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Background: Few small sample size studies have reported lymphocyte count was prognostic for survival
in small-cell lung cancer (SCLC). This study aimed to validate this finding, to build prediction model for
overall survival (OS) and to study whether novel models that combine lymphocyte-related variables can
predict OS more accurately than a conventional model using clinical factors alone in a large cohort of
limited-stage SCLC patients.

Methods: This study enrolled 544 limited-stage SCLC patients receiving definitive chemo-radiation with
pre-radiotherapy lymphocyte-related variables including absolute lymphocyte count (ALC), platelet-to-
lymphocyte ratio (P/L ratio), neutrophil-to-lymphocyte ratio (N/L ratio), and lymphocyte-to-monocyte ratio
(L/M ratio). The primary endpoint was OS. These patients were randomly divided into a training dataset
(n=274) and a validation dataset (n=270). Multivariate survival models were built in the training dataset, and
the performance of these models were further tested in the validation dataset using the concordance index
(C-index).

Results: The median follow-up time was 36 months for all patients. In the training dataset, univariate
analysis showed that ALC (P=0.020) and P/L ratio (P=0.023) were significantly correlated with OS, while L/M
ratio (P=0.091) and N/L ratio (P=0.436) were not. Multivariate modeling demonstrated the significance
of ALC (P=0.063) and P/L ratio (P=0.003), and the improvement for OS prediction in combined models
with the addition of ALC (C-index =0.693) or P/L ratio (C-index =0.688) over the conventional model
(C-index =0.679). The validation dataset analysis confirmed a modest improvement of C-index with the
addition of ALC or P/L ratio. All these models showed reasonable discriminations and calibrations.
Conclusions: This study validated the significant value of pre-radiotherapy ALC and P/L ratio on OS in
limited-stage SCLC. The combined model with ALC or P/L ratio showed additional OS prediction values

than the conventional model with clinical factors alone.
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Introduction

Small-cell lung cancer (SCLC) accounts for approximately
15% of all lung cancers and is characterized by rapid
tumor growth, aggressive progression, and early metastatic
dissemination (1). Only one-third of patients present with
limited-stage SCLC at diagnosis, which is initially chemo-
responsive. However, due to its aggressive nature, limited-
stage SCLC is typified by rapid recurrence and extensive
metastatic dissemination, resulting in death at a median of
15 to 20 months (2).

For limited-stage SCLC patients, definitive chemo-
radiation is the standard therapy. Prognostic markers have
been extensively investigated for SCLC patients receiving
standard therapy. These clinical markers include patient
factors such as age, gender, performance status, tobacco
exposure, and body mass index (BMI), tumor factors such
as tumor stage, and therapeutic factors such as the timing
of thoracic radiotherapy, concurrent chemotherapy or not,
the cycles of chemotherapy, and the receipt of prophylactic
cranial irradiation (PCI) (3-7).

Immune and inflammation are critical for tumor
progression, metastatic dissemination, and treatment
resistance (8). Absolute lymphocyte count (ALC), platelet-
to-lymphocyte ratio (P/L ratio), neutrophil-to-lymphocyte
ratio (N/L ratio), and lymphocyte-to-monocyte ratio (L/M
ratio) were related to survival outcomes in various cancers
(9-11). However, the prognostic value of the L/M ratio
has not been explored in SCLC and only a few studies
involving small sample sizes have reported the prognostic
significance of ALC, N/L ratio, and P/L ratio in SCLC
with inconsistent results (6,12-14). It is also important to
note that no effort has been made to incorporate these
hematological factors along with clinical factors into the
survival model for clinical applications of SCLC.

In this study, we hypothesized that lymphocyte-related
variables including ALC, P/L ratio, N/L ratio, and L/M
ratio at pre-radiotherapy (pre-RT) are significant for
survival, and that the addition of these variables can
improve the accuracy for survival prediction in SCLC.
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"To verify this hypothesis, we developed and validated the
combined survival models based on significant lymphocyte-
related variables and clinical factors. We then compared the
performances of these combined models to the conventional
model built from significant clinical factors alone using the
concordance index (C-index) as well as the time-dependent
receiver operating characteristic (ROC) analysis, with the
area under the curves as the model performance metric.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tlcr-20-666).

