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Adverse events in platinum-based chemotherapy for patients with advanced non-small cell lung cancer (NSCLC) are
major challenges. In this study, we investigated the role of the p53 and MDM2 genes in predicting adverse events in
NSCLC patients treated with platinum-based chemotherapy. Specifically, we examined the p53 p. Pro72Arg (rs1042522),
MDM2 c.14 C 309T>G (rs2279744) and MDM2 c.¡ 461C > G (rs937282) polymorphisms using PCR-based restriction
fragment length polymorphism (RFLP) in 444 NSCLC patients. We determine that MDM2 c.14 C 309T > G was
significantly associated with severe hematologic and overall toxicities for advanced NSCLC patients treated with
platinum-based chemotherapy, especially for patients aged 57 and younger. This was also true for patients with
adenocarcinoma. Second, we determine that severe gastrointestinal toxicities in patients with heterozygous MDM2
c.¡461C > G were significantly higher than in patients with the G/G genotype. Third, patients with the MDM2 c.¡461C
> G ¡ c.14 C 309T > G CT haplotype show much higher toxicities than those of CG haplotype. Moreover, patients
carrying the MDM2 c.¡461 > G –c.14 C 309T > G CG/CT diplotype exhibited higher toxicities than those carrying CG/
CG. Fourth, we found that the p53 p. Pro72Arg polymorphism interacts with both age and genotype. In addition, no
significant associations were observed between the 3 SNPs and the response to first-line platinum-based
chemotherapy in advanced NSCLC patients. In summary, we found that the p53 p. Pro72Arg, MDM2 c.14 C 309T > G
and MDM2 c.¡461C > G polymorphisms are associated with toxicity risks following platinum-based chemotherapy
treatment in advanced NSCLC patients. We suggest that MDM2 c.14 C 309T > G may be used as a candidate biomarker
to predict adverse events in advanced NSCLC patients who had platinum-based chemotherapy treatment.

Introduction

Lung cancer continues to be a serious global health issue and is
one of the leading causes of cancer-related death worldwide, of
which non-small cell lung cancer (NSCLC) accounts for over
80%.1 Nearly 2-thirds of NSCLC patients are diagnosed at late
or advanced stages, the majority of them at stage III or IV.1 Che-
motherapy can prolong the survival of advanced NSCLC
patients, with platinum-based chemotherapy regimens being the
standard first-line therapy for advanced disease. However, the
treatment-related toxicities, including hematologic and gastroin-
testinal toxicities, remain major challenges in treatment of
patients with advanced NSCLC.2,3

Chemotherapeutic drugs cause various types of DNA damage,
including DNA adducts and double/single-strand breaks, and kill
cancer cells mainly via apoptotic pathways.4 A growing number
of studies suggest that individual variations in treatment, clinical
outcome and toxicities of platinum-based combination chemo-
therapy for lung cancer are associated with gene polymorphisms,
which in turn affect drug-metabolizing, drug-transporting
and DNA repair enzymes.5–8 Here, we chose to focus on the
MDM2 polymorphisms in the pathway of p53-mediated apopto-
sis in patients treated with platinum-based combination
chemotherapy.

The p53 tumor suppressor gene encodes a short-lived tran-
scription factor that is the principal mediator of multiple cellular
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functions. It is activated by cellular stimuli such as genotoxic
stress, hypoxia or oncogene activation, resulting in DNA repair,
cell-cycle arrest, cell metabolism, autophagy, cell senescence as
well as apoptosis.9 Moreover, p53 is one of the most commonly
mutated genes during the development of most human tumor
types, highlighting its crucial role in carcinogenesis.10 In the
absence of p53 activity, cancer progress is accelerated, and resis-
tance to chemotherapy is developed, leading to poor prognosis
for patients.11 It was previously shown that in response to death
stimulus, p53 rapidly translocates into the mitochondria and trig-
gers the first wave of cell death. This effect is followed by a slow
wave of cell death because of the activation of transcription of
p53-dependent apoptotic target genes.12 Notably, the activity
and subcellular distribution of p53 is regulated by many proteins.
One of the most extensively studied regulators of p53 is the E3
ubiquitin protein ligase MDM2.13

Given that the changes in MDM2 levels influence the p53 sig-
naling pathway, we postulated that there would be functional
sequence variants in the promoter regions of the MDM2 gene.
These variants would regulate p53-mediated apoptosis and may
play an important role in individuals’ risk of treatment-related
toxicities. Recently, 2 common polymorphisms in the MDM2
promoter region, i.e., MDM2 c.14 C 309T > G (rs2279744,
MDM2 SNP309) and MDM2 c.¡461C > G (rs937282,
MDM2 C1797G) were shown to affect its affinity for stimula-
tory protein 1 (SP1) and CAAT/enhancer binding protein a (C/
EBP a), respectively, increasing the expression of MDM2.14,15

In lung cancer, these genetic polymorphisms of MDM2 have
been studied in relation to the risk of cancer and survival out-
come but not in relation to toxicity.16–21

A common p53 polymorphism is located within the proline-
rich domain of p53 at codon 72 (p53 p. Pro72Arg, rs1042522,
p53 codon 72) and encodes either a proline residue (CCC) or an
arginine residue (CGC). Dumont et al. observed that cells
homozygous for arginine residue (Arg/Arg or G/G) display
increased apoptotic potential and enhanced mitochondrial locali-
zation of p53.22 They demonstrated that the enhanced mito-
chondrial localization of the Arg72 variant is associated with
greater binding and ubiquitination of p53 by the MDM2 pro-
tein.22 It is hypothesized that the Arg72 variant of p53 increases
the risk of cell death because cells carrying this variant are more
susceptible to platinum-based chemotherapy regimens. Con-
versely, the Arg72 variant may lead to increased toxicity due to
the enhanced apoptotic potential of the Arg72 variant of p53 in
normal bystander cells treated with platinum-based regimens. In
this study, we investigated the association of the p53 p.
Pro72Arg, MDM2 c.14 C 309T > G and MDM2 c.¡461C >

G polymorphisms with grade 3 or 4 toxicity in patients treated
with platinum-based regimens for NSCLC.

