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Abstract
Background: Comorbidity has a great impact on lung cancer survival. Renal
function status may affect treatment decisions and drug toxicity. The survival
outcome in lung cancer patients with coexisting chronic kidney disease (CKD)
has not been fully evaluated. We hypothesized that CKD is an independent risk
factor for mortality in patients with lung cancer.
Methods: A retrospective, propensity-matched study of 434 patients diagnosed
between June 2004 and May 2012 was conducted. CKD was defined as estimated
glomerular filtration rate <60 mL/minute. Lung cancer and coexisting CKD
patients were matched 1:1 to patients with lung cancer without CKD.
Results: Age, gender, smoking status, histology, and lung cancer stage were not
statistically significantly different between the CKD and non-CKD groups.
Kaplan–Meier survival analysis demonstrated a median survival of 7.26 months
(95% confidence interval [CI] 6.06–8.46) in the CKD group compared with
7.82 months (95% CI 6.33–9.30) in the non-CKD group (P = 0.41). Lung cancer
stage-specific survival is not affected by CKD. Although lung cancer patients with
CKD presented with an increased risk of death of 6%, this result was not statisti-
cally significant (hazard ratio 1.06, 95% CI 0.93–1.22; P = 0.41).
Conclusion: According to our limited experience, CKD is not an independent
risk factor for survival in lung cancer patients. Clinicians should not be discour-
aged to treat lung cancer patients with CKD.

Introduction

Lung cancer is the leading cause of cancer death worldwide
and is responsible for nearly 19.4% of all cancer deaths.1

Lung cancer causes more deaths than breast, colon, and
pancreatic cancers combined.2 Recent cancer incidence and
mortality data revealed that during 2013, 212 584 people
(100 677 women) with lung cancer were diagnosed in the
United States.2 Medical and technological advances have
contributed to improved life expectancy for lung cancer
patients. However, the aging of the population has led to
a growing prevalence of patients suffering from chronic

diseases and cancer. Cancer stage is usually the most
important factor affecting long-term outcome; however,
comorbidities influence the care of these patients, the selec-
tion of initial treatment, and its effectiveness.
According to Na et al., patients with chronic kidney dis-

ease (CKD) have an increased risk of death of several can-
cers.3 However, the literature contains contradictory results
of the impact of renal dysfunction on lung cancer
survival.3–5 In this study, we evaluate the clinical outcomes
of patients with lung cancer and coexisting CKD using a
propensity-matched study. We hypothesized that CKD is a
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possible adverse factor for mortality in patients with lung
cancer.

Methods

All adult patients (>18 years) diagnosed with lung cancer
at Chang Gung Memorial Hospital, Chiayi, from June 2004
to May 2012 were included in this retrospective study. Pro-
pensity score matching was used with a 1:1 match for
patients with lung cancer and coexisting CKD to patients
with lung cancer without CKD based on age, gender,
smoking status, histology, and lung cancer stage. Creati-
nine was measured at the time of cancer work up. CKD
was defined as calculated creatinine clearance
(CrCl) < 60 mL/minute/1.73 m2 using the Cockcroft–Gault
formula in the presence of proteinuria/hematuria or the
presence of abnormal kidney imaging.6 The SOLE presence
of a CrCl of <60 mL/minute/1.73 m2 was considered non-
CKD. CKD staging was conducted in accordance with the
current international guidelines.7 The Cockcroft–Gault for-
mula, the most commonly used formula to determine renal
function status in the clinical care of cancer patients, has
been shown to correlate with measured CrCl in multiple
disease settings.8 A recent formulation to estimate renal
function was developed by the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI).9 The Kidney Dis-
ease Outcomes Quality Initiative recommends using the
CKD-EPI creatinine equation to predict eGFRcreat in
adults; however, its clinical use in routine practice has not
been established.10

