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ABSTRACT

Purpose Inthe present study, we determined the association of pretreatment circulating neutrophils, monocytes,
and lymphocytes with clinical outcomes after lung stereotactic body radiotherapy (SBRT).

Methods All patients with primary lung cancer and with a complete blood count within 3 months of lung SBrrT
from 2005 to 2012 were included. Overall survival (os) was calculated using the Kaplan-Meier method. Factors
associated with os were investigated using univariable and multivariable Cox proportional hazards regression.
Fine-Gray competing risk regression was performed to test the association of the neutrophil:lymphocyte (NLR) and
monocyte:lymphocyte (MLR) ratios with two types of failure: disease-related failure and death, and death unrelated
to disease.

Results Of the 299 sBrr patients identified, 122 were eligible for analysis. The median and range of the NLr and
MLR were 3.0 (0.3-22.0) and 0.4 (0.1-1.9) respectively. On multivariable analysis, sex (p = 0.02), T stage (p = 0.04), and
NLR (p <0.01) were associated with os. On multivariable analysis, T stage (p <0.01) and MLR (p < 0.01) were associated
with disease-related failure; MLR (p = 0.03), NLR (p < 0.01), and sBRT dose of 48 Gy in 4 fractions (p = 0.03) and 54 Gy
or 60 Gy in 3 fractions (p = 0.02) were associated with disease-unrelated death. Median survival was 4.3 years in the
NLR<3 group (95% confidence interval: 3.5 tonotreached) and 2.5 years in the NLR>3 group (95% confidence interval:

1.7t0 4.8; p<0.01).

Curr Oncol. 2016 Aug;23(4):e362-e368

Conclusions Inlungserr patients, NLR and MLR are independently associated with os and disease-unrelated death.
If validated, NLR and MLR could help to identify patients who would benefit most from SBRT.
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INTRODUCTION

Stereotactic body radiotherapy (sBrT)—also called ste-
reotactic ablative radiotherapy (saBrR)—has become the
standard of care for patients diagnosed with early-stage
non-small-cell lung carcinoma (NscLc) who are medically
inoperable or who refuse surgery'. Stereotactic body
radiotherapy also has been explored in patients who
are operable?. The technique can be used in patients of
advanced age and with significant medical comorbidi-
ties, demonstrating good clinical outcomes and minimal

toxicity®. As sBRT becomes readily available, selecting
patients who will benefit from treatment in the setting
of advanced medical comorbidities is an increasing
clinical challenge*.

Given the advanced age of and prevalence of comor-
bidities in patients who commonly receive sBRT for NscLc,
clinical selection metrics that are minimally invasive
and readily available are most appropriate. Increasing
evidence suggests that circulating levels of neutrophils,
monocytes, and lymphocytes are associated with variable
tumour control and survival in tumour sites, including
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head-and-neck cancer®, ovarian cancer5, colorectal cancer?,
and cervical cancer?. A recent meta-analysis of 13,964
patients participating in twenty-six studies demonstrated
that elevated platelet:lymphocyte ratio (pPLR) is a negative
predictor for overall survival (os) with a hazard ratio of
1.60 [95% confidence interval (c1): 1.35 to 1.90; p < 0.01)8.
High neutrophil:lymphocyte ratio (NLR) has also been
shown to have poor prognostic implications in patients
with chronic medical conditions such as coronary artery
disease® and end-stage renal disease!?. Utilizing prognostic
indicators obtained from a complete blood count (cBc) to
inform decision-making in patients with early-stage lung
cancer considering sBRT is attractive, given thatitisreadily
obtained, minimally invasive, and low cost.

The purpose of the present study was to determine
the association of pre-treatment circulating neutrophils,
monocytes, and lymphocytes with clinical outcomes after
lung sBRT in patients with early-stage NscLc.

