prognostic biomarker in muscle-invasive
and advanced bladder cancer†
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Background: Pre-treatment lymphocytopaenia may result from cytokines secreted by the tumour microenvironment in
association with aggressive tumour biology. We sought to establish the prognostic significance of lymphocytopaenia in
muscle-invasive and advanced bladder cancer.
Patients and methods: Seventy-four patients with muscle-invasive bladder cancer treated with radical chemora-
diotherapy and 131 patients with advanced bladder cancer treated with palliative chemotherapy were included in the
study. The absolute lymphocyte count on the first day of treatment was recorded. Invasive local or systemic recurrence in
the muscle-invasive bladder cancer cohort and all-cause mortality in the advanced bladder cancer cohort were defined
as survival end points. Receiver operating characteristic (ROC) curve analysis was utilized to determine the cut-off for de-
fining lymphocytopaenia in the muscle-invasive bladder cancer cohort followed by multivariable analysis in a model evalu-
ating the following variables: anaemia, neutrophilia, tumour stage, hydronephrosis and neoadjuvant chemotherapy.
Subsequently, lymphocytopaenia was assessed in a multivariable model of the advanced bladder cancer cohort analys-
ing the following prognostic variables: neutrophilia, anaemia, performance status and presence of bone or visceral metas-
tases. A further analysis was carried out evaluating absolute lymphocyte count as a continuous variable.
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Results: An absolute lymphocyte count of 1.5 × 109/l was determined as the cut-off on ROC curve analysis in the
muscle-invasive bladder cancer cohort, and multivariate analysis revealed that only lymphocytopaenia was predictive for
inferior outcome in this cohort. In the advanced bladder cancer cohort, lymphocytopaenia [hazard ratio (HR) 1.6, 95%
confidence interval (CI) 1.1–2.4; P = 0.02] and performance status (HR 1.7, 95% CI 1.0–2.7; P = 0.047) were adverse
prognostic factors in the binary variable multivariate model. Absolute lymphocyte count was the sole significant factor
when analysed as a continuous variable (HR 0.66, 95% CI 0.5–0.87; P = 0.003).
Conclusion: Pre-treatment lymphocytopaenia is an independent adverse prognostic factor in both muscle-invasive and
advanced bladder cancer. It may be a manifestation of cancer-induced immune suppression driving tumour progression.
Key words: lymphocytopaenia, prognosis, biomarker, bladder cancer, immune suppression, hypoxia

introduction
Up to 25% of all bladder cancer cases present with muscle-
invasion, unresectable nodes or systemic metastases. Muscle-
invasive bladder cancer has a poor prognosis with 5-year overall
survival rates of only 40%–50% [1]. Advanced bladder cancer,
defined as the presence of unresectable lymph node disease or
metastatic visceral or bone deposits, is incurable and the median
overall survival duration is around 14–16 months with palliative
chemotherapy [2].
For muscle-invasive bladder cancer, European guidelines rec-

ommend radical cystectomy with pelvic lymphadenectomy as
the primary treatment of choice [3]. However, recent evidence
suggests that a bladder preserving strategy with trans-urethral
resection of bladder tumour followed by radical radiotherapy
with a radiosensitizer offers an alternative that is in clinical equi-
poise with radical cystectomy [1, 4–7]. In the UK, the National
Institute of Health and Care Excellence guidelines on bladder
cancer recommend a choice of either radical cystectomy or
radiotherapy with a radiosensitizer to patients with muscle-
invasive urothelial bladder [8], and this is now a standard practice.
Tumour stage, completeness of trans-urethral resection of

tumour and lymphovascular invasion are prognostic factors in
muscle-invasive bladder cancer [1]. In advanced bladder cancer,
poor performance status, low haemoglobin level and the pres-
ence of systemic metastases (visceral or bone) are associated
with an inferior outcome [2].
Pre-treatment lymphocytopaenia has been identified as a prog-

nostic factor in several solid tumours, in particular metastatic
breast, renal and colorectal cancer, although it has not been vali-
dated sufficiently to be of value in routine clinical practice [9].
Lymphocytopaenia may represent a state of cancer-induced
immune incompetence which may limit tumour control following
treatment with radiotherapy and chemotherapy [10, 11]. We chose
a cohort of muscle-invasive urothelial bladder cancer patients
treated with radical chemoradiotherapy as part of a bladder preser-
vation strategy and a separate cohort of advanced urothelial
bladder cancer patients treated with palliative chemotherapy to test
the prognostic significance of pre-treatment lymphocytopaenia.

methods
The study was retrospective and included two cohorts of patients.

muscle-invasive bladder cancer cohort
This cohort comprised 74 muscle-invasive bladder cancer patients treated with
radical chemoradiotherapy at a single comprehensive cancer centre in the UK.