Methods
Study population

From 2012 to 2017, 544 patients with limited-stage SCLC
were included from Shandong Cancer Hospital (Figure S1).
The institutional review board of this hospital approved this
retrospective study. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).
Because of the retrospective nature of the research, the
requirement for informed consent was waived. Inclusion
criteria included (I) at least 18 years old; (I) pathologically
or cytologically confirmed SCLC; (III) clinically staged
limited disease; (IV) treatment with definitive chemo-
radiation. Patients were excluded if (I) complete-blood-
count (CBC) data was not available within one week
before thoracic radiotherapy; (II) detailed information of
radiotherapy was not available; (III) patients had active
infections or received corticoid before CBC; (IV) patients
with concurrent or a history of other malignancies.

Treatments and follow-up

All patients received 3-dimensional conformal radiation
therapy (3DCRT) or intensity modulated radiation
therapy (IMRT). The radiation dose was generally given as
50-60 Gy at 2 Gy per fraction in once daily fractionation
radiotherapy or 45 Gy at 1.5 Gy per fraction in twice daily
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treatment. The lungs and heart were contoured according
to RTOG lung atlas for organs at risk (OARs) and the
total body was created by an external contour of the body
on each patient’s CT simulation scan normally from mid-
neck to mid-abdomen. The mean heart, lung, and body
doses were then calculated. Platinum and etoposide were
used as the standard chemotherapy regimens along with
other platinum based regimens including irinotecan or taxol
combined with platinum.

Patients were treated per standard of care of our hospital.
After definitive therapy, patients were generally followed
at regular intervals of every 3 months during the first
year, every 6 months during the second year, and annually
thereafter.

Data collection

Patient, tumor, and therapeutic characteristics were
extracted from electronic medical records as detailed in
Table 1. Patient-specific variables included age, gender,
smoking history, Karnofsky Performance Status, and BMI.
Tumor-specific variables included TNM stage (AJCC
TNM staging system, 8" edition, 2016). Treatment-specific
variables included RT fractionation (once or twice daily),
RT technique 3DCRT versus IMRT), chemotherapy
schedules (concurrent versus sequential), the regimen of
chemotherapy, cycles of induction and total chemotherapy,
and the receipt of PCI. The dosimetric variables of
important OARs such as heart, lung, and total body were
also collected. The pre-RT hematological parameters
including ALC, absolute white blood cell count (WBC),
absolute neutrophil count (neutrophil), absolute monocyte
count (monocyte), absolute platelet count (platelet),
N/L ratio, P/L ratio, and L/M ratio, were collected
retrospectively.

Statistical analysis

The endpoint was overall survival (OS), which was
calculated from the date of diagnosis to the date of death
due to any cause and censored at the date of the last follow-
up for survivors. Survival probabilities were estimated with
the Kaplan-Meier curve, and outcomes by clinical stage
were compared using log-rank tests. Patients were randomly
divided into a training dataset (n=274) and a validation
dataset (n=270) for model development and validation. The
difference between training dataset and validation dataset
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were determined by the chi squared test for categorical
variables and the Mann-Whitney U test for continuous
variables. All the pre-RT hematological parameters
were treated as continuous variables to preserve more
information. Initially, the univariate proportional hazard
Cox analysis was used to assess significant clinical variables
for OS. The variables with P values <0.150 in the univariate
analysis were candidates for the multivariate modeling by
backward elimination procedure. Because of the significant
correlations between ALC, P/L ratio, N/L ratio, and L/M
ratio, each of these factors was tested separately in different
models with other clinical factors. During the backward
elimination process the multivariate Cox analysis started
with all candidate variables. This was followed by deletion
of the variable with the largest P value, whose loss gives the
most statistically insignificant deterioration of the model
fit. This process was repeated until all the variables in the
model had a P value of <0.100. Nomograms were generated
through R software to predict survival rates at specific time
points (3-year survival). The prediction performance of the
models was evaluated by discrimination and calibration. The
C-index was used to compare discrimination to predict the
total survival of the different models. The time-dependent
area under receiver operating characteristics (AUC) analysis
was used to assess the different nomograms. The calibration
plot, which visualizes the agreement between the observed
and estimated survival probabilities, was generated. All tests
were two-sided and p <0.05 was considered statistically
significant. Statistical analysis was performed using Stata/
MP 15.1 (Stata Corp LP, College Station, TX) and R
(http://cran.r-project.org/) software.