METHODS

Patient Selection

Patients with clinical T1-2NOMO nscLc who had received
lung sBRT at our institution from January 2005 to January
2012 and who had cBcresults within the 3 months before the
start of sBrT were included®!!. Clinical and treatment data
were abstracted from a prospective database that contains
information on patient demographics, treatment, toxicities,
patterns of recurrence, and cause of death. Patients with
multiple courses of radiotherapy, metastatic lung tumours,
or multiple synchronous primaries were excluded. The study
was conducted with research ethics board approval.

In most cases, computed tomography (ct) imaging of
the thorax, combined positron-emission tomography and
cr imaging, and brain magnetic resonance imaging or cT
imaging were used for pre-sBRT staging. The pathologic
diagnosis was obtained where possible. Patients were
treated according to the institutional SBRT protocol, mostly
with 1 of 3 dose regimens: 48 Gy in 4 fractions (12 Gy per
fraction delivered every other day) for peripheral tumours
3 cm or less in size, 54 Gy or 60 Gy in 3 fractions (without
inhomogeneity correction; 18 Gy per fraction delivered
every other day) for peripheral tumours larger than 3 cm
insize, or 60 Gy in 8 fractions (7.5 Gy per fraction delivered
once daily) for central tumours®. Patient follow-up included
chest radiography 6 weeks after sBrt, followed by cT im-
aging of the thoraxat 3, 6, 12, 18, and 24 months, and then
annually thereafter.

Statistical Analyses

The os was calculated from date of radiation to date of death
(from any cause) or was censored at the last follow-up date.
The association of the NLR and the monocyte:lymphocyte
ratio (MLR) with os was investigated using univariable and
multivariable Cox proportional hazards regression. To

2 Glickman R, Chaudary N, Pintilie M, et al. Neutrophils modulate
response to radiation and chemotherapy in locally advanced
cervical cancer. Presented at: The Canadian Association of Ra-
diation Oncology 28th Annual Scientific Meeting; St. John’s, NL;
25-28 August 2014.

further investigate any effect of those ratios, a competing
risks analysis was carried out. The study considered two
types of failure: failure type 1 (disease-related failure, in-
cluding local, regional, or distant failure and death from
disease) and failure type 2 (disease-unrelated death with
no local, regional, or distant failure). Fine-Gray competing
riskregression was performed to test the associations of NLR
and MLR with the two types of failure. For the purposes of
the foregoing analyses, NLR, MLR, and PLR were treated as
continuous variables.

Before all multivariable analyses, a stepwise variable
selection procedure was performed, and variables at p<0.10
were included in the final multivariable analysis. The NLR
and MLR, as the variables of interest, were included in all
multivariable results regardless of statistical significance.
The log-rank and Gray tests were used to compare the
Kaplan—-Meier estimates of os and the cumulative incidence
functions of the two failure types, using the median NLR
(3.0) as the cut-off value.

RESULTS

Of the 299 sBrT patients identified, 122 patients who had a
cBc within the 3 months before sBrT were eligible for the
analysis. Of those 122 patients, 47 had their cBc within 1
month before and 75 had their csc 1-3 months before sBRT.
Median age in the group was 75 + 9 years, and 62 of the pa-
tients (51%) were women. In 52 patients (43%), histology was
adenocarcinoma;in23 (19%), itwas squamous cell carcino-
ma; in 19 (16%), it was NscLc; and in 28 (23%), no pathologic
diagnosis was made. The tumour in 91 patients (75%) was
clinical stage T1, and in 31 (25%), it was T2. The sBRT dose
in 28 patients (23%) was 54 Gy or 60 Gy in 3 fractions; in 72
(59%), itwas 48 Gyin 4 fractions; and in 22 (18%) it was 60 Gy
in 8 fractions. Based on the Radiation Therapy Oncology
Group 0236 definition, 9 tumours (7%) were central.

Median neutrophil count at baseline was 4.5x10%/L
(range: 1.0-12.0x10%/L). Median lymphocyte count was
2.0x10%/L (range: 0-12.0x10%/L), and median hemoglobin
was 132.4 g/L (range: 71.0-178.0 g/L; Figure 1). Median NLR
was 3.0 (range: 0.3-22.0), and median MLR was 0.4 (range:
0.1-1.9). Table 1 summarizes the demographic details of
the patients.