Medical records and the cancer center database at Chiayi
Chang Gung Memorial Hospital were cross-matched to
determine the coexistence of lung cancer and CKD. The
following clinical data were extracted from medical
records: age at lung cancer diagnosis, gender, smoking his-
tory, symptom/s at presentation, creatinine clearance, lung
cancer histology and stage at diagnosis, primary treatment
received (all treatment modalities given within three
months post diagnosis), Charlson comorbidity index
(CCI), and overall survival.11 In the CCI, 19 chronic dis-
eases are weighted according to their association with mor-
tality. The sum of each morbidity score is added to reach a
total score. The seventh edition of the tumor node metasta-
sis (TNM) staging system for lung cancer was used for
lung cancer staging.12 Clinical staging included a physical
examination, chest radiography, bronchoscopy, chest com-
puted tomography, spirometry, brain magnetic resonance
imaging, bone scan, and positron emission tomography.
Post-treatment follow-up was carried out at the outpatient
clinic every three months for three years and every six
months thereafter. The follow-up examination included
chest radiography, chest computed tomography and posi-
tron emission tomography. Patients with an incomplete

medical record, creatinine measurement or without pathol-
ogy reports were excluded. Overall survival was measured
from the day of lung cancer diagnosis until the last follow-
up or at the end of 2014. Patients lost to follow-up were
contacted by telephone by the cancer center case manager;
those not reachable by telephone were considered to have
died if they were excluded from National Health Insurance.
National Health Insurance offers universal coverage to
more than 99% of the Taiwanese population. Patients are
usually excluded as a result of death, missing premium
payments longer than six months, emigration, or national-
ity change. The Health Promotion Administration, Minis-
try of Health and Welfare, Taiwan, release an annual death
report of all cancer cases registered back to each cancer
center. The institutional review board of Chang Gung
Memorial Hospital approved this study.

Statistical analysis

The propensity score was calculated using logistic regres-
sion with CKD as the dependent variable. Propensity
matching was used to select control patients based on sev-
eral confounders simultaneously.13 A caliper width of 0.2
times the standard deviation of the propensity score with-
out replacement was used to pair match CKD and non-
CKD patients.14

Chi-square or Fisher’s exact tests were used for categori-
cal variables, and analysis of variance was used for numeri-
cal variables. Continuous variables were categorized using
median values as the cut-off point for risk stratification.
Age was divided into groups of <75 and >75 years of age;
the CCI score was divided into <9 or >9; clinical stage was
separated into stage I–IIIA versus stage IIIB–IV; and treat-
ment modality into supportive, surgical (any therapeutic
surgical resection, excluding diagnostic procedure), and
medical treatment groups. Overall survival was estimated
using the Kaplan–Meier method and difference in survival
was calculated using the log-rank test. Cox proportional
hazard analysis was used to estimate the level of signifi-
cance and the relative risks with 95% confidence interval
(CI). A P value of <0.05 was considered statistically signifi-
cant. The clinical data was analyzed using SPSS version
21.0 (SPSS Inc., Chicago, IL, USA).

Results

Figure 1 summarizes the recruitment flow process. During
the study period, 1660 lung cancer patients were diagnosed
and/or treated at Chang Gung Memorial Hospital at
Chiayi. One hundred and eleven patients were excluded:
55 patients had incomplete medical treatment records;
46 patients had no record of their creatinine level; and in
10 patients, lung cancer was not confirmed by our in-
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house pathologist. Propensity score matching was used to
match lung cancer patients with coexisting CKD (CKD
group) in a 1:1 ratio to lung cancer patients without CKD
(non-CKD group).

Demography

There was no statistically significant difference in age, gen-
der, smoking status, histology, or lung cancer stage
between the CKD and non-CKD groups. The median cre-
atinine level was 1.37 mg/dL for the CKD group compared
with 0.84 mg/dL for the non-CKD group (P < 0.001). The
median CrCl in the CKD group was 48.17 mL/minute
compared with 82.14 mL/minute in the non-CKD group
(P < 0.001). Twenty patients in the CKD group received
renal replacement therapy with hemodialysis prior to the
diagnosis of lung cancer. The patients’ demographic char-
acteristics are presented in Table 1. The median CCI score
was 8 for the CKD group compared with 9 for the non-

CKD group (P < 0.001). Distribution of the CCI is pre-
sented in Table 2.

Treatment

The proportion of patients that received supportive
treatment was much higher in the CKD compared to
the non-CKD group (32% vs. 23.7%). The proportion of
patients that received medical treatment was much
higher in the non-CKD compared with the CKD group
(67.3% vs. 58.1%). The proportion of patients that
received surgical treatment was similar for both groups
(Table 1).