Results

Patient characteristics and outcomes
A total of 444 patients with advanced NSCLC enrolled in

our study. Patient characteristics are shown in Table 1. Patients

ranged from 32 to 80 y old, with a median of 57. 71.6% (318)
were male. There were 239 smokers and 205 non-smokers.
Data on performance status were available for 441 patients,
95.9% of whom showed a ZPS performance status of 1 or 0
(Zubrod-ECOG-WHO). All patients had advanced NSCLC
(stage III or IV), with 9.9% at stage IIIA, 29.5% at stage IIIB
and 60.6% at stage IV. The most common histology was ade-
nocarcinoma (n D 267, 60.1%). Patients with squamous cell,

Table 1. Characteristics of NSCLC patients

Patient characteristics n (% of patients)

Total no. of patients 444
Median age, range (age at diagnosis, years) 57 (48)

Gender
Male 318 (71.6)
Female 126 (28.4)

Performance status (PS) (n D 443)a

0–1 425 (95.9)
2 18 (4.1)

Tumor-node-metastasis (TNM) stage
IIIA 44 (9.9)
IIIB 131 (29.5)
IV 269 (60.6)

Histopathological type
Adenocarcinoma 267 (60.1)
Squamous cell 89 (20.0)
Adenosquamocarcinoma 16 (3.6)
Otherb 72 (16.2)

Chemotherapy regimens
Platinum-navelbine 231 (52.0)
Platinum-gemcitabine 77 (17.3)
Platinum-paclitaxel 89 (20.0)
Platinum-docetaxel 22 (5.0)
Other platinum combinations 25 (5.6)

Smoking status
Current 239 (53.8)
Former 9 (2.0)
Never 196 (44.1)

Response (nD 417)a

Complete response (CR) 1 (0.2)
Partial response (PR) 75 (18.0)
Stable disease (SD) 290 (69.5)
Progressive disease (PD) 51 (12.2)

Toxicity outcomes
Grade 3 or 4 toxicity (nD 382)a 142 (37.2)
Grade 3 or 4 hematologic toxicity (n D 401)a 129 (32.2)
Grade 3 or 4 gastrointestinal toxicity (n D 403)a 27 (6.7)

p53 p.Pro72Arg(rs1042522) (n D 441)a

C/C 85 (19.3)
C/G 209 (47.4)
G/G 147 (33.3)

MDM2 c.¡461C>G(rs937282) (n D 426)a

C/C 226 (53.1)
C/G 157 (36.9)
G/G 43 (10.1)

MDM2 c.14 C 309T>G(rs2279744) (n D 430)a

G/G 121 (28.1)
G/T 293 (68.1)
T/T 16 (3.7)

aavailable data from these indicated subjects.
bincludes mixed cell, neuroendocrine carcinoma and unclassified
carcinoma.
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adenosquamocarcinoma or other histology represented 20%
(89), 3.6% (16) and 16.2% (72) of the study population,
respectively. All patients enrolled in the study had inoperable
tumors and received platinum-based chemotherapy as first-line
treatment. Fifty-two percent (231) of patients were treated with
platinum-navelbine chemotherapy, 17.3% (77) with platinum-
gemcitabine treatment, 20% (89) with platinum-paclitaxel treat-
ment, and 5% (22) with platinum-docetaxel treatment. Only
5.6% (25) patients were treated with other platinum-based
combinations. All chemotherapeutic drugs were administered
intravenously.

Response data were available for 417 patients; 18.2% (76
cases) showed a response, with 0.2% (1) a complete response
(CR) and 18.0% (75) a partial response (PR). The majority
(81.8%, 341) of patients showed no response, with 69.5% (290)
having stable disease (SD) and 12.2% (51) having progressive
disease (PD).

The chemotherapy related toxicities were recorded, and inci-
dences of grades 3 and 4 toxicities are shown in Table 1. Of the
patients evaluated, 37.2% (142) suffered from grade 3 or 4 toxic-
ity, 32.2% (129) had grade 3 or 4 hematologic toxicity, and
6.7% (27) experienced grade 3 or 4 gastrointestinal toxicity.

The p53 p. Pro72Arg, MDM2 c.14 C 309T > G and
MDM2 c.¡461C > G polymorphisms were identified in 441,
430 and 426 patients, respectively. In regard to the p53
p. Pro72Arg polymorphism, 19.3% (85) subjects were homozy-
gous for the C allele (C/C genotype), 33.3% (147) were homozy-
gous for the G allele (G/G genotype), and 47.4% (209) were
heterozygous (C/G genotype). For the MDM2 c.14 C 309T >

G polymorphism, 28.1% (121) subjects were homozygous for
the G allele (G/G genotype), whereas 3.7% (16) were homozy-
gous for the T allele (T/T genotype) and 68.1% (293) were het-
erozygous genotype (G/T). For the MDM2 c.¡461C > G
polymorphism, 53.1% (226) subjects were homozygous for the
C allele (C/C genotype), 36.9% (157) were heterozygous (C/G
genotype) and 10.1% (43) were homozygous for the G allele (G/
G genotype).

