
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Linhui Wang,
Second Military Medical University, China

REVIEWED BY

Zeyan Li,
Shandong University, China
Cai Jiarong,
Third Affiliated Hospital of Sun Yat-sen
University, China

*CORRESPONDENCE

Jianming Guo

guo.jianming@zs-hospital.sh.cn

Xiaoyi Hu

hu.xiaoyi@zs-hospital.sh.cn

†These authors have contributed
equally to this work and share
first authorship

SPECIALTY SECTION

This article was submitted to
Genitourinary Oncology,
a section of the journal
Frontiers in Oncology

RECEIVED 17 October 2022

ACCEPTED 31 January 2023
PUBLISHED 15 February 2023

CITATION

Lin D, Lai P, Zhang W, Lin J, Wang H,
Hu X and Guo J (2023) Development
and validation of a nomogram to
evaluate the therapeutic effects of
second-line axitinib in patients with
metastatic renal cell carcinoma.
Front. Oncol. 13:1071816.
doi: 10.3389/fonc.2023.1071816

COPYRIGHT

© 2023 Lin, Lai, Zhang, Lin, Wang, Hu and
Guo. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 15 February 2023

DOI 10.3389/fonc.2023.1071816
Development and validation of a
nomogram to evaluate the
therapeutic effects of second-line
axitinib in patients with
metastatic renal cell carcinoma

Dengqiang Lin1†, Peng Lai1†, Wen Zhang2†, Jinglai Lin1,
Hang Wang3, Xiaoyi Hu3* and Jianming Guo1,3*

1Department of Urology, Zhongshan Hospital (Xiamen Branch), Fudan University, Xiamen, China,
2Department of Traditional Chinese Medicine, Zhongshan Hospital, Fudan University, Shanghai, China,
3Department of Urology, Zhongshan Hospital, Fudan University, Shanghai, China
The unpredictable biological behavior and tumor heterogeneity of metastatic renal

cell carcinoma (mRCC) cause significant differences in axitinib efficacy. The aim of

this study is to establish a predictive model based on clinicopathological features

to screen patients with mRCC who can benefit from axitinib treatment. A total of

44 patients with mRCC were enrolled and divided into the training set and

validation set. In the training set, variables related with the therapeutic efficacy of

second-line treatment with axitinib were screened through univariate Cox

proportional hazards regression and least absolute shrinkage and selection

operator analyses. A predictive model was subsequently established to assess

the therapeutic efficacy of second-line treatment with axitinib. The predictive

performance of the model was evaluated by analyzing the concordance index and

time-dependent receiver operating characteristic, calibration, and decision curves.

The accuracy of the model was similarly verified in the validation set. The

International Metastatic RCC Database Consortium (IMDC) grade, albumin,

calcium, and adverse reaction grade were identified as the best predictors of the

efficacy of second-line axitinib treatment. Adverse reaction grade was an

independent prognostic index that correlated with the therapeutic effects of

second-line treatment with axitinib. Concordance index value of the model was

0.84. Area under curve values for the prediction of 3-, 6-, and 12-month

progression-free survival after axitinib treatment were 0.975, 0.909, and 0.911,

respectively. The calibration curve showed a good fit between the predicted and

actual probabilities of progression-free survival at 3, 6, and 12 months. The results

were verified in the validation set. Decision curve analysis revealed that the

nomogram based on a combination of four clinical parameters (IMDC grade,

albumin, calcium, and adverse reaction grade) had more net benefit than adverse

reaction grade alone. Our predictive model can be useful for clinicians to identify

patients with mRCC who can benefit from second-line treatment with axitinib.

KEYWORDS
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1 Introduction

Globally, approximately 85% of renal tumors were renal cell

carcinoma (RCC), which is one of the ten most common cancer types

and characterized by unpredictable biological behavior and

heterogeneity (1, 2). Until recently, surgical resection was the standard

of care, with a favorable overall prognosis for patients with localized

RCC. The 5-year survival rate for patients with early stage I and II/III

RCC are 93% and 72.5%, respectively, whereas those for patients with

stage IV metastatic RCC is 12% (3). Moreover, 17%–30% of patients

present with advanced stage of the disease at primary diagnosis, and

20%–40% of patients with localized disease eventually develop advanced

disease (4, 5), which requires systemic therapies. In the past decades, the

therapeutic strategy for locally advanced and metastatic RCC (mRCC)

has broadened remarkably—from the use of cytokines (interferon-alpha

and interleukin-2) to the administration of molecular-targeted therapies,

such as tyrosine kinase inhibitors (TKIs) (6). Although treatment with

molecular-targeted therapies has improved the prognosis of patientswith

mRCC, first-line therapies fail in most patients because of disease

progression or unacceptable side effects (7).

After first-line therapies fail, a second-line therapeutic strategy is

selected to improve patient prognosis. According to the NCCN

guidelines, axitinib is recommended as a second-line treatment

option. Compared with sorafenib as second-line treatment, axitinib

significantly increased median progression-free survival (PFS) time

and provided a better objective response rate for patients with mRCC

who received sunitinib or cytokine treatment as a first-line therapy in

a randomized phase III study (AXIS trial) (8). Moreover, the results of

subgroup analyses of the AXIS study attested to the efficacy of axitinib

in the Asian population, further supporting the registration of axitinib

in China (8). Axitinib is more cost-effective than sorafenib (9). By

contrast, a retrospective and noncomparative phase II trial indicated

that the 5-year survival rate of patients who received axitinib was

20.6% after failure of prior systemic treatment (10). The differences in

PFS and overall survival were insignificant in patients with mRCC

who received axitinib or everolimus as second-line treatment (11);

however, axitinib had a manageable tolerability profile.