Chronic kidney disease (CKD) versus non-
CKD survival

Kaplan–Meier survival analysis demonstrated a median
survival of 7.26 months (95% CI 6.06–8.46) in the CKD
group compared with 7.82 months (95% CI 6.33–9.30) in
the non-CKD group (P = 0.41). Although lung cancer
patients with CKD had an increased risk of death of 6%,
this was not statistically significant (hazard ratio
[HR] 1.06, 95% CI 0.93–1.22; P = 0.41) (Fig. 2). Survival
duration in the CKD group did not differ significantly
from the non-CKD group according to age, gender, smok-
ing status, CCI score, histology, stage, or treatment
(Table 3). Cancer survival for stage I–IIIA and stage IIIB
and IV patients according to the severity of CKD on pres-
entation was not significantly different. The median sur-
vival for lung cancer stage I-IIIA was 35.84 months in the
non-CKD group, 24.80 months in CKD stage 3–4, and
29.01 months in CKD stage 5 with hemodialysis, respec-
tively (P = 0.26). The median survival for lung cancer stage
IIIB-IV was 6.67 months in the non-CKD group,
6.01 months for CKD stage 3–4, 3.08 months for CKD
stage 5, and 2.50 months for CKD stage 5 with hemodialy-
sis, respectively (P = 0.68) (Table 4). Subgroup analysis of
stage IV lung cancer revealed a median survival of
5.19 months in CKD patients (95% CI 3.92–6.46) and
6.34 months in non-CKD patients (95% CI 5.33–7.35;
P = 0.21) (Table 4).
In the adjusted Cox proportional hazard analysis model

for CKD patients, stage IIIB–IV (HR 1.93, 95% CI
1.38–2.70; P < 0.001) and supportive treatment (HR 1.98,
95% CI 1.60–2.46; P < 0.001) presented an increased risk
of death, while surgical treatment (HR 0.45, 95% CI
0.28–0.74; P < 0.001) was associated with a decreased risk
of death. The effect of age, CCI score, and histology did
not reach statistical significance (Table 5).

June 2004–May 2012

N = 1660

N = 10, no pathology confirmation

N = 46, no creatinine data

N = 10, incomplete treatment record

N = 1549

Propensity Matching

1. Age

2. Gender

3. Smoking status

4. Histology

5. Cancer Stage

434 Matched Pairs

End Point:

Effect of CKD on lung cancer survival

CDK

N = 434
CDK

N = 1115

Figure 1 Recruitment flow process. CKD, chronic kidney disease.
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Discussion

Chronic kidney disease is a common clinical condition in
the elderly population. It is estimated that 44% of indivi-
duals aged 65 years or older have CKD.15 The reported
incidence of coexisting lung cancer and CKD is around
13%.4,5 In this report, the incidence of lung cancer with
coexisting chronic renal disease was 28.01% (434/1549).
This higher result could be related to the high incidence
and prevalence of CKD under hemodialysis in southern
Taiwan (513/million and 3297/million, respectively).16 The
1988–1994 and 1999–2004 National Health and Nutrition
Examination Surveys revealed that the prevalence of CKD
had increased from 5.4% to 7.7%, respectively.17 As the
global population ages, the incidence of lung cancer with
coexisting CKD is expected to rise.

Lung cancer is a disease that mostly affects elderly
patients. The median age at diagnosis in our study partici-
pants (CKD group 75 � 9.44 years, non-CKD 75 � 8.21)
is consistent with the SEER Cancer Statistics Review,
1975–2013, which reported the age at diagnosis of
70 years.18 We used the median age (75 years) to evaluate
the effect of age on survival. The younger group (<75) had
better survival duration than the older group (>75)
(median 10.28 vs. 6.34 months in the non-CKD group and
9.79 vs. 5.39 in the CKD group; P < 0.001). The inferior
survival rate for older patients may be related to the fol-
lowing factors: less protocol-specified treatment because of
intolerance of side effects, either no treatment or only sup-
portive treatment available, and patients are ineligible for
surgical resection. In the same age group, the difference
between the CKD and non-CKD groups was not