No significant differences were observed in the overall survival
rate for age, P D 0.989 (Fig. S1A); histological type, P D 0.423
(Fig. S1B); chemotherapy regimen, P D 0.528 (Fig. S1D) or
patient response, P D 0.869 (Fig. S1E). However, patients at
advanced stage IV had lower survival rates than those at lower
stages (Fig. S1C).

Patient characteristics and clinical response rate
To investigate whether the objective response rate (ORR) and

clinical benefit rate (CBR) were related to various patient charac-
teristics, the patients were grouped according to median age (57
y), gender, PS, TNM stage, histology, smoking status, clinical
toxicity outcome and genotypes of the 3 polymorphisms (p53 p.
Pro72Arg, MDM2 c.14 C 309T > G and MDM2 c.¡461C >

G). The ORR and CBR were analyzed for the different groups
(Table 2). The results showed that the patients above 57 y had a
significantly higher ORR than the � 57 y patients (P D 0.003)
(Table 2). A higher ORR was observed in patients with squa-
mous cell carcinoma compared to patients with adenocarcinoma

(P < 0.001). We also found that there were no significant differ-
ences for CBRs in age, gender, PS class, TNM stage, histological
type, smoking status, toxicity outcome and different genotypes
(p53 p. Pro72Arg, MDM2 c.14 C 309T > G and MDM2
c.¡461C > G) (Table 2). Some of the differences we found for
patient characteristics using ORR do not hold when CBR is
used. The difference between ORR and CBR in findings can be
attributed to the large number in the SD group. Furthermore,
neither ORR nor CBR was related to the toxicity rate or the 3
SNPs used in the study (Table 2). As a result, ORR or CBR will
not be included in the analysis on the SNPs and toxicity
outcome.

Association of polymorphisms with toxicity and survival
outcome in NSCLC patients

We examined the association between the genotypes of three
investigated SNPs and severe toxicities in the patients (Table
S1). We observed that grade 3 or 4 gastrointestinal toxicity was
significantly higher in patients who were heterozygous for the C
allele of MDM2 c.¡461C > G than G/G homozygotes
(10.8% vs. 0; OR D 1.121, 95% CI D 1.062–1.184,
P D 0.026) (Table S1).

After controlling for age, we found that younger patients
(� 57 years) carrying the G/T genotype of the MDM2 c.14 C
309T > G polymorphism were more likely to experience hema-
tologic toxicity (34.0% vs. 13.1%; adjusted OR D 3.578, 95%
CI D 1.559–8.207; P D 0.003) and grade 3 or 4 overall toxicity
(36.0% vs.18.0%; adjusted OR D 2.763, 95% CI D 1.293–
5.905; P D 0.009) G/G homozygotes (Table 3). No statistically
significant difference was found in elderly patients (Table S2).

For polymorphisms of the p53 p. Pro72Arg or MDM2
c.¡461C > G polymorphisms, no significant associations were
found between them and hematologic, gastrointestinal, or overall
toxicity for younger patients (Table 3). In contrast, a significantly
lower risk of grade 3 or 4 gastrointestinal toxicity was observed in
elderly patients carrying at least a C allele of p53 p. Pro72Arg
(G/C or C/C) (adjusted OR D 0.247, 95% CI D 0.076–0.810;
P D 0.021) (Table S2). However, an association between
MDM2 c.¡461C > G associated and risk of grade 3 or 4 gastro-
intestinal toxicity was not found in these elderly patients
(Table S2).

We also analyzed the association between the 3 SNPs and tox-
icity outcomes in patients with lung adenocarcinoma (Table 4).
Interestingly, patients with the G/T variant of the MDM2 c.14
C 309T > G polymorphism showed increased rates of hemato-
logical toxicity (34.8% vs. 19.7%; adjusted OR D 2.247, 95%
CI D 1.148–4.397; P D 0.018) and grade 3 or 4 overall toxicity
(37.1% vs. 23.9%; adjusted OR D 1.957, 95% CI D 1.028–
3.724; PD 0.041) than patients homozygous for the G/G variant
(Table 4). Moreover, we found a statistically significant associa-
tion between grade 3 or 4 gastrointestinal toxicity and the p53 p.
Pro72Arg polymorphism (adjusted OR D 0.274, 95% CI D
0.101–0.746; P D 0.011) (Table 4). However, no significant
association between the MDM2 c.¡461C > G polymorphism
and toxicity outcomes was observed in patients with adenocarci-
noma (Table 4). After considering the Bonferroni correction for
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multiple testing for each SNP, the association of MDM2 c. 14C
309T > G with hematologic toxicity is still significant in the
younger patient group.

Figure S2 presents the Kaplan-Meier curves of NSCLC
patients according to their genetic polymorphisms. No associa-
tions were found between genetic polymorphisms (p53
p. Pro72Arg, MDM2 c.14 C 309T > G and MDM2 c.¡461C
> G) and overall survival rate for NSCLC patients (Fig. S2).
The lack of associations between those genetic polymorphisms
and progression-free survival in NSCLC patients suggests that
these are not prognostic markers, but the associations of genetic
polymorphisms with grade 3 or 4 toxicity outcomes suggests that
they might act as possible biomarkers for adverse events following
platinum-based chemotherapy treatment in advanced NSCLC
patients.