Results

Of the 544 patients enrolled, the median age was 59 years
with 69% males. Most (88%) had stage III disease upon
diagnosis. About 42% of patients (226 cases) received
concurrent chemotherapy. Most (77%) patients received
more than 4 cycles of total chemotherapy, and 404
patients (74%) were treated with once daily fractionation
radiotherapy. After chemotherapy, 250 patients (46%)
received PCI. The mean of the total-body radiation dose
was 7.3 Gy. The mean ALC at pre-RT was 1.65x10” cells/L.
Patient characteristics in the training dataset were
comparable with those of the validation dataset (1able 1).

At the median follow-up time of 36.2 (95% CI, 32.4-
39.1) months, 238 patients were dead. The median survival
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Table 1 Comparison of patient characteristics between training and validation dataset

All patients Training dataset Validation dataset
Variables P value*
N=544 N=274 N=270
Patient and tumor factors
Age, median [range], years 59 [18-86] 59 [18-86] 59 [32-81] 0.203
Gender, n [%)]
Female 168 [31] 87 [32] 81 [30] 0.658
Male 376 [69] 187 [68] 189 [70]
Smoking history, n [%]
No 233 [43] 128 [47] 105 [39] 0.065
Yes 311 [57] 146 [53] 165 [61]
KPS, n [%]
<90 277 [51] 135 [49] 142 [53] 0.438
>90 267 [49] 139 [51] 128 [47]
BMI, n [%]
<185 91[2] 51[2] 412] 0.124
18.5 to <25 275 [51] 147 [54] 128 [47]
25 to <30 230 [42] 110 [40] 120 [44]
>30 30 [5] 12 [4] 18 [7]
Clinical stage [AJCC 8th], n [%)]
Stage | 9[2] 5[2] 41[2] 0.811
Stage Il 57 [11] 28 [10] 29 [11]
Stage llIx 50 [9] 21 (8] 29 [11]
Stage IlIA 168 [31] 90 [33] 78 [29]
Stage IlIB 217 [40] 108 [39] 109 [40]
Stage IlIC 43 [8] 22 [8] 21[8]
Therapeutic factors
Chemotherapy schedule, n [%]
Sequential 318 [58] 171 [62] 147 [54] 0.059
Concurrent 226 [42] 103 [38] 123 [46]
Regimen of chemotherapy, n [%]
EP-based 527 [97] 267 [97] 260 [96] 0.441
Others 17 [3] 7[3] 10 [4]
Cycles of induction chemotherapy, n [%]
<3 328 [60] 160 [58] 168 [62] 0.362
>3 216 [40] 114 [42] 102 [38]

Table 1 (continued)
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Table 1 (continued)
All patients Training dataset Validation dataset
Variables P value*
N=544 N=274 N=270
Cycles of total chemotherapy, n [%]
<4 124 [23] 57 [21] 67 [25] 0.265
>4 420 [77] 217 [79] 203 [75]
Technique of radiotherapy, n [%]
CRT 299 [55] 148 [54] 151 [56] 0.654
IMRT 245 [45] 126 [46] 119 [44]
Fractionation of radiotherapy, n [%)]
Once daily 404 [74] 210 [77] 194 [72] 0.201
Twice daily 140 [26] 64 [23] 76 [28]
PCI, n [%]
No 294 [54] 142 [52] 152 [56] 0.295
Yes 250 [46] 132 [48] 118 [44]
Dosimetric variables
Mean lung dose, mean [95% Cl], Gy 12.97 [12.69-13.26] 13.02 [12.62-13.43] 12.92 [12.51-13.32] 0.864
Mean heart dose, mean [95% Cl], Gy 12.44 [11.76-13.12] 12.49 [11.51-13.48] 12.39 [11.45-13.33] 0.993
Mean body dose, mean [95% Cl], Gy 7.28 [7.05-7.50] 7.27 [6.94-7.60] 7.28 [6.95-7.60] 0704
Pre-RT homological variables
Lymphocyte, mean [95% Cl], 10° cells/L 1.65 [1.59-1.70] 1.64 [1.57-1.71] 1.66 [1.57-1.74] 0.948
Neutrophil, mean [95% ClI], 10° cells /L 4.10 [3.63-4.56] 4.02 [3.28-4.76] 4.18 [3.61-4.74] 0.142
Monocyte, mean [95% CI], 10° cells /L 0.41[0.38-0.43] 0.42 [0.38-0.45] 0.40 [0.36-0.43] 0.512
WBC, mean [95% Cl], 10° cells /L 6.17 [5.79-6.55] 5.98 [5.52-6.43] 6.37 [5.75-6.99] 0.344
Platelet, mean [95% ClI], 10" cells /L 226 [219-233] 224 [214-235] 269 [218-238] 0.497
N/L ratio, mean [95% ClI] 2.79 [2.50-3.07] 2.76 [2.32-3.20] 2.81[2.45-3.18] 0.061
P/L ratio, mean [95% ClI] 157 [149-165] 156 [143-169] 157 [148-167] 0.238
L/M ratio, mean [95% ClI] 8.74 [7.62-9.87] 8.71[7.10-10.31] 8.78 [7.21-10.36] 0595

