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Background In investigations of the effectiveness of surgery and adjuvant chemotherapy for gastric cancers, overall survival
(OS) is considered the gold standard endpoint. However, the disadvantage of using OS as the endpoint is that
it requires an extended follow-up period. We sought to investigate whether disease-free survival (DFS) is a valid

surrogate for OS in trials of adjuvant chemotherapy for gastric cancer.

Methods The GASTRIC group initiated a meta-analysis of individual patient data collected in randomized clinical trials com-
paring adjuvant chemotherapy vs surgery alone for patients with curatively resected gastric cancer. Surrogacy of
DFS was assessed through the correlation between the endpoints as well as through the correlation between the

treatment effects on the endpoints. External validation of the prediction based on DFS was also evaluated.

Results Individual patient data from 14 randomized clinical trials that included a total of 3288 patients were analyzed.The rank
correlation coefficient between DFS and OS was 0.974 (95% confidence interval [Cl] = 0.971 to 0.976). The coefficient
of determination between the treatment effects on DFS and on OS was as high as 0.964 (95% Cl = 0.926 to 1.000), and

the surrogate threshold effect based on adjusted regression analysis was 0.92. In external validation, the six hazard

ratios for OS predicted according to DFS were in very good agreement with those actually observed for OS.

Conclusions
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Gastric cancer is the fourth most common malignancy in the world,
affecting 989 000 patients in 2008 (7.8% of all cancers) (1). The most
effective treatment for localized disease is surgery, but even after
curative resection, recurrence is noted in more than half the cases
of advanced-stage disease. This poor outcome has prompted major
efforts to explore different adjuvant therapies. However, over the
last three decades, despite some successful large-scale trials (2-5),
only modest improvement has been achieved in survival. Our group
recently reported the results of a meta-analysis of individual data that
showed a lower risk of death with postoperative adjuvant chemo-
therapy than with surgery alone (overall hazard ratio [HR] =0.82; P
<.0001) (6). However, the efficacy of adjuvant chemotherapy is still
far from satisfactory, and further investigation into more effective
treatments for patients with resectable gastric cancer is warranted.

Historically, the 5-year overall survival (OS) rate has typically
been the most quoted metric for judging the success of a particular
treatment. This endpoint has the advantage of being simple to meas-
ure, easy to interpret, and clinically meaningful. However, the main
disadvantages of this endpoint are that it requires an extended follow-
up period and its measurement is potentially diluted by nonmalignant
causes of death and therapies for recurrent/advanced disease.
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DFS is an acceptable surrogate for OS in trials of cytotoxic agents for gastric cancer in the adjuvant setting.

A reasonable candidate for a surrogate of OS in the adjuvant set-
ting is disease-free survival (DFS), which is defined here as the time
to cancer recurrence, second cancer, or death from any cause. Recent
meta-analyses have been used to validate DES as a surrogate for OS
in other tumor types (7,8). If DFS could replace OS in the assess-
ment of the efficacy of new treatments in clinical trials testing adju-
vant treatment for patients with curatively resected gastric cancer,
the trial duration and costs would be reduced. We performed a com-
prehensive meta-analysis of data from 3838 individual patients rand-
omized in 17 trials on curatively resected gastric cancer; documented
DES values, which were available for 3371 of the patients from 14
trials, were used to evaluate DFS as a surrogate endpoint for OS.

Methods

Study Selection

Our analyses were based on a meta-analysis of individual patient
data (IPD) described in detail elsewhere (6). IPD from all rand-
omized trials comparing adjuvant chemotherapy with surgery
alone for resectable gastric cancers were sought electronically from
MEDLINE, the Cochrane Central Register of Controlled Trials,
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and the National Institutes of Health trial registry (Clinical Trials.
gov). Trials were eligible if they were randomized, closed to patient
accrual before 2004, and compared any adjuvant therapy after cura-
tive resection with surgery alone.