Haplotype analysis
The pairwise linkage disequilibrium for the MDM2

c.¡461C > G and MDM2 c.14 C 309T > G loci were calcu-
lated by the SHEsis software platform (D’ D 0.655, r2 D

0.287). The 3 common haplotypes, CG, GT and CT
(MDM2 c.¡461C > G–MDM2 c.14 C 309T > G, in
order), were found to account for 93.7% of the patients.
Because the CG haplotype has the highest haplotype frequency
for MDM2 in the research population, determining the associ-
ation between MDM2 polymorphisms and clinical toxicities is
very complex. We set the CG haplotype of MDM2 as the ref-
erence group in this study. No significant difference in clinical
toxicity was found among the MDM2 haplotype groups com-
pared with the reference haplotype (Table S3). However, after
controlling for age, we found that in the younger patients, the
CT haplotype was associated with a higher incidence of hema-
tologic toxicity (adjusted OR D 1.876, 95% CI D 1.033–
3.406; P D 0.039) and grade 3 or 4 overall toxicity (adjusted
OR D 2.109, 95% CI D 1.152–3.860; P D 0.016) compared
with the most common haplotype, CG (haplotype frequency
D 0.559) (Table 5).

A total of 8 diplotypes were found in the studied popula-
tion. The 3 most common diplotypes were CG/CG, CG/CT,
and CG/GT (MDM2 c.¡461C > G–MDM2 c.14 C 309T >

Table 2. Association between patient characteristics and response to chemotherapy

Characteristics n CR, n PR, n SD, n ORR, % P-value CBR, % P-value

Age (years)
� 57 208 0 26 153 12.5 0.003 86.1 0.287
> 57 209 1 49 137 23.9 89.5

Gender
Male 302 1 60 205 20.2 0.091 88.1 0.754
Female 115 0 15 85 13.0 87.0

Performance status (PS)
0–1 401 1 74 275 18.7 0.236 87.3 0.140
2 15 0 1 14 6.7 100

TNM stage
IIIA 42 1 11 27 28.6 0.163 92.9 0.530
IIIB 124 0 23 84 18.5 86.3
IV 251 0 41 179 16.3 87.6

Histologic type
Adenocarcinoma 249 0 28 186 11.2 < 0.001 86.0 0.327

Squamous cell 85 1 26 51 31.8 91.8
Smoking status
Yes 236 0 49 156 20.7 0.125 86.7 0.639
No 181 1 26 133 14.9 88.4

Toxicity outcome
(hematologicC gastrointestinal toxicities)
grade 0 to 2 toxicity 232 0 34 172 14.7 0.107 88.8 0.411
grade 3 or 4 toxicity 142 0 30 92 21.1 86.0

p53 p.Pro72Arg (rs1042522)
G/G 138 0 24 98 17.4 0.937 88.4 0.283
G/C 196 1 36 138 18.9 89.3
C/C 80 0 15 51 18.8 82.5

MDM2 c.14C309T>G(rs2279744)
G/G 114 1 22 78 20.2 0.225 88.6 0.896
G/T 274 0 44 194 16.1 86.9
T/T 16 0 5 9 31.3 87.5

MDM2 c.-461C>G (rs937282)
C/C 209 1 37 143 18.2 0.681 86.6 0.586
C/G 152 0 27 106 17.8 87.5
G/G 40 0 5 32 12.5 92.5

CR, Complete response; PR, partial response; SD, stable disease; ORR, objective response rate; CBR, clinical benefit rate.
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G, in order). After controlling for age, CG/CT was associated
with a incidence of hematologic toxicity (44.4% vs. 12.9%;
adjusted OR D 5.665, 95% CI D 2.217–14.474; P < 0.001)
and grade 3 or 4 overall toxicity (48.1% vs. 17.7%; adjusted
OR D 4.949, 95% CI D 2.033–12.045; P < 0.001) than the
CG/CG diplotype (Table 6). The association between the CG/
CT diplotype of MDM2 and hematologic toxicity in younger
patients was still significant after multiple testing adjustments.
Additionally, we found that risk for grade 3 or 4

gastrointestinal toxicity was not associated with any diplotypes
in younger patients (Table 6). Similar results were obtained
from diplotype analysis regardless of age (Table S4; increased
incidence of grade 3 or 4 hematologic toxicity, with adjusted
ORs of 2.031, 95%CI D 1.129–3.654, P D 0.018; and
increased incidence of grade 3 or 4 overall toxicity, with
adjusted OR D 2.108, 95% CI D 1.171–3.796, P D 0.013).
We note that the associations were enhanced in younger
patients when age was considered (Table 6).

Table 3. Association of the polymorphisms and grade 3 or 4 toxicity in young patients (age 57 and younger)

Genotype n Grade 3 or 4 toxicity n (%) OR (95%CI) P-value

Hematologic toxicity
p53 p.Pro72Arg (rs1042522)
G/G 73 20 (27.4) 1
G/C 99 22 (22.2) 0.777 (0.380–1.589) 0.490
C/C 50 17 (34.0) 1.459 (0.652–3.267) 0.358
Allele of C (G/CCC/C) 149 39 (36.2) 0.974 (0.509–1.863) 0.937

MDM2 c.14C309T>G (rs2279744)
G/G 61 8 (13.1) 1
G/T 150 51 (34.0) 3.578 (1.559–8.207) 0.003
T/T 10 1 (10.0) 0.662 (0.073–5.967) 0.713
Allele of T (G/TCT/T) 160 52 (32.5) 3.295 (1.442–7.530) 0.005

MDM2 c.-461C>G (rs937282)
G/G 21 5 (23.8) 1
C/G 78 22 (28.2) 0.788 (0.250–2.483) 0.684
C/C 114 31 (27.2) 0.810 (0.266–2.465) 0.711
Allele of C (C/GCC/C) 192 53 (27.6) 0.801 (0.272–2.359) 0.687