KPS, Karnofsky performance status; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CRT,
conformal radiation therapy; IMRT, intensity-modulated radiation therapy; PCI, prophylactic cranial irradiation; pre-RT, pre-radiotherapy;
WBC, white blood cell; N/L ratio, neutrophil-to-lymphocyte ratio; P/L ratio, platelet-to-lymphocyte ratio; L/M ratio, lymphocyte-to-moncyte
ratio; Stage llIx: stage Ill with unknown stage IllIA, stage IlIB, stage IlIC. * the P values were determined by the chi squared test for
categorical variables and the Mann-Whitney U test for continuous variables.

time was 36.1 (95% CI, 32.4-39.1) months (40.1 months for
training dataset and 35.9 months for validation dataset, log-
rank P=0.877). The 3-year survival rates of stage I, II, and
III patients were 72.9%, 63.8%, and 48.2%, respectively.
The median survival time of stage III patients was 34.6
months while those of stage I and II patients had not

© Translational Lung Cancer Research. All rights reserved.

reached. In 428 of 478 stage III patients with IIIA, IIIB, or
IIC clearly classified, the median survival times were 36.1,
33.5, and 22.9 months, respectively (Figure I).

In the training dataset, univariate analysis showed
that age, clinical stage, chemotherapy schedule, cycles of
induction chemotherapy, cycles of total chemotherapy,
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Figure 1 Overall survival stratified by clinical stage (AJCC TNM staging system 8th edition, 2016).

and mean body dose were significantly associated with OS
(all P values <0.05) (Table 2). Pre-RT ALC (HR =0.679 per
1x10° cells/L increased, 95% CI, 0.489-0.942, P=0.020) and
pre-RT P/L ratio (HR =1.001 per I unit increased, 95%
CI, 1.000-1.003, P=0.023) were also significantly associated
with OS, while pre-RT N/L ratio (HR =1.019 per 1 unit,
95% CI, 0.973-1.067, P=0.436) and pre-RT L/M ratio (HR
=0.983 per 1 unit, 95% CI, 0.964-1.003, P=0.091) were not.

For conventional model building, clinical variables with
P values of <0.150 in the univariate analysis including age,
gender, smoking history, BMI, clinical stage, chemotherapy
schedule, cycles of induction chemotherapy, cycles of total
chemotherapy, PCI, and mean body dose were selected
as candidate variables. Finally, five variables including
gender, clinical stage, cycles of induction chemotherapy,
cycles of total chemotherapy, and PCI (all P values <0.100)
were selected into the conventional survival model by the
backward elimination procedure (7able 2).

During the combined model development process, ALC,
P/L ratio, and L/M ratio (all P values <0.150) met the entry
criteria and were selected as candidate variables for further
modeling and could separately enter into multivariate
modeling together with the above mentioned ten clinical
variables. L/M ratio failed during the backward elimination
procedure due to the fact that it exceeded the predefined
criteria for a P value of <0.100. Finally, two combined
models, the ALC survival model and the P/L ratio survival
model, were developed. The P/L ratio (HR =1.002 per 1

© Translational Lung Cancer Research. All rights reserved.

unit, 95% CI, 1.000-1.003, P=0.003) remained significant
while the ALC (HR =0.734 per 1x10’ cells/L, 95% CI,
0.529-1.017, P=0.063) was shown to be a marginally
significant predictor for OS in the combined models
(Table 2). Nomograms predicting 3-year survival are shown
in Figure 2.