Genomic studies have reported intratumoral and intertumoral

heterogeneity in RCC (8, 12, 13), which leads to differential prognosis

and response to targeted treatment. Consequently, it is imperative to

screen patients with mRCC who can benefit from axitinib therapy

after failure of first-line therapies and improve the cost-effectiveness

of therapy. This study aimed to retrospectively evaluate the

prognostic clinicopathological parameters associated with the

therapeutic effects of second-line treatment with axitinib.
Abbreviations: mRCC, Metastatic renal cell carcinoma; IMDC, The International

Metastatic RCC Database Consortium; RCC, Renal cell carcinoma; TKI, Tyrosine

kinase inhibitor; PFS, Progression-free survival; CPHR, Cox proportional-hazards

regression; ROC, Receiver operating characteristic curve; AUC, Area under the

curve; C-index, Concordance index; DCA, Decision curve analysis; HR, Hazard

rate; VHL, The von Hippel–Lindau; PDGF, Platelet-derived growth factor (PDGF);

CCRCC, Clear cell renal cell carcinoma; nCCRCC, Non-clear cell renal cell

carcinoma; PD, Progressive disease; PR, Partial response; SD, Stable disease; KPS

score, Karnofsky score.
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2 Methods

2.1 Patients and inclusion criteria

The study was conducted in accordance with the Declaration of

Helsinki (revised in 2013). Study approval was given by the Ethics

Committee of ZhongshanHospital, affiliated to FudanUniversity, China

(B2016-030). Data from 44 patients with advanced RCC, who received

axitinib as second-line targeted therapy between December 2014 and

December 2021 at the Department of Urology, Zhongshan Hospital,

Fudan University, were retrospectively collected and analyzed. The

inclusion criteria were as follows: (1) advanced RCC or mRCC verified

histopathologically with surgery or biopsy, (2) advanced RCC

irrespective of pathological type, (3) advanced RCC irrespective of

first-line treatment, and (4) advanced RCC with axitinib as second-line

targeted therapy. Because 14 patients lacked complete

clinicopathological data, 30 patients were finally enrolled in the study

as the training set to evaluate factors related to the therapeutic effects of

second-line treatment with axitinib and construct a predictive model.

Four clinical parameters, namely albumin, calcium, International

Metastatic RCC Database Consortium (IMDC) grade, and adverse

reaction grade, were further identified. Because complete data were

available for the four candidate factors for 14 patients, they were

included in the validation set to verify the model (Figure 1).

Biochemical parameters were collected before patients received axitinib.
2.2 Statistical analysis

Statistical analysis was performed using SPSS v23 and R v4.20.

Continuous variables are presented as the mean and standard deviation,

and categorical variables are presented as frequency or percentage.

Comparisons of continuous variables between two groups were

performed with the t test, and categorical variables were compared

using the chi-square test or Fisher’s exact test. p-Value < 0.05, two-tailed,

was considered statistically significant. Kaplan–Meier survival plots were

generated with the log-rank statistic using the survival package of R.

We first screened the clinicopathological parameters associated with

the therapeutic effects of second-line treatment with axitinib using

univariate Cox proportional-hazards regression (CPHR) analysis.

Because CPHR is not used to analyze multidimensional survival datasets,

the least absolute shrinkage and selectionoperator (LASSO) techniquewas

subsequently performed for variable selection and shrinkage from many

clinical variables identified by univariate CPHR, using the glmnet package

of R (8, 14). Finally, we identified and then established a predictive model

based on four clinical parameters (albumin, calcium, IMDC grade, and

adverse reaction grade) through multivariate CPHR.

To evaluate the predictive accuracy of the model, time-dependent

receiver operating characteristic curve (ROC) and area under curve

(AUC) at 3-, 6-, and 12-month PFS after axitinib treatment were

constructed using the survival package of R. Concordance index (C-

index) is used to evaluate predictive accuracy (15). The consistence

between predicted PFS probability and actual PFS probability was

confirmed using a calibration curve after 1000 bootstrap resampling.

The ROC curve and AUC are not used to make clinical decisions. In

clinical practice, decision curve analysis (DCA) was used to estimate the

net benefit for patients based on threshold from the predictive model.
frontiersin.org
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3 Results

3.1 General characteristics

Based on the inclusion criteria, 44 patients with advanced RCC

received axitinib as a second-line targeted therapy. Thirty patients

were included in the training set and 14 in the validation set. The

clinicopathological features of patients are shown in Table 1. Mean

age at initial diagnosis was 60.25 ± 10.02 years. Most of the patients

were men (79.55%, 35/44) and had received nephrectomy (86.36%,

38/44). The pathologic type of 35 patients (79.55%) was clear cell

carcinoma, of which two tissue samples were associated with

sarcomatous degeneration. The maximum tumor diameter was 2.5–

15.0 cm. The most common metastatic sites were the lungs (63.64%,

28/44), bones (34.10%, 15/44), and liver (15.91%, 7/44). In addition,

the lymph node was a common distant site (40.91%, 18/44). In some

patients, the tumor metastasized to the brain (4.55%, 2/44), adrenal

gland (4.55%, 2/44), and pancreas (9.10%, 4/44). Mean overall follow-

up time was 1485.44 ± 1150.61 days and median survival time was

2071 days for the whole cohort.

Axitinib was introduced as a second-line targeted therapy after the

failure of first-line treatment with drugs, including sorafenib (n = 5),

sunitinib (n = 33), and pazopanib (n = 6). Failure of first-line therapy

was a result of progression (25/44, 56.82%) or intolerable adverse effects

(19/44, 43.18%). Mean therapeutic time and median PFS time of first-

line treatment were 841.68 ± 695.15 days and 1058 days, respectively,

for the whole cohort. Time of disease progression during second-line
Frontiers in Oncology 03
treatmentwith axitinib was defined as the time from the start of axitinib

treatment to the first documentation of progression. Patients during

treatment comprised the progression (Pro) group (n = 20) or the

progression-free (ProFree) group (n = 24). The mean therapeutic time

of second-line treatment was 446.02 ± 350.21 days for the whole cohort

and 486.30 ± 372.28 days and 359.71 ± 291.11 days for the training and

validation sets, respectively (p = 0.2690).