Gastrointestinal toxicity
p53 p.Pro72Arg (rs1042522)
G/G 73 5 (6.8) 1
C/G 99 8 (8.1) 1.207 (0.367–3.970) 0.757
C/C 50 1 (2.0) 0.300 (0.033–2.726) 0.285
Allele of C (G/CCC/C) 149 9 (6.0) 0.910 (0.285–2.911) 0.874

MDM2 c.14C309T>G (rs2279744)
G/G 61 3 (4.9) 1
G/T 150 10 (6.7) 1.618 (0.417–6.273) 0.486
T/T 10 1 (10.0) 2.425 (0.210–28.029) 0.478
Allele of T (G/TCT/T) 160 11 (6.9) 1.674 (0.438–6.395) 0.451

MDM2 c.-461C>G (rs937282)
G/G 21 0 (0.0) 1
C/G 78 7 (9.0) 1.099 (1.025–1.178) 0.340
C/C 114 7 (6.1) 1.065 (1.017–1.117) 0.595
Allele of C (C/GCC/C) 192 14 1.079 (1.037–1.122) 0.370

Overall toxicity
p53 p.Pro72Arg (rs1042522)
G/G 73 23 (31.5) 1
G/C 99 25 (25.3) 0.775 (0.386–1.556) 0.474
C/C 50 18 (36.0) 1.382 (0.618–3.088) 0.431
Allele of C (G/CCC/C) 149 43 (28.9) 0.949 (0.503–1.791) 0.871

MDM2 c.14C309T>G (rs2279744)
G/G 61 11 (18.0) 1
G/T 150 54 (36.0) 2.763 (1.293–5.905) 0.009
T/T 10 2 (20.0) 1.213 (0.216–7.008) 0.815
Allele of T (G/TCT/T) 160 56 (35.0) 2.641 (1.243–5.614) 0.012

MDM2 c.-461C>G (rs937282)
G/G 21 5 (23.8) 1
C/G 78 24 (30.8) 0.759 (0.236–2.441) 0.644
C/C 114 36 (31.6) 0.677 (0.218–2.100) 0.500
Allele of C (C/GCC/C) 192 60 (31.3) 0.709 (0.236–2.134) 0.541

Note: Bold p-values are statistically significant.
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Discussion

Treatment selection based on biological markers is imperative
for a personalized approach. The sequencing of the human
genome has dramatically accelerated such research and allowed
the identification of millions of single nucleotide polymorphisms
(SNPs).23 SNPs may play a crucial role in the expression level
and activity of the corresponding gene products. When these
polymorphisms occur in drug metabolism enzymes or transport-
ers, the drug target or proteins involved in the repair of drug-

induced lesions, the disposition of the drug may be altered and,
consequently, its efficiency compromised or toxicity enhanced.
For these reason, gene polymorphisms may lead to alterations in
drug efficacy and treatment-related toxicities.

Despite the development of new therapeutic strategies, the
prognosis of patients with advanced NSCLC remains poor. Plati-
num-based chemotherapy is still considered the standard first-
line treatment for advanced NSCLC. SNPs have been suggested
to be predictive markers of treatment response, toxicity and sur-
vival in lung cancer patients.8,24,25 In this study, 3 investigated

Table 4. Association of the polymorphisms with grade 3 or 4 toxicity in patients with adenocarcinoma

Genotype n Grade 3 or 4 toxicity n (%) OR (95%CI) P-value

Hematologic toxicity
p53 p.Pro72Arg (rs1042522)
G/G 87 28 (32.2) 1
G/C 125 32 (25.6) 0.748 (0.403–1.388) 0.357
C/C 54 18 (33.3) 0.976 (0.468–2.035) 0.948
Allele of C (G/CCC/C) 179 50 (27.9) 0.819 (0.464–1.446) 0.491

MDM2 c.14C309T>G (rs2279744)
G/G 71 14 (19.7) 1
G/T 178 62 (34.8) 2.247 (1.148 -4.397) 0.018
T/T 12 3 (25.0) 1.392 (0.324–5.982) 0.656
Allele of T (G/TCT/T) 190 65 (34.2) 2.182 (1.120–4.253) 0.022

MDM2 c.-461C>G (rs937282)
G/G 26 9 (34.6) 1
C/G 95 26 (27.4) 1.305 (0.510–3.334) 0.579
C/C 136 42 (30.9) 1.136 (0.463–2.788) 0.781
Allele of C (C/GCC/C) 231 68 1.155 (0.482–2.768) 0.746

Gastrointestinal toxicity
p53 p.Pro72Arg (rs1042522)
G/G 87 11 (12.6) 1
C/G 125 5 (4.0) 0.285 (0.093–0.870) 0.028
C/C 54 2 (3.7) 0.248 (0.052–1.184) 0.080
Allele of C (G/CCC/C) 179 7 (3.9) 0.274 (0.101–0.746) 0.011

MDM2 c.14C309T>G (rs2279744)
G/G 71 5 (7.0) 1
G/T 178 11 (6.2) 0.883 (0.292–0.271) 0.825
T/T 12 2 (16.7) 2.462 (0.403–15.024) 0.329
Allele of T (G/TCT/T) 190 13 (6.8) 0.978 (0.331–2.888) 0.968

MDM2 c.-461C>G (rs937282)
G/G 26 0 (0.0) 1
C/G 95 11 (11.6) 1.131 (1.052–1.216) 0.118
C/C 136 7 (5.1) 1.054 (1.014–1.096) 0.599
Allele of C (C/GCC/C) 231 18 1.085 (1.045–1.126) 0.231

