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Abstract

The neutrophil-to-lymphocyte ratio (NLR), a measure of systemic inflammation, has been reported to be a
predictive parameter of patient prognosis. We speculated that the NLR is decreased in renal cell carcinoma (RCC)
patients in whom interleukin (IL)-2 is effective. In this study, we retrospectively examined the usefulness of the NLR
as a prognostic factor using three cases of RCC treated with long-term IL-2. In all three cases, the NLR remained
less than 2.7 during IL-2 treatment, suggesting its effectiveness as a marker. During interferon-α or molecular
targeted drug therapy, the NLR was unstable, regardless of treatment effectiveness, but a sudden rise in the NLR
tended to suggest massive radiographic progression and worse prognosis. The results suggested that the NLR
might serve as a useful marker for therapies when determining prognosis.
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Introduction

In the 1990s, interferon alpha (IFN-α) and interleukin 2 (IL-2) were
approved for the treatment of renal cell carcinoma (RCC). Moreover,
in the 2000s, the introduction of molecular targeted drugs greatly
improved prognosis in RCC patients [1]. Molecular targeted drugs are
now commonly used for patient therapies instead of cytokines.
Sorafenib, sunitinib, everolimus, temsirolimus, and pazopanib are now
available in most countries and used without initial cytokine therapy.
Although sequential therapy with molecular targeted drugs has
attracted attention, no clear parameter exists to judge its effectiveness.
By contrast, the effectiveness of immunotherapy, which sets the
transverse axis of the T cell, can be evaluated by the appearance of
circulating anti programmed death 1 (PD-1) antibodies [2].

The neutrophil-to-lymphocyte ratio (NLR), a measure of systemic
inflammation, has been reported as a predictive parameter of patient
prognosis in various cancers, including RCC [3]. Although RCC is
considered an immunogenic cancer, immunotherapy is not always
effective. We speculated that the NLR is decreased in RCC patients in
whom IL-2 is effective. In this study, we retrospectively examined the
usefulness of the NLR as a prognostic factor in three cases of
metastatic RCC (mRCC) treated with long-term IL-2.

Patients and Methods

We reviewed three patients with RCC who were administered IL-2
for over 3 years in our institution. All patients underwent total

nephrectomy and subsequent regular radiographic follow up. Adjuvant
therapy was started when imaging showed recurrence. The patients
were administered IL-2 for 42, 38, and 92 months, respectively. IFN-α
was administered in all cases prior to IL-2 treatment, and the patients
were switched to molecular targeted drugs after IL-2 administration.
Each patient continued cancer treatment for more than 3 years after
starting IL-2. Disease progression was evaluated by radiographic
assessment according to the response evaluation criteria in solid
tumors (RECIST) criteria, and the NLR was calculated by blood figure
analysis of peripheral blood during treatment. The examination of the
relationship between the NLR transition and disease progression was
compared. This research was performed under approval of the
institutional review board of Anjo Kosei Hospital.

Results

The characteristics of all three patients are shown in Table 1. All
patients were men. They underwent nephrectomy, and the pathological
results indicated clear cell carcinoma.

Case 3 presented with no metastatic lesions. The details of the
treatments, radiographic changes, and shift of the NLR in each case are
shown in Figures 1-3.

In case 1, IFN-α was administered for 14 months and metastatic
lesions decreased. Since drug-induced hepatitis occurred, IFN-α was
discontinued and the patient underwent nephrectomy. Though IL-2
administration was started after nephrectomy, abdominal wall
metastasis and local recurrence were seen on computed tomography.
The IL-2 dose was increased, and both the abdominal wall metastasis
and local recurrence decreased in size. Thirty months after starting
IL-2, lung metastasis was observed, but the abdominal wall metastasis
and local recurrence were still diminished. Three months later, the
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abdominal wall metastasis had enlarged slightly, although the lung
metastasis had not increased in size. After 42 months of IL-2
treatment, the patient was switched to sorafenib. After 8 months, the
abdominal wall and lung metastases had increased, and the patient was
switched to sunitinib. After 12 months on sunitinib, the abdominal
wall and lung metastases had increased and peritoneal metastasis was
seen, and the patient died.

Figure 1: During treatment, the neutrophil-to-lymphocyte ratio
(NLR) remained less than 2.7. Interleukin-2 (IL-2) treatment was
started after nephrectomy; Abdominal wall metastasis and local
recurrence were seen on computed tomography; The IL-2 dose was
increased, and the abdominal wall metastasis and local recurrence
decreased in size; Thirty-three months after starting IL-2, the
abdominal wall metastasis had slowly increased; IFN: interferon.

Case No. 1 2 3

Age at diagnosis 60 58 51

Sex Male Male Male

Past Medical History
hypertension

diabetes

horseshoe kidney
chronic thyroiditis
diabetes

-

TNM pT1bN2M1 pT2N1M1 pT3aN0M0

Metastatic Sites lung
retroperitoneum lung adrenal gland -

Histological Diagnosis Clear cell
carcinoma Clear cell carcinoma Clear  cell

carcinoma

Operation Nephrectomy
Nephrectomy
Transection  of  the
isthmus

Nephrectomy

Table1: Baseline patient characteristics.