Data and Outcomes

The following data were requested for all individual patients
included in all the trials: center, randomization date, treatment
allocated by randomization, date of last follow-up or death, survival
status, cause of death (if applicable), relapse status, and type and
date of relapse if any. OS was defined as the time from randomiza-
tion to all-cause death or the date of the last follow-up used for
censoring. DFS was defined as the time to relapse, second cancer,
or all-cause death, whichever came first. Detailed information on
the type of relapse was not always available. All data were centrally
reanalyzed and checked for inconsistencies. In particular, diagnos-
tic tools for randomization quality were systematically applied (6).

Statistical Methods

Forest plots were used to display the hazard ratios (HRs) for overall
and individual trials, which were then used for the evaluation of
surrogacy of DFS for OS (labeled “training trials” in Figure 1) and
for external validation trials (labeled “validation literature data” and
“validation trials IPD” in Figure 1). The hazard ratios compared
the hazard of an event in patients treated with adjuvant chemo-
therapy with the hazard in patients treated with surgery alone.

We used the Spearman rank correlation coefficient between
DFS and OS to assess surrogacy at the individual level and the
coefficient of determination between the natural logarithm of
the hazard ratios for DFS and OS to assess surrogacy at the trial
level (7,9). At the individual level, the association between the dis-
tribution of the true endpoint (OS) and the surrogate (DFS) was
evaluated using a bivariable model based on the Plackett copula
combined with trial-specific Weibull models for DFS and OS
(10,11). The association between the estimates of treatment effects
obtained using the bivariable model was used to assess surrogacy at
the trial level. A good surrogate was considered to provide a reli-
able prediction of the treatment effect on the true endpoint (eg, the
hazard ratio for OS) from the treatment effect on the surrogate (eg,
the hazard ratio for DFS). It should be noted that estimates of the
hazard ratios based on the bivariable model might differ from the
crude estimates shown in the forest plot.

To quantify the association between the natural logarithm of the
hazard ratios for OS and DFS, we used a linear regression model
that accounted for the uncertainty about the estimated effects by
using an error-in-variables linear regression model. The strength of
the association was assessed by using the coefficient of determina-
tion R? (or explained variation). This approach has been previously
used for resectable colorectal and metastatic breast cancers (7,12).

Sensitivity Analyses

To assess the typical trial conditions, we performed a sensitivity
analysis by studying the association between the treatment effects
on OS at 5 years and DFS at different time points (2 years, 3 years,
and 4 years), while censoring all events occurring after these time
points. Because only durations (OS and DFS) and not dates were
provided for two studies, the same individual follow-up was used
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for all patients, irrespective of their actual accrual date. In this anal-
ysis, the number of observed events is considerably lower than that
in the analysis of patients followed-up to a common administrative
censoring date. In the latter case, analysis takes place 2, 3, or 4 years
after the accrual of the last patients. Therefore, the first accrued
patient may have much longer follow-up.

External Validation

To assess the external validity of our results, we used 4 trials for
which we did not receive IPD from the principal investigators [no
reply or refusal to share the data (13, 14) or data lost (15)] and the
large-scale CLASSIC trial for which only interim analysis was avail-
able at the time of the surrogate analysis (2). We extracted DFS
and OS from the summary statistics published for these trials (16).
We also used the IPD from a large trial investigating the effect of
adjuvant treatment with S1 (T'S-1, Taiho Pharmaceutical Company
Ltd, Toyko, Japan) vs surgery alone (5) and from a trial studying the
benefit of postoperative chemoradiation vs surgery (4).

Surrogate Threshold Effect

On the basis of a linear regression model adjusted for estimation
error in observed treatment effects, we calculated the surrogate
threshold effect (STE), defined as the minimum treatment effect
on DFS necessary to predict a nonzero effect on OS (17). A future
trial would require the upper limit of the confidence interval for
the estimated hazard ratio for DFS to fall below the STE to predict
a nonzero effect on OS.

All analyses were performed on an intention-to-treat basis.
Confidence intervals (CI) were calculated for a two-sided probabil-
ity coverage of 95%. All analyses were performed using SAS software
v9.3 (SAS Institute Inc., Cary, NC) except for the graphical displays
(double forest plots were plotted using a set of R functions developed
at the International Drug Development Institute [Louvain-la-Neuve,
Belgium], whereas other figures were prepared using STATA v12
[StataCorp LP, College Station, TX]).