Overall toxicity
p53 p.Pro72Arg (rs1042522)
G/G 87 33 (37.9) 1
G/C 125 33 (26.4) 0.597 (0.323–1.104) 0.100
C/C 54 20 (37.0) 0.830 (0.402–1.713) 0.615
Allele of C (G/CCC/C) 179 53 (29.6) 0.670 (0.382–1.176) 0.163

MDM2 c.14C309T>G (rs2279744)
G/G 71 17 (23.9) 1
G/T 178 66 (37.1) 1.957 (1.028–3.724) 0.041
T/T 12 4 (33.3) 1.818 (0.452–7.308) 0.400
Allele of T (G/TCT/T) 190 70 (36.8) 1.947 (1.028–3.689) 0.041

MDM2 c.-461C>G (rs937282)
G/G 26 9 (34.6) 1
C/G 95 31 (32.6) 1.040 (0.406–2.662) 0.935
C/C 136 45 (33.3) 0.989 (0.398–2.453) 0.980
Allele of C (C/GCC/C) 231 76 0.976 (0.404–2.358) 0.956

Note: Bold p-values are statistically significant.
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SNPs of p53 p. Pro72Arg, MDM2 c. 14C 309T > G and
MDM2 c.¡461C > G were not associated with ORR and CBR
in NSCLC patients during platinum-based chemotherapy. We
found a statistically significant difference in clinical response to
chemotherapy between subgroups of � 57 and above 57 y
(Table 2). There was different with the previous studies. We
speculated that the possible reason may be the application of dif-
ferent borderline, but it should be further investigated.

Meanwhile, higher ORR was observed in patients with squamous
cell carcinoma compared to patients with non-squamous cell car-
cinoma (Table 2). The result may be due to chemotherapy regi-
mens of advanced NSCLC patients without Pemetrexed and
EGFR inhibitor. The Pemetrexed and EGFR inhibitor do pro-
vide a better clinical efficacy for advanced NSCLC patients with
adenocarcinoma histological type, but they do not improve the
response rate for patients with squamous histological type.26

Table 5. Association of the MDM2 haplotype with grade 3 or 4 toxicity in young patients (age 57 and younger)

Haplotype of MDM2 genea n Grade 3 or 4 toxicity n (%) OR (95%CI) P-value

Hematologic toxicity
CG 258 63 (24.4) 1
GT 108 29 (26.9) 1.134 (0.673–1.911) 0.637
CT 63 24 (38.1) 1.876 (1.033–3.406) 0.039
GG 19 4 (21.1) 0.808 (0.253–2.582) 0.719

Gastrointestinal toxicity
CG 258 16 (6.2) 1
GT 108 7 (6.5) 1.064 (0.418–2.705) 0.897
CT 63 5 (7.9) 1.483 (0.510–4.310) 0.469
GG 19 0 (0) — —

Overall toxicity
CG 258 72 (27.9) 1
GT 108 31 (28.7) 1.051 (0.627–1.763) 0.850
CT 63 27 (42.9) 2.109 (1.152–3.860) 0.016
GG 19 4 (21.1) 0.665 (0.206–2.148) 0.495

Note: Bold p-values are statistically significant. aHaplotypes were composed of MDM2 c.¡461C>G- c.14C309T>G, in order.

Table 6. Association of the MDM2 diplotype with grade 3 or 4 toxicity in young patients (age 57 and younger)

Diplotype of MDM2 genea n Grade 3 or 4 toxicity n (%) OR (95%CI) P-value

Hematologic toxicity
CG/CG 62 8 (12.9) 1
CG/CT 54 24 (44.4) 5.665 (2.217–14.474) < 0.001
CG/GG 1 0 (0) — —
CG/GT 79 23 (29.1) 2.926 (1.184–7.231) 0.020
CT/CT 2 0 (0) — —
CT/GT 5 0 (0) — —
GG/GT 18 4 (22.2) 1.935 (0.496–7.549) 0.342
GT/GT 3 1 (33.3) 2.715 (0.217–33.941) 0.438

Gastrointestinal toxicity
CG/CG 62 3 (4.8) 1
CG/CT 54 4 (7.4) 1.969 (0.404–9.598) 0.402
CG/GG 1 0 (0) — —
CG/GT 79 6 (7.6) 1.925 (0.445–8.322) 0.380
CT/CT 2 0 (0) - —
CT/GT 5 1 (20.0) 3.971 (0.301–52.330) 0.295
GG/GT 18 0 (0) — —
GT/GT 3 0 (0) — —

Overall toxicity
CG/CG 62 11 (17.7) 1
CG/CT 54 26 (48.1) 4.949 (2.033–12.045) < 0.001
CG/GG 1 0 (0) —
CG/GT 79 24 (30.4) 2.139 (0.925–4.951) 0.076
CT/CT 2 0 (0) — —
CT/GT 5 1 (20.0) 0.886 (0.088–8.882) 0.918
GG/GT 18 4 (20.2) 1.344 (0.355–5.089) 0.663
GT/GT 3 1 (33.3) 3.497 (0.196–62.418) 0.395

Note: Bold p-values are statistically significant. aDiplotypes were composed of MDM2 c.¡461C>G–c.14C309T>G, in order.
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Moreover, our result is consistent with a recent study which
shows that response rate after platinum-based chemotherapy was
significantly higher in advanced NSCLC patients with squamous
carcinoma than with adenocarcinoma.27

Platinum-related toxicity, including hematologic and gastro-
intestinal toxicities, remains challenges in this treatment. A con-
siderable number of studies have focused on the association
between chemotherapy-related toxicity and polymorphisms in
DNA repair genes.8,24,25 Here, we focused on the association
between incidence of toxicities in patients treated with platinum-
based combination chemotherapy and polymorphisms of the
p53 and MDM2 genes, which are involved in p53-mediated apo-
ptosis in normal bystander cells suffering from platinum-based
regimens.