Table 1 Demographic characteristics of patients with CKD and non-CKD

Characteristics Non-CKD N (%) CKD N (%) P

Number of patients 434 434
Age (median + SD, years) 75 � 8.22 75 � 9.44 0.45
Gender 0.76
Male 313 (72.1) 318 (73.3)
Female 121 (27.9) 116 (26.7)

Current and past smoker 221 (50.9) 229 (52.88) 0.63
Creatinine (median + SD in mg/dL) 0.84 � 0.18 1.37 � 1.82 <0.001
Creatinine clearance (median + SD in mL/minute) 82.14 � 21.04 48.17 � 14.70 <0.001
Comorbidity score (median + SD) 8 � 2.05 9 � 2.52 <0.001
Histology 0.32
NSCLC 371 (85.5) 382 (88)
Adenocarcinoma 117 (40.8 173 (39.9)
Adenosquamous 16 (3.7) 14 (3.2)
Squamous 110 (25.3) 113 (26)
NSCLC 59 (13.6) 67 (15.4)
LC 4 (0.9) 6 (1.4)
Other 5 (1.2) 9 (2.1)

SCLC 63 (14.5) 52 (12)
Stage 0.32
I–IIIA 68 (15.7) 80 (18.4)
IIIB–IV 366 (84.3) 354 (81.6)

Treatment modality 0.12
Supportive care 103 (23.7) 141 (32.5)
Medical treatment 292 (67.3) 252 (58.1)
CT 140 (32.3) 114 (26.3)
RT 39 (9) 25 (5.8)
CT + RT 62 (14.3) 53 (12.2)
CT + TKI 8 (1.8) 8 (1.8)
RT + TKI 9 (2.1) 13 (3)
TKI 34 (7.8) 39 (9)

Surgical treatment 39 (9.0) 41 (9.4)
OP 21 (4.8) 20 (4.6)
OP + CT 15 (3.5) 21 (4.8)
OP + RT 1 (0.2) 0
OP + CT + RT 2 (0.5) 0

CKD, chronic kidney disease; CT, chemotherapy; LC, large cell carcinoma; NSCLC, non-small cell lung cancer; OP, surgical resection; RT, radiother-
apy; SCLC, small cell lung cancer; SD, standard deviation; TKI, tyrosine kinase inhibitor.
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significant (P = 0.58). The survival duration of older
patients after radical treatment did not differ significantly
from the younger patients.19

Using SEER and Medicare records of early stage lung
cancer patients, Wisnivesky et al. found that women had
better lung cancer specific, overall, and relative survival
than men in all treatment groups.20 Sagerup et al. found
that regardless of stage, age, period of diagnosis, and
selected histological subgroups, women had better survival
rates than men.21 Our data analysis revealed different

outcomes: the non-CKD group demonstrated better sur-
vival for women (18.3 months, 95% CI 14.51–22.09) com-
pared with men (15.13 months, 95% CI 12.66–13.32;
P = 0.048). In the CKD group, the gender differences were
not significant: 16.08 months (95% CI 12.13–20.03) for
women and 14.72 (95% CI 12.27–17.16) for men
(P = 0.43). This discrepancy warrants further investigation.
Non-small cell lung cancer is responsible for nearly 80%

of lung cancers, and neuroendocrine tumors account for
approximately 20% (nearly 14% by small-cell lung can-
cer).22 In our study, the proportion of NSCLC and small-
cell lung cancer in the CKD and non-CKD groups were
similar. This pattern of distribution is similar to a previous
report of lung cancer patients with associated CKD.5 Lung
cancer is usually recognized late in the disease course. The
proportion of patients in our study with stage IIIB or IV at
presentation was similar between the groups. Cancer stage-
specific survival according to the presence or absence of
CKD was not statistically significantly different between
the groups. We evaluated the effect of CKD in patients
with stage IV lung cancer and found that median survival
rates did not differ significantly: 6.34 months (95% CI
5.33–7.35) for the non-CKD group compared with 5.19
(95% CI 3.92–6.46) for the CKD group (P = 0.21). Further
survival analysis according to the different stages of renal
impairment (non-CKD, CKD 3, CDK 4, CKD 5, and CKD
5-under renal replacement therapy) in patients with lung
cancer stage I–IIIA and stage IIIB–IV was not statistically
significantly different. However, survival rates did differ
significantly between the CDK and non-CDK patients
according to cancer stage (Table 4). According to the treat-
ment modality for these patients, the proportion of
patients receiving supportive treatment is much higher in
the CKD compared with the non-CKD group (32.5%
vs. 23.7%). The median survival in CKD patients was
2.40 months for supportive care, 8.70 months for medical
treatment, and 41.75 months for surgical treatment
(P < 0.001). Surgical resection is usually recommended for
early lung cancer stages. Although surgical treatment is the
treatment modality with the best chance of cure, the
comorbidity and physical condition of patients with CKD
could render those early stage patients medically
inoperable.
Comorbidity has a significant influence on the treatment