Results

Data were obtained on 3371 patients from the 14 eligible randomized
trials with documented OS and DFS (18-30). Nonmissing data on both
endpoints were available for 3288 patients, of whom 1763 had events
related to DFS and 1705 died during follow-up. Detailed information
about treatment regimens and median follow-up studies is provided in
Supplementary Table 1 (available online). Figure 1 shows a forest plot
of the treatment effects on OS and DFS for all trials. Figure 2 shows
the overall Kaplan—Meier curves for DES and OS. Overall and at the
trial level, the effect of any adjuvant chemotherapy on DFS appeared
close to the effect on OS (HRg = 0.86; HR s = 0.82).

Individual- and Trial-Level Association
The individual-level association, as measured by the Spearman
rank correlation coefficient, was as high as 0.974 (95% CI = 0.971
to 0.976), indicating a very strong correlation between DFS and
OS for a given patient.

A high correlation was noted between log HR g and log HR g
(Figure 3). The coefficient of determination, R?, for the estimated
treatment effects was 0.964 (95% CI = 0.926 to 1.000) and 1.000
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Figure 1. Forest plot of treatment effects (hazard ratios) on disease-free survival (DFS) and on overall survival (OS).The first row for each trial shows
the result for OS, and the second row shows the result of DFS. The squares and diamonds represent the point estimates and pooled estimates,
respectively. Sizes of the symbols represent the number of events. The horizontal error bars show the 95% confidence interval (Cl) of each hazard
ratio. CT = adjuvant chemotherapy; IPD = individual patient data; S = surgery alone.

(95% CI = 0.999 to 1.000) before and after adjusting for the esti-
mation error, respectively. Notably, however, because the estimated
R? value was very close to the upper limit of 1, the obtained numeri-
cal results need to be interpreted with caution, as they can be easily
influenced by numerical errors.

The linear regression model adjusted for estimation errors was
as follows:

In (HR o) = 0.047 +1.239 xIn (HR ).
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In the equation, In(HR() and In(HRps) denote the natural log
transformation of the hazard ratio for each endpoint. Standard
errors were 0.023 and 0.151 for the intercept and slope, respectively.
This is shown as a straight line on Figure 3, where the x-axis rep-
resents the treatment effect on DFS and the y-axis represents the
treatment effect on OS. Each trial is represented by a bubble of a
size proportional to the trial sample size. The 95% prediction limits
indicate the range of effect on OS that can be expected for a given
effect on DFS.
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Figure 2. Disease—free survival (DFS) and overall survival (OS) Kaplan-Meier survival curves truncated at 10 years. The number of patients at risk
in each group is given below the graph. CT = adjuvant chemotherapy; S = surgery alone.
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Figure 3. Trial-level association between treatment effects. Log scale was used for the x-axis and y-axis. The horizontal line (dots) corresponds to
the hazard ratio (HR) on overall survival (OS) of 1—that is, the absence of effect on the OS. The vertical line (dots) crosses the upper boundary of
the 95% prediction limit at the point hazard ratio on OS equal to 1. This indicates the surrogate threshold effect.

Considering the high correlation at both the individual and
the trial levels, we also computed the STE based on the adjusted
regression model. The STE is defined as the intersection of the
upper prediction limit, with the horizontal line representing a haz-
ard ratio of 1 for OS (null hypothesis). The STE was equal to 0.92;
hence, in a future trial using similar treatment modalities, as in our
set of trials, a hazard ratio for DFS less than 0.92 would predict
with 95% probability a hazard ratio for OS less than 1.

Sensitivity Analyses

Table 1 shows the association between OS and DFS measured at
different time points, ranging from 2 to 4 years after randomiza-
tion. For this analysis, we report the number of the events available
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for both OS at 5 years and DFS at 2, 3, and 4 years. Note that at
2 and 3 years, the number of events for DFS was actually lower
than that for OS at 5 years, which resulted in wider confidence
intervals. Therefore, for this sensitivity analysis, we present values
unadjusted for the estimation error.