In this study, we investigated whether the SNPs of p53 p.
Pro72Arg, MDM2 c. 14C 309T > G and MDM2 c.¡461C >

G were associated with the toxicity of platinum-based chemo-
therapy in advanced NSCLC patients. We found that MDM2
14 C C 309T > G was associated with toxicity in advanced
NSCLC patients receiving platinum chemotherapy, especially
young patients or for patients with adenocarcinoma (Tables 3
and 4). Furthermore, we observed that the incidence of gastroin-
testinal toxicity in patients heterozygous for the MDM2
c.¡461C > G polymorphism was also significantly higher than
in those with the G/G genotype. In addition, a statistically signif-
icant association was found between the occurrence of severe
platinum chemotherapy-related toxicities in both the haplotype
and diplotype analysis (Tables 5 and 6).

MDM2 c.14 C 309T > G and MDM2 c.¡461C > G are
well-studied functional SNPs in the promoter region of the
MDM2 gene. MDM2 c.14 C 309T > G is located in the region
of a p53-dependent promoter (P2 promoter), and MDM2
c.¡461C > G is located upstream of a p53-independent consti-
tutive P1 promoter.13 Numerous epidemiological studies have
focused on the association between MDM2 c.14 C 309T > G
and MDM2 c.¡461C > G SNPs and susceptibility to and sur-
vival of lung cancer, but the conclusions were not consistent.16–
21,28,29 In the present study, we observed that the heterozygous
MDM2 c.14 C 309T > G genotype was associated with
increased risk of severe hematologic and overall toxicities in
NSCLC patients treated with platinum-based regimens. How-
ever, a higher rate of gastrointestinal toxicity was observed in
patients heterozygous for the C allele of MDM2 c.¡461C > G
than those homozygous for the G allele. In vitro studies have
demonstrated that the G allele of MDM2 c.14 C 309T > G
could increase the steady-state expression of mRNA through
enhancing the affinity of the Sp1 transcription activator for a
putative binding site and thereby reducing basal p53 levels.15,30

Wang et al. reported that the G allele of MDM2 c. ¡461C > G
has a high promoter activity for MDM2 mRNA transcription
based on in vitro luciferase assays in various cell lines.14 There-
fore, the distinct associations of toxicity outcomes with MDM2
c.14 C 309T > G and MDM2 c.¡461C > G may be due to the
specific types and areas of normal bystander cells and their regula-
tion of MDM2 expression. Basal levels of MDM2 protein could
be increased to a certain extent in normal bystander cells with the

MDM2 c.14 C 309T > G G/T genotype, which in turn attenu-
ates the p53 response to a variety of DNA damage induced by
platinum-based chemotherapy regimens. Lalonde et al. reported
that the constitutive expression levels of MDM2 might be regu-
lated by multiple functional promoter SNPs that subsequently
suppress the regulation of MDM2 c¡461C > G.13 We used a
haplotype and diplotype-based approach to evaluate their associa-
tion with the occurrence of severe hematologic and overall toxic-
ities. We found a statistically significant association between the
CG/CT (MDM2 c¡461C > G-MDM2 c.14 C 309T > G, in
order) and increased incidence of severe hematologic and overall
toxicities. The results indicate that the combination of 2 func-
tional SNPs could increase the risk of severe hematologic and
overall toxicity.

A common p53 polymorphism, p53 encodes either a proline
residue (CCC) or an arginine residue (CGC) at the 72nd residue
(p.Pro72Arg). Increased apoptotic potential response to geno-
toxic agents in cells homozygous for the G allele (Arg allele) has
been described previously.22 Analysis of severe toxicity revealed
that patients with the C allele were associated with lower inci-
dence of gastrointestinal toxicity than those with the G/G geno-
type. This suggests that the Arg72 variant (the G variant) may
predict for severe toxicities in normal bystander cells treated with
platinum-based regimens. However, no association between p53
p.Pro72Arg and the occurrence of severe hematologic and overall
toxicity was observed in the present study.

Earlier studies showed that p53 p. Pro72Arg and MDM2 c.14
C 309T > G SNPs are associated with severe neutropenia in
patients with breast and ovarian cancer during cisplatin-based
chemotherapy.31,32 Recently, Wang et al observed associations
between p53 p. Pro72Arg and MDM2 c.14 C 309T > G and
grade 3 or 4 neutropenia in extensive-stage small-cell lung cancer
(SCLC) patients treated with etoposide and cisplatin.3 They
reported that p53 p. Pro72Arg G/G and MDM2 c.14 C 309T
> G G/G genotypes were associated with the lowest incidence of
grade 3 or 4 neutropenia in SCLC patients.33 In current study,
we found that the MDM2 c.14 C 309T > G polymorphism is
associated with grade 3 or 4 hematologic toxicity in advanced
NSCLC patients treated with platinum-based chemotherapy.
This result is consistent with previous reports. In contrast,
patients with the p53 p.Pro72Arg G/G genotype were associated
with higher incidence of gastrointestinal toxicity than those with
the C allele. In addition, we found that the incidence of gastroin-
testinal toxicity in patients heterozygous for the MDM2
c.¡461C > G polymorphism was also significantly higher than
in those with the G/G genotype. Because of the limited number
of gastrointestinal toxicity events, a larger sample is needed to val-
idate this result.