These patients either opted for bladder preservation following a discussion with
a urological surgeon and a clinical oncologist or were referred for radical
chemoradiotherapy as they were deemed unsuitable for radical cystectomy.

All patients underwent trans-urethral resection of bladder tumour and
received radical radiotherapy to a dose of 52.5 Gy with concomitant weekly

gemcitabine at a dose of 100 mg/m2. Absolute lymphocyte count on the first
day of treatment was obtained. Invasive local recurrence or systemic recur-
rence was defined as the survival end point. The median follow-up duration
was 17 months (range 1–47 months).

advanced bladder cancer cohort
A total of 131 advanced urothelial bladder cancer patients treated with first-
line palliative chemotherapy at our institution from 2009 to 2014 were
included in this cohort. Gemcitabine with either cisplatin or carboplatin was
the most commonly used chemotherapy schedule, whereas patients with
prior exposure to this regime received accelerated MVAC (methotrexate, vin-
blastine, doxorubicin and cisplatin), docetaxel or paclitaxel with carboplatin.
The median follow-up was 11 months (range 0.4–63 months).

Absolute lymphocyte count on the first day of chemotherapy was
recorded with death defined as the survival end point. Overall survival was
defined as time from the first day of the first cycle of palliative chemotherapy
to death, with survivors censored at the time of last clinic review.

analysis. The statistical package R version 3.2.0 was used to analyse the
data. A ROC curve was used to calculate the optimal cut-off to define
lymphocytopaenia in the muscle-invasive bladder cancer cohort. Survival
analyses were carried out using the Kaplan–Meier method and the data were
compared using the Mantel–Cox log-rank test. Hazard ratios and 95%
confidence intervals (CI) were obtained using Cox regression analysis. The
prognostic factors used within the model in the muscle-invasive cohort were
haemoglobin <120 g/l, neoadjuvant chemotherapy, absolute neutrophil
count >7.5 × 109/l, tumour stage and presence of hydronephrosis.

The prognostic factors included in the analysis of the advanced bladder
cancer cohort were absolute lymphocyte count, absolute neutrophil count
>7.5 × 109/l, haemoglobin <120 g/l, performance status and presence of sys-
temic visceral or bone metastases. Due to the larger number of events in this
cohort, a second analysis evaluated the impact of absolute lymphocyte
count, absolute neutrophil count and haemoglobin as continuous variables.

results

muscle-invasive bladder cancer
The baseline characteristics of the muscle-invasive cohort are
listed in Table 1. There was no significant difference in the dis-
tribution of prognostic factors between the lymphocytopaenic
and the non-lymphocytopaenic groups (Table 1). Disease-free
survival in the whole population was 77% with 17/74 patients
developing invasive local recurrence or metastatic disease. The
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median absolute lymphocyte count was significantly lower in
patients with disease recurrence (1.4 × 109/l, 95% CI 1.2–2.0)
than in those without recurrence (1.8 × 109/l, 95% CI 1.7–2.0;
P = 0.02). ROC curve analysis determined an absolute lympho-
cyte count of 1.45 × 109/l to be the optimal cut-off (area under
the curve = 0.67). Since the lower limit of normal range was
1.5 × 109/l, it was selected as the cut-off value to define lympho-
cytopaenia. Table 2 lists the effect of the clinicopathological
prognostic variables in both univariate and multivariate ana-
lyses. Figure 1 illustrates the survival curves for lymphocytopae-
nia as a prognostic factor in this cohort. On univariate analysis,
lymphocytopaenia, neutrophilia and anaemia were significant
adverse prognostic factors. However, in the multivariate model,

only lymphocytopaenia was associated with inferior disease-free
survival.