External Validation

‘Table 2 and Figure 4 show the results of the external validation using
summary data (2,13-15) and IPD (4,5) for six trials. The table dis-
plays the observed hazard ratios for OS and DFS with 95% confi-
dence intervals and the hazard ratio for OS predicted from the model
of Figure 3 with the 95% predictive prediction intervals. Notably, the
95% confidence interval quantifies the uncertainty of the estimates of
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Table 1. Correlation between survival endpoints and surrogacy measures quantification based on the individual patient data from 14

randomized controlled trials*

Summary measures

2-year DFS/5-year OS

3-year DFS/5-year OS

4-year DFS/5-year OS

All

Events

Rhot (95% ClI)
Unadjusted R? (95% Cl)*
Unadjusted regression$
Adjusted regression||
STE (HR)

1135/1489
0.949 (0.943 to 0.955)
0.776 (0.569 to 0.983)

0.083+0.886 x TE
0.565+3.957 x TE

Undefined

1379/1489

0.953 (0.948 to 0.958)
0.866 (0.736 to 0.997)
0.069 +1.004 x TE
0.213+2.308 xTE

Undefined

1511/1489
0.957 (0.952 to 0.961)
0.918 (0.835 to 1.000)

0.061+1.092 xTE
0.109+1.691 x TE
0.77

1763/1705

0.974 (0.971 to 0.976)
0.964 (0.926 to 1.001)
0.040+1.165 x TE
0.047 +1.239 x TE

0.92

* Cl = confidence interval; DFS = disease-free survival; HR = hazard ratio; OS = overall survival; STE = surrogate threshold effect calculated on adjusted regression;
TE = treatment effect on disease-free survival in the prediction model for treatment effect on overall survival.

T Rho represents the Spearman rank correlation coefficient between disease-free survival and overall survival.

¥ R?represents the coefficient of determination between treatment effect on disease-free survival and overall survival.

& Unadjusted regression represents the linear regression prediction models for the treatment effect on overall survival from treatment effect on disease-free survival,

unadjusted for the presence of estimation error in the treatment effects.

|| Adjusted regression represents the linear regression prediction models for the treatment effect on overall survival from treatment effect on disease-free survival,

adjusted for the presence of estimation error in the treatment effects.

Table 2. Observed and predicted treatment effect on overall survival based on the observed treatment effect on disease-free survival*

Validation trials

Observed HRg

Observed HRg

Predicted HRyg

Trial label (reference) Type of data (95% ClI) (95% Cl) (95% PI)

A Cirera et al. (15) Published 0.55 (0.36 to0 0.85) 0.60 (0.39 t0 0.93) 0.50 (0.28 t0 0.87)
B CLASSIC (2) Published 0.56 (0.44 t0 0.72) 0.72 (0.52 to 1.00) 0.51 (0.36 t0 0.73)
C ACTS-GC (5) IPD 0.65 (0.54 t0 0.79) 0.67 (0.54 t0 0.83) 0.61 (0.47 t0 0.81)
D INT-1018 (4) IPD 0.66 (0.53 to 0.82) 0.75(0.61 to 0.92) 0.63 (0.46 to 0.84)
E GOIM- 9602 (14) Published 0.88 (0.66 to 1.17) 0.91 (0.69 to 1.21) 0.89 (0.62 to 1.28)
F GOIRC (13) Published 0.92 (0.66 to 1.27) 0.90 (0.64 to 1.26) 0.94 (0.63 to 1.42)

* Cl = confidence interval; DFS = disease-free survival, HR = hazard ratio; IPD = individual patient data; OS = overall survival; Pl = prediction interval.

the hazard ratios on the basis of the events observed in each validatdon
trial, whereas the prediction interval quantifies the uncertainty of the
predicted hazard ratio for OS (without the information of OS) as a
function of the observed hazard ratio for DFS. The difference between
the confidence interval and the prediction interval is explained in fur-
ther detail in the Supplementary Methods (available online).