Statistically significant differences were present between the

training and validation sets within the cohort, including

hemoglobin level (120.77 ± 20.67 vs. 104.33 ± 28.28 g/L, p =

0.0429), C-reactive protein level (4.69 ± 10.72 vs. 38.04 ± 33.40 mg/

L, p = 0.0002), and other metastatic sites (14/30 vs. 11/14, P = 0.0466).

The differences were not statistically significant for the other

clinicopathological features. However, hemoglobin level, C-reactive

protein level, and other metastatic sites were unrelated to the

therapeutic effects of second-line treatment with axitinib.
3.2 Subtype analysis

Results of subtype analysis are shown in Table 2. Albumin

concentration was higher in the Pro group than in the ProFree

group (41.13 ± 4.64 vs. 35.75 ± 6.39 g/L, p = 0.0024), and patients

with mRCC who were malnourished (albumin ≤35 g/L) were more

likely to have disease progression (8/10 vs. 12/34, p = 0.0270). Patients

who were younger (<75 years old) did not benefit more from second-

line treatment with axitinib than patients who were older (≥75 years
FIGURE 1

Flow chart of the data selection and process. IMDC, International Metastatic Renal Cell Carcinoma Database Consortium classification; LASSO, least
absolute shrinkage and selection operator; RCC, renal cell carcinoma.
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TABLE 1 Patient demographics and clinicopathological features.

Variable All patients
(n = 44)

Training set
(n = 30)

Validation set
(n = 14)

p-Value

Age (years) 60.25 ± 10.02 59.37 ± 10.91 62.14 ± 7.77 0.3990

Gender 0.2471

Male (n) 34 25 9

Female (n) 10 5 5

Tumor location 0.5206

Left 21 13 8

Right 23 17 6

Nephrectomy 38/44 25/30 13/14 0.6467

Pathologic type 0.6951

CCRCC 36 25 11

nCCRCC 8 5 3

Sarcomatous change 2/44 1/30 1/14 0.5720

Primary tumor size (cm) 6.91 ± 2.94 6.87 ± 3.13 7.00 ± 2.59 0.8932

Metastasis

Liver 7/44 3/30 4/14 0.1167

Lung 28/44 20/30 8/14 0.5408

Bone 15/44 9/30 6/14 0.4020

Brain 2/44 2/30 0/14 0.3227

Lymph node 18/44 12/30 6/14 0.8575

Other 25/44 14/30 11/14 0.0466

First-line drug 0.5009

Sorafenib 5 3 2

Sunitinib 33 24 9

Pazopanib 6 3 3

Time from first- to second-line treatment (days) 841.68 ± 695.15 647.43 ± 593.93 662.57 ± 712.80 0.9419

Results of first-line treatment 0.7530

PD 25 18 7

SD 17 11 6

PR 2 1 1

Time from second-line treatment (days) 446.02 ± 350.21 486.30 ± 372.28 359.71 ± 291.11 0.2690

Results of second-line treatment 0.5881

PD 21 15 6

SD 17 12 5

PR 6 3 3

KPS score >80 31 21 10 >0.9999

Hemoglobin 116.07 ± 23.94 120.77 ± 20.67 104.33 ± 28.28 0.0429

Platelet 237.31 ± 117.35 241.30 ± 119.25 226.45 ± 116.90 0.7244

Lymphocyte 1.53 ± 0.80 1.59 ± 1.06 1.53 ± 1.12 0.8712

Neutrophil 3.62 ± 2.26 3.22 ± 1.53 4.70 ± 3.46 0.0629

(Continued)
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old, p = 0.5832). Age distribution between the Pro and ProFree groups

was not different (58.10 ± 11.14 vs. 62.04 ± 8.81 years, p = 0.1972).

Higher levels of calcium (≥ 2.55 mmol/L) were related to worse

prognosis than lower levels (<2.55 mmol/L) (9/12 vs. 11/32, p =

0.0212). Nephrectomy in patients with RCC did not affect the

therapeutic effect of second-line treatment with axitinib.

Consistently, significant differences between first-line treatment

settings or metastatic sites and efficacy of second-line treatment

with axitinib were not verified.
3.3 Prognostic model construction

To evaluate the therapeutic effects of second-line treatment with

axitinib, univariate CPHR analysis was used to identify potentially

important factors. Seven parameters were screened, namely, IMDC

grade [hazard rate (HR) = 5.26, p < 0.0001], albumin (HR = 0.82, p <

0.0001), calcium (HR = 172.34, p = 0.0005), adverse reaction grade

(HR = 0.31, p = 0.0169), Karnofsky score (KPS score, HR = 0.92, p =

0.0442), bone metastasis (HR = 2.85, p = 0.0462), and hemoglobin

(HR = 0.97, p = 0.0124) (Table 3). These parameters were

incorporated into LASSO regression analysis to avoid bias from

collinearity between factors (Figure 2). IMDC grade, albumin,

calcium, and adverse reaction grade, with non-zero coefficients,

were further enrolled in multivariate CPHR analysis to construct a

prognostic model. IMDC grade had the highest hazard ratio (HR)

(3.21, p = 0.1370), followed by calcium (2.55, p = 0.6833) (Figure 3

and Table 2). Adverse reaction grade was an independent prognostic

index that correlated with the therapeutic effects of second-line

treatment with axitinib. To construct a quantitative and more

intuitive tool for the individualized prediction of the therapeutic
Frontiers in Oncology 05
effects of second-line treatment with axitinib in patients with

advanced RCC, a novel prognostic nomogram was established

based on the four parameters, and the probability of 3-, 6-, and 12-

month PFS was predicted (Figure 4).
3.4 Predictive performance of the model

The C-index value of the model was 0.84, suggesting that the

predictive model had excellent predictive performance. Time-

dependent ROC curve analysis verified the accuracy of the model;