In conclusion, our results suggested that the MDM2 c.14 C
309T> G polymorphism is associated with grade 3 or 4 hemato-
logic and overall toxicity in advanced NSCLC patients treated
with platinum-based chemotherapy. The p53 p.Pro72Arg and
MDM2 c.¡461C > G were associated with the risk of severe
gastrointestinal toxicity in this study. If confirmed by indepen-
dent studies, these findings may have potential clinical utility in
assessing the toxicity risk and individualizing therapy.
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Materials and Methods

Patients and data collection
All patients with newly diagnosed advanced NSCLC were

enrolled for the study at The Second Hospital, Nanjing Medical
University and Jiangsu Cancer Hospital-Jiangsu Institute of Can-
cer Research between August 2009 and September 2012. All sub-
jects were unrelated ethnic Han Chinese. Patients receiving
radiation therapy were excluded in this study. All subjects were
histologically confirmed as having stage IIIA–IV tumors that
were inoperable but received first-line platinum-based chemo-
therapy including cisplatin and carboplatin. They were given (1)
25 mg/m2 of navelbine on day 1 and day 8 every 3 weeks in com-
bination with 75 mg/m2 cisplatin or carboplatin AUC 5, both
administered on day 1 every 3 weeks; (2) 1,250 mg/m2 gemcita-
bine on days 1 and 8 every 3 weeks in combination with 75 mg/
m2 cisplatin or carboplatin AUC 5, both administered on day 1,
every 3 weeks; (3) 175 mg/m2 Taxol on day 1 every 3 weeks in
combination with 75 mg/m2 cisplatin or carboplatin AUC 5,
both administered on day 1 every 3 weeks; (4) 75 mg/m2 doce-
taxel on day 1 every 3 weeks in combination with 75 mg/m2 cis-
platin on day 1 every 3 weeks. All drugs were administered
intravenously, and patients were treated for 2 to 6 cycles. Patients
had to be available for follow-up and informed consent was pro-
vided. Clinical data were systematically recorded at the time of
admission, including age when diagnosed, sex, smoking history,
family history, clinical stage, and tumor histology.

Responses to treatment were evaluated by solid tumor guide-
lines (RECIST), which classify the responses into the following 4
categories: complete response (CR), partial response (PR), stable
disease (SD), and progressive disease (PD). ORR and CBR were
analyzed in the present study. ORR is the percentage of patients
who experienced CR and PR after treatment, and CBR is the per-
centage of patients with CR, PR and SD.

Toxicity incidences during first-line chemotherapy were
assessed by the National Cancer Institute’s Common Toxicity
Criteria version 3.0 (http://ctep.cancer.gov) and were recorded
after first 2 cycles of chemotherapy by an investigator who was
blind to the status of the patients. The toxicities included leuko-
cytopenia, anemia, thrombocytopenia, nausea, and vomiting.
Toxicity outcomes were grouped into any grade 3 or 4 toxicity,
any grade 3 or 4 hematologic toxicity, and any grade 3 or 4 gas-
trointestinal toxicity. The toxicity outcome in each of these
groups was dichotomized by the presence or absence of grade 3
or 4 toxicity during the first-line treatment. The study protocol
was approved by the ethics committees of The Second Clinical
School and The Second Hospital of Nanjing Medical University.

Genotyping
Peripheral blood samples were obtained from all recruited

NSCLC patients after signing informed consent forms. Genomic
DNA was extracted from peripheral blood samples using the
QIAamp DNA Blood Kit (Qiagen). The p53 p. Pro72Arg,

MDM2 c.14 C 309T > G and MDM2 c.¡461C > G geno-
types were determined by PCR-RFLP methods as described pre-
viously,34 and followed by the direct sequencing of 10% samples
with the heterozygous or homozygous variant. Direct sequencing
of the PCR product was performed with BigDye Terminator
v3.1 kit (The ABI PRISM 3100 Genetic Analyzer, Applied
Biosystems).

Statistical Analysis

The Hardy-Weinberg equilibrium of each polymorphism dis-
tribution was tested by a goodness-of-fit x2 test. For the pair wise
linkage disequilibrium analysis, D’ and r2 for the observed poly-
morphisms in MDM2 gene were calculated by the SHEsis soft-
ware platform (http://analysis2.bio-x.cn/myAnalysis.php).35

Individual haplotype frequencies were estimated from the
observed genotype data using the PHASE 2.1.1 program (version
2.1.1) involving the implementation of a Bayesian approach for
reconstructing haplotypes from population genotype data.36

Comparison of categorical variables of patient characteristics
was performed by x2 test or Fisher’s exact test. The associations
between each genetic polymorphism/haplotype/diplotype and
toxicity outcomes (grade 3 or 4 toxicity) were estimated by odds
ratios (OR) and their 95% confidence intervals (95% CI), which
were calculated using unconditional logistic regression. The cova-
riates of treatment responses included sex, age at diagnosis, per-
formance stage (PS), type of chemotherapy regimen, tumor/
node/metastasis (TNM) stage and histological type, and the
covariates of toxicity outcomes included sex, PS and type of
chemotherapy regimen. For analysis of overall survival, Kaplan-
Meier curves were constructed. The estimates for different sub-
groups were calculated by the log-rank method. P values were 2-
sided, and a level of 0.05 was considered statistically significant.
When multiple comparisons of the data were performed, the
Bonferroni correction was applied. All statistical analyses were
carried out by Stata version 11 (StataCorp LP, College Station,
TX).
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