Excellent agreement was noted between the observed and pre-
dicted hazard ratios for OS for two (13,14) (labeled E and F in
Figure 3 and Table 2) of the four trials for which only summary
data were available. The hazard ratio for OS predicted from the
estimated hazard ratio for DFS after a median 5-year follow-up was
lower than the observed value but still within the prediction inter-
val for the two validation trials (2,15) (labeled A and B in Figure 3
and Table 2) for which IPD could not be obtained.

For the large Japanese trial investigating the effect of adjuvant
treatment with SI (5) (labeled C in Table 2 and Figure 4), the
observed and predicted hazard ratios for OS were in reasonable
agreement. For the trial (4) (labeled D in Table 2 and Figure 4)
investigating the efficacy of adjuvant chemoradiation, the predicted
hazard ratio for OS was also lower than the observed hazard ratio for
OS, although the latter still fell within the 95% prediction interval.

Discussion

Our results show a very tight individual-level association between
DEFS and OS (Spearman rank correlation coefficient = 0.974; 95%
CI = 0.971 to 0.976), indicating that in individual patients, DES is
highly predictive of OS. The strong correlation between DFS and
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OS can be partly attributed to the short time from relapse to death
in gastric cancer (median of <12 months across all the included
trials). Further, 16% of all the analyzed patients died without docu-
mented relapse and, therefore, had the same DFS and OS.

We also found a very high trial-level association between the
effects of adjuvant chemotherapy on DFS and on OS, with R? being
almost 1, which indicates that almost all of the variability in the
treatment effects on OS can be explained by the treatment effects on
DEFS (Figures 1 and 3). We constructed the prediction limits around
the regression line, which accounts for the fact that the hazard ratios
of DFS and OS were estimated with errors. STE was found to be
0.92, thereby implying that a treatment producing an 8% or greater
hazard reduction for recurrence can be expected to produce a statis-
tically significant hazard reduction for death. STE also reflects the
expected dilution of the treatment effect on OS as compared with
the effect on DFS. With a reduced duration of follow-up, a stronger
effect on DFS was required to predict a statistically significant ben-
efit over OS. This is partly because of the loss of events due to the
shorter period of observation. At 4 years, a hazard ratio of 0.74 was
required. In case follow-up was truncated at 2 or 3 years, STE could
not be estimated. A fixed follow-up period was used in this sensitiv-
ity analysis because the date of randomization was not available for
all studies. In trials with an administrative censoring date common
to all patients, more events would be available at the intermediate
time point, resulting in more precise estimates. We also did not col-
lect information on the treatment administered after recurrence.
However, the median OS of the patients with advanced gastric can-
cer treated with chemotherapy was 8.7 months in the GASTRIC
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Figure 4. Observed treatment effect on disease-free survival vs pre-
dicted treatment effect on overall survival in validation trials. The error
bars represent 95% prediction intervals. Log scale was used for the
x-axis and y-axis. For the trial labels, A represents Cirera et al. (15), B
represents CLASSIC (2), C represents ACTS-GC (5), D represents INT-
1018 (4), E represents GOIM- 9602 (14), and F represents GOIRC (13), as
shown inTable 2. HR = hazard ratio; IPD = individual patient data.

database (31), and the impact of chemotherapy on OS after relapse
was not much greater than that of adjuvant chemotherapy. Thus
the fact that some patients received chemotherapy on relapse is not
expected to have a major impact on our findings.

In a future trial testing a new treatment for gastric cancer, inter-
est would focus on predicting the effects on OS at some time point
(eg, 5 years), having observed the effects on DFS at an earlier time
point. The results presented in Table 1 suggest that the measure-
ment of DFS at 2 years may be too early to enable an accurate pre-
diction of OS at 5 years. With very early time points, only few DFS
events are available, which may result in imprecise predictions; on
the other hand, very late time points are less useful because they
are closer to the evaluation of the final endpoint. Making analysis
at 3 or 4 years would probably reduce the overall duration by about
15% to 30% if the accrual was short enough.