The model discrimination of survival models was
evaluated by the C-index. In the training dataset, the
C-index of the conventional model was 0.679 (95%
CI, 0.626-0.731). With addition of lymphocyte-related
variables, the C-indexes slightly increased to 0.693 (95%
CI, 0.643-0.743, increased by 2.1%) for the ALC survival
model and 0.688 (95% CI, 0.638-0.738, increased by 1.3%)
for the P/L ratio survival model. The time-dependent
AUG:s of OS at 3 years were 0.686 (95% CI, 0.604-0.767),
0.700 (95% CI, 0.619-0.781), and 0.704 (95% CI, 0.623-
0.784) for conventional model, ALC survival model,
and P/L ratio survival model, respectively (Figure 34).
In the validation dataset, the C-index was 0.656 (95%
CI, 0.605-0.707), 0.662 (increased by 0.9% and 95% CI,
0.612-0.712), and 0.659 (increased by 0.5% and 95% CI,
0.610-0.709) for the conventional model, AL.C survival
model, and P/L ratio survival model, respectively. The
time-dependent AUCs of OS at 3-years of different models
are shown in Figure 3B.

Most importantly, the calibration plots (Figure 4) showed
that the predicted 3-year survival rate of validation dataset
closely corresponded with the actual survival estimated by
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Table 2 Univariate analysis and model development for OS in training dataset

Univariate analysis

Conventional survival model* ALC survival model® P/L ratio survival model*

Variables
HR (95% ClI) P value

HR(95% Cl) Pvalue  HR(95%CIl) Pvalue HR(95%Cl) P value

Patient and tumor factors

Age (per 1 year)  1.021 (1.002-1.040) 0.033*

Gender
Female 1.000 (ref.)
Male 1.453 (0.959-2.202) 0.078*

Smoking history

No 1.000 (ref.)

Yes 1.319 (0.911-1.909) 0.142*
KPS

<90 1.000 (ref.)

>90 1.145(0.796-1.648) 0.466
BMI

<25 1.000 (ref.)

>25 0.734 (0.505-1.067) 0.106*

Clinical stage (AJCC 8th)

Stage Il 1.00 (ref.)

Stage llI 2.445 (1.190-5.021) 0.015*

Therapeutic factors

Chemotherapy schedule

Sequential 1.000 (ref.)

Concurrent 0.592 (0.398-0.880) 0.010*
Regimen of chemotherapy

EP-based 1.000 (ref.)

Others 1.489 (0.471-4.708) 0.498
Cycles of induction chemotherapy

<3 1.000 (ref.)

>3 1.464 (1.018-2.103) 0.040*
Cycles of total chemotherapy

<4 1.000 (ref.)

>4 0.519 (0.348-0.774) 0.001*
Technique of radiotherapy

CRT 1.000 (ref.)

IMRT 0.856 (0.594-1.234) 0.405
Fractionation of radiotherapy

Once daily 1.000 (ref.)

1.000 (ref.) 1.000 (ref.) 1.000 (ref.)
1.550 (1.020-2.357) 0.040 1.616(1.061-2.461) 0.025 1.720(1.159-2.618) 0.016

1.000 (ref.) 1.000 (ref.) 1.000 (ref.)
2.380 (1.159-4.890) 0.018 2.287 (1.112-4.703) 0.025 2.308 (1.122-4.746) 0.023

1.000 (ref.) 1.000 (ref.) 1.000 (ref.)
1.368 (0.949-1.973) 0.093 1.372 (0.950-1.980) 0.092 1.451 (1.001-2.103) 0.050

1.000 (ref.) 1.000 (ref.) 1.000 (ref.)
0.646 (0.422-0.987) 0.043 0.656 (0.430-1.001) 0.051 0.635(0.415-0.972) 0.036

Table 2 (continued)
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Table 2 (continued)

] Univariate analysis Conventional survival model* ALC survival model® P/L ratio survival model®
Variables HR (95% ClI) P value HR (95% CI) P value HR (95% CI) P value HR (95% ClI) P value
Twice daily 1.321 (0.872-2.000) 0.189
PCI
No 1.000 (ref.) 1.000 (ref.) 1.000 (ref.) 1.000 (ref.)
Yes 0.436 (0.298-0.639)<0.001* 0.491 (0.327-0.738) 0.001 0.505 (0.336-0.760) <0.01 0.501 (0.332-0.755) 0.001

Dosimetric variables

Mean lung dose, 1.018 (0.965-1.073) 0.512
(per 1 Gy)

Mean heart dose, 1.004 (0.981-1.026) 0.757
(per 1 Gy)

Mean body dose, 1.069 (1.008-1.134) 0.026*
(per 1 Gy)