AUC values for the prediction of 3-, 6-, and 12-month PFS were 0.975,

0.909, and 0.911, respectively (Figure 5A). After 1000 bootstrap

resampling was complete, the predictive model showed excellent

consistency between predicted PFS probability and actual PFS

probability at 3, 6, and 12 months, confirmed by the calibration

curve (Figure 5B). The results were verified in the validation set,

which had a C-index value of 0.776 (Figure 5C). Moreover, DCA

was used to evaluate net benefit and make clinical decisions at 3, 6, and

12 months (Figure 5D). A nomogram (green) based on a combination

of IMDC grade, albumin, calcium, and adverse reaction grade showed

more area than adverse reaction grade alone (purple) (Figure 5D).
4 Discussion

Two primary signaling pathways are involved in RCC

pathogenesis—vascular endothelial growth factor (VEGF) and

mammalian target of rapamycin (mTOR) signaling pathways (16,

17). Loss mutation of the von Hippel–Lindau (VHL) is a common

event in many RCCs, and then causes the abnormal activation of the
TABLE 1 Continued

Variable All patients
(n = 44)

Training set
(n = 30)

Validation set
(n = 14)

p-Value

C-reactive protein 9.59 ± 22.87 4.69 ± 10.72 38.04 ± 33.40 0.0002

Creatinine 127.21 ± 34.43 132.43 ± 35.31 114.17 ± 29.52 0.1218

Albumin 28.68 ± 6.07 38.60 ± 5.57 40.17 ± 5.87 0.3967

Calcium 2.45 ± 0.25 2.47 ± 0.16 2.44 ± 0.43 0.7366

IMDC grade 0.6824

I 6 5 1

II 30 20 10

III 8 6 2

Largest adverse reaction grade 0.8266

0 5 3 2

I 16 12 4

II 22 15 7

III 1 1 0

Follow-up time (days) 1485.44 ± 1150.61 1623.83 ± 1268.75 1166.08 ± 764.94 0.2353

Alive at last follow-up 22/44 16/30 6/14 0.5174
fro
CCRCC, Clear cell renal cell carcinoma; nCCRCC, non-clear cell renal cell carcinoma; PD, Progressive disease; PR, Partial response; SD, Stable disease; KPS score, Karnofsky score; IMDC,
International Metastatic Renal Cell Carcinoma Database Consortium classification.
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TABLE 2 Subtype analysis.

Variable Difference of axitinib efficacy p-Value

Progression Progression-Free

Age (years) 58.10 ± 11.14 62.04 ± 8.81 0.1972

Age ≥75 years 0.5832

Yes 2 1

No 18 23

Gender 0.7344

Male 16 18

Female 4 6

Tumor location >0.9999

Left 10 11

Right 10 13

Nephrectomy >0.9999

Yes 17 21

No 3 3

Pathologic type 0.4361

CCRCC 15 21

nCCRCC 5 3

Sarcomatous change 0.4926

Yes 0 2

No 20 22

Primary tumor size ≤7 cm 0.5385

Yes 11 16

No 9 8

Liver metastasis 0.2172

Yes 5 2

No 15 22

Lung metastasis >0.9999

Yes 13 15

No 7 9

Bone metastasis 0.2097

Yes 9 6

No 11 18

Brain metastasis >0.9999

Yes 1 1

No 19 23

Lymph node metastasis 0.2268

Yes 6 12

No 14 12

Other metastasis sites 0.1151

(Continued)
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above pathways, which is linked to cancer progression and poor

prognosis (18). Currently, many TKIs targeting to VEGF-induced

angiogenesis, including sunitinib, pazopanib, and axitinib, have been

developed and are integral to the treatment (6, 16). However, RCC is

characterized by a wide range of molecular and clinicopathological

heterogeneity. Although considerable efforts have been made in the

past decades to treat mRCC, targeted agents offer limited benefits to

most patients. Compared with 8–9 months in the first-line treatment

setting, the average time of stable disease is 5–6 months in the second-

line treatment setting (19). At second-line treatment setting, axitinib

significantly increased PFS time and improved objective response rate
Frontiers in Oncology 07
compared with sorafenib (8). Compared to first-line treatment with

TKIs, axitinib not only showed fewer side effects, such as

hepatotoxicity, hematological toxicity, and hypertension (20–22),

but also immunomodulatory effects, where it downregulated the

expression of the immune-suppressor signal transducer and

activator of transcription 3 in patients with RCC (23), indicating

that axitinib is relatively potent and must be further explored in

combination therapy, first- or second-line setting.

However, fewer studies have identified biomarkers, including

clinicopathological features and biochemical indices, to guide

treatment. Biomarkers related to the therapeutic effects of second-
TABLE 2 Continued

Variable Difference of axitinib efficacy p-Value

Progression Progression-Free

Yes 9 16

No 11 6

First-line drug

Sorafenib 0.1605

Yes 4 1

No 16 23

Sunitinib 0.4728

Yes 14 19

No 6 4

Pazopanib 0.6731

Yes 2 4

No 18 20

KPS score >80 0.5220

Yes 13 18

No 7 6

Albumin (g/L) 35.75 ± 6.39 41.13 ± 4.64 0.0024

Albumin ≤35 g/L 0.0270

Yes 8 2

No 12 22

Calcium 2.49 ± 0.22 2.41 ± 0.28 0.3053

Calcium ≥2.55 mmol/L 0.0212

Yes 9 3

No 11 21

IMDC grade I 0.1977

Yes 1 5

No 19 19

Largest adverse reaction grade ≤I >0.9999

Yes 10 11

No 10 13
fro
CCRCC, Clear cell renal cell carcinoma; nCCRCC, Non-clear cell renal cell carcinoma; PD, Progressive disease; PR, Partial response; SD, Stable disease; KPS score, Karnofsky score; IMDC,
International Metastatic Renal Cell Carcinoma Database Consortium classification.
ntiersin.org
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TABLE 3 Results of the Cox proportional-hazards regression analysis.