In this cohort, 9 local failures (4 biopsy-proven), 16
regional failures, and 23 distant failures occurred. Medi-
an follow-up duration was 26.9 months (range: 1.3-99.3
months) for all patients and 32.6 months (range: 12.2-99.3
months) for patients still alive at last follow-up. Median os
duration was 43.7 months (95% cr: 29.7 to 57.0 months).

On multivariable analysis, female sex (p = 0.02), NLR
(p<0.01), and T stage (p =0.04) were associated with better
os (Table 11). Median os was 4.3 years (95% cr1: 3.5 years to
notreached) in the group of patients with a NLR equal to or
below the median (<3, “low NLR”); it was 2.5 years (95% cI:
1.7 to 4.8 years) in the group with a NLR above the median
(>3, “high NLR”). The 3-year survival rate was 66.2% for the
low NLR group (95% cr1: 55.5% to 79.1%) and 41.2% for the
high NLR group (95% c1: 28.3% to 59.9%; p < 0.01; Figure 2).

On multivariable analysis, T stage (p < 0.01) and MLR
(p<0.01) were associated with disease-related failure, and
NLR (p < 0.01), MLR (p = 0.03), and sBRT doses of 48 Gy in 4
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Mean 7.6x2.5
TABLE I Patient demographics and characteristics Median 70
Variable Frequency Reli:fo 200740
Baseline hemoglobin (g/L)
Patients (n) 122 Mean 132.2+19.8
Age (years) Median 133.5
Mean 74.6+9.2 Range 71.0-178.0
Median 76 Baseline platelets (x10%/L)
Range 48-90 Mean 271.3+£93.5
Sex [n (%)] Median 265.0
Women 62 (50.8) Range 20.0-580.0
Men 60 (49.2 Platelet:lymphocyte ratio
HiStOlOgy [n (O/o)] Mean 184.8+99.7
Adenocarcinoma 52 (42.6) Median 158
Non-small-cell lung cancer 19 (15.6) Range 19.9-58.0
Squamous 23 (18.9) Baseline monocytes (x10%/L)
No pathologic diagnosis 28 (23.0) Mean 0.6=0.3
Tumour stage [n (%)] Median g
8
T 91 (74.6) Range ' 0.1-1.9
T 31 (25.4) Monocyte:lymphocyte ratio
Pulmonary function Mean 0.4:0.2
FEVA (1) Median 0.4
Range 0.1-1.9
Mean 1.5+0.6
Median 1.4 FEV = forced expiratory volume; DLCO = diffusing capacity of the lungs
Range 0.5-3.1 for carbon monoxide; ECOG = Eastern Cooperative Oncology Group;
PS = performance status.
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TABLE Il Cox proportional hazards regression for overall survival

Variable Univariable Multivariable?
HR 95% CL p Value HR 95% CL p Value

Age 1.00 0.97, 1.02 0.99
Female sex 0.49 0.30, 0.82 0.006 0.54 0.32, 0.91 0.02
Histology 0.07

Adenocarcinoma 0.50 0.27,0.96 0.04

Non-small-cell lung cancer 0.74 0.35, 1.57 0.43

No pathology 0.41 0.20, 0.88 0.02

Squamous — — —
Tumour stage T2 1.66 0.98, 2.83 0.06 1.75 1.01, 3.02 0.04
ECOG performance status 0.09

0 0.46 0.22,0.94 0.03

1 0.85 0.48, 1.50 0.57

2-3 — — —
Radiotherapy 0.13

48 Gy in 4 factions 0.85 0.41, 1.78 0.67

54 Gy in 3 factions or 60 Gy in 3 factions 1.47 0.69, 3.11 0.32

60 Gy in 8 factions — — —
Neutrophils 1.16 1.02, 1.31 0.02
Lymphocytes 0.93 0.72,1.20 0.58
Neutrophil:lymphocyte ratio 1.26 1.13, 1.41 <0.0001 1.22 1.08, 1.38 0.001
White blood cells 1.09 0.99, 1.20 0.09
Hemoglobin 0.98 0.97 1.00, 0.02 0.99 0.97, 1.00 0.06
Platelets® 1.00 1.00, 1.01 0.20
Platelet:lymphocyte ratio® 1.04 1.01, 1.07 0.004
Monocytes 1.67 0.68, 4.11 0.26
Monocyte:lymphocyte ratio 2.4 1.12,5.17 0.02
Baseline %FEV1 1.00 0.99, 1.01 0.70
Baseline %DLCO 1.00 0.99, 1.01 0.61

