
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Influence of polymorphisms of codon 72 and intron 6 of  
TP53 gene in patients with chronic lymphocytic leukemia 
 

ABSTRACT 
Polymorphisms of the TP53 gene have been 
studied extensively, and polymorphisms of codon 
72 and intron 6 may be the ones most related to 
the risk of cancer. However, the relationship of 
these polymorphisms with a worse prognosis in 
chronic lymphocytic leukemia is unclear. We 
analyzed these polymorphisms, using real-time 
polymerase chain reaction and, in many cases, 
Sanger sequencing, in 558 patients diagnosed with 
chronic lymphocytic leukemia. The Pro/Pro 
genotype was significantly associated with Binet 
stage B and C chronic lymphocytic leukemia, 
a higher frequency of Richter transformation, and 
a shorter time to first treatment for their disease 
from the time of diagnosis. In contrast, the 
Arg/Pro genotype was associated with a lower 
risk of secondary neoplasms. Analyses of overall 
survival demonstrated that patients with the 
Arg/Pro genotype lived significantly longer than 
those with the other genotypes (p = 0.028). In 
particular, the Pro/Pro homozygous genotype at 
TP53 codon 72 was identified as an independent 
 
 

variable associated with a 1.7-fold increased risk 
of death (95% CI: 1.062-2.810; p = 0.028) in 
comparison with the Arg/Pro heterozygous 
genotype. These results suggest that the Pro/Pro 
genotype of TP53 codon 72 has a potential role in 
the progression and higher mortality of chronic 
lymphocytic leukemia patients. Conversely, the 
Arg/Pro genotype was associated with a lower 
incidence of secondary malignancies and higher 
overall survival.  
 
KEYWORDS: chronic lymphocytic leukemia, 
p53 tumor suppressor protein, gene polymorphism, 
prognosis. 
 
INTRODUCTION 
Chronic lymphocytic leukemia (CLL) is a 
heterogeneous disease where some patients show 
a relatively stable clinical course, while others 
present with rapid clinical progression that 
requires treatment [1].  
Many different essential prognostic factors have 
been identified for CLL, particularly chromosomal 
abnormalities and the mutational status of IgHV. 
In addition to the del(17p)/TP53 mutation, 
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the most robust CLL biomarker for response to 
therapy, other mutations reportedly are correlated 
with disease outcome; however, they are not yet 
actionable [1]. 
Richter transformation (RT) is an aggressive 
lymphoma in patients with a previous or 
concomitant CLL diagnosis. Various clinical, 
genetic, biological, and therapeutic factors are 
reportedly associated with RT, however, their 
direct RT pathogenesis correlations remain 
unexplained [2]. CLL is also known to be 
correlated with an increase in secondary 
malignancies. CLL is also known to be correlated 
to an increase in secondary neoplasms. In addition 
to causative factors such as previous exposure to 
chemotherapeutic agents, genetic susceptibility, 
and other factors such as viral infections or 
smoking, secondary neoplasms are also correlated 
to the state of immunosuppression typical of 
this disease; studies indicated the state of 
immunosuppression of previous neoplasia as 
potential CLL causative factors [3]. 
Several polymorphisms are related to the p53 
pathway; codon 72 and intron 6 appear to have a 
more significant impact on cancer risk [4]. Codon 
72 is present in exon 4 of TP53 within a proline-
rich domain, which lies between the N-terminal 
transactivating domain and the DNA-binding domain 
which harbors most of the tumor-associated 
mutations [5]. This polymorphism yields two 
variants of the protein, one with an arginine 
residue (CGC) and another with proline (CCC). 
Comparative sequence analyses in non-human 
primates suggest that p53-P72 is the wild type, 
although p53-R72 occurs at a high frequency 
(>50%) in some populations [6]. This 
polymorphism’s ethnic and geographical distribution 
varies. The p53-P72 allele frequency is ~60% in 
the African population and ~30% in the Caucasian 
population [7]. The p53-P72 allele shows weaker 
activity in inducing apoptosis and suppressing 
cellular transformation [8]. It also shows lower 
transcriptional activity toward a subset of p53 
target genes involved in apoptosis and DNA 
repair than the p53-R72 allele [9]. TP53 codon 72 
polymorphism reportedly leads to greater longevity 
and survival after a cancer diagnosis or other life-
threatening diseases, but does not decrease cancer 
risk [10]. 
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The relationship of TP53 codon 72 
polymorphisms with the risk of cancer and 
survival has been reported [5]; however, these 
survival studies were affected by problems similar 
to those described for cancer risk association 
studies. Moreover, none of the extensive studies 
with statistically robust results have reported 
significant associations to date [11]; even a meta-
analysis found no relationship between codon 72 
and hematologic malignancies but indicated that 
the number of included studies was very limited 
[12]. 
Similarly, the relationship of TP53 codon 72 
polymorphisms in CLL has been previously 
studied; but no reliable results have, yet, been 
obtained [13-15]. 
The intron 6 polymorphism transition from G to A 
is located after 61 nucleotides from exon 6 and 
abrogates a restriction endonuclease site MspI 
(CCGG to CCAG). It is associated with some 
types of cancers [16, 17]. However, this 
polymorphism is not related to CLL development 
risk, or a worse prognosis [14].  
Both codon 72 and intron 6 polymorphisms of 
TP53 have been studied in many cancer types, 
yielding varied results. In CLL, the results have 
been generally inconclusive. Therefore, this study 
aimed to analyze the relationship of the genotypes 
of polymorphisms of codon 72 and intron 6 of 
TP53 in a large cohort of patients with CLL. 
 