Variable Univariate CPHR Multivariate CPHR

HR p-Value HR p-Value

IMDC grade 5.26 <0.0001 3.21 0.1370

Albumin 0.82 <0.0001 0.91 0.1814

Calcium 172.34 0.0005 2.55 0.6833

Adverse reaction 0.31 0.0169 0.28 0.0152

KPS score 0.92 0.044

Bone metastasis 2.85 0.046

Hemoglobin 0.97 0.0124
F
rontiers in Oncology
 08
 f
CPHR, Cox proportional-hazards regression; HR, hazard ratio; KPS score: Karnofsky score; IMDC: International Metastatic Renal Cell Carcinoma Database Consortium classification.
FIGURE 3

Forest plot of hazard ratios for four clinicopathological features (IMDC grade, albumin, calcium, and adverse reaction) using multivariate Cox
proportional-hazards regression analysis. IMDC: International Metastatic Renal Cell Carcinoma Database Consortium classification.
A B

FIGURE 2

(A) Screening path of the least absolute shrinkage and selection operator (LASSO) regression model. (B) Penalty parameter (log lambda) in the LASSO
regression model.
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line treatment with axitinib should be identified based on precision

medicine or individual treatment.

In this study, anomogram(C-indexvalue=0.84)wasdevelopedbased

on four variables (IMDC grade, albumin, calcium, and adverse reaction

grade) in the test set. AUC values of themodel for the prediction of 3-, 6-,

and 12-month PFS were 0.975, 0.909, and 0.911, respectively. In addition,

the model was internally validated after 1000-bootstrap resampling and

externallyvalidated in thevalidationset.Butneither theROCcurvenor the

calibration curve guides clinical decision. The DCA method was used to

first evaluate the benefit of the predictive model and then help make a

rational clinical decision. To our knowledge, DCA has never been used to

evaluate the therapeutic effects of axitinib. Therefore, the performance of
Frontiers in Oncology 09
this prognosticmodel is reliable and accurate.Of course, small sample size

is a limitation of this study. Moreover, independent validation sets from

other centers were not enrolled in this study. Thus, further studies must

verify the conclusion made using this prognostic model.

Hypertension is themost frequently documented adverse reaction in

patients who received second-line treatment with axitinib (8); therefore,

hypertension can be an effective predictor of axitinib efficacy. For

instance, diastolic blood pressure ≥ 90 mmHg (23–26) and systolic

blood pressure ≥ 140 mmHg (25, 27) were related to improved outcome

of axitinib. Consistently, the findings of this study indicated that more

adverse reaction grade was as an independent protective biomarker of

axitinib efficacy. Comparedwith variable hypertension alone, the adverse
FIGURE 4

Nomogram based on the logarithm of four clinicopathological features (IMDC grade, albumin, calcium, and adverse reaction) predicting the efficacy of
second-line treatment with axitinib in patients with metastatic renal cell carcinoma after failure of prior systemic treatment. IMDC: International
Metastatic Renal Cell Carcinoma Database Consortium classification, ProFree: progression-free.
A B

D

C

FIGURE 5

(A) Predictive performance of the model is evaluated using receiver operating characteristic curve. (B) Consistency of the model is evaluated using a
calibration curve in the training set. (C) Consistence of the model is evaluated using a calibration curve in the validation set. (D) Decision curve analysis to
evaluate the clinical benefit of 3-, 6-, and 12-month PFS and compare the clinical benefit of the model based on four parameters (IMDC grade, albumin,
calcium, and adverse reaction) with adverse reaction grade.
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reaction grade in this study reflectedmore information about the kinds of

side effects, such as hypertension, fatigue, diarrhea, myelosuppression,

hypothyroidism, and stomatitis. Moreover, blood pressure may be

affected by many factors. In other words, its specificity is worse

compared to our indexer that consists of all adverse reaction grades.

However, it is still unclear for us and other researchers whether the

adverse reaction, when it occurs, should be included into our nomogram,

whichmust be further explored in prospective studies. Generally, 4weeks

is optimal for evaluating the efficacy and adverse reaction grade of

second-line treatment with axitinib. Irrespective of the Memorial Sloan

Kettering Cancer Center risk score or IMDC risk score, hypercalcemia in

patients withmRCCwas considered a risk factor for poor outcome, such

as advanced stages and bone metastasis (28, 29). Consistently, in this

study, IMDC grade and calcium level are included in the nomogram,

confirming that higher IMDC grade and hypercalcemia are associated

with lesser efficacy of axitinib. Albumin is sensitive to the nutritional

state. Many studies have demonstrated that albumin is a risk parameter

for the prognosis of some diseases, such as gastrointestinal stromal

tumors, human immunodeficiency virus, lymphoma, and cutaneous

malignant melanoma (30–35). For example, Datta et al. (31) reported

that low albumin level was common in patients with stage IV cutaneous

malignant melanoma. However, to our knowledge, the relationship

between the prognosis of RCC or efficacy of TKIs and albumin

concentration remains unclear. The findings of this study

demonstrated that second-line axitinib treatment had worse efficacy in

patients with RCC who were malnourished. Thus, improved nutrition

may benefit more during targeted, second-line treatment with axitinib.

Older patients with RCC have often been excluded from receiving

axitinib treatment, owing to safety concerns. According to Hideaki

et al. (36), axitinib therapy was not only effective but also safe in

patients aged >75 years. The results of this study revealed that patients

aged <75 years old did not benefit more than patients aged ≥75 years

(p = 0.5832). Patients in the ProFree group may be older than those in

the Pro group (62.04 ± 8.81 vs. 58.10 ± 11.14 years, p = 0.1972), further

suggesting that treatment with axitinib in older patients is worthy of

attention. According to a phase III AXIS study, there was a significant

difference for the effect size of the PFS benefit in different prior first-line

treatments (37). In this study, differences in axitinib efficacy were not

statistically significant between prior first-line treatment types.

This study has limitations. First, the sample size was small (n = 44),

and the study was retrospective. Although the patients were divided into

the training set and validation set, which was used to validate the

performance of the model, the relatively small sample size and

retrospective nature of the study significantly affected the accuracy and

predictive performance of the study. Second, although patients were

enrolled regardless of the type of first-line therapy, including sorafenib

(n = 5), sunitinib (n = 33), and pazopanib (n = 6), patientswho received a

combination of TKI and immunotherapy as a first-line therapy were not

included in the nomogram. Combined treatment with lenvatinib and

pembrolizumab was related to significantly longer PFS and overall

survival than that with sunitinib (38). Therefore, it is unclear whether

the combination of TKI and immunotherapy as a first-line therapy could

affect the efficacy of second-line treatment with axitinib. In addition,

results from KEYNOTE 426 indicated that patients who received

pembrolizumab–axitinib showed better ORR (59.3% vs. 35.7%) and

median PFS (15.1 vs. 11.1months) compared with patients who received

sunitinib (39). Similarly, whether the model can be used to evaluate the
Frontiers in Oncology 10
efficacy of first-line treatment with axitinib, with a combination of

pembrolizumab (39) or avelumab (20), is unclear.