Figure 2: Unilateral nephrectomy and transection of the isthmus
were conducted, and interferon (IFN)-α was administered after
nephrectomy; After 15 months of IFN-α, we conducted right
adrenalectomy and left partial adrenalectomy because of gradual
growth, even with IFN-α administration; After 37 months of IFN-α,
the patient relapsed in the right lung and underwent partial
resection of the right upper lobe; After 38 months of IFN-α, the
patient relapsed at another site in the right lung and was switch to
interleukin (IL)-2 treatment; After 13 months of IL-2, sorafenib was
combined with IL-2; After 25 months of sorafenib, liver metastasis
appeared and the patient was switched to everolimus; NLR:
neutrophil-to-lymphocyte ratio.

Figure 3: The patient underwent nephrectomy and was
administered interferon (IFN)-α as adjuvant therapy for 28 months;
Lung metastasis appeared and IFN-α treatment was restarted for 19
months; After 57 months of interleukin (IL)-2, skull metastasis
appeared, and we conducted radiation therapy; Multiple lymph
node metastases, lung metastasis, and skull metastasis increased
gradually; After 109 months of starting IL-2, the patient was
switched to sorafenib; NLR: neutrophil-to-lymphocyte ratio.
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In case 2, the patient had horseshoe kidney. Unilateral nephrectomy
and transection of the isthmus were conducted, and IFN-α was
administered after nephrectomy. The lung metastasis decreased with
IFN-α treatment, but metastases in both adrenal glands increased.
After 15 months, we conducted right adrenalectomy and left partial
adrenalectomy because of gradual growth, even with IFN-α
administration. After 37 months of IFN-α treatment, the patient
relapsed in the right lung and underwent partial resection of the right
upper lobe. After 1 month, lung metastasis was observed in another
site in the right lung, and the patient was switched to IL-2. After 1
month of IL-2, radiation therapy was administered for lung metastasis.
After 13 months of IL-2, sorafenib was combined with IL-2 treatment.
After 25 months of sorafenib treatment, a liver metastasis appeared,
and IL-2 and sorafenib were discontinued and the patient was switched
to everolimus. The patient was switched to sunitinib after 1 month due
to renal dysfunction. After 5 months of sunitinib treatment, the patient
was switched to temsirolimus due to the appearance of brain
metastasis. One month after starting temsirolimus, it was stopped due
to renal dysfunction and worsening pain, and the patient died after 3
months.

In case 3, the patient underwent nephrectomy, and IFN-α was
administered after 28 months of nephrectomy. IFN-α was stopped
because of his wish after 18 months of treatment. Lung metastasis
appeared and the patient received IFN-α again for 19 months.
However, even after the second IFN-α administration, the lung
metastasis worsened, and he received IL-2 treatment.

After 57 months of IL-2 treatment, skull metastasis appeared, and
radiation therapy was administered to the skull lesion. Thereafter,
multiple lymph node metastases, lung metastasis, and skull metastasis
increased gradually. After 109 months of IL-2, the patient was switched
to sorafenib. After 6 months of sorafenib, the multiple metastases
increased in size and the patient was switched to temsirolimus. After
14 months of temsirolimus treatment, the patient was switched to
axitinib. After 3 months of axitinib treatment, the patient died.

All of the patients were switched to molecular targeted drugs (2-4
different drugs before death), and each continued cancer treatment for
more than 3 years after the start of IL-2 treatment. IL-2 was continued
for more than 50 months, and one patient received IL-2 for 109
months. Furthermore, molecular targeted drugs were continued for
more than 1 year after IL-2 termination in all cases. The NLR remained
less than 2.7 during IL-2 treatment in all cases.

Discussion
Our study has demonstrated that the NLR could be a useful marker

for therapeutic response when determining prognosis in patients with
RCC; however, we examined only three cases.

Inflammation can affect every aspect of tumor development and
progression, as well as the response to therapy [4]. Various biomarkers
of inflammation, such as C-reactive protein (CRP) kinetics [5], CRP/
albumin ratio [6], platelet count [7], and the NLR have been reported
as significant prognostic factors of RCC.Since these biomarkers are
easily obtained from the patient’s peripheral blood and are noninvasive
and low cost, they are useful in terms of being less of a burden on
patients. In 2001, Zahorec first reported that the NLR is a parameter
that indicates the inflammation and stress of the entire body under
critical conditions, and it can be assessed quickly and easily [8]. Since
then, it has been widely shown that an increase in the NLR prior to
medical treatment signifies a poor prognosis for various cancers, such

as colorectal cancer, gastric cancer, and ovarian cancer [9-11]. Ohno et
al. reported in 2010 that the non-recurrence probability of survival
from RCC was high in cases where the NLR was less than 2.7 before
treatment, and that the NLR was an independent prognostic factor
[12]. They also found that multivariate analysis revealed the NLR and
T stage as significant predictors in RCC patients [12]. Unfortunately,
there have been no further studies concerning the NLR in RCC.
Although we only examined three cases, this study supports their
consensus.

Naito et al. reported that IL-2-centered immunotherapy brought
favorable treatment results in Japanese patients with mRCC [13].
There was no mention of the NLR in their report, but we speculate that
the standard immunotherapy treatment in Japan maintains the NLR at
a low level, extending patient survival.

Conclusion
Our results suggest that the NLR might serve as a useful marker for

therapies in determining the prognosis of patients with RCC. Further
studies, including a prospective study in Japan and comparison with
large-scale databases, are necessary. In conclusion, the NLR is easily
assessed clinically and is a cost-effective biomarker in RCC and
potentially other malignancies.
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