PATIENTS AND METHODS 

Chronic lymphocytic leukemia patients 
We included and analyzed 558 consecutive 
Spanish patients diagnosed with CLL; all were 
referred from a group of associated hospitals 
(Hospital Universitario Puerta de Hierro-
Majadahonda, Hospital Universitario de Getafe, 
and Hospital Universitario Severo-Ochoa) for the 
diagnostic evaluation of chronic lymphoproliferative 
disorders. All were followed up to determine 
progression, treatment, and survival. This study 
was approved by the Ethics Committee of the 
Hospital Universitario Puerta de Hierro-
Majadahonda and was conducted per the 
recommendations of the Declaration of Helsinki. 
All patients provided written informed consent for 
the use of their blood samples and the clinical data 
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described above and minimally modified 
conditions [7, 14, 16, 17, 24, 25]. 
For codon 72, the following primers were used: 
sense (S) 5´-LC640-TCCCCCCgTIICCCCTgCA 
CC-PH, and antisense (A) 5´-CCAgATgAAgCT 
CCCAgAATgCCAgAggCT-FL.  
For intron 6 the following primers were used: (S) 
5´-CCCTCCAgTAggTg — FL, and (A) LC640-
gggCTTTCTCCTgCTgCTTATTTgACC — PH.  
In many of the cases, codon 72 of TP53 was 
determined prospectively through direct sequencing 
and identifying the same polymorphisms during 
diagnosis and subsequent relapses. 

Statistical analysis 
A descriptive analysis of all the included variables 
was performed. Absolute and relative frequencies 
were used to describe qualitative variables; 
quantitative variables were described using a 
central tendency measure (mean or median) 
accompanied by their dispersion measure (standard 
deviation or interquartile range) according to the 
variable’s nature. Intergroup comparisons were 
conducted using the χ2 test (or Fisher’s exact test 
when necessary) for qualitative variables and the 
Student’s T-test or analysis of variance (ANOVA) 
for quantitative variables with a normal 
distribution, or the Mann–Whitney U test or 
Kruskal–Wallis test for quantitative variables with 
a non-normal distribution. Survival curves were 
obtained using the Kaplan–Meier method, and 
comparisons between different groups were 
performed with the log-rank test. Multivariate 
analysis was subsequently performed using Cox 
regression. Hazard ratios (HRs) of the dependent 
variables were estimated along with their 95% 
confidence intervals (95% CIs). A p-value < 0.05 
was considered statistically significant. All 
calculations were performed using the statistical 
program SPSS® v18. 
 