Although the included parameters in the model may not only

indirectly reflect plasma exposure of the drug by distinguishing

adverse grade (23, 40) but also directly reflect individualized status,

such as nutrition (albumin) and biochemical level (calcium), those

parameters don’t reflect altered signaling pathways such as VHL,

VEGF, mTOR, platelet-derived growth factor (PDGF), cell cycle, p53

Related Signaling, Ferroptosis, and so on (17, 41, 42). Additionally,

imaging features of tumor during targeted therapy should be considered.

The predictive performance and scope of applicability of the model to

evaluate the efficacy of second-line axitinib treatment should be further

verified in large-sample, multicenter, prospective studies in the future.
Data availability statement

The original contributions presented in the study are included in

the article/supplementary material. Further inquiries can be directed

to the corresponding authors.
Ethics statement

The studies involving human participants were reviewed and

approved by the Ethics Committee of Zhongshan Hospital, affiliated

to Fudan University. The patients/participants provided their written

informed consent to participate in this study.
Author contributions

DL, PL, and WZ contributed equally to this work and share first

authorship. DL, PL, and WZ conceived and designed the study. DL

and PL analyzed the data. DL, PL, and WZ prepared the figures and

wrote the main manuscript. JL,HW, and XH provided technical

guidance. XH and JG revised the manuscript. DL, PL, and XH

provided funding support. All authors reviewed the manuscript and

approved the final version for publication.
Funding

This study was supported by the Hospital Science Foundation

(grant number: KYYJ201921), Medical Project of Xiamen (grant

number: 3502Z20209045 and 3502Z20194029), Scientific Research

Project of Fujian for Youth (grant number: 2020QNB061), and

Special project of Integrated Traditional Chinese and Western

medicine of the Shanghai Municipal Health Commission (grant

number: ZHYY-ZXYJHZX-202017).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1071816
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lin et al. 10.3389/fonc.2023.1071816
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,
Frontiers in Oncology 11
or those of the publisher, the editors and the reviewers. Any

product that may be evaluated in this article, or claim that may be

made by its manufacturer, is not guaranteed or endorsed by

the publisher.
References
1. Motzer RJ, Jonasch E, Agarwal N, Alva A, Baine M, Beckermann K, et al. Kidney
cancer, version 3.2022, NCCN clinical practice guidelines in oncology. J Natl Compr Canc
Netw (2022) 20:71–90. doi: 10.6004/jnccn.2022.0001

2. Li Z, Zhao S, Zhu S, Fan Y. MicroRNA-153-5p promotes the proliferation and
metastasis of renal cell carcinoma via direct targeting of AGO1. Cell Death Dis (2021)
12:33. doi: 10.1038/s41419-020-03306-y

3. Padala SA, Barsouk A, Thandra KC, Saginala K, Mohammed A, Vakiti A, et al.
Epidemiology of renal cell carcinoma. World J Oncol (2020) 11:79–87. doi: 10.14740/
wjon1279

4. Garcia-Roig M, Ortiz N, Lokeshwar V. Molecular marker for predicting treatment
response in advanced renal cell carcinoma: Does the promise fulfill clinical need? Curr
Urol Rep (2014) 15:375. doi: 10.1007/s11934-013-0375-0

5. Capitanio U, Montorsi F. Renal cancer. Lancet (2016) 387:894–906. doi: 10.1016/
s0140-6736(15)00046-x

6. Calvo E, Schmidinger M, Heng DY, Grünwald V, Escudier B. Improvement in
survival end points of patients with metastatic renal cell carcinoma through sequential
targeted therapy. Cancer Treat Rev (2016) 50:109–17. doi: 10.1016/j.ctrv.2016.09.002

7. Vento JA, Rini BI. Treatment of refractory metastatic renal cell carcinoma. Cancers
(Basel) (2022) 14. doi: 10.3390/cancers14205005

8. Rini BI, Escudier B, Tomczak P, Kaprin A, Szczylik C, Hutson TE, et al.
Comparative effectiveness of axitinib versus sorafenib in advanced renal cell carcinoma
(AXIS): A randomised phase 3 trial. Lancet (2011) 378:1931–9. doi: 10.1016/S0140-6736
(11)61613-9

9. Petrou P. Cost-effectiveness analysis of axitinib through a probabilistic decision
mode l . Exper t Opin Pharmacother (2015) 16 :1233–43 . doi : 10 .1517/
14656566.2015.1039982

10. Rini BI, de la Motte Rouge T, Harzstark AL, Michaelson MD, Liu G, Grünwald V,
et al. Five-year survival in patients with cytokine-refractory metastatic renal cell
carcinoma treated with axitinib. Clin Genitourin Cancer (2013) 11:107–14.
doi: 10.1016/j.clgc.2012.12.004

11. Vogelzang NJ, Pal SK, Signorovitch JE, Reichmann WM, Li N, Yang C, et al.
Comparative effectiveness of everolimus and axitinib as second targeted therapies for
metastatic renal cell carcinoma in the US: A retrospective chart review. Curr Med Res
Opin (2016) 32:741–7. doi: 10.1185/03007995.2016.1140028

12. Ueda K, Suekane S, Nishihara K, Ogasawara N, Kurose H, Hayashi S, et al.
Duration of first-line treatment with molecular targeted-therapy is a prognostic factor in
metastatic renal cell carcinoma. Anticancer Res (2015) 35:3415–21.