Do the present results justify the use of DFS as a surrogate for OS
in resectable gastric cancer? A large proportion of relapses occurred
before 3 years, and we found a strong correlation between the end-
points, both at the individual and trial levels. Similar results have
led to the adoption of the 3-year DFS as a surrogate for 5-year OS
in evaluating new treatments for resectable colon cancer (32). Our
results are based on fewer trials and smaller sample sizes, but they
include a broader range of treatment options. One may be inter-
ested in whether DFS would be a surrogate for OS for all studies
independent of geography because it is well known that there exists
a large heterogeneity about the prognosis between Asian and non-
Asian patients. In spite of the prognostic heterogeneity between
continents, there was no statistically significant heterogeneity about
the treatment effects on OS and on DFS between Asia and non-
Asia trials (6). In addition, the relationship between the hazard ratio
for OS and the hazard ratio for DFS was also clearly consistent
throughout all trials. Therefore, we believe the use of DFS as a sur-
rogate would be independent of the geography. Moreover, we were
able to use the published results of trials not included in our meta-
analysis, as well as the IPD from two large trials, as two independent

jnci.oxfordjournals.org

validation sets. The hazard ratios fell within the prediction intervals
for all six available trials (Table 2). The results of the four trials with
literature data only should, however, be interpreted with caution
because they are based on extracted summary statistics. The rela-
tionship between the treatment effect on DFS and that on OS, as
established in trials comparing adjuvant chemotherapy with sur-
gery alone, seems to be verified for the chemoradiation trial, which
implies that our results might be applicable to more general adju-
vant treatments with a curative intent.

One should keep in mind the following limitations. Numerical
computational issues may have slightly biased correlation esti-
mates. Subgroup analysis based on the baseline variables, including
continents, could not be performed because of the small number
of trials. Similar to the case with interim analyses, follow-up after
the analysis of the surrogate endpoint (DFS) is necessary to deter-
mine the OS, safety, and post-relapse outcomes as well as to docu-
ment the possible impact of postrelapse treatments for advanced
diseases. An important consideration is that we only investigated
cytotoxic agents, and future trials investigating agents with dif-
ferent mechanisms of actions, such as target therapy, will require
separate validation of the surrogacy relation before it is applied
routinely.

In conclusion, the treatment effect on OS is largely predictable
according to that on DFS; therefore, DFS can be used as a primary
endpoint for further clinical trials of adjuvant chemotherapies, thus
reducing the duration by 15% to 30% and the cost, depending on
the planned follow-up, of these large-scale randomized trials.
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Background PTEN hamartoma tumor syndrome (PHTS) refers to a spectrum of disorders caused by mutations in the phos-
phatase and tensin homolog (PTEN) gene. Diagnostic criteria for Cowden syndrome, the principal PTEN-related
disorder, were first established in 1996 before the identification of the PTEN gene and the ability to molecularly
confirm a clinical diagnosis. These consortium criteria were based on clinical experience and case reports in the
existing literature, with their inherent selection biases. Although it was initially reported that approximately 80%
of patients with Cowden syndrome had an identifiable germline PTEN mutation, more recent work has shown
these diagnostic criteria to be far less specific. In addition, increasing evidence has documented the association
of a broader spectrum of clinical features with PTEN mutations. Our goal was to develop revised, evidence-based

diagnostic criteria and to include features of the broader spectrum of PTEN-related clinical syndromes.

Methods We performed a systematic search and review of the medical literature related to clinical features reported in

individuals with a PTEN mutation and/or a related clinical diagnosis.

Results We found no sufficient evidence to support inclusion of benign breast disease, uterine fibroids, or genitourinary
malformations as diagnostic criteria. There was evidence to include autism spectrum disorders, colon cancer,
esophageal glycogenic acanthosis, penile macules, renal cell carcinoma, testicular lipomatosis, and vascular

anomalies.

Conclusions We propose revised, evidence-based criteria covering the spectrum of PTEN-related clinical disorders. Additional

research on clinical features associated with PTEN mutations is warranted.

J Natl Cancer Inst;2013;105:1607-1616

The term PTEN hamartoma tumor syndrome (PHTS) has been
used to refer to a spectrum of disorders that have been linked to

germline mutations in the phosphatase and tensin homolog (PTEN)
gene, including Cowden syndrome (CS), Bannayan-Riley-Ruvalcaba
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