RESULTS 

Patient characteristics 
The patient database included clinical data, 
immunophenotyping results, FISH data, and IgHV 
and karyotype data at the time of diagnosis and 
during follow-up for 558 patients with a CLL 
diagnosis, of which 58.8% (n = 328) were male 

of their disease evolution in the present study. 
All patients were Spanish Caucasian individuals. 
CLL diagnosis was based on clinical characteristics, 
the presence of B-lymphocytes ≥ 5.0 x 109/L, 
blood morphology, and immunophenotype [18]. 
Moreover, to support the immunophenotyping 
study, the expression of CD38 and ZAP-70 was 
determined wherever possible [18]. Molecular 
cytogenetic characterization was performed 
prospectively. Karyotype analysis, fluorescence 
in situ hybridization (FISH) analysis with probes 
for 13q14(D13S25), 11q22-23, chromosome 12, 
17p13.1 [19], and immunoglobulin heavy chain 
variable region gene (IgHV) sequencing were 
performed in all cases as previously described 
[18]. A germline homology of 98% was used as 
the cut-off point between mutated and non-
mutated IgHV cases [20]. TP53 sequencing was 
performed using the Sanger method, which has 
been previously described [21]; depending on the 
time of diagnosis of each patient, the European 
Research Initiative on CLL (ERIC) recommendations 
were followed [21]. Furthermore, wherever 
applicable, retrospective mutational screening for 
a NOTCH1 panel was performed using previously 
described techniques [19]. 
The clinical stage was determined using the Binet 
staging system [22], and CLL treatment was 
based on the International Workshop requirements 
on CLL (IWCLL) recommendations [18]. This 
cohort, which had a very long follow-up period, 
constituted patients receiving treatment regimens 
based on chemotherapy, immunochemotherapy, 
and targeted therapy. Refractory disease was 
defined as treatment failure or as progression 
within 6 months from the last dose of therapy 
with purine analogs +/- monoclonal antibodies or 
targeted therapy [18, 23]. 

Analysis of TP53 codon 72 and intron 6 
polymorphism 
Per the recommended procedure, genomic DNA 
was extracted from peripheral lymphocyte and 
mononuclear cell preparations from patients 
at diagnosis using standard methods. The 
polymorphisms were prospectively determined 
using real-time polymerase chain reaction (RT-
PCR) with the Light Cycler® 2.0 RT-PCR System 
from Roche Life ScienceTM, using primers 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

live significantly longer (40 months) than the 
other groups (p = 0.028) (see Figure 1). 
Secondary neoplasms appeared in 19.7% 
(110/558) of the patients, and their appearance 
was significantly associated with the homozygous 
genotypes (Arg/Arg and Pro/Pro) than with the 
Arg/Pro genotype, which on the contrary, 
curiously presented fewer secondary neoplasms 
(p = 0.016) (see Table 2). No associations were 
found between codon 72 and CD38+, ZAP70+, 
complex karyotype (CK), IgHV, NOTCH1, 
del(11q), +12, del(17p), del(13q), and the TP53 
mutation. Finally, in the multivariate analysis, 
age, CK, del(11q), del(17p), non-mutated IgHV, 
and Pro/Pro genotype at codon 72 were identified 
as independent variables associated with an 
increased risk of death (see Table 3). 

TP53 intron 6 polymorphisms  
We analyzed intron 6 polymorphisms in 444 
patients (G/G, n = 331; G/A, n = 101; and A/A, 
n = 12). It showed no significant associations with 
clinical characteristics, but A/A genotype group 
contained a substantially greater proportion of 
patients refractory to treatment (16.7%) and with 
secondary neoplasms (25%). 
The A/A genotype was significantly correlated 
(p = 0.036) with del(11q) (33.3% of the patients). 
Moreover, although this group also showed a 
higher rate of del(17p) (50%), the association was 
not significant. Survival analysis showed a shorter 
median OS in patients with A/A genotype; however, 
this difference was not significant. 
 
DISCUSSION 
The findings of this study suggest that the 
presentation of specific genotypes of codon 72 
of TP53 in patients with CLL have prognostic 
significance. The Pro/Pro genotype was associated 
with a higher rate of RT and shortened TTFT in 
comparison with other genotypes. On the other 
hand, the Arg/Pro genotype was associated with 
a lower incidence of RT and a longer TTFT. 
Moreover, a higher incidence of secondary 
neoplasms was observed in the homozygous 
groups (Arg/Arg and Pro/Pro) than in the 
heterozygous group (Arg/Pro), and overall 
survival was longer in carriers of the Arg/Pro 
genotype. The Pro/Pro genotype was associated 