3 A stepwise variable selection was performed, and variables with p < 0.10 were included in the multivariable result.

b Per 10-unit increase in platelets or platelet:lymphocyte ratio.

HR = hazard ratio; CL = confidence limits; ECOG = Eastern Cooperative Oncology Group; FEV1 = forced expiratory volume in 1 second; DLCO =

diffusing capacity of the lungs for carbon monoxide.

fractions (p=0.03) and 54 Gy or 60 Gy in 3 fractions (p=0.02)
were associated with disease-unrelated death (Table 111).
The 3-year cumulative incidences of disease-unrelated
death were 14.4% (95% cr: 5.5% to 23.4%) in the low NLR
group and 38.6% (95% cr1: 23.4% to 53.8%) in the high NLR
group (p < 0.01, Figure 3).

DISCUSSION

Our data demonstrate that NLR and MLR are associated with
both os and disease-unrelated death in patients treated
withlung sBrrt. Patients receiving sBrr are likely to achieve
NscLc control and to die of other causes. Consideration of
comorbid diseases such as chronic obstructive pulmonary
disease (copp) isasrelevant as tumour factors are in clinical
decision-making for this patient population. The evidence
suggests that withholding sBrt from elderly patients with
advanced copp is not justified'? and that there is no known
lower limit for pulmonary function'3. In the context of
patients with previous copp diagnoses undergoing SBRT
in increasing numbers, the implications of NLR and MLR
in chronic disease are as important as are their roles in
cancer prognosis.
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FIGURE 2 Kaplan—Meier curves for overall survival by neutrophil:
lymphocyte (NL) ratio (NLR).

Current Oncology, Vol. 23, No. 4, August 2016 © 2016 Multimed Inc.

€365



NEUTROPHIL:LYMPHOCYTE RATIO AND SBRT OUTCOMES, Giuliani et al.

"apIxouow uoqued 1oy sgunj ayy jo Aydeded Suisnyip = 0D {puodas | ut swnjoa Aloyesidxa padioj = | A4 ‘dnoin ASojoouQ aanesadoor) uisise] = NODT ‘SHWI| 22UaPLUOD = 1) ‘Ol plezey = YH

‘onels a)AdoydwA|:19pare|d 1o sojere|d ur aseasnul Jun-Qf Jd 5

"Yieap pajefalun-asessiq g

"9SEASIP JO PaIp pue aunjiey Juelsip 1o ‘[euoidal ‘jedo] Suipnjoul ‘sainjie) paje|al-aseasiq .