selection and survival of cancer patients. A recent article
by Iachina et al., evaluated the impact of the individual
component of the CCI on lung cancer survival.23 In their
report, cardiovascular disease, diabetes, cerebrovascular
disorders, and chronic obstructive pulmonary disease have
a significant impact on the survival of NSCLC patients.23

However, as renal disease and other comorbidities were
grouped together, the independent effect of CKD was not
evaluated.23 Marcus et al. found that higher comorbidity

Table 2 Distribution of Charlson comorbidities in CKD and non-CKD

Charlson Comorbidity Index
Non-CKD
N (%)

CKD
N (%)

Myocardial infarction (+) 30 (6.9) 43 (9.9)
Congestive heart failure (+) 42 (9.7) 40 (9.2)
Peripheral vascular disease (+) 44 (10.1) 43 (9.9)
Cerebrovascular disease (+) 80 (18.4) 68 (15.7)
Dementia (+) 27 (6.2) 15 (3.5)
Chronic pulmonary disease (+) 230 (53) 184 (42.4)
Connective tissue disease (+) 8 (1.8) 7 (1.6)
Peptic ulcer disease (+) 167 (38.5) 156 (36)
Diabetes without end-organ damage (+) 73 (16.8) 8 (1.8)
Hemiplegia (+) 28 (6.5) 10 (2.3)
Diabetes with end-organ damage (+) 103 (23.7) 133 (30.6)
Any non-metastatic solid tumor (+) 89 (20.5) 144 (33.2)
Leukemia (+) 0 1 (0.2)
Lymphoma (+) 1 (0.2) 0
Moderate to severe liver disease (+) 62 (14.3) 33 (7.6)
Metastatic solid tumor (+) 363 (83.6) 296 (68.2)

CKD, chronic kidney disease.

Figure 2 Kaplan–Meier survival curve for lung cancer patients with
and without chronic kidney disease (CKD). The median survival was
7.82 months (95% confidence interval 6.33–9.30) in the non-CKD
group compared with 7.26 (95% confidence interval 6.06–8.46) in the
CKD group. Log rank test: P = 0.41.
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severity was associated with higher lung cancer-specific
mortality, and higher CCI score determines an increased
risk of lung cancer-specific mortality.24 Because every
patient in the CKD group in this study had at least one
type of cancer and renal impairment, the total number of
comorbidities was not used. In our cohort, each of the
independent morbidity scores was added for a total score
and stratified according to the median score. In the CKD
group, the median survival for patients with a CCI > 9 was
6.11 months compared with 9.99 months in patients with
CCI < 9 (P = 0.002). However, in the non-CKD group, the

difference was not significant, with survival rates of
7.52 months for CCI > 9 compared with 8.67 months for
CCI < 9 (P = 0.09). The CCI score HR in the adjusted
model was 1.07 (95% CI 0.87–1.32; P = 0.53). Although
the CCI score did not reach statistical significance, we
believe that the number and severity of comorbidities influ-
enced treatment selection in these patients.
Lung cancer is a deadly disease with a five-year survival

rate of only 17.7%.18 Moderate renal dysfunction (esti-
mated glomerular filtration rate <60 mL/minute) is associ-
ated with an increased overall mortality rate of 12% for

Table 4 Cancer stage survival according to the presence or not of chronic kidney disease and stage of chronic kidney disease

CKD median survival (months)