and 41.2% (n = 230) were female. During 
diagnosis, 30 patients (5%) with monoclonal 
lymphocytosis were included, who subsequently 
progressed to CLL. The median patient age was 
63.3 years (range, 29-99 years). At the time of 
diagnosis, in assessments using the Binet staging 
system, 75.9%, 20.5%, and 3.6% of the patients 
had stage A, stage B, and stage C disease, 
respectively. The median follow-up period was 
122.5 months (interquartile range: 73.4-180.4 
months). Of these patients, 8.7% (48 patients) 
showed RT. 
A total of 348 patients were treated with a median 
of 2.4 treatment regimens. Over the extended 
follow-up period, many patients only received 
conventional chemotherapy, while others received 
immunochemotherapy or targeted therapy. In this 
cohort, 39 patients underwent bone marrow 
transplantation (autologous transplantation, 10 
patients; allogeneic transplantation, 29 patients).  
A total of 52 patients were classified as showing 
refractory disease. 
Follow-up assessments showed secondary 
neoplasms in 19.7% (n = 110) of the patients, with 
the tumors appearing in the bladder, skin, and 
colon (14.5% each), prostate (13.6%), and the 
lung (12.7%). During the study period, 335 
patients died. The descriptive clinical data are 
provided in Table 1. 

TP53 codon 72 polymorphisms  
There were 321 patients with Arg/Arg, 202 with 
Arg/Pro, and 35 with Pro/Pro. After univariate 
analysis, sex and age distribution for all genotypes 
of codon 72 polymorphism were similar. In a 
comparative analysis of the three groups, the 
Pro/Pro genotype was significantly associated 
with advanced Binet stage B and C disease, and 
showed a higher number of advanced cases than 
the other genotypes (p = 0.002).  
Patients with the Pro/Pro genotype also showed 
a higher incidence of RT with a significant 
association (p = 0.013), and a significant 
association (p = 0.030) with the time to first 
treatment (TTFT), while patients with the Arg/Pro 
genotype showed a longer TTFT than those with 
the other genotypes. The median overall survival 
(OS) was 156.32 months (139.92-172.72 months), 
showing that patients with the Arg/Pro genotype
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However, while the A/A genotype of intron 6 
of TP53 showed a relationship with del(11q), 
it was not associated with significantly increased 
mortality. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

with an independent risk of death and was 
significantly similar to other risk factors such as 
advanced age, CK, del(11q), del(17p), non-
mutated IgHV genes, and advanced Binet stage. 
 

 

Table 1. Characteristics of the study population. 

 Global (1n = 558) —  
No. of patients (%) 

Age (Years) — Median (2SD); Range = 63.3 (11.7); 29-99 

>65 years 251 (46.1) 
Distribution  

≤65 years 294 (53.9) 

Male 328 (58.8) 
Sex  

Female 230 (41.2) 

A 419 (75.9) 

B 113 (20.5) Binet stage  

C 20 (3.6) 

<12 months 97 (20.4) 3LDT (n = 475)  
>12 months 378 (79.6) 

CD38 (n = 491)  Positive 87 (17.7) 

ZAP-70 (n = 261)  Positive 109 (41.8) 

Karyotype (n = 518)  Complex 88 (17) 

del(17p)  Positive 82 (14.7) 

TP53 mutation status  
(n = 191)  Mutated 55 (28.8) 

del(11q)  Positive 53 (10.0) 

Mutated 259 (52.4) 
IgHV (n = 494)  

Unmutated 235 (47.6) 

NOTCH1 (n = 190)   Mutated 35 (18.4) 

Richter transformation 48 (8.7) 
4TTFT (months) — Median (SD); Range = 48.2 (51.2); 0.07-268.6 

Chemotherapy 140 (40.2) 

Immuno-chemotherapy 151 (43.4) Type of treatment (n = 348) 

Direct 57 (16.4) 

Refractory to treatment 52 (9.3) 

Secondary neoplasm  110 (19.7) 

Mortality  335 (60) 
1n: number of patients; 2SD: Standard deviation; 3LDT: Lymphocyte doubling time; 4TTFT: Time to first treatment. 
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Figure 1. Overall survival of the codon 72 TP53 genotype groups. 

Table 2. Clinical and biological characteristics according to TP53 codon 72 genotypes. 