Pre-RT homological variables

Lymphocyte, 0.679 (0.489-0.942) 0.020* 0.734 (0.529-1.017) 0.063
(per 1x10° cells /L)

Neutrophil, 0.987 (0.942-1.033) 0.569

(per 1x10° cells /L)

Monocyte, 1.108 (0.76-1.816) 0.684

(per 1x10° cells /L)

WBC, 0.996 (0.949-1.045) 0.860

(per 1x10° cells /L)

Platelet, 0.999 (0.997-1.001) 0.474

(per 1x10" cells /L)

N/L ratio, 1.019 (0.973-1.067) 0.436

(per 1 unit)

P/L ratio, 1.001 (1.000-1.003) 0.023* 1.002(1.000-1.003) 0.003
(per 1 unit)

L/M ratio, 0.983 (0.964-1.003) 0.091*

(per 1 unit)

95% Cl, 95% confidence interval; HR, hazard ratio; pre-RT, pre-radiotherapy; KPS, Karnofsky performance status; BMI, body mass
index (calculated as weight in kilograms divided by height in meters squared); CRT, conformal radiation therapy; IMRT,
intensity-modulated radiation therapy; PCI, prophylactic cranial irradiation; WBC, white blood cell; N/L ratio, neutrophil-to-lymphocyte
ratio; P/L ratio, platelet-to-lymphocyte ratio; L/M ratio, lymphocyte-to-monocyte ratio; &, the final multivariable Cox proportional hazard
model was constructed by backward elimination; *, indicates the variables with P values <0.15 in the univariate analysis and these
variables were chosen for the multivariate Cox regression model building process.
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Figure 2 Nomogram for 3-year survival predicting in limited-stage SCLC. (A) Conventional nomogram with significant clinical factors; (B)

pre-RT ALC survival nomogram with pre-RT ALC and significant clinical factors; (C) pre-RT P/L ratio survival nomogram with pre-RT

P/L ratio and significant clinical factors. SCLC, small cell lung cancer; Ch'T, chemotherapy; PCI, prophylactic cranial irradiation; pre-RT,

pre-radiotherapy; ALC, absolute lymphocyte count; P/L ratio, platelet-to-lymphocyte ratio.
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RT ALC and P/L ratio were significantly associated with
OS while pre-RT N/L ratio and L/M ratio were not,
(IT) demonstrated that the addition of ALC or P/L ratio

into the conventional model including significant clinical

the Kaplan-Meier method, which is represented by the

dotted lines in both the training and validation datasets.

Discussion . . .
factors showed a modest improvement of C-index in OS

In this study of 544 patients, we (I) validated that pre- prediction in limited-stage SCLC patients, (III) generated
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OS predictive nomograms with reasonable discriminations
and calibrations.

The findings of this large sample sized study can serve
as an extended validation of the conventional blood testing
during our daily practice. Differentials of blood cells, not
being used in full extent in the clinic, could reflect an
individual’s immune and inflammation status, which are
critical in tumor development and prognosis. Lymphocyte
is known for its key role of host immune function, can be a
reflection of host immunity. The significance of circulating
ALC for OS is biologically sound and supported by the
clinical literature (15-17) of various solid tumors. Several
studies demonstrated the independent prognostic value of
pre-treatment ALC, N/L ratio, P/L ratio, and L/M ratio in
various cancers (9-11). Circulating neutrophils, a marker for
bone marrow suppression after chemotherapy, are innate
immune markers, which participate in the inflammatory
process. The circulating neutrophil count is an indicator of
systemic inflammation and is associated with poor survival
in NSCLC (18). Interestingly, the percentage of circulating
neutrophils is significantly higher in lung cancer patients
than those in healthy patients (18). Platelets contribute to
the immune modulating inflammatory process and cancer
patients were reported to have increased platelet counts
(10-57%) (19). Importantly, platelets promote tumor
development by acting as barriers for immune escape,
resulting in abnormal vasculature and release of secretory
factors such as thrombin and lysophosphatidic acid (20-22).
Monocytes can regulate the immune response by a variety
of chemokines. Tumor associated macrophages (TAM)
derived from circulating monocytes could promote tumor
progression, angiogenesis, and lymphangion genesis (23).
Higher N/L and P/L ratios indicate increased neutrophil or
platelet counts and relatively decreased lymphocyte count,
while higher L/M ratio indicates increased lymphocyte
count and relatively decreased monocyte count. Thus,
higher ALC and L/M ratio always indicate the protective
systemic immunity and would be associated with better
survival. In comparison, higher N/L and P/L ratios
may be a reflection of impaired immunity or systematic
inflammation and are associated with decreased survival.