advanced bladder cancer
The baseline characteristics of the advanced bladder cohort are
listed in Table 3. While using the cut-off derived from the
muscle-invasive bladder cancer cohort, the proportion of
patients with pre-treatment lymphocytopaenia was significantly
higher in this cohort. (77/131 versus 22/74; z test for propor-
tions, P = 0.00006). Kaplan–Meier survival analysis (Figure 2)
showed a significantly worse outcome for the low absolute
lymphocyte count group (HR 1.9, 95% CI 1.3–2.8; log-rank test
P = 0.0005). The median overall survival was 7.5 months (range

Table 1. Baseline characteristics of the muscle-invasive bladder cancer cohort

Prognostic factor Overall Absolute lymphocyte count

<1.5 × 109/l
N = 22

Absolute lymphocyte count

≥1.5 × 109/l
N = 52

P value*

Age, median (range) 71 years (51–86) 71 years (54–82) 72 years (51–86) 0.99
Gender (male/female) 60/14 (81%/19%) 19/3 (86%/14%) 41/11 (79%/21%) 0.67
Tumour stage
T2 56 (76%) 17 (77%) 39 (75%) 0.91
T3 15 (20%) 4 (18%) 11 (21%)
T4 3 (4%) 1 (5%) 2 (4%)

Haemoglobin level, median (range) 133 g/l (88–180) 132 g/l (88–180) 136 g/l (96–176) 0.34
Absolute lymphocyte count, median (range) 1.7 × 109/l (0.4–4.4) 1.3 × 109/l (0.4–1.4) 2 × 109/l (1.5–4.4) –

Absolute neutrophil count, median (range) 4.55 × 109/l (1.8–23.2) 4.3 × 109/l (2.5–23.2) 4.65 × 109/l (1.8–8.9) 0.2
Neoadjuvant chemotherapy 37 (50%) 8 (36%) 29 (56%) 0.2
Presence of hydronephrosis 14 (19%) 4 (18%) 10 (19%) 1

*For continuous variables, the Wilcoxon’s rank sum test was used whereas for categorical variables, the χ2/Fisher’s exact test was used.

Table 2. Effect of prognostic factors on disease-free survival in the muscle-invasive bladder cancer cohort

Univariate HR (95% CI) Univariate P value Multivariate HR (95% CI) Multivariate P value

Absolute lymphocyte count
≥1.5 × 109/l 1 0.0028 1 0.003
<1.5 × 109/l 3.9 (1.5–10.4) 3.9 (1.4–10.6)

Haemoglobin level
≥120 g/l 1 0.012 – 0.32
<120 g/l 4 (1.2–12.7) –

Tumour stage
T2 – 0.331 – 0.99
T3 and T4 – –

Absolute neutrophil count
≤7.5 × 109/l 1 0.03 – 0.52
>7.5 × 109/l 3.8 (1.0–13.7) –

Neoadjuvant chemotherapy
Yes – 0.337 – 0.39
No – –

Presence of hydronephrosis
Yes – 0.068 – 0.35
No – –

The statistically significant factors (on multi-variate analysis) have had their p values were denoted in bold.
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0.4–39 months) in the lymphocytopaenic group and 13 months
(range 2.8–63 months) in the non-lymphoctyopaenic group.
The lymphocytopaenic group had significantly higher neutro-
phil counts, lower haemoglobin values and worse performance
status (Table 3). However, on multivariate analysis in a continu-
ous variable model, only the absolute lymphocyte count retained
significance as a prognostic factor, whereas in the dichotomized
model, pre-treatment lymphocytopaenia and performance status
were significant factors (Tables 4 and 5).

discussion
This is the first study to show that lymphocytopaenia is an inde-
pendent prognostic factor in both muscle-invasive bladder

cancer patients treated with radical chemoradiotherapy and
advanced bladder cancer patients treated with palliative chemo-
therapy. In addition, the study showed that absolute lymphocyte
count was significant as a continuous variable in the advanced
bladder cancer cohort, demonstrating that the magnitude of
lymphocytopaenia correlates with inferior outcome. A related
biomarker, the neutrophil–lymphocyte ratio has been studied in
many tumours including bladder cancer, with a high ratio being
associated with an inferior outcome [12–14]. In our study, neu-
trophilia was prognostic on univariate analysis but not in the
multivariable models of both cohorts, suggesting that the prog-
nostic value of a high neutrophil–lymphocyte ratio may actually
be driven by lymphocytopaenia rather than neutrophilia in our
groups of patients. In addition, there has been no consistency in
the cut-off for the neutrophil–lymphocyte ratio with values
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Figure 1. Disease-free survival of the muscle-invasive bladder cancer
cohort.