PCancer stage Non-CKD median survival (months) CKD 3–4 CKD 5 CKD 5-HD

I–IIIA 1A 35.84 37.17 24.08 0.39 29.01 30.06 0.26 0.88
31.059.0338.84B1
78.099.6345.33A2
01.087.734.14B2
12.046.7120.01A3

IIIB–IV 3B 6.70 12.68 6.01 3.08 2.50 7.92 0.68 0.62
12.091.543.64

P <0.001 <0.001 <0.001 0.36† 0.03 <0.001

†One censored case was registered among the only two patients who presented with CDK5 in stage I–IIIA. Chronic kidney disease (CKD) stage 3–4
(estimated glomerular filtration rate [eGFR] range 15–60 mL/minute/1.73 m2); CDK stage 5 (eGFR < 15 mL/minute/1.73 m2); CKD stage 5-HD
(eGFR < 15 mL/minute/1.73 m2 under hemodialysis).

Table 3 Kaplan-Meier survival analysis for non-CKD and CKD group

Non-CKD CKD

Median (months) 95% CI Median (months) 95% CI P

Age 0.58
<75 10.28 8.11–12.46 9.80 7.34–12.24 0.36
>75 6.34 4.65–8.03 5.39 3.94–6.84 0.92

Gender 0.52
Female 10.87 7.39–14.36 7.26 4.14–10.38 0.34
Male 6.90 5.98–7.82 7.10 5.83–8.37 0.86

Smoking history 0.44
No 9.30 7.01–11.59 7.79 6.11–9.46 0.60
Yes 7.46 5.86–9.06 7.10 5.42–8.77 0.57

Comorbidity score 0.76
<9 8.67 6.49–10.86 9.99 7.74–12.24 0.59
>9 7.52 5.99–9.06 6.11 4.76–7.46 0.36

Stage 0.25
Stage I–IIIA 35.84 28.71–42.97 24.80 16.77–32.84 0.14
Stage IIIB–IV 6.67 5.52–7.82 5.98 4.78–7.17 0.52

Histology 0.39
NSCLC 9.62 7.94–11.31 7.79 6.39–9.19 0.20
SCLC 4.24 3.33–5.15 4.66 0.52–8.80 0.35

Treatment 0.71
Supportive treatment 3.05 2.29–3.82 2.40 1.56–3.24 0.42
Medical treatment 8.25 6.60–9.89 8.70 7.11–10.30 0.75
Surgical treatment 52.14 30.66–73.61 41.72 19.55–63.90 0.75

CI, confidence interval; CKD, chronic kidney disease; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.
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several types of cancer, but not lung cancer, independent
of other known risk factors.3 Similar survival rates between
CKD and non-CKD lung cancer patients were reported by
Patel et al. in a small retrospective report (n = 107), in
which all patients with CrCl <90 mL/minute (mean CrCl
of 71 mL/minute) were included.5 We believe that the
renal function in this group of patients was too good to be
categorized as CKD. Our results revealed median survival
rates in patients with CKD of 7.26 months and without
CKD of 7.82 months (P = 0.41). Although lung cancer
patients with CKD presented with an increased risk of death
of 6%, this result was not statistically significant (HR 1.06, 95%
CI 0.93–1.22, P = 0.41) (Fig. 2). CKD was not an independent
predictor for lung cancer survival. In the adjusted model for the
CDK group, Cox proportional hazard analysis revealed that the
risk of death increases almost two-fold for patients with stage
IIIB–IV (HR 1.93, 95% CI 1.38–2.70; P < 0.001). With medical
treatment as the reference, patients receiving palliative treatment
have a nearly two-fold increased risk of death (HR 1.98, 95%
CI 1.60–2.46), while in those receiving surgical treatment the
likelihood of death decreases by 55% (P < 0.001).
There are several limitations to our study that need to

be addressed. The retrospective design, lack of standardiza-
tion and overlapping of treatment, and the relatively small
number of patients included may have an influence on the
survival outcomes.
In our limited experience of Taiwanese patients, CKD is

not an independent risk factor for lung cancer survival.
Lung cancer stage and the treatment provided are the
major determinants of survival. Patients with good physical
performance should be aggressively treated to achieve a
reasonable outcome.
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