0r'0  ZO'L 660 10°L F'0 TO'L'66'0  10°L 0D1A% 2uljeseq
68°0 10°L ‘66'0  00°L £1°0 0’1’00l 10°L LAJ4% auljeseq
€00 88°4C’SL'L £9'S L000°0> 06°19 ‘S6'€  9°G1L €000 €2°0°L000 200 000 €€0°100 SO0 ones ajhooydwiA|:a1400uopy
€00 0S0L‘Cl'L ¥re 9C0 ST'CT'S00  ¥TO sa1h00u0N
2000 60°L°COL 90°L 510 0L ‘¥6'0 4670 sonel ahooydwA|eere)d
69°0 90°'L '96'0  LO'L 120 0L ‘£6'0  10°L 2Si9|eie|d
750 10'L ‘86'0 660 6C°0 L0'L '86'0 660 uiqojowaH
L€0 6L1°66'0 90'L 96°0 Z1'L98°0 00'L S|[93 poo|q aUYM
1000°0> 6%'L 91l L€'L 1000  S¥'L'60L 9T €r'o 8L L60  LL'L £C0 LL'L 020 880 ones ahooydwA|:jiydonnaN
L0 08'L'SF0 060 L0 vTL98°0 €0'L s91400ydwiA
S0 €196°0 €LL 80 LTL'840 460 sjiydonnaN
— — — — — — — — — suonoey g ul AD 09
00 €8'8T°CEl 619 ¥0'0 606l ‘YOl 9¥'¥ G20 CTT’EE0 980 SUORE} € Ul AD 09 10 suondey ¢ Ul AD pg
€00 689C9L'L 89S 600 €v¥ll80 TFE S0°0 10" ‘610 #¥°0 suonoey ¢ Ul AD gy
£0°0 [AN0) 600 Adessypolpey
— — — — — — €C
v€0 9L ¥YE0 00 10 08°C'0s0 8l'L L
600 1L 6l'0 90 £L°0 G8°C9%'0 SL'L 0
€70 60 snyeys adouewopad HODI
€0 V1’600  S9°0 7000 00Z'St'L  8L'€ ¥00'0 CES8EL 14T 71 98eys inown|
— — — — — — snowenbg
600 €1'L6l'0  L¥0 6¢°0 G6'1L‘8L°0 090 A3ojoyred oN
600 GL'L91'0  Tr0 L¥'0 L9760 1671 19oUed ZUn| [[90-|[RWS-UON
€00 ¥6'0 '61°0 T¥O 1670 revYso  9g'L BwouldIesouUspy
zro vEo A3ojoisiH
€00 G6°09C0 0S50 90 €L9€0 690 X9 9ewWo
810 G0l 66'0  CO'L S0 €0'L ‘960 660 agdy
aneAd 1D %S6  ¥H aneAd 1D %S6  ¥H aneAd 1D %S6  ¥H aneAd 1D %S6  ¥H
d|qeneA Ny d|qeneAlun dqeneA N d|qerreAlun
qC 3dAy Juangy o1 3dA) Juang J|qertep
(7 2dAy) yreap parejaiun-aseasip pue (| adAy) ainjie} pajejai-aseasip 1oy uoissaidas st Sunadwod Aesn—auly |11 I19VL

Current Oncology, Vol. 23, No. 4, August 2016 © 2016 Multimed Inc.

€366



NEUTROPHIL:LYMPHOCYTE RATIO AND SBRT OUTCOMES, Giuliani et al.

1.0 H
—— NL ratio <= 3, disease unrelated death
== NL ratio > 3, disease unrelated death
Gray's test: p=0.0005

0.8 — — NL ratio <= 3, disease related failure
< NL ratio > 3, disease related failure

Gray's test: p=0.22

Probability

0.4

0.2

0 1 2 3 4 5 6
Follow-up Time (in years)

FIGURE 3 Cumulative incidence of disease-unrelated deaths and
disease-related failure. NL = neutrophils:lymphocytes.

The NLR is associated with a number of chronic and
comorbid conditions in this patient population, includ-
ing copp, smoking, and vascular disease, and the NLR
has been shown to be significantly higher in patients
with copp than in healthy control subjects!*. During
acute exacerbation of copp, a further increase in NLR was
demonstrated compared with the stable period in the
same patients'*. There is evidence that smoking has an
effect on neutrophil count and inflammatory response
markers, independent of genetic background and envi-
ronmental variables'®. Finally, an elevated NLR has also
been shown to be associated with mortality in patients
which coronary artery disease!'®.

The question therefore remains whether NLR is pre-
dictive of survival because of the tumour itself, because
of an underlying poor medical status of the patient, or
because of some interplay between the two. Until a bet-
ter understanding of the association between NLR and
NSCLC outcomes emerges, the NLR could be used to inform
decision-makingin patients with early-stage lung cancer
considering sBRT. Such patients, whose survival will be
determined by their other comorbidities, could potentially
be spared unnecessary treatment for their lung cancer.