Table 3. Baseline characteristics of the advanced bladder cancer cohort

Prognostic factor Overall Absolute lymphocyte count
<1.5 × 109/l
N = 77

Absolute lymphocyte count
≥1.5 × 109/l
N = 54

P value*

Age, median (range) 68 years (42–82) 68 years (42–82) 68 years (45–78) 0.33
Gender (male/female) 104/27 (79%/21%) 59/18 (77%/23%) 45/9 (83%/17%) 0.474
Site of metastatic disease
Regional nodal disease 32 (24%) 21 (27%) 11 (20%) 0.639
Non-regional nodal disease 24 (18%) 13 (17%) 11 (20%)
Systemic metastases (bone and/or visceral) 75 (58%) 43 (56%) 32 (60%)

Haemoglobin level, median (range) 118 g/l (81–159) 111 g/l (81–158) 126 g/l (81–159) 0.00007
Absolute lymphocyte count, median (range) 1.3 × 109/l (0.4–4.1) 1.0 × 109/l (0.4–1.4) 1.9 × 109/l (1.5–4.1) –

Absolute neutrophil count, median (range) 6.6 × 109/l (2.4–18.4) 6.8 × 109/l (2.4–18.4) 6.2 × 109/l (2.8–14.7) 0.048
Eastern Cooperative oncology group (ECOG) performance status
0 43 (33%) 22 (29%) 25 (46%) 0.007
1 60 (46%) 37 (42%) 23 (43%)
≥2 28 (21%) 22 (29%) 6 (11%)

The statistically significant factors (on multi-variate analysis) have had their p values were denoted in bold.
*For continuous variables, the Wilcoxon’s rank sum test was used whereas for categorical variables, the χ2/Fisher’s exact test was used.
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Figure 2. Overall survival of the advanced bladder cancer cohort.
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ranging from 2 to 5 being used in the reported studies, making
it less reliable as a valid prognostic factor [12].
A single study on inflammatory markers in a cohort of

patients with both superficial and muscle-invasive bladder
cancer who underwent radical cystectomy revealed an absolute
lymphocyte count <1.0 × 109 as an independent prognostic
marker together with low albumin, high platelet count and
tumour stage [15]. This is yet to be validated in an independent
cohort. Neutrophilia and high C-reactive protein were not sig-
nificant in the model, suggesting a reduced role for inflamma-
tion. It may be, however, that lymphocytopaenia is a
manifestation of cancer-induced immune suppression.
The causes of tumour-induced lymphocytopaenia remain to

be fully elucidated, but are believed to be the result of impaired
lymphocyte homeostasis and enhanced lymphocyte apoptosis.
Increased secretion of transforming growth factor (TGF)-β by
the tumour and its microenvironment impairs the activation of
effector cytotoxic and helper lymphocytes while promoting the
recruitment of suppressive regulatory T cells [16]. Tumour cells
also express higher levels of pro-apoptotic molecules such as Fas
ligand and programmed death-1 ligand-1 (PD-L1) resulting in
increased destruction of cytotoxic lymphocytes via activation of
the extrinsic pathway of apoptosis [17]. Since many of the path-
ways that lead to tumour immune escape may also facilitate
lymphocytopaenia, it may be a surrogate marker of tumour-
associated immune suppression.