Our study, may be the largest one reported thus far
for ALC on survival in limited-stage SCLC, validated
previous reports from other centers that ALC levels
before treatment were significant for OS in patients with
SCLC(6,24). Our result of pre-RT ALC as a significant
marker for OS is consistent with report from others (6,24),
though chemotherapy before radiotherapy may change
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2325

the lymphocyte count, which could also impact OS. In
addition to validate ALC, our study also confirmed the
survival significance of pre-RT ALC (marginally) and P/L
ratio (6,24,25), but failed to generate similar results on the
significance of N/L ratio which was reported previously as
significant factor in studies of small sample sizes (6,24,26,27).
Our result of pre-RT N/L ratio as a non-significant marker
for OS is inconsistent with two other studies with 65 and
187 patients, indicating the significantly prognostic value
of pretreatment N/L ratio for OS (26,27). One reason to
explain this difference may be the time-point in our study.
The blood test was measured at pre-RT in our study while
it was measured prior to any treatment in other studies.
Another reason may be the different way of variable
classifications, that is, we treated all variables as continuous
variables while in almost all other studies, they treated
the variables as categorical ones. Induction chemotherapy
before radiotherapy may induce neutropenia, which could
increase the risk of infection which may lead to death (28).
Neutropenia is always linked with lower N/L ratios and
inversely related to decreased survival. For the survival
significance of the P/L ratio, two studies in addition to this
study have indicated the survival significance (24,25), while
two other studies have not (26,27). A large cooperative
study may be needed to confirm the significance of the
ALC, P/L ratio, and N/L ratio. Our study is the first study
to explore the association between L/M ratio and OS in
limited-stage SCLC, demonstrating that the L/M ratio
was not a significant predictor for OS. Further external
validation is needed.

Our study is the first to use significant blood testing
results to develop nomogram for survival prediction,
by quantitatively computing the predictive values of
each significant biomarker with combination of clinical
significant factors. The nomogram seems to be a good
way to present the effect of each significant variable in
a prediction model. Each variable alone can only play a
limited prognostic ability to assess the risk of death because
of the complex nature and heterogeneous treatment choices
of SCLC patients. Combining all of these independent
factors together into one multivariate nomogram could
improve the prediction ability, and multivariate nomograms
provided more accurate predictions for the prognosis of
SCLC patients than TNM stage and VALSG stage (13,29).
To better evaluate the prognostic effects of significant
immune and inflammation biomarkers, specifically pre-
RT ALC and P/L ratio in this study, we first developed
two novel combined models, which featured pre-RT
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ALC or pre-RT P/L ratio. Compared to the conventional
model of using clinically significant variables, these new
models slightly improved the predictive accuracy of OS.
Although improvement of C-index was numerically modest,
especially in the specific-time nomogram, based on the
effect size (hazard ratio) of pre-RT ALC or pre-RT P/L
ratio, we believe it is valuable. Moreover, it also suggests
the complexity of survival prediction and presence of other
yet to be defined biomarkers that deserve the attentions of
future studies.

This study is limited for its retrospective nature of
the study from a single Institute, which carries all the
weaknesses of such studies such as being unable to take all
affecting factors into account. A study from a single institute
may cause the selection bias of patients from the population.
The apparently superior survival of our patients than most
reported is likely due to the selection bias of better patients
for clinical follow-up. However, the measurements of the
CBC and differentials were objective and would not have
made a difference in prospective analysis. One also have
to note that the improvement of the lymphocyte-related
variable models was numerically small, suggesting that more
powerful biologic factors exist, all of which could be topics
for future research. Indeed, findings from this study should
be validated in larger prospective multicenter study.

In conclusion, this study validated the prognostic value of
pre-RT ALC and P/L ratio, developed and validated models
combining pre-RT ALC or P/L ratio with significant
conventional clinical factors for OS prediction in limited-
stage SCLC. The final prognostic models and nomograms
with pre-RT ALC or P/L ratio showed reasonable
discrimination and calibration and slightly improved the
prediction value for OS compared to the conventional
models. The applicability of pre-RT ALC or P/L ratio

warrants further validation in prospective settings.
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