13. Ueda K, Suekane S, Ogasawara N, Chikui K, Suyama S, Nakiri M, et al. Long-term
response of over ten years with sorafenib monotherapy in metastatic renal cell carcinoma:
A case report. J Med Case Rep (2016) 10:177. doi: 10.1186/s13256-016-0961-0

14. Zhang J, Zhang H, Wang Y, Wang Q. MCM2-7 in clear cell renal cell carcinoma:
MCM7 promotes tumor cell proliferation. Front Oncol (2021) 11:782755. doi: 10.3389/
fonc.2021.782755

15. Wolbers M, Koller MT, Witteman JC, Steyerberg EW. Prognostic models with
competing risks: Methods and application to coronary risk prediction. Epidemiology
(2009) 20:555–61. doi: 10.1097/EDE.0b013e3181a39056

16. Barata PC, Rini BI. Treatment of renal cell carcinoma: Current status and future
directions. CA Cancer J Clin (2017) 67:507–24. doi: 10.3322/caac.21411

17. Dell'Atti L, Bianchi N, Aguiari G. New therapeutic interventions for kidney carcinoma:
Looking to the future. Cancers (Basel) (2022) 14:3616–38. doi: 10.3390/cancers14153616

18. Ganner A, Gehrke C, Klein M, Thegtmeier L, Matulenski T, Wingendorf L, et al.
VHL suppresses RAPTOR and inhibits mTORC1 signaling in clear cell renal cell
carcinoma. Sci Rep (2021) 11:14827. doi: 10.1038/s41598-021-94132-5

19. Hsieh JJ, Purdue MP, Signoretti S, Swanton C, Albiges L, Schmidinger M, et al.
Renal cell carcinoma. Nat Rev Dis Primers (2017) 3:17009. doi: 10.1038/nrdp.2017.9

20. Motzer RJ, Penkov K, Haanen J, Rini B, Albiges L, Campbell MT, et al. Avelumab
plus axitinib versus sunitinib for advanced renal-cell carcinoma. N Engl J Med (2019)
380:1103–15. doi: 10.1056/NEJMoa1816047

21. Qi WX, He AN, Shen Z, Yao Y. Incidence and risk of hypertension with a novel
multi-targeted kinase inhibitor axitinib in cancer patients: A systematic review and meta-
analysis. Br J Clin Pharmacol (2013) 76:348–57. doi: 10.1111/bcp.12149

22. Wood LS, Gornell S, Rini BI. Maximizing clinical outcomes with axitinib therapy
in advanced renal cell carcinoma through proactive side-effect management. Community
Oncol (2012) 9:46–55. doi: 10.1016/j.cmonc.2011.11.002
23. Rini BI, Melichar B, Fishman MN, Oya M, Pithavala YK, Chen Y, et al. Axitinib
dose titration: analyses of exposure, blood pressure and clinical response from a
randomized phase II study in metastatic renal cell carcinoma. Ann Oncol (2015)
26:1372–7. doi: 10.1093/annonc/mdv103

24. Rini BI, Schiller JH, Fruehauf JP, Cohen EE, Tarazi JC, Rosbrook B, et al. Diastolic
blood pressure as a biomarker of axitinib efficacy in solid tumors. Clin Cancer Res (2011)
17:3841–9. doi: 10.1158/1078-0432.CCR-10-2806

25. Motzer RJ, Escudier B, Tomczak P, Hutson TE, Michaelson MD, Negrier S, et al.
Axitinib versus sorafenib as second-line treatment for advanced renal cell carcinoma:
Overall survival analysis and updated results from a randomised phase 3 trial. Lancet
Oncol (2013) 14:552–62. doi: 10.1016/S1470-2045(13)70093-7

26. Rini BI, Garrett M, Poland B, Dutcher JP, Rixe O, Wilding G, et al. Axitinib in
metastatic renal cell carcinoma: Results of a pharmacokinetic and pharmacodynamic
analysis. J Clin Pharmacol (2013) 53:491–504. doi: 10.1002/jcph.73

27. Donskov F, Michaelson MD, Puzanov I, Davis MP, Bjarnason GA, Motzer RJ, et al.
Sunitinib-associated hypertension and neutropenia as efficacy biomarkers in metastatic
renal cell carcinoma patients. Br J Cancer (2015) 113:1571–80. doi: 10.1038/bjc.2015.368

28. Teishima J, Murata D, Inoue S, Hayashi T, Mita K, Hasegawa Y, et al. Prediction of
early progression of metastatic renal cell carcinoma treated with first-line tyrosine kinase
inhibitor. Curr Urol (2021) 15:187–92. doi: 10.1097/cu9.0000000000000042

29. Heng DY, XieW, ReganMM,Warren MA, Golshayan AR, Sahi C, et al. Prognostic
factors for overall survival in patients with metastatic renal cell carcinoma treated with
vascular endothelial growth factor-targeted agents: Results from a large, multicenter
study. J Clin Oncol (2009) 27:5794–9. doi: 10.1200/JCO.2008.21.4809

30. Ding P, Guo H, Yang P, Sun C, Tian Y, Liu Y, et al. Association between the
nutritional risk and the survival rate in newly diagnosed GIST patients. Front Nutr (2021)
8:743475. doi: 10.3389/fnut.2021.743475

31. Datta M, Savage P, Lovato J, Schwartz GG. Serum calcium, albumin and tumor
stage in cutaneous malignant melanoma. Future Oncol (2016) 12:2205–14. doi: 10.2217/
fon-2016-0046

32. Hashimoto N, Ueda T, Hiraiwa S, Tajiri T, Nakamura N, Yokoyama K. Clonally
related plasmablastic lymphoma simultaneously occurring with diffuse large b-cell
lymphoma. Case Rep Hematol (2020) 2020:8876567. doi: 10.1155/2020/8876567

33. Zhou Q, Wei Y, Huang F, Wei X, Wei Q, Hao X, et al. Low prognostic nutritional
index predicts poor outcome in diffuse large b-cell lymphoma treated with r-CHOP. Int J
Hematol (2016) 104:485–90. doi: 10.1007/s12185-016-2052-9