Tumour necrosis, a histopathological end point in hypoxia, was
shown to be a prognostic and predictive biomarker in the BCON
trial, which tested the addition of carbogen and nicotinamide in
muscle-invasive bladder cancer patients referred for radical radio-
therapy either as part of a bladder preservation approach or if con-
sidered unsuitable for radical surgery [18]. The expression of
hypoxia-associated proteins such as hypoxia-inducible factor
(HIF)-1α is also associated with a poor prognosis [19]. Studies are
needed to increase our understanding of the effect of tumour
hypoxia on the immune system [20]. Some studies have shown
that expression of HIF-1α as well as production of TGF-β in re-
sponse to hypoxia results in an increase in regulatory T cells in the
tumour microenvironment leading to a state of immunosuppres-
sion [20–22]. The significant association between anaemia and
lymphocytopaenia in our study raises the possibility of a causal
nexus between tumour hypoxia and suppressed anti-tumour im-
munity leading to a more aggressive disease phenotype.
If cancer-induced immune suppression is a driver of tumour

progression, therapeutic modalities directed towards restoring
anti-tumour immunity have the potential to improve outcome.
It is of note that one of the earliest success stories in anti-
tumour immunotherapy was in superficial bladder cancer with
the serendipitous discovery that intravesical Bacillus Calmette–
Guérin prevents disease relapse and progression [23]. More re-
cently, PD-L1 was identified as a potential prognostic biomarker,
and a phase I trial of an anti-PD-L1 antibody in advanced

Table 5. Prognostic factors in the advanced bladder cancer cohort analysed in a dichotomized variable model

Univariate HR (95% CI) Univariate P value Multivariate HR (95% CI) Multivariate P value

Absolute lymphocyte count
≥1.5 × 109/l 1 0.0005 1 0.02
<1.5 × 109/l 1.9 (1.3–2.8) 1.6 (1.1–2.4)

Haemoglobin level
≥120 g/l 1 0.004 – 0.07
<120 g/l 1.7 (1.2–2.5)
Absolute neutrophil count
≤7.5 × 109/l 1 0.004 – 0.18
>7.5 × 109/l 1.7 (1.2–2.6)
Performance status
0 or 1 1 0.01 1 0.047
≥2 1.9 (1.3–3) 1.7 (1.0–2.7)

Presence of systemic metastases (bone and/or visceral) – 0.07 – 0.09

The statistically significant factors (on multi-variate analysis) have had their p values were denoted in bold.

Table 4. Prognostic factors in the advanced bladder cancer cohort analysed in the continuous variable model

Univariate HR

(95% CI)

Univariate

P value

Multivariate HR

(95% CI)

Multivariate

P value

Absolute lymphocyte count 0.58 (0.44–0.77) 0.0002 0.66 (0.5–0.87) 0.003
Haemoglobin level 0.98 (0.97–0.99) 0.02 – 0.055
Absolute neutrophil count 1.1 (1.0–1.2) 0.0005 – 0.077
Performance status 1.4 (1.1–1.8) 0.007 – 0.08
Presence of systemic metastases (bone and/or visceral) – 0.08 – 0.13

The statistically significant factors (on multi-variate analysis) have had their p values were denoted in bold.
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bladder cancer has shown promising efficacy [24]. Restoring
lymphocyte homeostasis could lead to activation of effector
cytotoxic and helper T cells resulting in a more potent anti-
tumour immune response [25]. Moreover, pre-treatment lym-
phocytopaenia has the potential to be a predictive biomarker to
select patients suitable for therapeutic strategies directed at re-
storing anti-tumour immunity in bladder cancer.
Apart from the limitations inherent in a small study of this

nature, post-treatment absolute lymphocyte count could not be
assessed as the data were not available for all patients. It would
have been interesting to note whether lymphocytopaenia was
restored to normality following completion of therapy in the
muscle-invasive bladder cancer cohort and whether the post-
radical chemoradiotherapy absolute lymphocyte count corre-
lated with outcome.
To validate the findings reported here, pre-treatment lympho-

cytopaenia needs to be tested in an independent cohort of
muscle-invasive bladder cancer patients treated with a bladder
preservation approach, as well as in a cohort of patients under-
going radical cystectomy. However, we showed that lymphocy-
topaenia was an independent adverse prognostic factor in two
cohorts of patients treated with different approaches and clinical
intent. In addition, the increased prevalence of lymphocytopae-
nia in advanced compared with muscle-invasive bladder cancer
further enhances its clinical relevance.

conclusion
Pre-treatment lymphocytopaenia is a simple and independent
adverse prognostic factor in muscle-invasive and advanced
bladder cancer. It may be a manifestation of cancer-induced
immune suppression driving tumour progression. Therapeutic
agents restoring normal lymphocyte homeostasis may hold con-
siderable promise in bladder cancer.
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