Codon 72 

 Global 
1n = 558 (%) 

Arg/Arg 
n = 321 
(57.5) 

Arg/Pro 
n = 202 
(36.2) 

Pro/Pro 
n = 35 
(6.3) 

2p-value 

3HWE — No. of patients (%) 558 319 (57.2) 206 (36.9) 33 (5.9) 0.181 

A 419 (75.9) 242 (76.6) 157 (78.1) 20 (57.1) 

B 113 (20.5) 65 (20.6) 39 (19.4) 9 (25.7) Binet stage —  
No. of patients (%) 

C 20 (3.6) 9 (2.8) 5 (2.5) 6 (17.1) 

0.002 

Richter transformation — 
No. of patients (%)  48 (8.7) 33 (10.4) 9 (4.5) 6 (17.1) 0.013 

4TTFT (Months) —  
Median (5SD); range 

48.2 (51.2); 
0.07-268.6 51.1 (54.2) 48.9 (47.9) 21.9 (34) 0.030 

Secondary neoplasm —  
No. of patients (%) 110 (19.7) 74 (23.1) 27 (13.4) 9 (25.7) 0.016 

Mortality —  
No. of patients (%) 335 (60) 203 (63.2) 108 (53.5) 24 (68.6) 0.048 

1n: number of patients; 2p: χ2 test or Student’s test; 3HWE: Hardy – Weinberg Equilibrium; 4TTFT: Time to first 
treatment; 5SD: Standard deviation. 
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Binet stage B [27]. One study also showed 
significant association between CD38 negativity 
and the Arg/Arg genotype [14]; however, like 
other studies [13, 28], we did not find a significant 
relationship between CD38 negativity and codon 
72 polymorphisms. Likewise, ZAP-70 did not 
show an association with codon 72 polymorphisms 
in our study, similar to two other studies [13, 28]. 
In a previous study [14], the CK did not show 
an association with codon 72 polymorphisms. 
However, in our study, the percentage of patients 
with the Pro/Pro genotype and CK was higher 
than the rest. Nevertheless, this association was 
not significant. The del(17p) has been shown to be 
related to the Pro/Pro genotype [28]; however, in 
our cohort, although the percentage of patients 
with the Pro/Pro genotype with del(17p) was high, 
no significant associations were found, similar to 
a previous study [26]. 
We did not find a significant association with 
TP53 mutations in our study, in contrast to 
three studies that reported significant correlations, 
with two showing correlations with the Pro/Pro 
genotype [27, 30] and the third reporting a 
significant correlation with the Pro72 allele 
(fusion of genotypes Arg/Pro and Pro/Pro) [28]. 
The del(11q) was not associated with codon 72 
genotypes in our study. In a subgroup of CLL 
patients with unmutated IgHV, a significant 
association was observed between del(11q) and 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Our cohort contained a significantly greater 
number of patients with the Arg/Arg genotype and 
fewer patients with the Pro/Pro genotype, similar 
to the proportions reported in a study of healthy 
patients in Europe [7] and in other studies on 
patients with CLL also from Europe [13-15, 26, 
27]. However, this frequency differed from the 
findings for a Chinese cohort with CLL, in which 
Arg/Pro was the most frequent genotype and 
Pro/Pro also showed a lower incidence, but the 
incidence of Pro/Pro was higher than that in other 
European studies [28]. 
We did not compare our cohort with a healthy 
population, as opposed to a study that did and 
found that the Arg/Arg genotype was significantly 
related to the tendency to develop CLL [29]. 
Polymorphisms of codon 72 have been previously 
studied in CLL, although these studies yielded 
mixed results and did not show solid associations 
relating these polymorphisms to a worse disease 
evolution. In other studies, age [13, 14, 28] and 
sex [13, 28] were not associated with polymorphisms 
of codon 72. 
In contrast to other publications [13-15, 28] that 
reported no significant associations with the Binet 
stage, our study showed a meaningful relationship 
between the Pro/Pro genotype and advanced Binet 
stages B and C. Another previous study that 
analyzed codon 72 in a subgroup of patients with 
TP53 mutations also showed an association with 
 

Table 3. Multivariate analysis. 