34. Hao X, Wei Y, Wei X, Zhou L, Wei Q, Zhang Y, et al. Glasgow Prognostic score is
superior to other inflammation-based scores in predicting survival of diffuse large b-cell
lymphoma. Oncotarget (2017) 8:76740–8. doi: 10.18632/oncotarget.20832

35. Park S, Han B, Cho JW,Woo SY, Kim S, Kim SJ, et al. Effect of nutritional status on
survival outcome of diffuse large b-cell lymphoma patients treated with rituximab-CHOP.
Nutr Cancer (2014) 66:225–33. doi: 10.1080/01635581.2014.867065

36. Miyake H, Harada K, Ozono S, FujisawaM. Efficacy and safety of axitinib in elderly
patients with metastatic renal cell carcinoma. Med Oncol (2016) 33:95. doi: 10.1007/
s12032-016-0813-1

37. Escudier B, Pluzanska A, Koralewski P, Ravaud A, Bracarda S, Szczylik C, et al.
Bevacizumab plus interferon alfa-2a for treatment of metastatic renal cell carcinoma: A
randomised, double-blind phase III trial. Lancet (2007) 370:2103–11. doi: 10.1016/S0140-
6736(07)61904-7

38. Motzer R, Alekseev B, Rha SY, Porta C, Eto M, Powles T, et al. Lenvatinib plus
pembrolizumab or everolimus for advanced renal cell carcinoma. N Engl J Med (2021)
384:1289–300. doi: 10.1056/NEJMoa2035716

39. Rini BI, Plimack ER, Stus V, Gafanov R, Hawkins R, Nosov D, et al.
Pembrolizumab plus axitinib versus sunitinib for advanced renal-cell carcinoma. N
Engl J Med (2019) 380:1116–27. doi: 10.1056/NEJMoa1816714

40. Tortorici MA, Cohen EE, Pithavala YK, Garrett M, Ruiz-Garcia A, Kim S, et al.
Pharmacokinetics of single-agent axitinib across multiple solid tumor types. Cancer
Chemother Pharmacol (2014) 74:1279–89. doi: 10.1007/s00280-014-2606-6

41. Li Z, Liu J, Zhang X, Fang L, Zhang C, Zhang Z, et al. Prognostic significance of
cyclin D1 expression in renal cell carcinoma: A systematic review and meta-analysis.
Pathol Oncol Res (2020) 26:1401–09. doi: 10.1007/s12253-019-00776-0

42. Rini BI, Pal SK, Escudier BJ, Atkins MB, Hutson TE, Porta C, et al. Tivozanib
versus sorafenib in patients with advanced renal cell carcinoma (TIVO-3): A phase 3,
multicentre, randomised, controlled, open-label study. Lancet Oncol (2020) 21:95–104.
doi: 10.1016/s1470-2045(19)30735-1
frontiersin.org

https://doi.org/10.6004/jnccn.2022.0001
https://doi.org/10.1038/s41419-020-03306-y
https://doi.org/10.14740/wjon1279
https://doi.org/10.14740/wjon1279
https://doi.org/10.1007/s11934-013-0375-0
https://doi.org/10.1016/s0140-6736(15)00046-x
https://doi.org/10.1016/s0140-6736(15)00046-x
https://doi.org/10.1016/j.ctrv.2016.09.002
https://doi.org/10.3390/cancers14205005
https://doi.org/10.1016/S0140-6736(11)61613-9
https://doi.org/10.1016/S0140-6736(11)61613-9
https://doi.org/10.1517/14656566.2015.1039982
https://doi.org/10.1517/14656566.2015.1039982
https://doi.org/10.1016/j.clgc.2012.12.004
https://doi.org/10.1185/03007995.2016.1140028
https://doi.org/10.1186/s13256-016-0961-0
https://doi.org/10.3389/fonc.2021.782755
https://doi.org/10.3389/fonc.2021.782755
https://doi.org/10.1097/EDE.0b013e3181a39056
https://doi.org/10.3322/caac.21411
https://doi.org/10.3390/cancers14153616
https://doi.org/10.1038/s41598-021-94132-5
https://doi.org/10.1038/nrdp.2017.9
https://doi.org/10.1056/NEJMoa1816047
https://doi.org/10.1111/bcp.12149
https://doi.org/10.1016/j.cmonc.2011.11.002
https://doi.org/10.1093/annonc/mdv103
https://doi.org/10.1158/1078-0432.CCR-10-2806
https://doi.org/10.1016/S1470-2045(13)70093-7
https://doi.org/10.1002/jcph.73
https://doi.org/10.1038/bjc.2015.368
https://doi.org/10.1097/cu9.0000000000000042
https://doi.org/10.1200/JCO.2008.21.4809
https://doi.org/10.3389/fnut.2021.743475
https://doi.org/10.2217/fon-2016-0046
https://doi.org/10.2217/fon-2016-0046
https://doi.org/10.1155/2020/8876567
https://doi.org/10.1007/s12185-016-2052-9
https://doi.org/10.18632/oncotarget.20832
https://doi.org/10.1080/01635581.2014.867065
https://doi.org/10.1007/s12032-016-0813-1
https://doi.org/10.1007/s12032-016-0813-1
https://doi.org/10.1016/S0140-6736(07)61904-7
https://doi.org/10.1016/S0140-6736(07)61904-7
https://doi.org/10.1056/NEJMoa2035716
https://doi.org/10.1056/NEJMoa1816714
https://doi.org/10.1007/s00280-014-2606-6
https://doi.org/10.1007/s12253-019-00776-0
https://doi.org/10.1016/s1470-2045(19)30735-1
https://doi.org/10.3389/fonc.2023.1071816
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Development and validation of a nomogram to evaluate the therapeutic effects of second-line axitinib in patients with metastatic renal cell carcinoma
	1 Introduction
	2 Methods
	2.1 Patients and inclusion criteria
	2.2 Statistical analysis

	3 Results
	3.1 General characteristics
	3.2 Subtype analysis
	3.3 Prognostic model construction
	3.4 Predictive performance of the model

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