Cells of myeloid and lymphoid lineages might
have different biologic effects on tumour progression,
metastasis, and response to radiation therapy'”!é. In a
2015 study of pre-treatment neutrophils, monocytes,
and lymphocytes in oropharyngeal cancer, Huang et al.’
demonstrate that higher circulating myeloid cells (for
example, neutrophils and monocytes) independently
predict inferior os and recurrence-free survival after
chemoradiotherapy. Preclinical data suggest the pres-
ence ofan interaction between lymphocytes and myeloid
cells in regulating pro-tumour activity compared with
antitumour activity in solid tumours, and B and T lym-
phocytes might play a role in regulating multiple pro-
tumour properties of myeloid cells!®2?°, Evidence suggests
thatneutrophils and monocytes are recruited to tumours

during radiation therapy and promote vasculogenesis,
offsetting the effectiveness of treatment and ultimately
negatively influencing treatment outcomes?'-23, The
degree to which that hypothesisis relevant in situations
such as sBRrT, with its high dose per fraction, remains to
be explored.

The NLR has been shown to be predictive of os and
progression-free survival in patients with small-cell lung
cancer?*, Reportsin patients with other chronic diseases
have shown that NLR is predictive of survival'®!6, To our
knowledge, the present study represents the largest se-
ries of SBRT patients reported with respect to this topic
to date; itis also the first to include MLR in the analyses.
A previous study of 59 patients showed an association of
NLR and pLR with survival, and PLR was associated with
an increased risk of nonlocal failure!'. The univariate
regression analyses in that study demonstrated that os
was associated with NLrR and PLR only when the latter
variables were coded categorically; the association
became statistically nonsignificant when NLR and PLR
were tested as continuous variables!!. Using multivari-
ate analyses, we demonstrated thatlow NLR and MLR are
independently predictive of os and that high ratios are
associated with disease-unrelated death. On univariate
analysis, the PLrR was found to be significantly associ-
ated with os and disease-unrelated death, but not with
disease-related failure. Together, both datasets confirm
the importance of NLR in NscLc outcomes, and our data
convey the importance of MLR in addition to NLR.

The NLrand MLR are simple, inexpensive, and reliable
tests, and are thus clinically useful. Their application is
stillunclear, because NLR and MLR might not be consistent
with tumour-specific markers. Comorbid inflammatory
conditions and steroid treatments can confound results.
Some authors recommend that these ratios be assessed
with other inflammatory markers such as C-reactive
protein, red cell distribution width, and erythrocyte
sedimentation rate®>26, Validation remains an ongoing
consideration because numerous articles have reported
on NLR and MLR using different cut-off levels?7-30,

Our study has several limitations. First, the limited
number of disease failures could represent a lack of
power to determine any associations of NLR and MLR
with disease-related outcomes such as local failure or
disease-specific survival. In addition, as in many series
about sBrT, confirming cause of death is challenging.
Many patients have significant medical comorbidities,
and death related to previously undiagnosed recurrence
or related-to-treatment toxicity might not be identified
in the face of sudden death in the presence of significant
cardiac, pulmonary, or other chronic comorbidities. Fu-
ture prospective studies to evaluate the effects of chronic
versus acute sBRT on NLR and MLR are needed. Because
high-dose radiation has been shown to alter cells associ-
ated with pro- and antitumour immunity®, investigating
the interplay between dose and these cell ratios is also
justified. Finally, cBc within 3 months of sBRT, as chosen
for the present study, is consistent with other radiother-
apy analyses of NLR and MLR>!; however, the degree to
which neutrophils, monocytes, and lymphocytes can
change within that time period is not known.

Current Oncology, Vol. 23, No. 4, August 2016 © 2016 Multimed Inc.

e367



NEUTROPHIL:LYMPHOCYTE RATIO AND SBRT OUTCOMES, Giuliani et al.

CONCLUSIONS

The NLrRand MLR are independently correlated with os and
disease-unrelated death in patients treated with sBRT for
early-stage primary lung cancer. If validated, NLR and MLR
could help to identify patients who would benefit most from
sBRT and other interventions.
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