 1HR (295%CI) 3p-value 

Age (>65 years versus <65 years) 3.267 (2.521 - 4.233) <0.001 

Karyotype (Complex versus No complex) 1.718 (1.220 - 2.421) 0.002 

del(11q) 1.625 (1.134 - 2.328) 0.008 

del(17p) 1.737 (1.221 - 2.471) 0.002 

IgHV (Unmutated versus Mutated) 2.105 (1.599 - 2.769) <0.001 

Binet (B+C versus A) 1.914 (1.445 - 2.533) <0.001 

Arg/Pro Reference - 

Arg/Arg 1.261 (0.970 - 1.640) 0.084 Codon 72 TP53 

Pro/Pro 1.728 (1.062 - 2.810) 0.028 
1HR: Hazard ratio; 295% CI: Confidence interval; 3p = Cox regression. 
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patients with the Arg/Pro genotype than in those 
with the Arg/Arg and Pro/Pro genotypes. This 
finding was also replicated in another study in 
which the Pro/Pro genotype was also shown to be 
associated with a shorter OS than Arg/Arg [28]. 
We confirmed this association as an independent 
variable associated with a higher risk of death in 
the multivariate analysis. In contrast, in another 
study, a subgroup of CLL patients with a TP53 
mutation carrying a Pro allele (Arg/Pro and 
Pro/Pro) at codon 72 of TP53 showed worse OS 
than patients with the same characteristics but 
with the Arg/Arg genotype for codon 72 [28]. 
Other studies reported no association of OS with 
codon 72 genotypes [14, 15, 30, 31]. 
Regarding intron 6 of TP53, a previous study of 
patients with CLL demonstrated an association 
with CD38+ status and TTFT; however, these 
findings did not show robustness in the multivariate 
analysis [14], and in another study, the intron was 
associated with a significant susceptibility to lung 
cancer [16]. Our cohort showed a significant 
association of the A/A genotype with del(11q); 
however, in the overall and multivariate survival 
analyses, we did not find associations with a 
higher risk of mortality in comparison with the 
other genotypes. We also found no associations 
between CD38 and TTFT. 
The Pro/Pro genotype of TP53 in patients with 
CLL represents a more aggressive presentation at 
diagnosis, and its characteristics have not been 
described in any other study on patients with 
CLL. The association of RT with the Pro/Pro 
genotype could be a genetic risk factor that 
predisposes CLL patients to a tumoral transformation. 
This association is significant since it has not been 
studied or demonstrated before and indicates the 
need for close follow-up of CLL patients, because 
early recognition of RT may facilitate a more 
targeted treatment. The presence of the Pro/Pro 
genotype also indicated a shorter TTFT, which 
was only demonstrated in other studies when 
associated with different biological alterations of 
the Pro/Pro genotype [26, 31]. These findings 
indicate the need for close follow-up of patients 
carrying this genotype. 
The development of secondary tumors in patients 
with CLL has been previously reported to be 
associated with various factors. Nevertheless, 
  
 

the Pro/Pro genotype of TP53 [31]. However, the 
mutational status of IgHV also did not show 
statistical significance in our study, similar to 
other reviews [13-15, 27, 31].  
On the other hand, however, one study found 
significant differences in the frequency of codon 
72 TP53 genotypes in relation to IgHV status 
[26]. The Arg/Arg genotype was found in a 
greater number of patients with unmutated CLL 
IgHV, and the Pro/Pro genotype was mainly in 
patients with mutated CLL IgHV [26]. 
Unlike previous studies, we did evaluate the 
association between NOTCH1 and polymorphisms 
of codon 72 of TP53; however, we did not find 
any association with genotypes, perhaps because 
we did not carry out the study in all patients with 
codon 72 polymorphisms. In our cohort, patients 
with the Pro/Pro genotype had a shorter TTFT, 
similar to other studies [26, 31], and this 
characteristic was independent of IgHV mutational 
status. In contrast, the Arg/Pro genotype showed 
a significant association with a longer TTFT, 
despite the presence of the Pro allele. 
In our study, although a considerably greater 
number of chemorefractory patients were 
observed in the Pro/Pro group, this trend was not 
significant, unlike another study that reported a 
significant association in a subgroup of patients 
with mutated TP53, where the allele Pro72 
(Arg/Pro and Pro/Pro) showed an association with 
chemorefractory status [28].  
Research in gastric cancer has also reported 
a correlation between codon 72 Pro/Arg and 
Pro/Pro genotypes and a lower response rate to 
chemotherapy [32]. Notably, our study reported 
an association between the homozygous Arg/Arg 
and Pro/Pro genotypes at codon 72 with a higher 
incidence of secondary neoplasms, which most 
frequently manifested as neoplasms of the 
bladder, skin, colon, prostate, and lung. There are 
numerous evidences that patients with solid 
tumors who had a Pro/Pro genotype had a worse 
outcome and shorter survival [33-37], although 
studies have been published linking the Arg/Pro 
genotype and the Pro allele (Pro/Pro or Arg/Pro) 
with a worse prognosis [11, 38]. 
The present study observed a surprisingly 
statistically significant trend for longer survival in
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